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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 burns a 2.5 %-sulfur 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 suifur 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 utilization. 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 raw limestone. Samples collected as
slurried or sluiced streams include the bottom ash, the combined ESP 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 EPRI-sponsored Field Chemical
Emissions Monitoring (FCEM) program.! Samples were collected with the boiler operating
within 10% of full 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-1.
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 m® 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.

Overall, 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

Detection Limits, pg/Nm®

Specie Method Vapor Solids
Antimony ICP-MS 0.004 0.0008
Arsenic GF-AAS 0.2 0.04
Barium ICP-AES 0.16 0.09
Beryllium ICP-AES 0.17 0.03
Boron ‘ ICP-AES 4.6 NA
Cadmium GF-AAS 0.07 0.17
Chromium ICP-AES 0.76 0.44
Cobalt ICP-AES 1.0 0.59
Copper ICP-AES 1.2 0.44
Lead GF-AAS 0.25 0.04
Manganese ICP-AES 0.12 0.46
Mercury CV-AAS 0.13 0.01
Molybdenum ICP-AES 1.4 g.15
Nickel ICP-AES 3.0 1.0
Selenium GF-AAS 0.26 0.12
Vanadium ICP-AES 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
computerized data acquisition system which logged process information as 15-minute
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:

* 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 50-150 percent.

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

¢ 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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Executive Summary

Table ES-2
Emission Factors

1b/10 ¥ Btu 95% CI
Anions
Chloride 742 647
Fluoride 122 67
Selected Elements *
Antimony 0.06 0.01
Arsenic 1.2 0.2
Barium 2.8 9.9
Beryllium 0.1 0.1
Cadmium 0.6 2.1
Chromium 53 49.5
Cobalt 0.7 0.8
Copper 2.0 2.3
Lead 0.6 0.6
Manganese 7.2 48
Mercury 3.0 0.3
Molybdenum 1.5 2.6
Nickel 40.1 435
Selenium 26.5 58
Vanadium 2.1 0.5
Aldehydes
Acetaldehyde 8.6 9.2
Formaldehyde 24 36
Volatile Organics >*
Benzene 1.3 0.3
Carbon Disulfide 2.2 1.2
Toluene 2.0 1.0
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Table ES-2 (Continued)

1b/10 ¥ Btu 95% CI
Semivolatile Organics ¢

2-Methylphenol (o-cresol) 2.9 3.8
4-Methylphenol (p-cresol) 0.95 1.9
Acetophenone 3.2 0.7
Benzoic Acid 120 7

Benzyl 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.

* Only those compounds with an average concentration above the detection limit are included.

¢ Methylene chloride, acetone, and other halogenated hydrocarbons are not included because their presence is
strongly suspected to be the result of contamination.

¢ 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. (The sampling
and analytical techniques used for organic compounds did not quantify distribution between
particulate and vapor phases.)

At ESP 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.

Distribution 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 particuiate. 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 um. 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 train® 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 train.*

Tonic 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 Cr®* samples from a flue gas matrix containing SO, 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:

¢ Selenium sampling and analysis;

e Mercury partitioning and speciation; and
¢ 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

Mercury was collected and analyzed by both Method 29 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 filtration. 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:

ES-8



Executive Summary

e Direct penetration of the fly ash;

» Capture of the ash particles in the scrubber liquor and re-entrainment during recycle;
* Entrainment of scrubber-generated solids;

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

» Condensation and recovery of sulfuric acid mist as particulate.

Controlled condensation test methods should be used in future test efforts for measuring
sulfuric acid emissions apart from gypsum, and SO, 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
S0,. 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 ITT 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:

* To collect and subsequently analyze 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 desulfurization system, for selected hazardous air pollutants that are contained in

Title IIT of the 1990 Clean Air Act Amendments and to assess the potential level of
release (concentration) of these pollutants;
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e To determine the removal efficiencies of specified pollution control subsystems for
selected pollutants at Plant Yates Unit No. 1;

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

¢ 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;

e 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. I;

¢ To determine the concentrations of toxic substances on the surfaces of fly ash particles;
¢ To provide data for EPA for use in risk assessments and in updating publication AP-42%
¢ To determine hexavalent chromium stack emissions; and

e To compare Method 29° vapor-phase mercury results with those obtained via charcoal
absorption,

Table 1-1 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 Radian 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 1-1
Target Analytes

Trace Elements

Antimony Boron

Arsenic Cadmium
Barium Chromium, total
Beryllium Cobalt
Radionuclides

Hexavalent Chromium

Mercury Speciation/Comparison
Anions

Chloride (HCI)
Fluoride (HF)
Sulfates
Phosphates

Reduced Species
Ammonia
Cyanide

Organics

Formaldehyde
Dioxins
Furans

Volatile Organics

Benzene

Bromoform

Carbon Disulfide

Carbon Tetrachloride

Chlorobenzene

Chloroform

1,4-Dichlorobenzene
cis-1,3-Dichioropropene
trans-1,3-Dichloropropene

Ethyl Benzene

Ethyl Chloride (Chioroethane)

Ethylene Dichloride (1,2-Dichloroethane)
Ethylidene Dichloride (1, 1-Dichloroethane)
Methyl Bromide (Bromomethane)
Methy! Chlioride (Chloromethane)

Introduction

Copper Molybdenum
Lead Nickel
Manganese Selenium
Mercury Vanadium

Methyl Chloroform (1,1,1-Trichloroethane)
Methyl Ethy! Ketone (2-Butanone)
Methylene Chioride (Dichloromethane)
Propylene Dichloride (1,2-Dichloropropane)
Styrene

1,1,2,2-Tetrachloroethane
Tetrachloroethene

Toluene

1,1,2-Trichloroethane

Trichloroethene

Vinyl Acetate

Vinyl Chloride

Vinylidene Chloride (1,1-Dichloroethene)
m,p-Xylene

o-Xylene
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Table 1-1 (Continued)

Semivolatile Organics

Acenaphthene
Acenaphthylene
Acetophenone
4-Aminobiphenyl

Aniline

Anthracene

Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Benzoic Acid

Benzyl Alcohol
4-Bromophenyl Phenyl Ether
Butylbenzylphthalate
4-Chloro-3-Methylphenol
p-Chiloraniline
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl)ether
1-Chloronaphthalene
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl Pheny! Ether
Chrysene
bis(2-Ethylhexyl)phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane

Additional Elements

Aluminum Magnesium
Calcium Potassicm
Iron Sodium

14

Indeno(1,2,3-cd)pyrene
Isophorone

Methyl Methanesulfonate
3-Methyichlolanthrene
2-Methylnaphthalene
2-Methylphenol (o-cresol)
4-Methylphenol (p-cresol)
N-Nitroso-di-n-butylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosopropylamine
N-Nitrosopiperidine
Naphthalene
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
Di-n-octylphthalate
Dibenz(a,h)anthracene
Dibenz(a,j)acridine
Dibenzofuran
Dibutylphthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3"-Dichlorobenzidine
2,4-Dichlorophenol
2,6-Dichlorophenol
2,6-Dichlorophenol
Diethyiphthalate
p-Dimethylaminoazobenzene

Silicon
Strontium
Titanium

7,12-Dimethylbenz(a)anthracene
Dimethylphenethylamine
2.4-Dimethylphenol
Dimethylphthalate
4,6-Dinitro-2-methylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diphenylamine
1,2-Diphenylhydrazine
Ethyl Methanesulfonate
2-Nitrophenol
4-Nitrophenol
Pentachiorobenzene
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin

Phenanthrene

Phenol

2-Picoline

Pronamide

Pyrene

Pyridine
1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol
1,2,24-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2-Fluorobiphenyl
2-Fluorophenol
Nitrobenzene-d5
Phenol-d5

Terphenyl-d14
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 Organization

Figure 1-1 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. Electric Power Research Institute. Field Chemical Emissions Monitoring (FCEM)
Generic Sampling and Analytical Plan. Draft 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:
Stationary Point and Area Sources. AP 42, 4th ed., 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 1-2
Report Organization

Section

Introduction

Contents

Glossary
Executive Summary
Introduction (p. 1-1)

Auditing (p. A-1, App. A)
Site Description (p. 2-1)

Sample Collection (p. 3-1)

Sampling Protocol (p. B-1,
App. B)

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

Analytical Protocol (p. E-1,
App. E)

Analytical Results (p. 5-1)

Sampling Data Sheets (p. C-1,
App. C)

Data Analysis and Interpretation
(p. 6-1)

Quality Assurance/Quality
Control (p. D-1, App. D)

Acronyms, abbreviations, and definitions.
Stand-alone summary of the document.

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

Information on audits conducted by RTIL

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

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

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 1-2 (Continued)

Section Contents
Uncertainty Analysis (p. F-1, 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-1,
App. G)
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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 bumns a 2.5% sulfur blend of Illinois No. 5 and Illinots No. 6 bituminous coals,
an electrostatic precipitator for particulate control, and the CT-121 flue gas desulfurization
system for sulfur dioxide (SO,) emissions control during the ICCT demonstration.’

A process flow diagram of the Plant Yates facility that includes sampling locations is
presented in Figure 2-1. 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 energized. 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-1271 Wet FGD System

The CT-121 is a second-generation FGD process which employs a unique absorber design,
called a jet bubbling reactor (JBR), 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 (3 to 5) where the driving force for limestone dissolution is high,
resulting in nearly complete reagent utilization. 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 ‘SO, 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.

2-1



Site Description

— uoljeiodio) ueipey

00wy
Bufiqqng

-w {puog Bues ysy} |.'_

ey, dneyeny

| ‘ @l T

> wr

T _
yemp, |

‘% Jesuspuod

TO1EAN JONH

1

usd
lajso0g

%%

i 10JFM pUOg SBING UWNSTASD
spios (8)
O-.._..aﬂm i %wv K pinbr1 (3)
!0—.._“:_1_ ﬂﬂc @
sdung lw $iujod ajdwes
WIS N7 o ?
wnediy N h
yumj
M
J8jauvi)
Aums sanes .ni...s puag eling wnsdhn
pucd Bujes yey
q 18MOIE JiY I»cu-_! dneyey J
HOREpPING m-u —Z v -
00

L CLA
Joiedes
sy

o

perase]

19T |UIOU03]

pling Locations and Flue Gas Flow

Simplified Process Flow Diagram Dlustrating Sam

Figure 2-1

22



Site Description

Gas Cooling 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 slurry, makeup water, and pond
water. The quench slurry is sprayed into the gas at a liquid-to-gas ratio of about 1G gal/1000
acf at full boiler 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 slurry 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 interfacial area can be varied by changing the level in the
IBR, and consequently, the injection depth of flue gas. The deeper the gas is injected into
the slurry, the greater the interfacial area for mass transfer and the greater the SO, removal.
In addition, at deeper sparger depths, there is an increase in the gas-phase residence time.
SO, 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 the 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 SO, 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.



Site Description

Ash and Cooling System

Plant Yates uses an ash settling and storage area consisting of one ash-settling pond. Bottom
ash from the boiler and pyrites from the pulverizers are sluiced together and are disposed of
in the ash-settling pond. The ESP ash, economizer 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 2-1. The specific collection area (SCA) is

210 ft*/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 16-inch
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 ESP velocity of 4.4 ft/sec is more
characteristic of modern design practices.

Figure 2-2 shows a schematic layout of the ESP. The ESP is configured with three mechani-
cal sections and four electrical 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 modeling the performance of the ESP, as described
in Section 8.

Figure 2-2 also identifies the rapping components. The Plant Yates ESP uses a Forry Rapper
Control System programmed to operate vibrators on the high voitage 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 collected of the coal feed, bottom and fly ashes, limestone,
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Table 2-1
Summary of Design Data on the Yates Unit #1 ESP

Manufacturer Buell
Housing 1 ESP Box
Mechanical Sections 3
Electrical Sections 4
Gas Flow Passages 82

Coliector Electrodes
Plate Spacing 9 inches
Plate Height - 30 ft
Total Plate Length 21 ft
Length of Sections G ft Section 1, 6 ft for Sections 2 & 3
Total Plate Area 103,320 ft?

Total Cross Section Area

Gas Conditions

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

SCA at Full Load

Emitter Design

Design

Diameter

Spacing

Number

Total Wire Length

1845 ft?

491,000 acfm
4.4 ft/second
4.7 seconds

210 ft*/kacfm

Weighted Wire
0.110 inches

8 inches

2,296

68,880 ft
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Table 2-2

ESP Rapping Schedule
Plant Yates Unit #1

Site Description

Mechanical Cycle Rapper Activated
Section Rapper Type Repeat Time 1dentification  (minutes into cycle)

1 HV Vibrator 12 minutes HV: Al 4
(1 vibrator per BV: A2 8

frame) HV: Bl 12

2 HYV Vibrator 12 minutes HV: B2 5
HV: Cl 10

3 HV Vibrator 12 minutes HV: C2 6
HV: D 12

1 Plate Rapper 30 minutes Plate: Al-1 4
(1 rapper per Plate: Al-2 8

plate support) Plate: A1-3 12

i Plate Rapper 30 minutes Plate: A2-1 5
Plate: A2-2 10

Plate: A2-3 15

1 Plate Rapper 30 minutes Plate: B1-1 6
Plate: B1-1 12

Plate: B1-3 18

2 Plate Rapper 30 minutes Plate: B2-1 7
Plate: B2-2 14

Plate: B2-3 21

2 Plate Rapper 30 minutes Plate: Cl1-1 8
Plate: C1-2 16

Plate: C1-3 24

3 Plate Rapper 30 minutes Plate: C2-1 9
Plate: C2-2 18

Plate: C2-3 27

3 Plate Rapper 30 minutes Plate: D-1 10
Plate: D-2 20

Plate: D-3 30

Note: Rapping frequency and cycles are duplicated for each side of the ESP.
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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 2-1 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:

o ESP inlet;

¢ 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:
e Raw coal;

* Pulverized feed coal;

¢ Pulverizer rejects;

* Bottom ash;

e ESP fly ash;

e Raw limestone;

¢ Limestone slurry solids; and

* FGD slurry solids.

2-8
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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 Solids. 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:

* Ash pond water,

* Gypsum pond water;

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

¢ FGD slurry blowdown filtrate;

¢ Limestone slurry filtrate;

¢ Coal pile run-off; and

¢ 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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Site Dascription

Pond Waters. 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 Water. 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 JBR
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 Water 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
(DAS) 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*

Site Description

Parameter 6/21 6/22 6/23 6/25 6/26 6/27

Boiler:

Load (MW) 101 161 101 100 100 101

Coal Flow (1,000 lb/hr, wet) 89 88 89 90 o1 92

Furnace O, (%) 3.5 3.6 3.5 3.3 3.3 3.4

Burners in Service 16 16 16 16 16 16
ESP:

Opacity (%) 15.0 14.4 16.0 17.1 17.7 18.6
JBR:

SO, removal® (%) 93.0 91.6 90.7 88.8 - -

Scrubber pH 4.6 4.5 4.5 4.5 4.5 4.5

JBR 4P (Inches H,0) 14.1 14.1 14.1 14.1 14.1 14.1
Stack:

0, (%, dry) 8.2 8.0 7.9 7.7 7.7 7.6

50, (ppmv, dry) 160 181 202 236 182 186

NO, (ppmv, dry) 430 490 470 430 420 320

CO (ppmv, dry) 35 -4 2.6 2.6 2.0 5.7

* Daily averages.

® Based upon SO, corrected to 3% O,.

¢ Inlet O, monitor not functioning properly.

4 CO monitor not functioning properly.

2-11



Site Description

110
100
o %0
=
g
-
]
)
- 80
70
N =P S N DML TP BEURS- RE IR S
600:00 12:60 0:00 12:00 0:0¢ 12:00 0:00 12:00 {:00 12:00 0:00 12:00 0:00 12:00
06/21 06/22 06/23 06/24 06/25 06/26  06/27
Load
Data points are 15-minute average values.
[ ] Test Periods
Figure 2-3
Unit 1 Load

2-12



Site Description

6.0 ———T T T T T

—~

®

S’

o

-

[ ]

]

4]

@

|31

1]

=

[

=

=
2.0 -
1.9 — I A T I TN T
“T0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

06/21  06/22 06/23 06/24 06/25 06/26  06/27

Furnace Gas O,
Data points are hourly values.

E] Test Periods

Figure 2-4
Furnace Gas Oxygen

2-13



Site Description

18
17 F
16 |-
Q 15
==
P -
[-#)
<
g 13
-]
-
12 |-
11
10 . L ISP BN RPN TP LA | i
§:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:60 0G:00 12:00
06/21 06/22 06/23 06/24 06/25 06/26 06/27
JBR Deck AP
Data points are 15-minute average values,
ETest Periods
Figure 2-5

JBR Pressure Drop

2-14



Site Description

=
%
&
-2
-
0 Lottt PP PP .
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:60 6:00 12:00 0:00 12:00
06/21  06/22 06/23 06/24 06/25 06/26  06/27
JBR pH
Data points are 15-minute average values.
DTest Periods
Figure 2-6
JBR pH

2-15



Site Description

350 T T
300 [

—

E 250

s

& 0

=

L 200 I E

™

[--]

]

g

g 150 I

=]

(6]

ON .

< 100@

RN AL I 1 PEOEPE PO S P | B
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
06/21 06/22 06/23 06/24 06/25 06/26  06/27

0

Stack SO; Concentration @ 3% O,

Data points are 15-minute average values.

EE] Test Periods

Figure 2-7
Stack SO,

2-16



Site Description

Stack NO, Concentration (ppm)

| IS At A M S S MRS e

U%;.

0

3
£ g

300 K %]
250 .
O -
200 PP A PP BTSN R NP el oy
0:00 12:06 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 :00 12:00
06/21 06/22 06/23 06/24 06/25 06/26  06/27

Stack NO; Concentration @ 3% O,
Data points are hourly values.

D Test Periods

Figure 2-8
Stack NO,

2-17



Site Description
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Site Description

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 fix 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,
SO, removal was generally lower than expected. However, with respect to the range of SO,
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 soot blowing," the post-test inspection revealed a
steadily decreasing pressure drop across the APH on Day | 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.

References
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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SAMPLE COLLECTION

Radian used established sampling methods (where possible) and a sampling strategy consis-
tent with that of the EPRI-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
periods.

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-
terization 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 II) was a "material balance period," during which samples were collected for analysis
of inorganic components.

Figures 3-1 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 ESP 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.
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Sample Collection

Gas Samples

Samples were collected from three separate gas locations during the toxics emission study,
namely the ESP inlet, the ESP 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 3-1.
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 QA/QC program for gasecous 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 composited 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 run.

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 QA/QC program for the solids are listed in Table 3-6.
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Sample Collection

Table 3-2
Number and Type of Gas Sample Analyses Plant Yates

Field Matrix Audit Field Trip Total
Parameter Samples Spike Samples Blanks Blanks Samples

Moisture 9 - -- - - 9
Particulate Loading 9 - - 3 1 13
Particle Size Distribution 9 - - - - 9
Chloride (Particulate) 9 1 - 1 - 11
Fluoride (Particulate) 4 1 - -- 11
Sulfate (Particulate) % 1 - 1 - 11
ICP Screen (Particulate) 9 1 1 3 1 15
GFAAS Metals* (Particulate) 9 1 1 3 1 15
Mercury (Particulate) 9 1 1 3 1 15
Semivolatiles (Particulate & Flue 9 2 - 3 1 15
Gas)

PCDD/PCFD (Particulate) 3 - - 1 1 5
Radioactivity (Particulate) 9 - - 1 - 12
Ammonia (Flue gas) 9 1 1 1 - 12
Cyanide (Flue gas) 9 1 1 1 - 12
Chloride (Fiue gas) 9 1 1 1 - 12
Fluoride (Flue gas) 9 1 1 1 - 12
Sulfate (Flue gas) 9 1 1 1 - 12
ICP Screen (Flue gas) 9 1 1 3 1 15
GFAAS Metals" (Flue gas) 9 1 1 3 1 15
Mercury (Flue gas) 9 1 1 3 1 15
Aldehydes (Flue gas) 9 2 - 3 2 16
Volatile Organics (Flue gas) 27 - - 9 1 37
PCDD/PCDF (Flue gas) 3 - - 1 1 5

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

3-6



Sarnple Collection

1 € £ £ £ 3 $ 9 £ 1 £ € qugn oprmAD
£ £ £ £ £ £ 9 9 £ £ £ £ qup smownry
£ £ £ £ £ i 9 $ 3 £ £ £ qug Uy
£ € - - £ £ € £ quo Mmo), 'Ry
£ £ £ £ £ £ 9 9 £ £ £ € qup dqnjos 'AmR
£ 4 I z £ ¥ £ ¥ 9 % z £ £ £ qup woiwelli() amujoaraig
£ 3 I z £ £ £ £ 9 9 4 £ £ £ qup L Ve LT
£ £ z z £ € £ £ 9 9 £ £ £ £ quig pAppIIIO]
pozipuy  papoqe)) | peaiuy  pepelie) | paadpuy  papepo) | pozipray pepeliop | peripewy  pemepon | pexipy  poparey | peripmy  pareed  poqep pumey WL
nopRIRe)
o Ho-ey amrmd Aung owIny BEy pEcg puog qry

JeUIPUO) 914 oD Auroig snowewry war 2ME WY wnedis

Areuramag Sutjdmeg spiabry

€t dlq8L

3-7



Sample Collection

Table 3-4

Liquid Stream QA/QC Samples

Field Field Matrix Audit Trip Total
Parameter Samples Dups Spike Samples Blanks Samples
Chlcride 21 7 3 1 - 32
Fluoride 21 7 3 1 -- 32
Phosphate 21 7 3 1 -- 32
Sulfate 21 7 3 1 -- 32
Sulfite 3 1 - - - 4
Ammonia 21 7 3 1 -- 32
Cyanide 21 7 3 1 -- 32
ICP Screen (Soluble) 30 10 4 2 -- 46
Arsenic 30 10 4 2 - 46
Cadmium 30 10 4 2 - 46
Lead 30 10 4 2 - 46
Mercury 30 10 4 2 - 46
Selenium 30 10 4 2 - 46
Aldehydes 23 7 6 - - 36
Semivoiatile Organics 22 6 - - 35
Volatile Organics 22 - - 1 30
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Sample Collection

Table 3-6
Solid Stream QA/QC Samples
Field Field Matrix Audit Total
Parameter Samples Dups Spike Samples Samples

Moisture 12 4 - - 16
Particle Size Distribution 2 - - g
Ultimate/Proximate 3 - 1 13
Carbon 12 4 - - 16
Sulfur 3 - - 12
Heating Value 6 2 - 1 9
Chloride 30 10 4 2 46
Fluoride 30 10 4 2 46
Phosphate (Phosphorus) 30 10 4 2 46
Sulfate/Sulfite ' 3 1 1 - 5
ICP Screen 30 10 4 2 46
Metals 9 3 - 1 13
Arsenic 30 10 4 2 46
Cadmium 30 10 4 2 46
Lead 30 10 4 2 46
Mercury 30 10 4 2 46
Selenium 30 10 4 2 46
Aldehydes 3 1 2 - 6
Semivolatile Organics | 12 4 - 20
Radioactivity 15 4 - - 19
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Sample Collection

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 + <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 JBR. 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 pulverizer rejects. This method yields an average feed coal
rate for the material balance period of 80,200 Ib/hr. As a consistency check, the full-load
unit heat rate was used to calculate a coal feed rate of 86,000 Ib/hr, 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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Sample Collection

Table 3-7
Process Flow Rates During Phase II of Testing

Run 1 Run 2 Run 3 Std.

6/25/93 6/26/93 6/27/93 Mean Dev.
Raw Coal Moisture (%) , 12.7 11.2 11.2 11.7 0.9
Feed Coal Ash (%, dry) 10.5 11.3 11.6 11.1 0.6
Measured Flow Rates and Grain Loadings:
Raw Coal (Ib/hr, wet) g 90,200 90,700 92,000 91,000 3,200
Coal Pulverizer Rejects (Ib/hr) 110 130 110 120 15
ESP Inlet Loading {gr/dscf) 3.38 3.67 3.88 3.64 0.25
ESP Outlet Loading, (gr/dscf) 0.0598 0.0489 0.0644 0.0577 0.0080
Stack Gas (dscfm) 290,000 287,000 285,000 288,000 2,500
Stack Loading (gr/dscf) 0.0078 0.0048 0.0051 0.0059 0.0017
Calculated Flow Rates: 95% CI
Feed Coal (Ib/hr, dry) - - - 80,200 8,200
ESP Inlet Gas (dscfm)® - e - 284,000 6,200
ESP Outlet Gas (dscfm)® - - - 284,000 6,200
ESP Inlet Ash, (Ib/hr)? - - - 8,870 1,500
ESP Outlet Ash, (lb/hr) - - - 140 49
ESP Collected Ash (Ib/hr) - - - 8,730 2,500
Bottom Ash (Ib/hr¥ - - -- 440 1,100
Particulate Emissions:
Emissions (Ib/hr) - - - 14.6 10.4
Emissions (1b/10° Btu) - - - 0.014 0.009

* Standard deviation calculated from 71 hourly values measured over the three days of testing.
® 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 rate; the ESP
inlet and outlet flow rates were assumed equal to the stack gas less the JBR oxidation air (4,100 scfm).

¢ Includes 4.5% unburned carbon.

* Includes 2.3 % unburned carbon.
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Sample Collection
Table 3-8
Flow Rate Calculations
Raw Coal:
Counting of 500 1b (nominal} buckets
Pulverizer Rejects:
Measured by bucket-and-stopv:vatch method
Stack Gas:
Measured by Pitot tube traverse
Feed Coal, dry basis:

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

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 Ib/gr * 60 m/hr = 8,870 Ib/hr
ESP Outlet Ash:

284,000 dscfm * 0.0577 gr/dscf * 0.000143 Ib/gr * 60 m/hr = 140 Ib/hr
ESP Collected Ash:

8,870 Ib/hr ESP Inlet Ash - 140 Ib/hr ESP Qutlet Ash = 8,730 Ib/hr
Bottom Ash:

[80,200 Ib/hr Dry Feed Coal * 0.111 1b ash/Ib coal - (8,870 lb/hr ESP Inlet Ash- 8,870 Ib/hr
*0.045 1b Carbon/Ib Ash]/(1-0.023) Ib Carbon-Free Bottom Ash/ib Bottom Ash = 440 Ib/hr

Stack Emissions:

288,000 dscfm Stack Gas * 0.0059 gr/dscf * 0.000143 Ib/gr * 60 m/hr = 14.6 Ib/hr
Stack Emission Factor:

14.6 1b/hr/(80,200 1b/hr Feed coal * 12,700 Btu/lb) * 1,000,000 = 0.014 1b/10° Btu

3-13



4

SAMPLE PREPARATION AND ANALYSIS METHODS

Preparation procedures and chemical analysis methods for gases are shown in Figures 4-1
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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Sample Preparation and Analysis Methods
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Figure 4-2

Flue Gas Impinger Sample Preparation and Analysis Plan for Metals
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Sampie Preparation and Analysis Method's

Impinger 4 Impinger 5 . Impinger Rinse
H,S0,/KMnO, H,S0/KMnO, Tmpinger 3 8N HCl
Weigh Weigh Weigh
Add K,S,0,
Heat at 95°C
for 2 hours
CVAA
Hg
Figure 4-3

Flue Gas Impinger Sample Preparation and Analysis Plan for Mercury
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Sample Preparation and Analysis Methods

Cl- & SO.2
by IC,
F by SIE

Sonication in
HCO,/CO,~/H,0,
Solution

Filter
Probe and
Nozzle Rinse

Figure 4-4 :
Gas Particulate Sample Preparation and Analysis Plan for Anions
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Sample Preparation and Analysis Methods
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Sample Preparation and Analysis Methods
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Figure 4-6
Flue Gas Impinger Sample Preparation and Analysis Plan for Ammonia and Cyanide
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Sample Praparation and Analysis Methods

Analysis
by HPLC

Concentration

Solvent
Exchange
into
Acetonitrile

MeCl,
Extraction

Combined DNPH impingers,
MeCl, rinse, H,O rinse

Figure 4-7 -
Flue Gas Impinger Sample Preparation and Analysis Plan for Formaldehyde
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Tenax VOST Tube

Sample Preparation and Analysis Methods

Tenax/Charcoal
VOST Tube

Figure 4-8

VOST Sorbent Sample Preparation and Analysis Plan for Volatile Organic Compounds

Tubes spiked
wi/surrogate

compounds

Tubes connected in series to
carrier gas (N, or Hy).
Flow in Reverse Direction of
Sample Collection
Purged @ 180°C for 10 min.
40 mL/min flow.

Purge gas flows through water
trap (~5 mL ultrapure H,0) for
moisture removal.

Purge gas flows through analytical
adsorbent (4 stage) @ warm
temperature
[OV-1(1), Tenax(2), Silicon
Gel(3), Chercoal (4)]

After 10 minutes, purge gas
redirected backward through
analytical adsorbent. The
adsorbent is heated rapidly to
180°C and purged directly into
GC/MS analytical instrument.
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Sample Preparation and Analysis Methods
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Flue Gas Sample Preparation and Analysis Plan for Semivolatile Organic Compounds

Figure 4-9
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Sample Preparation and Analysis Methods

FH Toluene Rinses Bizoiué:dféim XAD
FH AC/MeCL Rinses .
Rinses Prespiked w/
] ' 4 ng DIF 8%
Concentrate Concentrate
to 2 mL to2 mL XAD
1 [ Add 10 Soxhlet
Add to Soxhlet Add to Soxhlet
for Toluene for Toluene
Extraction Extraction
Filter
Add 1o
Soxhlet Spike w/
4ng D/F1IS
Soxhlet in
Toluene
16 Hours
Spike w/
4 ng D/F AS
Split 1:1
50% Toluene 50% Toluene
Extract Extract
to Archive
Solvent Exchange
to Hexane
Do PCDDs/Fs Cleanup
Spike w/2 ng DIF RS
Analyze for PCDDs/Fs
Method 23
Figure 4-10

Flue Gas Sample Preparation and Analysis Plan for Dioxins and Furans
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Sample Preparation and Analysis Method's

Filtered Gas
Particulate Samples

100 mg 100 mg 100 mg
Nitric Acid Simuiated Acetic Acid

Digestion Gastric Fluid Leach
(EPA 3050) Leach (HCI) {Mod. TCLP)

ICP-MS ICP-MS ICP-MS

Analysis Analysis Analysis

Figure 4-11

Gas Particulate Sample Preparation and Analysis Plan for Extractable Metals
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Sample Preparation and Analysis Methods

ICP/MS
Trace
Elements

GFAA

As, Se

Dilute
to
00

GDMS
Microwave
Digestion
HF/HNO,/HCI

Size-
Fractionated
Particulate
Matter

Figure 4-12
Size-Fractionated Particulate Sample Preparation and Analysis Plan for Metals
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Sample Preparation and Analysis Method's

Liquid
Samples
Acid
Digestion ICP-AES
(Method
3010
Soluble
Metals
Acid
Digestion GFAA
Cr, SO Anions (Method
by IC 3020)
Fby ICP-AES
SEE Total Acid
Metals Digestion
(Method
30200
PO, by H;S0,
Spectro- Digestion GFAA
photometry
Analysis Distill Ammonia Volatile Purge & GC/MS
EPA 350.1 Organics Trap (EPA 8240}
(EPA 5030)
Amlysis Disiil Cyanide Aldehydes Derivatize MeCl,
EPA 9012 w/2,4-DNPH Extraction
Solvent
Exchange
wiAcetonitrile
[ Semivolatiles I
[ HPLC
Liquid-Liquid Analysis
Extraction
(EPA 35100
GC/MS
EPA 8270
Figure 4-13

Liquid Sample Preparation and Analysis Pian
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Sample Preparation and Analysis Methods

%
Moisture

Coal
Composite
Air Dry
& Grind to
-60 Mesh
CT&E Split
Ultimate/Proximate/HHV
ASTM D3683 Be, Pb, P Analysis
Metals
ASTM D3684 As, Cd, Se by INAA
Combustion/
Double Gold Hg by CVAAS
Amalgamation
ASTM D4208 Chloride
ASTM D3761 Fluoride
Gamma Radionuclides
Spectroscopy
Figure 4-14

Coal Sample Preparation and Analysis Plan
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Sample Preparation and Analysis Methods

Table 4-1
Summary of Coal Analytical Methods

Chemical Substance Analytical Method
Ultimate/Proximate/Higher Heating Value
Moisture ASTM D3173
Ash ASTM D3174
Carbon, Hydrogen, Nitrogen ASTM D5373
Sulfur ASTM D4239
Volatile Matter ASTM D3175
Heating Value ASTM D2015
Chlorine in Coal ASTM D4208
Fluorine in Coal ASTM D3761
Radionuclides Gamma Emission Spectroscopy

ASTM = American Society for Testing and Materials.
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Sample Preparation and Analysis Methods

Figure 4-15

Ash Sample Preparation and Analysis Plan

At Soxhlet S Gf:”‘fs.l
Extraction CIvo .a“ ¢
Organics
%
Moisture
Solit Particle Size Distribution
P by Laser Diffraction
Air Dry
& CjO““" Hg by CVAAS
-60 Mesh
%
Moisture
ASTM
DS5373 Carbon ICP-AES
Lgf:m\:fave Digestate
1gesiion D iluted GFAA
HF/HCL/- to 100 mL
HNG,
Ash Fusion Fluoride by
w/NaOH SIE ICP/MS
Nitric Acid Chloride by
Leach SIE
ASTM
D4239 Sulfur
Gamma Radionuclides
Spectroscopy
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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 1-3, 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 fiber 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 5-1 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 fiber 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 um, and greater than 10 um
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 filtered 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 5-1
Filter Substrate Data Comparison

Quartz Glass Fiber

Specie (pg) (#g)
Aluminum 122 36,500
Antimony <9 <9
Arsenic 0.14 <0.12
Barium 8.6 57,600
Beryllium 0.08 6
Cadmium <0.13 4
Calcium 101 15,500
Chromium 1.4 21
Cobalt 0.25 22
Copper 0.57 4
Iron 15 312
Lead <0.13 35
Magnesium 14 2,700
Manganese 0.60 15
Mercury 0.07 0.1
Molybdenum 19 2
Nickel 2.6 8
Phosphorus <1.5 144
Potassium <205 30,000
Selenium 0.06 <0.09
Sodium 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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Analytical Results

Table 5-2
Gas Process Stream Data Summary
ESP Inlet ESF Qutlet Stack
Analyte Group/ 5% DL 5% DL 5% DL
Specie Units Average CI  Ratio Average ClI Ratio Average CI Ratio
Particulate Loading g/Nm? 8.95 1.5 - 0.142 0.05 - 00145 0.010 -~
Reduced Species
Ammonia as N pg/Nm* 290 7.4 - 27 16 -- 11 17 -
Hydrogen Cyanide ag/Nm® 015 024 - 0.90 1.7 - 28 94 -
Anions-Vapor
Chioride ug/Nm’ 112,000 34,300 - 136,000 67,000 - 540 320 -
Fluoride ug/Nm* 8,300 1,400 - 7,900 3,200 - 124 66 -
Sulfate pug/Nm' 7,460,000 432,000 - 6,900,000 1,500,000 -- 680,000 160,000 -
Anions-Particulate
Chloride 4g/Nm’ 6,100 9,100 - 45 %4 - 210 310 -
Fluoride wg/Nm* 1.3 2.4 - 0.12 0.21 - 0051 0041 -
Sulfate ug/Nm® 79,000 98,000 - 4,200 760 - 5,900 8,700 -
Anions-Total '
Chloride pg/Nm' 118,000 31,000 - 136,000 67,000 - 750 300 -
Fluoride sg/Nm' 8,300 1,400 - 1,900 3,200 - 124 66 -
Sulfate s#g/Nm* 7,500,000 417,000 -- 6,900,000 1,500,000 - 690,000 170,000 --
Radicouclides
Actinium-228 @ 338 KeV pCi/g 25 36 11%
Actinium-228 @ 911 KeV pCi/g 20 15 -
Actinium-228 @ 968 KeV pCi/g 29 41 13%
Bismuth-212 @ 727 KeV pCi/g <39 - 100%
Bismuth-214 @ 1120.4 KeV  pCi/g <24 - 100%
Bismuth-2i4 @ 1764.7KeV  pCi/g 49 71 12%
Bismuth-214 @ 609.4 KeV pCi/g 28 17 --
K-40 @ 1460 KeV pCi/g 230 317 - 73 31 - <56 - 48%
Lead-210 @ 46 KeV pCi/g 79 33 -
Lead-212 @ 238 KeV pCi/g 19 19 -
Lead-214 @ 295.2 KeV pCi/g 24 20 -
Lead-214 @ 352.0 KeV pCi/g 25 8.0 -
Radium-226 @ 186.0 KeV pCi/g 130 50 -
Thallium-208 @ 583 KeV  pCi/g 17 11 -
Thallium-208 @ 860 KeV pCi/g <67 - 100%
Thorium-234 @ 1001 KeV pCi/g 79 a5 -
Thorium-234 @ 63.3 KeV pCi/g 69 43 -
Uranium-235 @ 143 KeV pCi/g 69 43 --
Part Metals by Wt
Alyminum neglg 97,000 11,000 - 101,000 - - 13,800 7,300 -
Antimony nel'g 3.6 2.4 - 2.7 0.65 - 38 5.7 -
Arsenic nelg 45 12 - 117 48 - 81 71 -
Barium ug'g 490 106 - 620 - -~ 210 1,100 --
Beryllium ugle 10 0.57 - 14 - - 2.9 2.1 -
Cadmium ue/g 2.70 1.4 - 8.9 - - 41 79 -
Calcium nglg 18,100 3,900 - 14,800 - - 18,600 31,000 -
Chromium uglg 320 500 - 190 - - 330 3,000 -
Cobalt »e'e 31 0.83 -- 37 - - <150 - 52%



Analytical Results

Table 5-2 (Continued)

ESP Inlet ESP Outlet Stack
Analyte Group/ 95% DL 5% DL 95% DL
Specie Units Average ClI  Ratio Average CI Ratio Average CI Ratio
Copper re'g 86 2.6 - 116 35 - 56 49 -
Iron rElE 91,000 27,000 - 61,000 14,000 - 11,700 22,000 -
Lead uele 79 19 - 153 - - 36 20 -
Magnesium re'e 4,690 480 - 5,500 - -- 2,800 10,700 -
Manganese re/g 237 32 - 243 €8 - 490 2,600 -
Mercury ug/g 0.79 0.59 - 0.90 0.3 - 0.57 52 14%
Molybdenum re'g 35 39 - 58 3] - 73 120 -
Nickel rel'e 230 250 - 157 25 - 2,500 27,000 -
Phosphotus ngle 230 150 - 830 - - <22 - 100%
Potassium pelg 17,500 1,900 - 17,900 - - 2,900 1,600 -
Selenium »e/g 15 7.0 - 570 860 - 1,700 3,500 -
Sodium uglg 5,020 1% - 6,700 - - 4,200 1,90 -
Strontium ng/g 34 12 -- 360 - - 106 53 -
Titanium reE'E 6,140 790 - 5,400 1,600 - 9210 1,700 -
Vanadium #eE 308 5.7 - 381 93 - 112 46 -
Part Metals by Vol
Aluminum ug/Nm® 870,000 240,000 -- 12,100 - - 190 260 -
Antimony ug/Nm* 33 26 - 0.39 0.11 —~ 0052 0019 -
Arsenic ug/Nm? 400 170 - 16 6.6 - 1.1 0.24 -
Barium ug/Nm* 4,400 1,700 -- 74 - -- 2.8 10 -
Beryllium #g/Nm* 93 16 - 1.7 - - 0.041 0.047 -
Cadmijum ug/Nm® 24 15 - 1.1 . - 0.59 2.2 -
Calcium ug/Nm* 161,300 7,200 - 1,800 - - 270 920 -
Chromium ug/Nm* 2,900 4,600 - 23 - - 5.1 50 -
Cobalt ug/Nm* 275 48 - 4.5 - - <0.6 - 59%
Copper ug/Nm* 770 130 - 16 12 - 0.77 0.76 --
Iron ug/Nm® 808,000 99,000 - 8,500 1,100 - 170 600 -
Lead ug/Nm® 710 290 -- 18 - - 0.50 0.64 -
Magnesium pg/Nm® 42,000 11,000 -- 660 - - 41 220 -
Manganese pg/Nm* 2,120 120 - 34 3.7 - 7.2 49 -
Mecrcury ug/Nm? 7.1 5.6 - 0.126 0.037 - 0.0071 0.057 18%
Molybdenum ug/Nm* 320 390 - 8.1 1.3 - 1.4 2.6 -
Nickel pg/Nm* 2,000 2,300 - 22 5.7 -- 39 440 -
Phosphorus ug/Nm* 2,100 1,600 . 100 - - <2.6 - 100%
Potassium pg/Nm® 157,000 43,000 - 2,150 - - 40 53 -
Selenium ug/Nm? 133 73 - 82 130 - 26 58 -
Sodium pg/Nm® 45,800 6,200 - 800 -- - 59 140 -
Strontium pg/Nm* 2,910 570 - 43 - -- 1.5 3.5 --
Titanium ug/Nm* 55,000 16,000 -- 760 230 - 12.5 0.59 -
Vanadium ug/Nm* 2,760 430 - 54 11 - 1.6 0.47 -
Metals, Vapor
Aluminum sg/Nm* 150 940 - 58 43 - <8.7 - 50%
Antimony ug/Nm® 0.56 6.5 - 0.021 0.0096 - 0.012 0.0019 -
Arsenic ug/Nm® <0.17 - 100% <0.18 - 100% <0.18 - 100%
Barium pg/Nm? 1.5 7.9 - 1.0 1.1 - <0.14 - 54%
Beryllium gg/Nm*  0.06 0.25 - <0.16 - 57% <0.17 - 82%
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Table 5-2 (Continued)

Analytical Results

ESP Inlet ESP Outlet Stack
Analyte Group/ 95% DL 5% DL 95% DL
Specie Units Aversge CI  Ratio Average C1 Ratio Average CI Ratio
Boron sg/Nm' 6,400 12,000 -- 6,900 1,200 - 440 70 -
Cadmium pg/Nm® 0.11 0.93 16% 0.10 0.31 21% <0.064 -- 100%
Calcium ug/Nm® 300 110 -- 184 87 -- <40 - 52%
Chromium pg/Nm? 11 140 - <0.73 - 42% <0.67 - 100%
Caobalt kg/Nm*  <0.74 - 55% <1.0 - 31% 0.39 0.77 -
Copper pg/Nm’ 1.1 1.6 - 1.1 1.2 16% 1.2 2.4 14%
Iron p#g/Nm! 140 120 -- 50 78 - <18 - 50%
Lead pg/MNm* <021 - 100% 0.40 1.1 20% <0.22 - 100%
Magnesium pg/Nm' 20 18 - 12 6.4 - <7.0 - 4%
Manganese ug/Nm*  <0.10 - 100% <0.11 - 100% <0.11 - 100%
Mercury gg/Nm* 5.5 5.6 - 5.6 1.1 - 30 0.27 --
Molybdenum pg/Nm® <14 .- 2% <1.4 - 37% 0.12 0.048 -
Nickel ag/Nm® 7 7% 8% <2.9 - 59% «<2.6 - 46%
Phosphorus #g/Nm' <16 - 100% <17 - 100% <16 - 100%
Potassium pg/Nm’ 10 130 2% 20 100 1% 37 96 0.4%
Selenium ag/Nm' <022 - 100% <0.23 - 100%  0.80 1.6 -
Sodium ug/Nm’ 240 360 - 290 280 -- <11 - 100%
Strontium ug/Nm® 2 4 - 1.4 0.28 - <0.045 - 100%
Titanium ug/Nm® 9 71 - 2.5 3.4 - <0.27 - 58%
Vanadium #g/Nm? 1.2 3 - 1.0 1.3 12% 0.55 0.57 -
Total Metals
Aluminum pg/Nm’ 870,000 240,000 -- 12,200 - - 200 250 -
Antimony #g/Nm? 33 25 e 0.41 0.12 -- 0.065 0.026 --
Arsenic pg/Nm’ 410 170 - 17 6.6 - 1.2 0.24 --
Barium pg/Nm* 4,400 1,700 - 75 - - 2.9 10 -
Beryllium pg/Nm® 23 16 - 1.7 - - 0.099 0.29 -
Boron (vapor only) #g/Nm* 6,600 2,500 - 6,900 1,200 - 440 70 -
Cadmium ag/Nm* 24 15 - 1.3 - ~-  0.63 22 -
Calcium ug/Nm* 163,300 6,200 - 1,900 - - 290 830 -
Chromium ag/Nm* 2,900 4,700 - 23 - - 5.4 50 -
Cobalt #g/Nm* 276 43 - 5 - -- 0.74 4 -
Copper pug/Nm® 770 130 - 17 1.9 - 2.0 1.8 -
Iron pg/Nm® 309,000 98,000 -- 8,600 1,100 - 170 600 -
Lead ug/Nm® 710 290 -- 19 - - 0.61 0.54 --
Magnesium pg/Nm* 42,000 11,200 - 670 - - 45 230 -
Manganese ug/Nm* 2,120 130 - 34 37 - 73 49 -
Mercury pg/Nm® 13 5.6 - 5.7 1.1 - 3.1 0.44 --
Molybdenum pg/Nm’ 320 390 -- 8.7 1.4 - i.5 2.4 -
Nickel pg/Nm® 2,100 2,300 - 24 6.3 -- 41 430 --
Phosphorus ug/Nm* 2,100 1,600 -- 110 - -- <10 - 100%
Potassium #g/Nm* 157,000 43,000 -- 2,200 — - 79 540 -
Seienium sg/Nm* 133 73 - 30 130 - 27 57 -
Sodium pg/Nm* 46,100 6,200 - 1,000 - -- 65 130 --
Strontium ag/Nm® 2,920 580 -- 45 -- - 1.5 35 -
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Analytical Results

Table 5-2 (Continued)

ESP Inlet ESP QOutlet Stack
Analyte Group/ 95% DL 95% DL 95% DL
Specie Units Average CI  Ratio Average CI Ratio Average CI Ratio
Titanium ag/Nm* 55,000 16,000 -- 760 230 - 13 0.26 -
Vanadium sg/Nm* 2,770 440 - 55 10 - 2.2 i -
Hg Vapor, Bloom
Mercury, Elemental ug/Nm* 2.0 1.8 - 2.5 0.28 - 2.8 1.1 -
Mercury 11 ug/Nm* 4.1 1.4 - 4.2 2 - 0.47 0.33 -
Mercury, Methyl ug/Nm* 031 0.59 - 0.63 0.45 - 0.044 0.041 -
Mercury, Total pg/Nm? 6.4 1.1 -- 7.3 2.4 - 33 0.88 -
Hexavalent Chromium
Chromium V1 pg/Nm? <0.190 -- 100%
Total Chromium pg/Nm’ <0.560 - 100%
Extract Metals, Nitric
Antimony ne'g 2.7 1 - 3.2 34 -- 5.8 -- -
Arsenic ugl'g 43 45 -- 98 40 -- 160 - -
Barium ng's 220 145 - 318 3.4 - 350 - -
Beryllium ng'g 4.1 2.3 - 5.4 5.8 - 10 - -
Boron nglg 1,520 857 - 1,900 1,200 - <15 - 100%
Cadmium ugle 2.2 5 5% 10 18 - 67 -- -
Chromium HE'E 29 30 -- 64 61 - 44 - -
Cobailt zglg 5.0 10 - 17 3.8 - <0.90 - 100%
Copper sg/g 32 36 -- 98 32 - 120 -- -
Lead ug/g 39 52 - 116 31 - 91 - -
Manganese kg 120 87 -- 1000 3,500 - 330 - -
Mercury rg/g 80 230 0.4% 4.0 11 8.1% <7.0 - 100%
Molybdenum uglg 43 59 -- 72 21 - 51 - -
Nickel ng'g 45 30 - 84 46 - 390 - -
Selenium ne'g <23 - 100% <23 - 100% <87 - 100%
Vanadium rg's 150 160 - 270 260 - 390 - -
Extract Metals, Gastric
Antimony re/g 0.71 0.095 - 1.0 04 - 3.4 -- -
Arsenic ng'g <0.68 - 100% <0.66 - 100% <2.5 - 100%
Barium agl'g 103 55 -- 125 22 - 210 - -
Beryllium ug'g 1.1 0.61 - 2.7 0.66 - 4.2 - -
Boron ne's 698 4.6 - 822 88 - 150 - -
Cadmium ugls 1.8 3.0 - 39 3.2 -- 12 -- -
Chromium ug/g 27 13 - 54 18 -- 85 - -
Cobalt uglg 1.8 1.4 - 5.5 2 - 1 - -
Copper reg'g 10 53 - 33 9.3 - 51 -- -
Lead uglg 94 - 9.6 - 33 7.1 - 66 - -
Manganese KEE 60 65 -- 46 11 - 350 - -
Mercury rE/E 1.9 3.0 -- 0.38 0.22 - <0.15 - 100%
Molybdenum ng'e 29 22 - 61 12 -- 49 - --
Nickel ng'g 10 21 - 38 22 - i70 - -
Selenium ug'g <0.38 - 100% 18 6.8 - 140 -- -
Vanadium ugl'g <0.36 -- 100% 122 79 - <1.3 - 100%



Table 5-2 (Continued)

Analytical Results

ESP Inlet ESP Outlet Stack
Analyte Group/ 95% DL 5% DL 95% DL
Specie Units  Average C1 Ratio Average Cl1 Ratio Average CI Ratio

Extract Metals, Acetic

Antimony uel'e 0.80 1.1 - 0.88 0.38 - <003 - 100%

Arsenic ug'g 1.0 0.63 - 34 3.9 - <0.5 - 100%

Barjum »g/g 48 30 - 44 13 - 17 - -

Beryllium ug'g 0.32 0.54 - 0.98 0.53 -- 2.9 -- -

Boron ug/e 1,010 240 - 910 280 - <082 - 100%

Cadmium uglg 1.6 2.9 - 10 27 - 59 - --

Chromium ne's 7.4 1 - 19 7.2 - 36 -- -

Cobalt uglg 1.5 0.87 - 6.0 74 - 7.5 - -

Copper ugl'e 11 14 - 18 4.9 - 64 - -

Lead uglg  0.21 035 - 1.5 0.98 - 20 - -

Manganecse ue'g 51 52 - 39 8.5 -- 470 - -

Mercury ug'g 0.70 19 - 0.13 0.38 - <0.38 - 100%

Molybdenum ug/g 1.5 5.3 - 4.0 12 - 35 - -

Nickel ugl'e 8.6 5.6 - 23 1.0 - 66 - -

Sclenium uglg <0.54 - 41% 4.1 i3 -- 61 - -

Vanadium ug'g 1.5 1.0 - 5.0 10 - <0.19 - 100%
Metals by Size, >10 ym
Perceat of Total Mass % 57 16

Aluminum pg/g 109000 35,000 - 72,000 16,000 -

Antimony ug'g 2.0 1.1 - 32 1.0 --

Arsenic kg/g 26 8.4 - 49 21 -

Barium Heg'g 520 130 - 3% 100 -

Beryllium re'g 10 5.6 - 10 18 -

Cadmium ug'g 1.7 0.88 - 3.6 1.8 -

Calcium BR/R 22,100 10,000  -- 14,000 3,900 --

Chromium wglg 184 43 - 213 35 -

Cobalt pgle Ky} 4.4 - 2 18 -

Copper rgle 87 23 - 102 33 --

Iron nglg 102,000 2,500 - 160,000 140,000 -

Lead re'g 51 19 - 72 31 -

Magnesium nel'g 5,400 2,000 - 3,700 1,600 -

Manganese uglg 238 17 - 700 1,100 -

Mercury Hg'g 0.50 0.47 - 0.55 0.21 -

Molybdenum HE'E 16 20 - 43 13 -

Nickel #g/'g 121 34 - 129 96 -

Phosphorus nglg <72 -- 100% <71 - 100%

Potassium ugl/g 18,500 2,700 - 14,600 2,900 -

Selenium uglg 11 1 - 160 210 -

Silicon pglg 218,000 20,000 .. 175,000 77,000 -

Sodium pelg 4,600 1,900 - 5,500 4,000 --

Stroatium ugls 357 97 - 294 58 -

Titanium uglg 6,150 560 - 5,300 2,000 -

Vanadium ne'g 293 45 - 290 120 -
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Analytical Results

Table 5-2 (Continued)

ESP Inlet ESP Qutlet Stack
Analyte Group/ 95% DL 95% DL 95% DL
Specie Units Average CI  Ratio Average CI Ratio Average Cl Ratio

Metals by Size, 3-10 um

Percent of Total Mass % 27 44
Aluminum prEE 118,000 23,000 . 105,000 63,000 -
Antimony »g'g 4.8 2.7 - 8.6 I.1 --
Arsenic -4 71 31 - 127 11 -
Barium neg'g 630 250 - 629 85 --
Beryllium »ele 13 8.1 - 18 15 --
Cadmium re'g 5.8 3.6 - 11 2.4 -
Calcium gg/g 19000 17,000  -- 14,000 1,600 -
Chromium ngl'g 218 16 - 275 65 -
Cobait _EE 43 5.6 -- 51 10 --
Copper uglg 142 22 - 170 39 -
Iron pele 64,000 19,000 -- 63,000 14,000 -
Lead ngl'g 119 82 -- 191 52 -
Magnesium Lg'g 6,350 520 - 5,000 4,200 -
Mangancse BE/E 226 34 -- 280 110 -
Mercury K’ 0.47 0.54 - <0.48 - 18%
Molybdenum re/g 46 34 -- 80 25 -
Nickel uglg 152 69 - 211 73 -
Phosphorus ug'g <73 - 100% 228 100 -
Potassium rglg 21,800 3,300 - 21,300 7,200 -
Selenium sg'g 3.1 7.3 6% 45 33 -
Silicon ug/lg 231,000 14,000 - 218,000 20,000 -
Sodium sgl'g 6,700 2,600 - 7,900 1,500 -
Strontium kg/g 384 1i - 370 120 -
Titanium seg 6,830 960 - 6,860 850 -
Vanadium ug's 390 190 - 509 91 -

Metals by Size, <3 ym

Percent of Total Mass % 16 40
Aluminum ngle 135,000 18,000 - 122,000 10,000 -
Antimony ng'g 10 5.7 - 13 0.94 -
Arsenic uglg 160 110 -- 202 54 -
Barium ugl'e 780 400 - 758 85 -
Beryllium ug'g 17 9.8 - 15 5.0 -
Cadmium uglg 15 12 -- 21 8.0 -
Calcium ugl'g 19,000 13,000 - 16,200 2,100 -
Chromium HE'g 246 65 - 290 84 -
Cobalt nglg 63 28 - 64 15 -
Copper ug'e 195 52 -- 250 180 -
Iron ugle 58,600 4,700 - 67,900 5,100 -
Lead ne/z 180 120 - 220 230 -
Magnesium ne'e 7,500 1,500 - 6,700 3,500 -
Manganese nglg 267 79 - 319 29 -
Mercury ugle 0.63 0.25 - 0.39 0.15 --
Molybdenum »e/g 103 72 - 118 49 -
Nickel puglg 202 49 -- 235 52 -
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Table 5-2 (Continued)

Analytical Results

ESP Inlet ESP Outlet Stack
Analyte Group/ 95% DL 95% DL 95% DL
Specie Units Average CI  Ratio Average C1 Ratio Average CI Ratio
Phogphorus g <499 - 35% 820 790 --
Potassium ugle 24,500 2,600 - 22,700 5,700 .-
Sclenium ng'g <3.0 - 36% 60 43 -
Silicon sg/g 223,000 38000 - 207,000 18,000 --
Sodium ugl'g 8,000 2,300 - 8,300 2,300 --
Strontium ne's 430 120 - 429 91 -
Titanium ng'g 6,970 430 - 6,890 170 -
Vanadivm P 2,700 9,100 - 770 230 -
Organics, Aldehydes
Acetaldehyde ug/Nm* 130 170 - 1.2 2.8 - 8.7 9.2
Formaldehyde ug/Nm’ 61 56 - 0.50 1.1 - 24 35
Organics, Semivolatile
2-Methylphenol(o-cresol) ng/Nm' 1,500 4500 1% 5,000 11,000 - 3,000 3,700 -
4-Methylphenol(p-cresol) ng/Nm’ 1,100 2,700 3% 1,730 780 - 960 2,000 3%
Acetophenone ng/Nm* 2,400 5000 1% 3,260 750 - 3,300 710 -
Benzoic acid ng/Nm* 140,000 100,000 -- 130,000 70,000 - 119,000 5,000 -
Benzyl alcohol ng/Nm* 2,300 9,100 4% 4,000 18,000 2% 2,800 1,100 3%
Butylbenzylphthalate ng/Nm* <230 - 39% 340 170 -- 300 130 -
Diburyiphthalate ng/Nm* 2,600 10,000 -- < 160 - 9% 170 260 -
Diethylphthalate ng/Nm’ 260 360 12% 190 530 24% 240 140 --
Dimethylphthalate ng/Nm* <110 - 100% <9 - 100 % 180 560 18%
Naphthalene ng/Nm’ 900 460 - 1,100 1,000 - 1,500 980 -
Phenol ng/Nm* §,000 11,000 - 9,000 15,000 - 9,300 8,700 -
bis(2-Ethylhexyl)phthalate  ng/Nm® 1,400 1,700 - 15,000 41,000 -- 1,400 1,400 -
Organics, Volatile
1,1,1-Trichloroethane ng/Nm® 700 270 - 690 190 - 640 810 14%
Acetone ng/Nm* 16,000 63,000 6% <2,600 - 100% 3,600 6,300 13%
Benzene ng/Nm* 1,100 680 - 1,470 240 - 1,310 360 -
Carbon Disulfide ng/Nm* 7,000 25,000 3,400 7,700 2,300 1,200
Chloromethane ng/Nm* <460 - 100% <530 - 100% 6,000 13000 1%
Methylene Chioride ng/Nm* 170,000 540,000 -- 33,000 37,000 -~ 130,000 280,000 -
Tetrachlorocthene ng/Nm* 1,000 800 - 820 470 - 1,500 2,300 -
Toluene ng/Nm® 1,200 2,000 - 1,200 1,100 - 2,000 1,000 --
Trichlorofluoromethane ng/Nm' 9,000 27,000 -- <540 - 44% 1,100 1,700 --
m,p-Xylene ng/Nm’ <540 - 40%
Dioxins/Furans
Total TCDD ng/Nm* 0.0067 0.008 16%
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Analytical Resuits

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

" "
-

Fiue 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 ESP 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 5-3 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
5-3 shows that at the ESP outlet, 15.5% of the particulate mass was found in particles with
aerodynamic diameters less than 2.1 aero pm.

ESP Hopper Particle Size Distribution Resulis

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 5-4
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 5-3
Flue Gas Particle Size Distribution

Aerodynamic Particle Average Mass Percent Less
Diameter (Aero ym) than Indicated Diameter

ESP Inlet 12.0 32.6
6.5 20.3

1.8 3.8

ESP Outlet 10.1 66.3
4.3 35.0

2.1 15.5

1.14 7.4

0.74 4.1

0.57 3.1

0.43 2.1

0.33 1.4

0.27 0.7

0.16 0.7

Stack 10.7 60.8
4.6 52.6

2.3 43.2

1.26 30.0

0.85 17.7

0.67 11.7

0.52 7.3

0.41 3.7

0.34 0.6

0.21 0.6
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Analytical Resuits

Table 5-4
ESP Fields 1 and 2 Hopper Composite Catches

Hopper 1 Hopper 2
Physical Particle Average Volume Physical Particle Average Volume
Diameter Percent Less than Diameter Percent Less than
(physical ym) Indicated Diameter (physical yam) Indicated Diameter
106 100.0 42 100.0
75 90.6 30 93.4
53 76.6 21 83.9
38 67.7 15 ‘ 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
33 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
.66 0.1 0.24 0.1

5-12



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 coal 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 Results

Table 5-5
FGD System Summary

Limestone JBR Underflow ESP
Slurry Slurry Outlet Stack
Aqueous Solids Aqueous  Solids Total Total
Specie {ug/mL) (ng/g) (ug/mL)  (ug/g) (ug/Nm’) (ng/Nm’)
Aluminum 0.26 760 12.3 1,100 12,200 200
Antimony <0.24 0.019 ‘ <0.19 0.073 0.53 0.41
Arsenic 0.07 <0.33 0.20 <0.41 17 1.9
Barium 4 5.39 3.39 4.02 75 3.2
Beryllium <0.0055 0.143 0.0069 0.129 2.4 0.43
Boron 1,400 202 1,400 425 6,500 440
Cadmium 0.0067 0.608 0.456 0.247 1.3 1.2
Calcium 7,070 392,000 17,000 255,- 1,900 300
Chrominm 0.063 13.4 0.07 000 24 6.4
1.3
Cobalt 0.09 1.48 0.304 0.99 6.0 0.74
Copper 0.04 3.7 0.239 2.73 18 2.0
Iron <0.06 2,510 <0.048 2,190 8,600 170
Lead 0.0017 0.98 0.013 0.84 19 1.3
Magnesium 1,900 1,390 1,800 810 670 47
Manganese 40 429 307 103 35 7.9
Mercury 0.00006 <0.012 0.001 0.178 57 31
Molybdenum 0.21 0.23 0.064 1.48 9.1 1.5
Nickel 0.8 4.0 1.52 2.8 25 42
Phosphorus 0.16 110 0.720 88 120 <19
Potassium 140 338 123 310 2,200 80
Selenium 0.128 8.4 0.50 255 80 27
Silicon 7 370 42.4 447
Sodium 290 55 244 84.1 1,000 71
Strontium 40 112 32.9 73.8 45 2.1
Titanium 0.5 <0.16 0.82 20.9 760 13
Vanadium 0.19 6.7 0.24 9.9 55 2.2
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Analytical Results

Table 5-6
Coal Data
Feed Coal Raw Coal Pulverizer Rejects
95% DL 95% DL 95% DL
Group Specie Units Average CI Ratio Average CI Ratio Average Cl Ratio
Anions Chloride HE'g 1,400 90 1,350 220 510 100
Fluoride Hels 100 0 123 8 323 29
Metals Aluminum selg 14,500 1,400 14,300 3,100 27,200 9,600
Antimony g 0.61 0.16 0.62 0.33 1.2 0.45
Arsenic ue'g 23 1.4 30 o 47 45
Barium uelg 80 51 112 19 330 520
Beryllium uelg 1.1 0 1.13 0.14 1.5 1.9
Boron selg 100 0 110 25 120 120
Bromine pelg 7.44 0.53 1.4 1 4.3 1.5
Cadmium Helg 0.30 0 0.53 0.72 4.1 8.6
Calcium ugig 2,100 1,300 3,000 1,300 12,700 6,500
Chlorine HE'g 1,240 100 1,210 140 590 130
Chromium relg 248 29 25.8 0.37 64 14
Cobalt uglg 35 1.9 4.08 0.1% 7.8 0.8
Copper uglg 36 62 42 50 63 85 14%
Iron uelg 11,400 1,100 12,800 1,700 127,000 17,000
Lead P 80 25 9.0 4.3 37 32
Magnesium ng'g 570 170 660 58 1,370 320
Manganese sglg 234 33 244 5.9 99 53
Mercury wele 0.077 0.029 0043 0.014 0.13 0.29
Molybdenum Helg 223 6.1 18 i1 13 20
Nickel Helg 30.0 6.4 40 14 <120 - 66%
Phosphorus neglg 84 16 100 120 1,500 2,200
Pouassium ugls 3,300 T20 3,100 2,300 2,700 6,600
Selenium ugle 2.3 1.4 2.3 14 8.7 38
Silver pglg <052 - 100% <041 - 100% <19 - 59%
Sodium Lglg 631 82 §79 89 Li10 240
Strontium uglg 148 93 88 14 450 460
Tin welg <16 - 100% <17 - 100% <31 - 9%
Titanium Helg 890 170 850 170 [,980 110
Ursnium "'z 18 0.6 160 037 4.1 1.9
Vanadium HRg 354 1.2 37.7 6.3 5.8 8.2
Ultimate/Proximate % Ash % 11.1 1.4 12.2 2.5
% Carbon % 72.0 0.52 70.8 1.2 8.5 4.2
% Hydrogen % 483 0014 476 017
% Moisture % 11.7 22
% Nitrogen % 1.52 0.14 1.45 0.052
% Oxygen (diff.) % 774 062 792 093
% Sulfur % 2.74 0.29 2.90 0.36 16.0 2.3
Fixed Carbon % 50.8 25 50.7 0.74
Higher Heating Btu/lb 12,697 64 12,5%0 270
Value
Heating Value MAF B 14,290 160 14,330 150
MAF)
Volatile Matter % 37.0 23 371 1.9
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Analytical Results

Table 5-6 (Continued)

Feed Coal Raw Coal Pulverizer Rejects
Anslyte 95% DL 9% DL 95% DL
Group Specie Units Average ClI Ratio Average (I Ratic Average Cl Ratio

Radionuclides Actinium-228 @ pCilg 0.33 0.29

338 KeV

Actinium-228 @ pCi/g 0.33 0.14

911 KeV

Actinium-228 @ pCifg 0.07 0.20

968 KeV

Bismuth-212 @ pCi'g ND -

727 KeV

Bismuth-214 @ pCilg 093 038

1120.4 KeV

Bismuth-214 @ pCilg 0.10 0.43

1764.7 KeV

Bismuth-214 @ pCi/g 0.67 0.14

609.4 KeV

K-40 @ 1460 pCi/g 1.4 3.6

KeV

Lead-210 @ 46 pCi/g 1.3 0.9

KeV

Lead-212 @ 238 pCi/g 0.20 0

KeV

Lead-214 @ pCi/g 0.63 0.14

2952 KeV

Lead-214@352.0 pCilg 063  0.14

KeV

Radium-226 @ pCilg 1.17 0.72

186.0 KeV

Thallium-208@  pCilg 030  0.25

583 KeV

Thailivm-208 @ pCi/g ND -

860 KeV

Thorium-234 @ pCilg 1.0 1.4

63.3 KeV

Thorium-234 @ pCilg 0.67 0.38

92.6 KeV

Umnium-235 @ pCi'g 0.07 0.2¢

143 KeV
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Table 5-7
Boiler Process Solids Data
Bottom Ash Sluiced Fly Ash
Analyte 95% DL 95% DL
Group Specie Units  Average CI Ratio  Average CI Ratio

Anions Chloride ugle 130 170 13% <100 - 100%
Fluoride ugle 32 26 99 67

Metals Aluminum pelg 76,000 11,000 98,000 8,000
Antimony ug'g 1.14 0.20 339 2.04
Arsenic ugl'g 7.2 6.2 6] 37
Barium ue's 457 66 496 87
Beryllium re'g 7.7 2.9 11.1 3.1
Boron uele 280 170 470 230
Cadmium ugle 0.32 0.39 4.10 3
Calcium uglg 20,300 3,400 13,800 2,000
Chromium pele 192 18 185 21
Cobalt ugleg 316 43 36.9 58
Copper ug'g 77 18 104 23
Iron pgle 130,000 31,000 89,000 22,000
Lead wg'g 20 3.8 83 40
Magnesium uglg 3610 820 4,880 350
Manganese uglg 270 56 245 46
Mercury pele <0.011 - 70% 0.150 0.12
Molybdenum ugl'e <3.0 - 9% <14 - 29%
Nickel pele 131 15 143 32
Phosphorus uglg 400 210 70 140
Potassium ugl'g 14,200 1,100 18,210 1,000
Selenium ugls <1 - 100% 12 11
Silicon ugl'e 213,000 11,000 219,000 7,600
Sodium uelg 36,10 580 5,100 1,200
Strontium ugls 280 41 322 30
Titanium ugl'g 5,550 560 6,330 750
Vanadivm gl 277 29 327 58

Ultimate/Proximate % Carbon % 23 42 4.50 2.7
% Sulfur % 0.15 0.41 0.134 0.041

Radionuclides Actinium-228 @ 338 KeV pCilg 2.1 0 237 0.14
Actinium-228 @ 911 KeV pCilg 2.20 0.25 2.33 0.14
Actinium-228 @ 968 KeV pCilg 22 1 2.50 0.25
Bismuth-212 @ 727 KeV pCi/g 3.0 12 2.60 0.99
Bismuth-214 @ 1120.4KeV  pCilg 7.4 13 6.50 2.4
Bismuth-214 @ 1764.7KeV  pCilg 6.8 2.2 5.90 1.8
Bismuth-214 @ 609.4 KeV pCi/g 71 1.5 6.50 1.4
K40 @ 1450 KeV pCi/g 16.7 2.9 13.0 25
Lead-210 @ 46 KeV pCi/g 1.37 0.52 6.40 2.7
Lead-212 @ 238 KeV pCi/g 2.03 0.72 2.20 0.25
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Analytical Results

Table 5-7 (Continued)
Bottom Ash Sluiced Fly Ash
Analyte 95% DL 95% DL
Group Specie Units  Average Cl Ratio Average Cl Ratio
Radionuclides (Cont’d} Lead-214 @ 295.2 KeV pCi/g 13 1.9 6.50 1.4
Lead-214@ 352.0 KeV pCi/g 7.6 1.8 6.60 1.3
Radium-226 @ 186.0 KeV pCi/g 10.3 1.5 9.9 2.9
Thallium-208 @ 583 KeV pCilg 2.20 0.43 223 0.29
Thallium-208 @ 860 KeV pCi/g 1.9 42 297 0.4
Thotum-234 @ 63.3 KeV pCi/g 577 0.76 6.60 4.3
Thorium-234 @ 92.6 KeV pCi/g 5.0 13 5.00 22
Uranium-235 @ 143 KeV pCi/g 0.31 0.16 0.220 0.15
Organics, Semivolatile  2-Methyinaphthalene ng/g 34 97 2% <26 - 100%
bis(2-Ethylhexylyphthalate ng/g <36 - %% 230 520 2%
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Table 5-8
ESP Hopper Ash
ESP Hopper Ash-Field 1 ESP Hopper Ash-Field 2
Analyte 95% DL 95% DL
Group Specie Units Average Cl Ratio Average Cl Ratio
Anions Chloride ngls 350 650 5% <100 - 100%
Fluoride HER 90 49 125 %1
Metails Aluminum ug's 97,000 51,000 89,000 11,000
Antimony ngls 2.99 1.01 4.19 1.38
Arsenic ugl'e 46 11 71.9 9.8
Barium ugle 490 150 493 98
Beryllium Ha's 10.9 33 17.2 14
Cadmium uglg 3.26 0.72 5.42 0.69
Calcium nele 17,900 6,400 15,640 960
Chromium ug's 183 31 220 110
Cobalt ugle 34.0 4.1 42 6
Copper ng'g 98 26 150 150
Iron ug'g 90,000 17,0600 80,000 8,600
Lead ug'g 2 11 96 20
Magnesium uglg 4,600 2,700 4,100 1,000
Manganese ug'E 219 52 216 25
Mercury Belg 0.119 0.087 0.18 0.18
Molybdenum ug/g 25 19 49 32
Nickel ug'e 127 28 158 31
Phosphorus pglg 100 140 12% <72 - 100%
Potassium HE'E 17,400 3,100 18,100 1,100
Selenium ug'e 9.3 4.7 16.6 33
Silicon ugle 223,000 35,000 215,000 15,000
Sodivm ug'e 5,200 1,200 6,000 1,400
Strontium ug/s 320 120 327 41
Titamjum Hele 6,120 180 6.450 290
Vanadium ugle 305 37 357 55
Radionuclides Actinium-228 @ 338 KeV pCilg 2.13 0.38 217 0.38
Actinium-228 @ 911 KeV pCi/g 2.10 0.43 2.2 0.5
Actinium-228 @ 968 KeV pCilg 2.43 0.87 2.63 0.14
Bismuth-212 @ 727 KeV pCi/g 2.8 1.6 2.8 1.3
Bismuth-214 @ 1120.4 pCi/g 6.1 2.6 6.27 0.76
KeV
Bismuth-214 @ 1764.7 pCi’g 5.9 2.3 5.7 0.9
KeV
Bismuth-214 @ 609.4 KeV pCifg 6.2 2.1 6.0 1.9
K-40 @ 1460 KeV pCi/g 17.0 4.3 17.3 1.4
Lead-210 @ 46 KeV pCi’g 543 0.72 7.8 1.4
Lead-212 @ 238 KeV pCi/g 2.10 0.75 1.87 0.76
Lead-214 @ 295.2 KeV pCilg 6.1 1.5 6.0 1.2
Lead-214@ 352.0 KeV pCilg 6.2 2.1 6.1 1.1
Radium-226 @ 186.0 KeV pCilg 9.0 22 87 2.8
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Table 5-8 (Continued)

ESP Hopper Ash-Field 1 ESP Hopper Ash-Field 2
Analyte 95% DL 5% DL
Growp Specie Units Average CI Ratio Average CI Ratio
Radionuclides (Cont’d)
Thallium-208 @ 583 KeV pCi/g 2.07 0.29 217 0.38
Thallium-208 @ 860KeV ~ pCilg 2.1 1.9 2.2 4.8
Thotium234 @ 633 KeV  pCilg 556 22 558 16
Thorium-234 @ 92.6 KeV pCi'g 43 1.6 4.8 1.6
Uranium-235 @ 143 KeV pCilg 0.22 0.17 0.9 2.8
Organics, Semivolatile  bis(2-Ethylhexylphthalate ngig 190 780 3% 200 590 2%
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Table 5-9
FGD Process Solids Data
JBR Underflow
Slurry Seolids Limestone Slurry Solids Raw Limestone
Analyte 95% DL 95% DL 95% DL
Group Specie Units  Average Cl Ratio Average CI  Ratio Average CI Ratio
Anions Chloride pe'g 9,550 720 4,100 2,900 179 47
Fluoride ugle 750 140 85.0 46 59.0 19
Sulfate pgleg 496,300 8,700
Sulfite uelg <240 - 100%
Metals Aluminum pue'g 1,100 190 760 320 980 160
Antimony 11354 0.073 0.028 0.019 0.003 0.007 0.01
Arsenic pe'E <0.41 - 100% <0.33 - 100% <0.33 - 100%
Barium ug'e 4.02 0.94 539 0.6 4.87  0.59
Beryllium ug's 0.129 0.066 0.143  0.017 0.137 0.028
Boron pE'g 425 43 202 88 35 1.3
Cadmium uglg 0.247 0.035 0.608 0.042 0.332 0.016
Calcium »glg 255,000 15,000 392,000 27,000 395,000 9,000
Chromium uglg 11.3 2.5 13.4 23 980 0.64
Cobalt uglg 0.99 0.43 1.48 0.51 130 0.62
Copper pgly 2.7 0.81 amn 0.48 1.5 1.1
Iron uglg 2,190 370 2,510 670 1,787 57
Lead uele 0.84 0.21 098 0.1 1.1 02
Magnesium ugls 810 100 1,3% 190 1,233 29
Manganese ug's 103 I} 429 33 207 6.6
Mercury Hgl'g 0.178 0.055 <0.012 - 9% 0.005 0.012 40%
Molybdenum pe'g 1.48 0.56 0.230 0.4 <0222 - 50%
Nickel ugle 28 1.3 4.00 2.5 316 0.88
Phosphorus ug's .1 29 110 10 108 31
Potassium. agls 310 160 338 86 363 45
Selenium pe'e 25.5 1.2 8.40 28 39 2
Silicon vele 447 7 30 220 40 110
Sodium ugl'e g84.1 7.8 55.0 19 20.9 2.5
Strontium ugl'g 3.8 7.4 112 5.3 108 2.5
Titanium uglg 20.9 7.1 <0.16 - 100% 30 110 0.00-
2%
Vanadium ugle 9.9 2.1 6.7 43 8.13 04!
Moisture Percent Moisture wi% 8.7 1.4
Radionuclides Actinium-228 @ 338 pCi/g ND - 030  0.19
KeV
Actinium-228 @ 911 pCilg  0.05 0.23 0.17 038
KeV
Actinium-228 @ 968 pCi/g ND - ND -
KeV
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Analytical Results

Table 5-9 (Continued)

JBR Underflow Slurry :
Solids Limestone Slurry Solids Raw Limestone
Analyte 95% DL 9%5% DL 95% DL
Group Specie Units  Average CI  Ratio Average CI Ratio Average Cl Ratio

Bismuth-212 @ 727  pCilg ND - ND -
KeV
Bismuth-214 @ pCi‘g 0.25 0.54 ND -
1120.4 KeV
Bismuth-214 @ pCilg  O.11 0.27 0.32 032
1764.7 KeV
Bismuth-214 @ 609.4 pCi/g 0.11 0.23 0.15 0.14
KeV
K40 @ 1460 KsV  pCilg ND - 039 0.86
Lead-210 @ 46 KeV  pCilg ¢.30 1.1 0.2 1.1
Lead-212 @ 238 KeV pCilg  0.09 0.05 G.113  0.038
Lead-214 @ 2952  pCi/g  0.05 0.2 019  0.11
KeV
Lead-214@ 352.0 pCilg 0.140 0.075 0.193 0.072
KeV
Radium-226 @ 186.0 pCi/g 0.33 0.72 0.42 091
KeV
Thalium-208 @ 583 pCijg 020 0.21 097 03
KeV
Thallium-208 @ 860 pCifg ND - ND -
KeV
Thorium-234 @ 633 pCilg 0.1% 0.8 0.12 0.3
KeV
Thorium-234 @ 92.6 pCilg 0.20 0.4 0.08 0.36
KeV
Uranium-235 @ 143  pCilg  ND - ND -
KeV

Aldehydes Acetaldehyde ng <0.10 - 100%
Formaldehyde ug <0.10 - 100%

Orgenics, Semivolatile  bis(2-Ethythexyl) ng/g 100 350 15%
phthalate
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Table 5-10

Liquid Ash Sluice System Data Summary

Analytical Results

Bottom Ash Sluice ESP Fly Ash Sluice
Ash Pond Water Fitrate Filtrate
Analyte %% DL 95% DL 95% DL
Group Specie Units  Average C1 Ratio  Average Cl Ratio  Average CI  Ratio
Reduced Species Cyanide ug/mL  0.0019 0.0024 - 0.002  0.0011 - 0.0015 0.0016 -
Ammonia as N pg/mL 0.20 0.12 - 0.45 0.43 - 038 0.08 -
Anions Chloride pg/mL 8.9 1.9 - 1.9 1.1 - 10.4 1.6 -
Fluoride pg/mL 0.43 0.11 - 0.281 0.046 - 0.74 0.57 -
Phosphate pg/mL  <0.014 - 100%  0.025 0.037 13% 0023 0047 14%
Sulfate pg/ml 113 12 - 8] 34 - 340 510 -
Metals, Soluble  Aluminum pgimL  0.014 0.012 - .31 031 - 1.0 3 -
Antimony pg/ml  <0.024 - 100% <0.024 - 100%  <0.024 - 67%
Arsenic pg/mL  <0.00066 - 100% 0.024 0.088 - 0.017 0.049 -
Barium ug/mL 0.155 0.028 - 0.102 0.084 - 0.24 0.16 -
Beryllium pgimL  <0.00055 - 31% <0.00055 - 100%  <0.00055 ~ 100%
Boron pg/mL 1.08 0.23 - 0.87 0.64 - 10 15 -
Cadmium pg/mL  0.0011 0.0010 - 0.0011 0.0021 4% 0.0027 0.004 -
Calcium pg/mL 328 35 - 39 23 - 140 170 -
Chromium pgiml  <0.,0025 - 53% 0.0031 0.0026 - 0.048¢  0.051 -
Cobalt pg/ml  <0.0034 - 60% <0.0034 - 100% <0.0034 - 93%
Copper pg/mL  0.0044 0.0049 - 0.0380  0.047 - 0.0026 00015 -
Iron pug/mL 5.40 s - 0.0280 0.034 - 0.0060  0.015 -
Lead pg/mL  0.008 0.01! - 0.0100  0.013 - 0.0048 0.0036 -
Magnesium pglmL 3.1 0.17 - 23 1.6 - 45 2 -
Manganese pgiml 0560 021 - 005 012 - 0020 0045 -
Mercury pg/ml 0.00006 0.000043 - 0.00004 0.00007 - <0.00004 - 38%
Molybdeaum pg/mL  0.035 0.021 - 0.072 0.083 - 0.62 0.98 -
Nickel pgiml  0.0197 0.0055 - 0.005 0.014 - 0.024  0.026 -
Phosphorus pg/mL 0.070 0.18 16% 0.11 0.13 - 0.14 0.26 7%
Potassium pgiml 534 0.78 - 4.4 2.7 - 12 17 -
Selenium pg/mL  0.0019 0.0037 - 0.0039  0.0009 - 0.035 0.04 -
Silicon pglmL 3.45 0.7 - 4.7 0.5 - 4.1 2.7 -
Sodium ugiml. 12.4 0.75 - 9.4 2.2 - 22 25 -
Strontium ug/mL 0.342 0.020 - 0.28 0.3t - 0.62 .66 -
Tin pgiml.  <0.014 - 4% <G.014 - 43% 0.0040 0.015 -
Titanium pugimL  <0.0024 - 62% 0.0013 0.0022 13% 0.016 0.067 -
Vanadium pg/mL  0.0050 0.016 - 0.029 0.049 - 0.07 0.12 -
Meials, Total Aluminum pg/mL 0.18 0.39 -
Antimony pgiml  0.018 ¢.012 -
Arsenic pg/mL  0.0007  0.0014 -~
Barium pgiml 0.153 0.032 -
Beryllium pg/mL 000026  0.00064 -
Boron ug/mL 1.03 0.16 -



Analytical Resuits

Table 5-10 (Continued)

Bottom Ash Sluice ESP Fly Ash Suice
Ash Pond Water Filtrate Filtrate
Analyte 9% DL 95% DL 9%5% DL
Group Specie Units  Average Cl1 Ratio  Average Cl Ratio Average CI  Ratio

Metals, Total Cadmium pg/ml.  0.0018 0.0039 -
(Conr’d)

Calcium ugimL 337 2.7 -

Chromium ug/mL  0.0016 0.0011 -

Cobalt pg/ml  0.00638 0.00077 -

Copper pg/ml  0.0073 0.0051 -

Iron p#g/mL 10.2 5.4 -

Lead pgimL 0017 0,057 1%

Magnesium pe/mL 3.17 0.20 -

Mangansse pg/ml. 0.56 0.21 -

Metcury pgiml. 0.00005 0.00007 -

Molybdenum pg/ml.  0.084 0.034 -

Nickel pgimlL  0.024 0.013 -

Phosphorus ug/mL  0.027 0.052 -

Potassium pug/mL 574 0.83 -

Selenium pg/mL  0.0048 0.0026 -

Silicon ugimL 370 0.73 -

Sodium pug/mL 12.8 1.8 -

Strontium ug/mL 0.34 0.026 -

Tin ugml  <0.014 - 50%

Titanium pg/mL  0.00068 000098 —

Vanadium pg/ml 0.024 0.011 -
Aldehydes Acetaldehyde pg/mL 0.08 0.17 - 0.080 0.16 - 0.04 0.11 -

Formaldehyde pg/ml  0.015 0.021 - 0.023 0.036 - 0.03 0.048 -
Organics, Diethylphthalate pgll  <0.9 - 100% 05 13 4% <038 -~ 100%
Semivolatile
Organics, Methylene Chloride  pug/L <5.0 - 19% <5.0 - 46% 4.9 2.9 -
Volatile
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Table 5-11

Liquid FGD Process Stream Data Summary

Analytical Results

JBR Underflow Slurry Limestone Skarry
Gypsam Pond Water Filtrate Filtrate
Analyte 95% DL 95% DL 95% DL
Group Specie Units Average CI  Rado Avernge CI  Ratio Average CI  Ratio
Reduced Species Cyanide pgimlL  0.0486 0.0046 - 0.082 0.1 - 0.050 0.1 -~
Ammonia a3 N ugimL 15 3 - <40 - 19% 14.1 24 -
Anions Chloride ug/ml 16,400 4,100 - 26,100 4,200 - 13,100 2,10 -
Fluoride pg/mL 14.9 3.1 - 31.0 16 - 1.34 0.95 -
Phosphate ag/mL  0.033 0.021 - 0050 0.5 7% <0.02 - 100%
Sulfate pgiml. 980 140 - 712 65 - 780 160 -
Sulfite pgml. " - - 0033 0038 - - - -
Metals, Soluble  Aluminum pgiml  0.76 0.68 - 12.3 4.7 - 0260 (.85 -
Antimony ug/ml.  <0.24 - 100% <019 - 100% <024 - 100%
Arsenic pgimL  0.127  0.027 - 0200 0.26 - 0.070 013 -
Barium pgiml  1.19 0.057 - 139 029 - 4.00 11 -
Beryllium ug/mL  <0.0055 - 63% 0.0069 0.0047 -  <0.0055 - 56%
Boron pgimlL 533 89 - 1,400 190 - 1,400 4,100 -
Cadmium pgml  0.149  0.035 - 0.45 0085 - 0.0067 0.0026 -
Calcium pg/mL 8,100 2,100 - 17.000 10,000 -~ 7.070 190 -
Chromium ug/mL  0.101 0.03 - 0.070 0.091 - 0.063 0.047 -
Cobalt ug/mL 0.11 0.13 - 0304 0.0029 - 0.090 0.3 -
Copper ughol.  0.057 0048 - 0239 (.08 - 0.04¢ Q.51 -
Iron pgiml.  <0.060 - 100% <0048 - 100% <0.060 - 100%
Lead pgiml 00022 0.0072 16% 0.013 0.0089 - 0.0017 0.0013 -
Magnesium pg/mL 690 120 - 1,800 100 - 1,900 5600 -
Manginclc ug/mL 120 20 - 307 41 - 40 110 -
Mercury pg/mL  0.00024 0.00022 -  0.0010 00011 -  (.000057 le-05 -
Molybdenum pg/mL 0,087 0.068 - 0.064 0.016 - 0.210 0.63 -
Nickel pg/ml  0.62 0.14 - 1.52 0.32 - 0.800 2.3 -
Phosphorus pgimL 0.34 0.13 - on 0.13 - 0.160 0.19 -
Potassium ug/mL 52 12 - 123 8.6 - 140 420 -
Selenium pgiml.  0.36 0.23 - 0.5 1 0% 0.128  0.049 -
Silicon pgml 158 27 - 42 6 - 7 21 -
Sodium pgiml 97 16 - 244 5 - 2%0 860 -
Strontivm pg/ml 132 2.1 - 32.9 4.3 - 40 1o -
Tin pugiml 0.18 0.6 13% <0.14 - 100% <0.14 - 95%
Titanium ug/mL 2.19 0.45 - 0.82 0.13 - 0.5 1 03%
Vanadium pgimL 0,322 0.065 - 0.24 0.22 -- 0.19 0.23 -
Metals, Total Aluminum pg/mL 2.04 0.69 -
Antimony pgimL  <0.14 - 100%
Arsenic ugiml.  0.127 0031 -
Barium pg/iml.  1.19 0.25 -
Beryllium ugiml <0.0055 -  35%
Boron pg/ml 540 150 -
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Analytical Results

Table 5-11 (Continued)

JBR Underflow Slurry Limestone Slurry

Gypsum Pond Water Filtrate Filtrate
Analyte 95% DL 95% DL 95% DL
Group Specie Units Average CI  Ratio Average CI Ratio Average CI  Ratio

Metals, Total Calcivm pug/mL 9,500 6,000 -
{Cont'd)

Cadmium pg/mL 0177 0.018 -

Chromiutn pg/mL  0.075 0.094 -

Cobalt pg/mL  (.143 0.065 -

Copper pg/mL  0.053 0.029 -

Iron pg/mL  0.68 0.73 -

Lead pg/mL  0.0036 0.0048 -~

Magnesium pg/mL 720 210 -

Manganese pgimi 123 39 -

Mercury pg/mL  0.00030 0.00004 -

Molybdenum ug/ml  0.076 0.012 -

Nickel pg/mL  0.63 0.18 -

Phosphorus pg/mL 0236 0.024 -

Potassium pg/ml 52 13 -

Selenium pg/mL 0.27 0.17 -

Silicon pg/mL 18.4 32 -

Sodium pgiml. 102 25 -

Strontium pg/mL 13.7 4.6 -

Tin pg/mL  <0.086 - 100%

Titanium pg/mL 1.10 28 -

Vanadium pg/mL 0.22 0.28 -
Aldehydes Acetaldehyde pg/mL 0.05 0.11 - 0.06 0.12 - 0.050 0.1 -

Formaldehyde pgimb.  0.023 0.027 - 0.08 0.26 - 0.021 0.025 -
Organics, Dimethylphthalate pg/l. 13 22 - 2.1 42 2% <036 -~  100%
Semivoiatile

bis(2-Ethylhexyl)phthalate  pg/L 8.0 81 - 4.4 1.5 - 140 560 -
Organics, Acetone e/l <10 - 26% <10 - 60% 23 7.2 -
Volatile
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Table 5-12

Liquid Ancillary Stream Data Summary

Analytical Results

Cooling Water Coal Pile Ron-ofT
Analyte 95% DL 9% DL
Group Specie Units Average CI Ratio Average CI Ratio
Reduced Species Cyanide ug/mL 0.00148  0.00091 -
Ammonia as N pg/mL 0.047 0.014 -
Anions Chloride p#g/mL 5.7 1.8 -
Fluoride pg/mL 0.134 0.018 -
Phosphate ug/mL  0.094 0.07 -
Sulfate #g/mL 6.3 1.4 -
Metals, Soluble Aluminum ug/mL 0.031 0.047 -
Antimony ug/mL <0.024 - 65%
Arsenic ag/mL  <0.0007 - 100%
Barium pgfmL 0.013! 0.0081 -
Beryllium pg/mL.  <0.0006 -~ 100%
Boron pg/mL 0.9 14 -
Cadmium pelmlL 0.0020 0.007 -
Calcium pg/mL 19 53 -
Chromium pg/mL 0.0020 0.0027 -
Cobalt pg/mL  <0.0034 - 85%
Copper pg/mL 0.03 0.13 -
Iron pg/mL .11 0.13 -
Lead pgiml. 0027 0.097 -
Magnesium pg/mL 31 4 -
Manganesc pg/mL 0.07 0.25 -
Mercury pg/ml.  0.00005  ©£.00003 -
Molybdenum pg/mL 000152  0.00069 -
Nickel pg/mL 0.0021 0.0048 -
Phosphorus pg/mL <0.061 - 21%
Potassium pg/mL 2.42 0.49 -
Selenium pgimL <0.0014 - 100%
Silicon ugimL 4.6 43 -
Sodium pg/mL 8 12 -
Strontium pg/mL 0.049 0.08 -
Tin ug/mL <0.014 - 68%
Titanium pg/mL 0.0011 0.0012 -
Vanadium pg/mL 0.0027 0.0006 -
Metals, Total Aluminum ug/mL 2.9 4.4 -
Antimony agimlL 0.022 0.034 -
Arsenic pgimL 0.007 0.031 3%
Barium ug/ml 0.031 0.028 -
Beryllium pgimL < 0.0006 - 55%
Boron pg/mL 0.32 0.35 -
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Analytical Results

Table 5-12 (Continued)

Cooling Water Coal Pile Run-off
Analyte 95% DL 95% DL
Group Specie Units Average Cl Ratio Average CI Ratio

Meals, Total Cadmium #g/mL 0.001 0.0024 -
(Cont’d)

Calcium ug/mL 5.9 1.6 -

Chromium ug/mL 0.0049 0.0046 -

Cobalt ug/mlL 0.005 0.004 -

Copper pg/mL 0.010 0.0081 -

Iron p#g/mL 4.1 5.4 -

Lead pgimL 0.030 0.058 -

Magnesium pg/mL 1.69 ()] -

Mangancse pgiml 018 0.17 -

Mercury pg/mlL 0.00004  0.00003 -

Molybdepum pg/mL 0.0024 0.0015 -

Nickel ug/mL <0.0099 - 34%

Phosphorus ug/mL 0.12 0.2 9%

Potassium pg/mL 2.76 0.97 -

Selenium pg/mi 0.008 0.03 6%

Silicon pg/ml. 6.6 48 -

Sodium ug/mlL 54 1.9 -

Strontium pgfml 0.0076 3.0076 -

Tin ug/ml <0.014 - 100%

Titanium pg/mL 0.16 0.21 -

Vanadium ug/mL 0.0083 0.0095 -
Aldehydes Acctaldchyde ug/mL 0.06 0.12 - 0.09 0.27 -

Formaldchyde puglmL 0.026 0.049 - 0.06 0.39 -
Organics, Butylbenzylphthalate pg/l <0.45 - 100% 0.54 - -
Semivolatile

bis(2-Ethylhexylphthalate  pg/L 3.5 7.2 3% 33 - -
Organics, Volatile  Acetone ug/L <10 - 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:

¢ 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:

* Were analytical techniques accurate and precise?
® Were sampling techniques accurate and precise?
e 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, 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. 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 QA/QC 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 QA/QC 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 being 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.

¢ 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.

¢ 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.
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Data Evaluation and Analysis

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

These and other QA/QC 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 agqueous 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 51% and 56%
(project objective--52-115%) 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 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.

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 (0.1-234% 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.

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 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.

Metals

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 sampies
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
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 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 analyzed by ICP-AES and
GFAAS were within the 75-125% 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 75-125% accuracy objectives except for selenium (0% recovery) in the gas vapor-
phase matrix and mercury (35% recovery) in the aqueous process stream matrix.

8Blank 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 agueous 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 was met for al} analytes and all
sample matrices except for the fluoride spikes into the ESP 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 O,, JBR AP, JBR pH, stack SO,, 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 6-1. 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 6-1 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:

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

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

¢ SO, removal was slightly lower than expected, even accounting for the bias in the inlet
O, monitor. The slightly lower SO, removal should not raise concerns about the
representativeness of the data, however, as SO, 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 representativeness.

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 6-1
Daily Summary
Date
6/21 6/22 6/23 6/24 6/25 6/26 6/27

Gross Load, MW

Avenage, daily 100 100 100 100 100 100 100
Sample Std. Dev. 0.5 0.24 032 1.5 0.44 0.34 0.22
Maximum Value 100 100 100 100 100 100 100
Minimum Value 98 100 100 86 98 100 100

Raw Coal Flow, Ib/hr )

Average, daily 89,000 88,000 £9,000 88,000 90,000 91,000 92,000
Sample Std. Dev, 3,000 3,400 3,300 3,000 2,400 2,900 4,000
Maximum Value 94,000 94,000 99,000 95,000 96,000 98,000 100,000
Minimum Value 85,000 82,000 84,000 81,000 84,000 85,000 84,000

Furnace Gas O,, %

Average, daily 35 3.6 s 35 33 33 34
Sample Std. Dev. 0.062 0.17 0.1% 0.28 0.078 0.23 03
Maximum Value 3.6 4.0 3.7 3.9 3.4 38 3.8
Minimum Valuc 34 3.2 3.1 3.0 3.0 2.8 2.6

Opacity, %

Average, daily 15 i4 16 17 17 18 19
Sample Std. Dev. 3.6 0.96 1.7 2.5 1.3 1.3 1.5
Maximum Value 31 18 27 33 23 22 23
Minimum Value 12 13 14 14 14 15 16

Stack 0,, % on Dry Basis*

Average, daily 8.2 8 7.9 g 1.7 7.7 7.6
Sample Std. Dev. 0.12 0.23 0.18 0.22 0.072 0.18 0.1
Maximum Value 85 8.6 81 9 7.9 9 1.7
Minimum Value 7.8 6.6 6.3 6.7 1.6 7.5 7

Stack SO,, ppm at 3% 0,"

Average, daily 160 180 200 200 240 130 190
Sample Std. Dev. 38 47 37 65 3 25 38
Maximum Value 230 250 260 340 300 230 270
Minimum Vajue 82 41 120 74 180 130 140
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Table 6-1 (Continued)

Date
6/21 6/22 6/23 6/24 6/25 6/26 6/27
JBR pH
Average, daily 4.6 4.5 4.5 4.5 4.5 4.5 4.5
Sample Std. Dev, 0.22 0.066 0.037 0.049 0.038 0.045 0.027
Maximum Value 49 47 46 4.6 47 4.6 4.6
Minimum Value 43 4.3 4.4 4.4 4.4 4.3 4.4
JBR AP, inches water
Average, daily 14 14 14 14 14 14 14
Sample Std. Dev. 0.086 0.086 0.08 0.17 0.071 0.076 0.073
Maximum Value 14 14 i4 15 14 i4 14
Minimum Value 14 14 14 14 14 14 14
SO, Removal
Average, daily 93 92 91 90 89 b b
Sample Std. Dev. 1.7 1.8 1.7 35 1.4
Maximum Value 96 97 94 96 92
Minimum Value 90 89 88 83 86
Transition Duct PW Flow (Gypsum Pond Return, FT 128), gpm
Average, material balance period 18.6 78.7 19.3
Average, daily 80 79 7% 79 79 79 79
Sample Std. Dev. 0.28 0.49 04 0.94 0.58 0.5 0.45
Maximum Value 80 81 82 81 83 83 83
Minimum Value 78 78 79 71 77 78 0.12
Transition Duct MU Water Flow, gpm
Average, daily 0.092 0.09 0.12 0.096 0.14 0.11 0.094
Sample Std. Dev. 0.0055 0.0069 0.23 0.006 0.44 0.15 0.0071
Maximum Value ) 0.1 0.11 2.4 0.11 43 1.6 0.11
Minimum Value 0.08 0.073 0.075 71 0.08 0.084 0.066
Reagent Flow, gpm
Average, material balance period 359 373 36.3
Average, daily 48 35 36 a5 36 37 33
Sample Std. Dev, 36 73 2.8 3.0 1.9 2.9 1.7
Maximum Value 82 61 43 45 39 46 42
Minimum Value 0.1 0.2 26 28 27 30 34
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Date
621 6/22 6/23 6/24 6/25 6/26 627
JBR Level, ft
Instantaneous Values (used in accumula-
tion caicuiations)
Beginning (t-At) 14.1 14.1 14.1
Ending (1) 14.1 14.1 14.1
Average, daily 14 14 14 14 14 14 14
Sample Std. Dev. 0.011 0.017 0.022 0.042 0.026 0.013 0.014
Maximum Value 14 14 14 14 14 14 14
Minimum Value 14 14 14 14 14 14 14
JBR Density, wt% solids
Average, material balance period 228 23.0 23.0
Instantaneous Values (used in accumula-
tion calculations)
Beginning (t-at) 22.2 23.7 2.7
Ending (t) 223 233 23.5
Average, daily 23 23 23 23 23 23 23
Sample 5td. Dev. 0.51 0.55 0.55 0.52 0.51 0.56 0.51
Maximum Value 24 24 24 24 24 24 24
Minimum Value 22 22 22 22 22 22 22
Mist Eliminator/Deck Wash PW Flow (Ash Pond Return FT 150A), gpm®
Average, material balance period 26.1 25.5 28.8
Average, daily 25 25 28 28 25 26 26
Sample Std. Dev. 29 28 32 35 30 32 32
Maximum Value 110 110 120 130 100 120 120
Minimum Value -0.33 -0.33 -0.34 -0.37 -0.37 -0.37 -0.29
Mist Eliminator Makeup Water Flow (FT 150B), gpm°
Average, material balance period 6.7 6.6 6.0
Average, daily -2 -4 4.1 4.1 -4 -4 4.2
Sample Std. Dev. 27 25 25 22 24 28 18
Maximum Value 180 240 240 210 230 260 140
Minimum Value 6.9 -7.2 -7.5 -7.5 -7.3 -7.6 -1.6
JBR Level Control Line PW Flow (Ash Pond Return, FT 142), gpm
Average, materia] balance period 36.4 29.4 53.4
Average, daily 44 50 56 54 3% a7 48
Sample Std. Dev. 56 84 86 19 68 66 2
Maximum Value 200 270 270 250 220 200 210
Minimum Value 0.27 0.27 0.24 0.24 0.25 0.26 0.3
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Table 6-1 (Continued)

Date
6/21 6/22 6/23 6/24 6/25 6/26 6/27

Mist Eliminator Differential Pressure, inches water

Average, 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
Minimum Value 0.62 0.62 0.61 0.52 0.6 0.62 0.64

Reagent Slurry Density, wt% solids

Average, material balance period 37.2 37.2 339

Average, daily 33 30 33 a7 37 37 34
Sample Std. Dev. 0.18 2.9 2.1 0.15 0.025 0.045 2.1
Maximum Value 33 34 38 k] 37 37 39
Minimum Value 32 25 30 37 37 37 3z

Furnace Pressure, inches water

Average, daily -0.21 -0.22 -0.22 -0.22 -0.22 -0.22 -0.22
Sample Std. Dev. 0.017 0.013 0.012 0.016 0.012 0.0095 0.016
Maximum Value -0.12 -0.19 0.19 -0.16 -0.19 0.19 0.18
Minimum Value -0.24 -0.27 -0.25 -0.28 -0.26 -0.25 0.26

JBR Agitator Running’

Average, daily 1 1 1 H 1 1 1
Sample Std. Dev, 0 0 0 0 0 0 0
Maximum Valuc 1 1 1 1 1 1 1
Minimum Value 1 1 1 1 1 1 1

Oxidation Air "A", scfm

Average, daily 2,100 2,100 2,100 2,100 2,100 2,100 2,100
Sample Std. Dev. 20 40 50 40 30 50 60
Maximum Value 2,200 2,200 2,200 2,200 2,200 2,200 2,200
Minimum Value 2,100 2,100 2,000 2,000 2,100 2,000 2,000

Oxidation Air "B", scfm

Average, daily 2,100 2,000 2,000 2,100 2,100 2,000 2,000
Sample Std. Dev. 20 30 50 40 30 40 50
Maximum Value 2,100 2,100 2,100 2,100 2,100 2,100 2,100
Minimum Value 2,000 2,000 2,000 2,000 2,000 2,000 2,000
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Date
6/21 6/22 6/23 6/24 6/25 6/26 6/27

JBR Blowdown (FT 162A), gpm°©

Average, material balance period 73.7 68.9 92.0

Average, daily 80 74 83 84 74 78 B4
Sample Std. Dev, yx] 75 78 80 73 72 19
Maximum Value 200 210 210 210 210 210 210
Minimum Value -0.36 0.38 0.35 0.49 -0.37 0.37 -0.41

FGD MU Water Flow, gpm

Average, daily 94 90 87 %0 200¢ 120¢ 77
Sample Std. Dev. 16 14 13 44 120 140 49
Maximum Value 180 210 200 450 430 320 190
Minimum Value 83 83 78 77 78 14 12

SO, at JBR Inlet Duct, ppm @ 3% O,

Average, daily 2,300 2,100 2,200 2,000 2,100 1,900 1,400/
Sample Std. Dev. 11 220 45 86 38 280 200
Maximum Value 2,300 2,300 2,300 2,200 2,200 2.300 1,900
Minimum Value 2,300 1,300 2,100 1700 2,000 1,000 990

O, at JBR Inlet Duct, %

Average, daily 7.8 1.7 7.6 7.6 74 14 15¢
Sample Std. Dev. 0.07 0.31 0.086 0.3 0.27 4.1 0.97
Maximum Value 8 9.6 1.7 8.7 1.7 18 17
Minimum Value 1.5 6 7.2 7.0 6.9 7.4 14

JBR Inlet Duct Pressure, inches water

Average, daily -11 -11 -10 -10 -10 -10 -10
Sample Std. Dev, 0.17 0.23 0.i3 0.23 0.079 0.19 0.091
Maximum Value 9.8 -10 -10 -8.5 -9.8 -10 -10
Minimum Value ~11 -11 -11 -10.5 -10 -11 -11

JBR Inlet Duct Temperature, °F

Average, daily 280 280 280 280 280 280 280
Sample Std. Dev. 4.9 4.3 6 4.2 36 5.3 5.8
Maximum Value 280 290 290 290 290 290 290
Minimum Value 260 270 270 280 280 280 270

* A bias in the stack O, monitor was found during calibration check on 6/27. However, the average CEM stack O,
concentrations are not significantly different from the stack gas O, concentration determined using the Orsat method.
* These values not reported since they are known to be biased due to faulty inlet O, monitor readings.

¢ Negative values result of instrumentation bias.
4 Value of 1 indicates agitator on, 0 indicates off.
* High average duc to instrumentation problem.

f Problems with inlet O, 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 ANSI/ASME
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 Pitot-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 raw 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, Ba,
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.

® 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.

* 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.

* 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.

* 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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* 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, IBR, 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:

Accumulation of} _ [Mass into} _|{Mass out| (Mass Generated (6-1)
Mass in System System of System in System

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:

® Qut-of-range mass balance closure is outside target range of 70-130 percent;

¢ High uncertainty--uncertainty in closure exceeds +50 percent; and

¢ (Clear bias--closure + uncertainty does not encompass 100% closure.
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Table 6-2
Mass Balance Closures
Boiler ESP JBR Plant
% 95% % 95% % 95% % 95%

Closure Cl Closure Cl Closure CI Closure Cl
Anions
Chloride 104 25 115 45 76 24 77 25
Fluoride 103 16 105 30 97 33 104 39
Elements
Aluminum* 74 17 101 ~b 65 b 75 6.5
Antimony* 67 44 92 52¢ 91 124¢ 65 26
Arsenic 214 (103)° 94 (43) 136 67t 38t 28 270 (135) 142 (71)!
Barium 69 36 100 - 76 - 69 27
Beryllium' 105 16 107 - 55 - 111 24
Boron ™ 131 110 105 - 109 - 114 32
Cadmium®* 100 63 155 - 109 - 136 51
Calcium 94 35 76 - 82 - 81 31
Chromium 144 91 225 (30)* | 58 (92)* - 89 - 83 8.9
Cobalt 98 36 120 - 80 - 114 40
Copper” 26 24 122 22 74 23 33 30
Iron B9 18 99 21 77 26 87 17
Lead 109 37 106 - 36 - 113 44
Magnesium 92 22 104 - 107 - 103 21
Manganese 113 19 104 18 101 31 103 27
Mercury 205 (110)' 84 (35 | 55 (102) 18 (26) 88 13 101 30
Molybdenum® 18 20 23 27 111 39 4.5 3.6
Nickel 84 86* 63 39 121 357¢ 55 9.5
Phosphorus® 31 19 34 - 91 - 20 13
Potassium® 59 13 104 - 84 - 62 9.6
Selenium? 65 31 141 81 188 106 145 54
Sodium 91 12 99 - 100 - 91 15
Strontium® 48 7.9 99 - 95 - 59 7.8
Titanium 77 18 103 23 31 10 78 12
Vanadium 87 13 106 17 91 32 92 13

* Spike recovery in ESP inlet gas-phase particulate for aluminum was 62 %, indicating possible analytical bias.

® Since the ESP outlet gas-phase particulate Runs 1 and 3 were invalidated, confidence intervals for the ESP and
JBR mass balance closures could not be calculated for many elements.
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Table 6-2 (Continued)

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

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

* High uncertainty in JBR closure for antimony is the result of high detection limits in liquid-phase samples;
antimony was not detected in the JBR blowdown filtrate or limestone slurry filtrate,

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

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

b Arsenic concentration was below detection limit in JBR blowdown solid phase.

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

i High variability in the boiler closure for boron is caused by high variability in the ESP inlet gas vapor-phase
analyses.

¥ ESP inlet gas-phase particulate Run 2 Cr concentration, at 550 ng/g, is a statistical outlier. In comparison
with sluiced ash, hopper ash, and size fractionated particulate data for chromium, this value is likely to be
biased high. The mass balance data in parentheses are calcuiated with this value replaced with the Run 2 ESP
sluiced ash concentration.

' ESP inlet particulate data for mercury are suspected to be biased high based on comparison with siuiced ash
hopper ash analyses. This is also supported 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.

= Gas particulate-phase data are not available. ESP sluiced ash data were substituted for the boron particulate
concentration.
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Mass Balance Closure (%) = 100 = [1- Total Mass Out (6-2)
(Mass In - Mass Accumulated)

For the boiler 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%, 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 ug/g 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 are a 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 boiler 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 patterm 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.

Al and Be. Al and Be analytical QA/QC 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 Ti. 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% +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 ESP inlet gas particulate-phase
analyses.

B. The high uncertainty (131% +110%) in the boron closure about the boiler is the
result of variability in the ESP inlet gas-phase analyses.

As. The high uncertainty in the ESP closure is mostly due to high variability in the ESP
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:

Mass of Species in Stack Gas 6-3)
Energy of Coal Burned

Emission Factor =

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

Removal efficiencies of elements were calculated for the boiler, ESP, 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 ESP. The following equation defines the removal efficiency for a substance:

e " 6-4)
Removal Efficiency = 100 '(1_ Massof.Sp?aesmGasStream Exiting Sm )(
Mass of Species in Gas Stream (or Coal) Enteting System

An example calculation of a removal efficiency is provided in the Example Calculations in
Appendix 1.

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

1b/10" Btu 95% CI
Anions .
Chloride 742 647
Fluoride 122 67
Selected Elements®
Antimony 0.06 0.01
Arsenic : 1.2 0.2
Barium 2.8 9.9
Beryllium 0.1 0.1
Cadmium 0.6 2.1
Chromium 5.3 49.5
Cobait 0.7 0.8
Copper 2.0 23
Lead 0.6 0.6
Manganese 7.2 48
Mercury 3.0 0.3
Molybdenum 1.5 2.6
Nickel 40.1 435
Selenium 26.5 38
Vanadium 2.1 0.5
Aldehydes
Acetaldehyde 8.6 9.2
Formaldehyde 24 36
Volatile Organics™*
Benzene 1.3 0.3
Carbon Disulfide 2.2 1.2
Toluene 2.0 1.0
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Table 6-3 (Continued)

Semivolatile Organics®
2-Methylphenol (o-cresol)
4-Methylphenol (p-cresol)
Acetophenone
Benzoic Acid
Benzyl Alcohol
Naphthalene
Phenol

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

® Only those compounds with an average concentration above the detection limit are included.

1b/10* Btu 95% CI
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

Data Evaluation and Analysis

© Methylene chloride, acetone, and other halogenated hydrocarbons are not included because their presence is
strongly suspected to be the result of contamination.

¢ Phthalate esters are not included because their presence is suspected to be the results of contamination.
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Table 6-4
Removal Efficiencies (Includes Particulate and Vapor Phase)
Boiler ESP JBR
% Removal 95% CI %Removal 95% CI % Removal 95% CI
Apions
Chloride -7 126 -12 49 99 1
Fluoride 1.4 15 1.6 37 98 1
ements
Alumicum* 26.0 16.8 98.6 -+ 98.4 -
Antimony 328 45 98.3 0.6 84.1 3.1
Arsenic -113.5 (-2.4F 94.7 (43.6F 95.9 1.5 92,7 2.1
Barium 315 29.7 98.3 - 96.1 -
Beryllium 4.3¢ 18.2 98.1 - 92.6 -
Boron -30.6 114.7 343 - 935 -
Cadmium 0.5 62.9 95.1 - 46.2 -
Calcium 6.9 44.1 98.8 - 853 -
Chromium 432 (102r 228.7 (33.37 98.7 - 76.6 -~
Cobalt 3.1 35.2 98.2 - 853 -
Copper’ 73.8 25.4 97.8 03 88.1 135
Iron 12.5 10.1 98.9 0.1 98.0 7.0
Lead -9.1 36.9 97.4 - 96.7 -
Magnesium 8.5 24.1 98.4 - 933 -
Manganese -11.4 12.8 98.4 - 78.4 144
Mercury -105 (-10¢ 84.1 (35) 55.2 (16.5F 14.4 (20.6y 459 7.4
Molybdenum 82.5 19.9 97.2 2.2 82.5 27.2
Nickel 16 .4 88.1 98.8 0.7 -75.5 1890
Phosphorus’ 69.6 21.3 94.8 - 91.1 -
Potassium’ 41.5 13.9 98.6 - 96.4 -
Selenium 34.8 30.9 38.1 85.1 66.9 56.1
Sodium 10.1 119 97.6 - 94.0 -
Stroatium’ 52.1 7.9 98.5 - 96.6 -
Titanium 240 18.5 98.6 04 983 0.4
Vamadium 13.7 12.4 93.0 0.3 96.0 0%

* Spike recovery in ESP ialet gas-phase panticulate for Al was 62 %, indicating possibic analytical bias.

* Since the ESP outlet gas-phase particulate Runs 1| and 3 were discarded, confidence intervals for the ESP and JBR removal efficiencies
could not be caiculated for many elements.

¢ Values in parentheses are those oblained when INAA coal analyses are substituted for the GFAA dats.

* Spike recovery for Be in the PE ash sample was 147%, indicaling possible analytical bias,

* ESP iniet gas-phase particulate Run 2, at 550 ng/g, is a statistical outlier. In comparison with sluiced ash, hopper ash, and size
fractionated particulate data for chromium, this value is likely to be biased high. The removal efficiency data in parentheses are calculated

with this value rejected.

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

t ESP inlet gas-phase particulate data are suspected to be biased high compared with sluiced ash hopper ash analyses. This is also supported
by the high beiler and low ESP mass balance closures. The removal efficiency data in parentheses are calculated with the ESP sluiced ash
analyses substituted for the ESP inlet gas-phase particulale analyses.

* Gas particulate-phase data were unavailable. ESP sluiced ash data were substinted.
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related compounds. The phthalate esters detected in the MMS 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 chioromethane,
trichloroethane, 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 MMS5 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:

¢ Oxidation of naphthalene 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 300°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.

¢ Oxidation of toluene to benzoic acid. The catalytic oxidation of toluene to benzoic acid
using V,0; 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 benzoic acid can be obtained by the
oxidation of toluene. The oxidation yields benzoic acid and benzaldehyde, which can
also be oxidized to benzoic acid.

Benzoic 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 benzoic 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 benzoic 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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7

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 finer 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 train, 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 inciuded in the tables.
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Comparison of Vapor and Particulate Composition

Table 7-1
Vapor and Particulate-Phase Distribution at ESP Inlet

Part. Conc, % Part. Vapor Conc. % Vapor % of Element in
Element pg/Nm® DL* ug/Nm? * DL* Particulate Phase

Antimony 33 0% 0.56 0% 98.3%
Arsenic 400 0% 0.083 (<0.17) 100% 100.0%
Barium 4,400 0% 1.5 0% 100.0%
Beryllium 93 0% 0.06 0% 99.9%
Boron 4,200¢ 0% 6,390 0% 39.7%
Cadmium 24 0% 0.11 16% 99.6%
Chloride 6,100 0% 112,000 0% 5.2%

Chromium 2,900 0% 1t 0% 99.6%
Cobalt 275 0% 0.34 (<0.74) 55% 99.9%
Copper 770 0% 1.1 0% 99.9%
Fluoride 1.3 0% 8,300 0% 0.0%

Lead 710 0% 0.103 (<0.21) 100% 100.0%
Manganese 2,120 0% 0.051 (<0.10) 100% 100.0%
Mercury 1.3¢ 0% 55 0% 19.2%
Motybdenum 320 0% 0.66 (<1.4) 52% 59.8%
Nickel 2,000 0% 7 7% 99.6%
Phosphorus 2,100 0% 7.8 (<16) 100% 99.6%
Selenium 133 0% 0.11 (<0.22) 100% 99.9%
Strontium 2,910 0% 2 0% 99.9%
Vanadium 2,760 0% 1.20 0% 100.0%

Note: The Hg concentration in the sluiced ash has been substituted for the ESP inlet ash Hg concentration since
the latter is believed to be biased high.

* Percentage of the particulate concentration that results from using measurements below detection limits.
* Note: Run 2 has been excluded from the vapor-phase average because of contamination,
¢ Percentage of the vapor concentration that results from using measurements below detection limits.

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

samples.

¢ The siuiced fly ash merciry concentration was substituted 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 iniet particulate mercury concentration is biased high.
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Table 7-2

Vapor and Particulate-Phase Distribution at ESP Outlet

Comparison of Vapor and Particulate Composition

Part. Conc. % Part. Vapor Cone. % Vapor % of Element in
Element ug/Nm® DL* sg/Nm* ND* Particulate Phase
Antimony 0.39 0% 0.021 0% 94.8%
Arsenic 16 0% 0.091 (<0.18) 100% 99.4%
Barium 74 0% 1.0 0% 98.7%
Beryllium 1.7 0% 0.093 (<0.16) 7% 94.9%
Cadmium 1.1 0% 0.10 20% S1.1%
Chioride 45 0% 136,000 0% 0.0%
Chromium 23 0% 0.57 (<0.73) 2% 97.6%
Cobalt 4.5 0% 0.54 (<1.0) 31% 89.2%
Copper 16 0% 1.1 16% 93.9%
Fluoride 0.12 0% 7,900 0% 0.0%
Lead 18 0% 0.37 20% 98.0%
Manganese 34 0% 0.055 (<0.11) 100% 99.8%
Mercury 0.126 0% 5.6 0% 2.2%
Molybdenum 8.1 0% 0.61 {<1.4) 37% 93.0%
Nickel 22 0% 1.54 (<2.9) 59% 93.6%
Phosphorus 100 0% 8.49 (<17 100% 92.2%
Selenium 82 0% 0.12 (<0.23) 100% 99.9%
Strontium 43 0% 14 0% 96.9%
Vanadium 54 0% 1 12% 98.2%

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

® Percentage of the vapor concentration that results from using measurements below detection limits.



Comparison of Vapor and Particulate Compasition

Table 7-3

Vapor and Particulate-Phase Distribution at Stack

Part. Conc. % Part. Vapor Cong, % Vapor % of Element in
Element pg/Nm* DL* pg/Nm® DL® Particulate Phase
Antimony 0.052 0% 0.012 0% 80.6%
Arsenic 1.1 0% 0.089 (<0.18) 100% 92.5%
Barium 2.8 0% 0.082 (<0.14) 54% 97.2%
Beryllium 0.041 0% 0.061 (<0.17) 82% 40.1%
Cadmium 0.59 0% 0.032 ( <0.064) 100% 94.9%
Chloride 214 0% 540 0% 28.4%
Chromium 5.1 0% 0.34 (<0.67) 100% 93.8%
Cobalt 0.25 (<0.6) 59% 0.39 0% 39.3%
Copper 0.77 0% 1.2 14% 38.2%
Fluoride 0.051 0% 124 0% 0.0%
Lead 0.50 0% 0.11 (<0.22) 100% 82.1%
Manganese 7.2 0% 0.054 (<0.11) 100% 99.3%
Mercury 0.0071 18% 3.0 0% 0.2%
Molybdenum 1.4 0% 0.12 0% 92.3%
Nickel 39 0% 1.8 (<2.6) 6% 95.7%
Phosphorus 1.3 (<2.6) 100% 8.2 {<16) 100% 13.6%
Selenium 26 0% 0.8 0% 97.1%
Strontium 1.5 0% 0.022 {<0.045) 100% 98.5%
Vanadium 1.6 0% 0.55 0% T4.5%

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

® Percentage of the vapor concentration that results from using measurements below detection limits.
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Comparison of Vapor and Particulate Composition

At ESP 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 (HC! and HF.) In fact, Title
III of the Clean Air Act Amendments of 1990, only lists HCI 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 train 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 particuiate 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

Vapor Conc. Field Blank

Element ug/Nm® pg/Nm®
Antimony 0.012 1.78
Arsenic 0.089 (<0.18) <0.177
Barium 0.082 (<0.14) 0.734
Beryllium 0.061 (<0.17) <0.150
Cadmium 0.032 (<0.064) 0.054
Chromium 0.34 (<0.67) 3.19
Cobalt 0.39 1.01
Copper 1.2 1.66
Lead 0.11 (<0.22) 1.08
Manganese 0.054 (<0.11) 10.6
Molybdenum 0.12 0.073
Nickel 1.8 (<2.6) 3.59
Phosphorus 8.2 (<16) <16.5
Selenium 0.8 <0.228
Strontium 6.022 (<0.045) 0.513
Vanadium 0.55 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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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 rates 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 SeQ, 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 Microtracs 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 Particle 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 Piant Yates ESP Hoppers 1-4 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 all 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 Efficiency

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 ESP. 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 gm/cm®. 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 um and 0.1 um, 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 um upper size limit, assuming a log-normal distribution. The resulting inlet distribution
had a mass median diameter of 13 um 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.! Qutlet 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 Dy, cutpoints were nearly identical between runs. The resulting distribution had a
mass median diameter of 4.1 um 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 5/29 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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Table 8-1
Measured Particle Size and Fractional Efficiency

Physical Inlet Inlet Outlet Outlet Fractional Fractional
Diameter Cumulative DM/d (logD50) Cumulative DM/d(logD50) Efficiency Penetration
{microns) Mass (%) (mg/dscm) Mass (%) (mg/dscm) (%) (%)
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 34
4.3-17.8 338 4,300 78.0 95.5 97.8 2.2
>7.8 100.0 4,927 100.0 51.0 99.0 1.0

Notes:
1. Fly ash density = 2.41 gm/cm’.
2. Inlet differential distribution normalized to average mass test concentration of 8,338 mg/dscm.

3. Outlet differential distribution normalized to average mass test concentration of 131.8 mg/dscm.

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

Table 8-1 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 um was 94%, while the collection efficiency for particles between

1.2 - 4.3 microns was 96 percent. The mass fraction above 1 um 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 sizes. This
demonstrates that an ESP 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. Both of these conditions can ultimately affect opacity.
Each of these are discussed in the following section.

Particle 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 are 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.*® This model predicts resistivity as a function of temper-
ature, water vapor content, and SO, concentration. An as-received ultimate coal analysis is
required to run the Bickelhaupt model.

Figure 8-S 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 SO; concen-
tration. Therefore, the plot contains the predictions for four values of SO; from 0-7 ppm.

At 280°F, the measured resistivity was 8 - 10 x 10'® ohm-cm, which represents conditions
for very good precipitation. The measured values are higher than the predicted values with
greater than 1 ppm of SO,. The predicted values with no SO, match well with the measured
values. This means that the amount of SO, 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 SO, can be scrubbed by the cold surfaces in the heat exchanger.

Another indication that the SO, 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 will 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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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 small. 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.* 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 um. 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 size 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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Table 8-2
Comparison of Predicted and Measured ESP Performance

Predicted Measured
Collection Efficiency 98.4 08.4
Outlet Size Distribution
Mass Median Diameter, um 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 um).

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 um). This is due
to the fact that the efficiency of the ESP drops off slightly as a function of particle size 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 particies
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 um, 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 um. 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 characterized as in the particulate phase.
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Table 8-3
ESP Particulate-Phase Metals Collection Efficiency

ESP Inlet ESP Outlet Efficiency Penetration
Metal pg/Nm?* lbs/hr pg/Nm® Ibs/hr (%) (%)
Aluminum 870,000 926 12,100 12.9 98.60 1.40
Antimony 33 0.035 0.39 0.0004 98.81 1.19
Arsenic 404 0.43 16 0.017 96.04 3.96
Barium 4,440 4.72 74 0.079 99.313 1.67
Beryllium 93 0.10 1.65 0.002 98.23 1.77
Cadmium 24 0.03 1.07 0.001 95.54 4.46
Calcium 161,000 172 1,777 1.9 98.90 1.10
Chromium 2,870 3.05 23 0.024 99.20 0.80
Cobalt 275 0.29 4.45 0.005 98.38 1.62
Copper 768 0.82 16 0.017 97.92 2.08
Iron 808,000 860 8,537 9.1 98.94 1.06
Lead 768 0.82 18 0.019 97.66 2.34
Magnesium 42,100 45 657 0.70 98.44 1.56
Manganese 2,120 2.3 34 0.036 98.39 1.61
Mercury (1.33y 0.01 0.13 0.0002 90.2 10.98
Molybdenum 315 0.34 8.09 0.009 97.43 2.57
Nickel 2,030 2.16 22 0.023 98.92 1.08
Phosphorus 2,070 2.20 100 0.11 95.17 4.83
Potassium 157,000 167 2,150 2.3 98.63 1.37
Selenium 133 0.14 82 0.087 38.35 61.63
Sodium 45,800 49 803 0.85 98.25 1.75
Strontium 2,906 3.09 43 0.046 98.52 1.48
Titanium 55,100 57 757 0.81 08.63 1.37
Vanadium 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 siuiced ash sample has been substituted here.

Notes:
1. Average inlet flow rate = 284,000 dscfm.

2. Average outlet flow rate = 284,000 dscfm.
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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 hypothesized 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 visualize the interplay between elemental concentration as a function of
particle size 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 fine 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 comner 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% 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 chioride carryover accounts for about 3 percent.
Note that these results indicate a flue gas SO, 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
known.
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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 Anaiysis

This subsection describes the sampling and analytical methods used to measiure 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 ESP inlet, the ESP outlet, and the stack. A quartz-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 (Hg** 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 analyzed, 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 and 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 KCl/soda lime traps. All data for
methyl mercury derived using this method is considered in error and has been disregarded.
Inorganic ionic mercury (Hg*?) was determined as diethyl mercury. Elemental mercury on
iodated carbon traps was determined by digesting with a mixture of HNO,/H,SO, and BrCl,
reducing with SnCl,, purging and preconcentrating on gold, and detecting with CVAFS.

Several QA/QC 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
analytica! 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 quartz 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. The first and second impingers contained a 5% HNO;/10% H,0, 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 HF/aqua regia solutions and analyzed for ail
target metals. Mercury concentrations were determined using cold vapor atomic absorption

spectrometry (CVAAS). The HNO,;/H,O, solutions were also analyzed for all target metals,
with the mercury determined by CVAAS. The H,80,/KMnO;, solutions were analyzed 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 HNO,/H,0, solution.
Elemental mercury, on the other hand, should pass through the HNO;/H,0, impingers,
because the solubility of elemental mercury in aqueous solutions is very low and the H,0,
cannot efficiently oxidize it. The elemental mercury will be oxidized and captured in the
H,50,/KMnO, impingers.

Several QA/QC procedures were followed for the multi-metals trains. Field blanks, reagent

blanks, and method blanks were analyzed 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 muiti-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 Nm® for the Bloom train and 3 Nm?® for the
multi-metals train. Field data sheet summaries are included in

Appendix C.

Data Analysis

Table 9-1 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 two 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 two
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 QA/QC 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 9-1
Mercury Concentrations in Flue Gas

Concentrations, ug/Nm®

% of
Location Component Run 1 Run 2 Run 3 Mean 95% CI  vapor
Bloom Hyg Speciation Train®
ESP Inlet Tonic Hg 4.5 38 5.0 4.4 1.5 69
Elemental Hg 2.4 2.4 1.2 2.0 1.7 31
Total Vapor 6.9 6.2 6.2 6.4 1.0 -
ESP Outlet Tonic Hg 5.8 4.6 4.0 4.8 2.3 66
Elemental Hg 2.5 2.6 2.4 2.5 Q.2 34
Total Vapor 8.3 7.2 6.4 7.3 24 -
Stack Tonic Hg 0.38 0.51 0.63 0.47 0.33 15
Elemental Hg 3.0 31 2.3 2.8 1.1 85
Total Vapor 3.4 3.6 2.9 33 0.9 -
Method 29 Multi-Metals Train
ESP Inlet Ionic Hg® 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 Vapor + Solid 10.3 14.8 12.4 12.5 5.6 -
ESP Outlet 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 -
Stack 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 <0.0050 0.0116 <0.0051 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 issued on January 26, 1994 stating, in part, "... we now know that the MMHg we were measuring and
reporting is due to an artifact. [this method] ... overestimates the amount of MMHg. The MMHg fraction
should tentatively be considered as part of the Hg(Il) fraction of the total Hg in flue gas until our ongoing
investigations are completed_ " These investigations are still in progress and, until they are completed, the
presence or absence of MMHg in the flue gas cannot be confirmed.

® Mercury collected in the HNO,/H,0, impingers.

¢ Mercury collected in the H,SO,/KMnQ, impingers.
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Table 9-2
Summary of Blank Results

No. of Range of Max Contribution
Blank Sample Type Blanks Blank Levels to Samples*
Bloom Train
Tonic Hg
Field Blanks 6 0.30.6 ng 4%
Trip Blanks 2 0.5-0.8 ng 4%
Elemental Hg
Field Blanks 6 1.3-4.6 ng 4%
Trip Blanks 2 1.1-3.7 ng 3%
Method 29 Multi-Metals Train
HNO,/H,0, Impingers
Field Blanks 3 <0.24 ug/L <5%
Reagent Blanks 1 <0.24 ug/l <5%
H,80,/KMnO, Impingers
Field Blanks 3 <0.24 pg/L <28%
Reagent Blanks 1 <0.24 ug/L <28%

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

Sample Type No. of Samples Range of Recoveries
Bloom Train
Ionic Hg 2 102 - 103 %
Elemental Hg 2 100 - 102%
Method 29 Muiti-Metals Train
HNO,/H,0, Impingers 2 120%
H,S0,/KMn0O, Impingers 2 76 - 18 %



Mercury Methods Comparison and Speciation Determinations

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
unprovern.

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
1. Nicolas S. Bloom, Eric M. Prestbo, and Vesna L. Miklavicic, "Fluegas Mercury
. 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).

2. Tbid.
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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 (MMEHg) can be measured and is found in
coal combustion flue gas in the range of 5-15% 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 MMHg in solution. We discovered that Hg(lI) and S(IV) collected on the
KCl/soda lime sorbent, 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(Il) 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(Il), Hg® 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 pursuing the problem: encountered. Iiitially we will investigate
non-methy! 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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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 analyzed 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 guite 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 analyzed 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 Cr®*. Analysis was performed on site using an ion
chromatograph. However, instrument problems were encountered and nc useful data could
be 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, QA/QC samples were analyzed
as follows:

* One matrix spike;

* One performance audit sample;

¢ Three field blanks; and

* 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 Cr®* samples from a
flue gas matrix containing SO, has not been validated.
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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 10-1
Results for Hexavalent Chromium and Total Chromium

Specie Units Run 1 Run 2 Run 3 Average
Chromium VI pg/Nm? <0.18C <0.19C <0.20C <0.190
Total Chromium  ug/Nm® <0.52C <0.57C <0.59C <0.560

C = Data flag; value was blank-corrected 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 (pH > ~9). But all
combustion gas streams contain large amounts of CO, (10-20%), 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,/HSO;).
As the pH falls, the redox couple becomes more favorable, and any Cr{VI) present may be
reduced by SO,/HSO; and not detected as Cr(VI).

References
1. 40 CFR 266, Subpart H, Appendix IX, "Methods Manual for Compliance with the BIF
Regulations," Section 3.0, "Sampling and Analytical Methods," Subsection 3.2, "Deter-

mination of Hexavalent Chromium Emissions from Stationary Sources (Method Cr®+),"
7-1-91 edition.
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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 fine 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 assessing 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
analyze 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 characterizing 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
characterizing 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 size-fractionat-
ed particulate matter at the ESP inlet and outlet, and from the analysis of the stack gas multi-
metals train fiiter samples.

Sample Collection

Sample collection at the ESP inlet was performed according to EPA Reference Method 17
(in-stack filtration). Quartz-fiber thimble filters were specified to handle the high particulate
mass loading encountered upstream of the ESP 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 52 was used to collect particulate matter from the ESP outlet and
stack gas streams. Quartz-fiber filters were also specified; however, due to mis-identifica-
tion, glass-fiber filters were inadvertently used on all extractable metals test runs at the ESP
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 11-1. 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-fiber 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 11-1. 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 Samples
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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 train. Reported sample results were generated by ICP-AES 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 ESP 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 fiber, 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 per-
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 sptke. 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 analyzed 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 SPEX® ICP-MS
calibrating solution and were prepared at 69 ppb for each of the target anaiytes 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
analyzed 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
ArCl™ 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 74.9 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 Procedure® (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 (pH 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 filtered 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.

11-5



Determinations of Taxics on Particle Surfaces

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 ESP. 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 11-1 and 11-2 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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Determinations of Toxics on Particle Surfaces

Extractable Composition of ESP Inlet Gas Particulate Matter

Total Nitric Acid Digestion Simulated Acetic Acid Leach
Trace  Compesition (EPA SW 3050) Gastric Fluid Leach (TCLP)
Elements (xg/s)  (ug/p) (% Extracted) (ug/g) (% Extracted) (ug/g) (% Extracted)
Antimony 3.18 2.68 84.3 0.709 22.3 0.798 25.1
Arsenic 44.8 42.6 95.1 <0.678 <15 1.02 2.3
Barium 560 220 39.2 103 18.4 48.1 8.6
Beryllium 11.2 4.11 36.7 1.14 10.2 0.322 2.9
Cadmium 3.45 2.22 64.5 1.82 52.9 1.65 47.9
Chromium 197 29.0 14.7 27.5 14.0 7.37 3.7
Cobalt 36.5 5.03 13.8 1.80 4.9 1.48 4.0
Copper 108 32.1 29.8 9.96 9.2 10.9 10.2
Lead 76.4 39.3 51.4 9.37 12.3 0.205 0.3
Manganese 236 120 51.1 60.0 25.5 51.4 21.8
Molybdenum 28.5 42.9 151 29.3 103 1.45 5.1
Nickel 134 45.1 33.8 10.3 7.7 8.64 6.5
Selenium 8.51 <23.3 <274 <0.884 <10.4 0.221 2.6
Vapadium 421 146 34.6 <0.359 <0.1 1.46 0.3
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Table 11-2
Extractable Composition of ESP Outlet Gas Particulate Matter

Total  Nitric Acid Digestion Simulated Acetic Acid
Trace  Composiion  (EPA SW 3050) Gastric Fluid Leach Leach (TCLP)
Elements (ug/e)  (ug/e) (% Extracted) (ug/g) (% Extracted) (uglg) (% Extracted)
Antimony 6.79 3.21 47.4 0.954 14.1 0.875 12.9
Arsenic 103 98.4 95.4 <0.660 <0.6 3.38 3.3
Barium 540 318 58.8 125 23.2 4.1 8.2
Beryllium 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 4.3 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
Lead 141 116 82.3 32.9 23.4 1.50 1.1
Manganese 497 165 33.1 46.2 9.3 39.3 7.9
Molybdesum  69.1 72.2 105 61.4 88.9 4.43 6.4
Nickel 177 83.8 415 38.4 21.7 227 12.8
Selenium 101 <233 <231 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
diameter 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. Data 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 inciude: beryllium, vanadium, lead, copper, arsenic, barium,
and cadmium. Extractable percentages greater than 120% by gastric fiuid 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
Extractability of Elements in Fly Ash*

Extractability Average Average Matrix Spike Recovery
(Highest - Lowest) % Extractable  Spike Recovery Range
Molybdenum® 76% Not Available* Not Available®
Cadmium 73% 96.2% 107% - 88%
Antimony*® 34% Not Available® Not Available®
Arsenic® 33% 80.5% 123% - 0%"®
Selenium® 30% 117% 138%° - 84%
Lead 29% 87.7% 97% - 83%
Barium 2% 89.7% 94% - 85%
Manganese® 25% 88.8% 108% - 7T1%"
Copper 25% 98.8% 105% - 2%
Nickel 2% 95.3% 103% - 81%
Beryllium 19% 93.1% 108% - 9%
Vanadium® 19% 71.0%" 109% - 0%°®
Chromium 15% 87.6% 106% - 88%
Cobalt 15% 87.7% 100% - 92%

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

® Indicates that the spike recovery result obtained is outside the data quality objective range of 75-125 perceat.
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 recovery 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 Simulated Acetic Acid Leach
Trace  Composition  (EPA SW 3050) Gastric Fluid Leach (TCLP)
Elements (ig/g)  gl®) (% Extracted) (ug/g) (% Extracted) (ng/g) (% Extracted)

Aantimony 31.5 5.78 18.4 3.37 10.7 <0.034 <0.1
Arsenic 81.1 164 202 <2.46 <3.0 <0.497 <0.6
Barium 214 354 165 214 100 17.2 8.0
Beryllium 2.94 10.2 349 4.20 143 2.91 98.9
Cadmium 41.4 67.0 162 12.4 29.9 5.92 14.3
Chromium 329 43.8 13.3 84.7 25.7 36.4 111
Cobait 18.1 <0.899 <5.0 10.9 60.4 7.47 41.3
Copper 55.8 124 222 51.3 91.9 63.8 114
Lead 35.7 90.8 254 65.8 184 20.0 56.1
Manganese 488 328 67.2 349 71.5 470 96.3
Molybdenum 100 51.4 51.4 48.6 48.6 3.45 3.5
Nickel 2509 392 15.6 169 6.7 66.2 2.6
Selenium 899 < 86.9 <9.7 140 15.6 61.2 6.8
Vanadium 122 385 315 <1.30 <1.1 <0.185 <02
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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 performed 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, berylitum, 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 JBR 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 JBR slurry filtrates
suggests that the sturry 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.

References

1. 40 CFR 60, Appendix A. Test Methods. "Method 17: Determination of Particulate
Emissions from Stationary Sources (In-Stack Filtration Method)."

2. 40 CFR 60, Appendix A. Test Methods. "Method 5: Determination of Particulate
Emissions from Stationary Sources."

3. 55 FR 26986 (Friday, June 29, 1990), "Toxicity Characteristic Leaching Procedure
{(Method 1311)."
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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:

* Chemical analysis of samples; and
e 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 (RTT) 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 sampling 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 calibration tanks to the probes and nonlinearity of
the continuous monitor (CEM) system may go undetected due to infrequent multi-point
calibrations. The CEM system at Plant Yates was not a designated part of the Radian 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

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.
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 QA/QC 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 BLM002689 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 resuits calculated as relative percent difference between the dry gas
volume measurement and the calculated volume based on the RTI orifice were within the
+10% 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 between Georgia
Power and DOE for this program. Therefore, Plant Yates would not permit RTT 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 wrap-up 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 differences seen between the RTI standard orifice and the
sampling consoles used for source testing, it is recommended that the average of the pre- and
post- test calibrarions 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%
+1.08, Range 0.1%-3.47% per Radian QA coordinator).

Recommendation 2

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. 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 data, loghooks,
validation procedures, and calculations are examined. Data quality audits of the raw data,
logbooks, calculations, and computerized 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 calibration. The interval between
multi-point calibrations of the CEM should be changed from yearly to every six 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 determinations should be discussed and finalized

bertween DOE and Radian. Elements for the mass balance determinations were finatized
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-1 and A-2 show the results and the recovery objectives for volatile organics 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 ¢ of the 16 analytes in sample Y195. Of the
analytes with recoveries outside the QC objectives, toluene, methylene chloride, 1,1,1-
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 Y195 is approximately twice the concentration in Y194. 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 Y173-177
and 14 of the 16 spiked compounds were within the QC objectives in sample Y178-182.
Anthracene, indeno(1,2,3-cd)pyrene, 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-1

Analysis of Vost Sample ID Y194 by Air Toxics Limited

Detection Theoretical Analyzed QC QC
Limit Concentration Concentration % Objectives  Objectives

Analyte (ng) {ng) (ng) Recovery % Rec. Met?
Benzene 10 63.73 74 116 37-151 yes
Chlorobenzene 10 177.43 53 30 37-160 low
Ethylbenzene 10 153.86 120 78 37-162 yes
Toluene 10 151.68 2300 1520 47-150 high
o-Xylene 10 159.30 7 45 NS NA
Bromomethane 10 125.33 130 104 D-242 yes
1,3-Butadiene NA 25.94 NA - - NA
Chloroform 10 87.60 110 126 51-138 yes
Carbon tetrachloride 10 123.28 140 114 70-140 yes
1,2-Dichioroethane 10 74.04 53 72 49-155 yes
1,2-Dibromoethane NA 300.37 NA - - NA
1,2-Dichloropropane 10 192.00 160 83 D-210 yes
Methylene chloride 10 112.98 5700 5040 D-221 high
Tetrachloroethylene 10 141.40 120 85 46-157 yes
Trichloroethylene 10 103.69 120 116 71-157 yes
1,1,1-Trichloroethane 10 148.77 230 155 52-150 high
Trichlorofluoromethane 10 217.11 470 216 17-181 high
Vinyl chloride 10 40.10 48 120 D-251 yes



Table A-2

Analysis of Vost Sample ID Y195 by Air Toxics Limited

Appendix A: Quality Assurance Audits

Detection  Theoretical Analyzed QC QC
Limit Concentration Concentration % Objectives  Objectives
Analyte (ng) (ng) (ng) Recovery % Rec. Met?
Benzene 10 125.29 190 152 37-151 high
Chlorobenzene 10 348.80 170 49 37-160 yes
Ethylbenzene 10 302.47 420 139 37-162 yes
Toluene 10 298.18 4000 1340 47-150 high
o-Xylene 10 313.17 290 93 NS -
Bromomethane 10 246.38 180 73 D-242 yes
1,3-Butadiene NA 51.00 NA - - NA
Chloroform 10 172.22 250 145 51-138 high
Carbon tetrachloride 10 242.36 360 148 70-140 high
1,2-Dichloroethane 10 145.55 150 163 49-155 yes
1,2-Dibromoethane NA 5§90.50 NA - - NA
1,2-Dichloropropane 10 377.45 410 109 D-210 yes
Methylene chloride 10 222.11 5800 2610 D-221 high
Tetrachloroethylene 10 271.98 350 126 46-157 yes
Trichloroethylene 10 203.84 320 157 T1-157 yes
1,1,1-Trichloroethane 10 292.47 550 188 52-150 high
Trichlorofluoromethane 10 426.22 660 155 17-181 yes
Vinyl chloride 10 78.83 98 124 D-251 yes

NA = Not analyzed.

NS = Not specified.
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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 36-41 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 muiti-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.0. Box 10940
Pittsburgh, Pennsyivania 15236-0940

November 10, 1993

Barbara J. Hayes
Radian Corporation
8501 Mo~-Pac 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 ;RTI

Center for Environmentai Measurements and Quality Assurance

October 4, 1993

Mr. Tom Brown

PETC, U.S. Department of Energy
P.O. Box 10940, M.S. 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 evaluation (PE) samples
given to Radian Corporation during the audit of the Yates plant. Of particular concern are the
mercury and the formaldehyde analyses.

After encountering a serious problem with the aldehyde analysis, we recalculated the
PE sample concentrations and analyzed the samples in our laboratory. In the analytical
procedure, there are still some undetermined factors such as the percent conversion of
aldehyde into the DNPH-derivatives. Even though the molar ratios of DNPH to aldehyde
were sufficiently high to drive the conversion reaction to completion, the aldehyde analysis
results are lower than expected. The further laboratory work may resolve this issue.

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

cartridges were analyzed by Radian’s subcontractor, Air Toxics, Limited. The laboratory
analyzed for 16 of the 18 compounds spiked into the cartridges. Of the compounds
quantitated, 10 of 16 were recovered within the data quality objectives (DQOs) set by Radian
for sample Y194, and 9 of 16 were recovered within the DQOs for sample Y195. Of the
compounds particularly relevant to this project (benzene, toluene, ethylbenzene, and o-xylene),
recoveries were mixed. Benzene was recovered well within range on sample Y194, but
slightly out of range on sample Y195. Toluene was recovered completeiy out of range on
both samples due to apparent contamination. Ethylbenzene was recovered within range on
both samples. O-xylene was recovered out of range on sample Y194, but within range on
sample Y195.

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, Neorth Carolina 27709-2194 A-11
Telephone: 919 541-6914 Fax: 919 541-5929



Radian PE Samples
Yates Plant Audit
Page 2 of 9
October 4, 1993

sample. Radian performed satisfactorily on 28 of the 32 analyses. One undetected analyte
was spiked at below the reported detection limit. This occurred because the detection limits
reported were much higher than the 1 ng/m’® required by DOE for the project.

Metals on Filters
_ Several metals were spiked onto two filters of the M-29 trains to simulate metals in
the particulate catch. Radian recovered 6 of the 10 metals concentrations within the limits of

their DQOs.

Metals in Impinger Solutions (HNO,/H,O.)
Several metals were spiked into the first impinger of the metals train. Radian

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

Metals in inger Solutions nO
Mercury was spiked into two acidic KMnO, solutions. Neither was recovered in the
range of their DQOs (75 to 125%).

Formaldehyde in Impinger Solutions (DNPH)
RTI spiked two DNPH impinger solutions with a solution containing a nominal

concentration of 0.4068 pg/pl. Radian’s recoveries calculated based on this concentration are
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). RTlis
continuing verification analyses on the spiking solution.

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

Sincerely,

. Q&‘_L_\__M———""_
Shri Kulkarni, Ph.D.

Manager, Quality Assurance and
Technology Assessment Department

SVK:dmh
cc: S.J. Wasson
J. McSorley

File: 5960-193/4805
91A-04
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Radian PE Samples
Yates Plant Audit

Page 3 of 9

September 30, 1993

METALS IN IMPINGER SOLUTIONS (HNO/H,0,)

SAMPLE ID: Y276

RTI RADIAN
METAL AMOUNT | AMOUNT | PERCENT | RECOVERY' | DQO
(ng) (ng) RECOVERY DQO (%) MET
As 50 52.10 1042 75-125 Yes
Cd 30 37.00 1233 75-125 Yes
Pb 20 19.79 98.9 75-125 Yes
Se 40 41.60 104.0 75-125 Yes
Hg 10 12.68 126.8 75-125 No
METALS IN IMPINGER SOLUTIONS (HNOy/H,0,)
SAMPLE ID: Y279
RTI RADIAN
METAL AMOUNT | AMOUNT PERCENT RECOVERY' | DQO
(ng) (ng) RECOVERY DQO (%) MET
As 15 15.03 100.2 75-125 Yes
Cd 60 6826 1138 75-125 Yes
Pb 40 42.34 105.9 75-125 Yes
Se 20 90.72 1134 72-125 Yes

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

METALS ON FILTERS

SAMPLE ID: Y278, filier 966

RTI RADIAN
METAL AMOUNT | AMOUNT | PERCENT | RECOVERY! | DQO
(ng) (ng) RECOVERY | DQO (%) MET
As 40 84.4 211.0 75-125 No
cd 10 9.59 95.9 75-125 Yes
Pb 15 153 102.0 75-125 Yes
Se 25 223 89.2 75-125 Yes
Hg 10 10 100.0 75-125 Yes
METALS ON FILTERS
SAMPLE ID: Y281, filter 974
RTI RADIAN
METAL AMOUNT | AMOUNT | PERCENT | RECOVERY' | DQO
(ng) (ng) RECOVERY | DQO (%) MET
As 25 219 1116 75-125 Yes
cd 15 106 70.7 75-125 No
Pb 25 25.3 101.2 75-125 Yes
Se 35 234 66.9 75-125 No
Hg 20 14.6 73.0 75-125 No

A-14
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Radian PE Samples
Yates Plant Audit

Page 5 of 9

September 30, 1993

MERCURY IN IMPINGER SOLUTIONS (KMn(4)

= W R

RTI RADIAN
SAMPLE ID AMOUNT | AMOUNT | PERCENT | RECOVERY® | DQO
(ng) (ug) RECOVERY | DQO (%) MET
Y277 20 4.18 209 75-125 No
Y280 50 19.75 39.5 75-125 No
FORMALDEHYDE IN IMPINGER SOLUTIONS (DNPH)
RTI RADIAN
SAMPLE ID AMOUNT | AMOUNT | PERCENT | RECOVERY' | DQO
(ng) (ng) RECOVERY | DQO (%) MET
Y187 24.4 76 311 50-150 No
Y188 342 90 263 50-150 No
Also spiked with 30 pg Pb.

Also spiked with 20 pg As.

These values were taken from Radian’s QA plan (page C9-7).
These values were taken from Radian’s QA plan (page C9-8).
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Radian PE Samples
Yates Plant Audit
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SVOC RECOVERIES FROM XAD-2 MODULES

SAMPLE ID: Y178-182 (Combined)

RTI Radian
ANALYTE VALUE VALUE PERCENT RECOVERY' | DQO
(ng) (ng) RECOVERY DQO (%) MET
Naphthalene 10 9.98 9.8 21-133 Yes
Acenaphthylene 20 173 86.5 33-145 Yes
Acenaphthene 10 822 822 47-145 Yes
Fluorene 2 L.19 595 59-121 Yes
Phenanthrene 1 0.853 853 54-120 Yes
Anthracene 1 ND? 0.0 27-133 No
Fluoranthene 2 14 720 26-137 Yes
Pyrene 1 0.634 634 52-115 Yes
Chrysene 1 0.844 344 17-168 Yes
Benzo(a)anthracene 1 0.694 69.4 33.143 Yes '
Benzo(b)ftuoranthene 2 14 70.0 24-159 Yes
Benzo(k)flucranthene 1 0.713 71.3 11-162 Yes
Benzo(a)pyrene 1 0.484 484 17-163 Yes
Tndeno(1,2,3-cd)pyrene 1 ND? 0.0 D-171 No
Dibenz(a h)anthracene 2 ND? 0.0 D-227 No
Benzo(g h.ijperylene 2 ND? 0.0 D-219 No
Other Compounds Reported
Acetophenone 0] 0.694 - - --
Benzoic Acid 0 i4.2 - - -
Diethylphthalate 0 0.689 - - -
! Recovery DQOs (%) were taken from Radian’s QA plan (Page C9-10).
2 ND = not detected.
! This compound was spiked at a concentration below the reported detection limit of 1.33 pg.
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SAMPLE ID: Y173-177 (Combined)

Radian PE Samples
Yates Plant Audit

Page 7 of 9

September 30, 1993
SVOC RECOVERIES FROM XAD-2 MODULES

RT1 RADIAN
ANALYTE VALUE VALUE PERCENT RECOVERY' DQO
(ng) (ng) RECOVERY DQO (%) MET

Naphthalene 350 30.1 86.0 21-133 Yes
Acenaphthylene 70.0 62.8 89.7 33-145 Yes
Acenaphthene 35.0 28.7 82.0 47-145 Yes
Fluorene 7.0 4.53 64.7 59-121 Yes
Phenanthrene 35 254 726 54-120 Yes
Anthracene 35 25 714 27-133 Yes
Fluoranthene 7.0 442 63.1 26-137 Yes
Pyrene 35 2.13 60.8 52-115 Yes
Chrysene 35 1.52 43.4 17-168 Yes
Benzo(a)anthracene 35 1.65 47.1 33-143 Yes
Benzo(b)fluoranthene 7.0 282 40.3 . 24-159 Yes
Benzo(k)fluoranthene 3.5 1.62 46.3 11-162 Yes
Benzo{a)pyrene 35 1.33 38.0 17-163 Yes
Indeno(1,2,3-cd)pyrene 35 1.33 38.0 D-171 Yes
Dibenz(a,h)anthracene 7.0 2.14 30.6 D-227 Yes
Benzo{g.h,i)perylene 7.0 2.19 31.3 D-219 Yes
Other Materials Recovered
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
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VOLATILE ORGANICS ON TENAX (VOST)

SAMPLE ID: Y1%

RTI RADIAN
COMPOUNDS AMOUNT | AMOUNT PERCENT | RECOVERY' | DQO
(ng) (ng) RECOVERY DQO (%) MET

Vinyl Chloride 40.10 48 119.7 50-150 yes
Chloroform 87.60 110 125.6 50-150 yes
Carbon Tetrachloride 12328 140 113.6 50-150 yes
Methylene Chloride 112.98 5700 5045.1 50-150 no
1,2 Dichioroethane 74.04 53 71.5 50-150 yes
Trichiorethyiene 103.69 120 115.7 50-150 yes
Benzene 63.73 74 116.1 50-150 yes
Tetrachloroethylene 141.40 120 849 50-150 yes
1,3-Butadiene’ 2594 - - 50-150 -
Bromomethane 125.33 130 103.7 50-150 yes
Trichlorofiuoromethane 217.11 470 216.5 50-150 no
1,1,1-Trichloroethane 148.77 230 1546 50-150 no
1,2-Dichloropropane 192.00 160 833 50-150 yes
1,2-Dibromoethane’ 300.37 - - 50-150 -
Toluene 151.68 2300 15164 50-150 no
Chlorobenzene 177.43 33 299 50-150 no
Ethyibenzene 153.86 120 78.0 50-150 yes
Ortho-Xylene 159.30 71 44.6 50-150 no
Other Compounds Reported

Acetone 0 120 - - -

! Recovery DQOs (%) were taken from Radian’s QA plan (page C9-10).
2 This compound was not identified or analyzed by Radian’s subcontractor. Air Toxics Limited.
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VOLATILE ORGANICS ON TENAX (VOST)

SAMPLE ID: Y195

RTI RADIAN |
COMPOUNDS AMOUNT | AMOUNT | PERCENT | RECOVERY' | DQO
(ng) (ng) RECOVERY DQO (%) MET
Vinyl Chloride 78.83 98 124.3 50-150 yes
Chloroform 17222 250 1452 50-150 yes
Carbon Tetrachloride 24236 360 148.5 50-150 yes
Methylene Chloride 222.11 5800 26113 | 50-150 no
1.2 Dichlorocthane 145.55 150 103.1 50-150 yes |
Trichlorethylene 203.84 320 157.0 50-150 no
Benzene 12529 190 1516 | 50-150 no |
Tetrachloroethylene 277.98 350 1259 | 50150 yes |
1.3-Butadienc’ 51.00 - - 50-150 -
Bromomethane 246.38 180 730 | S0-150 yes |
Trichlorofluoromethane 426.82 660 1546 | 50150 no |
1.1.1-Trichloroethane 292.47 550 1881 | 50-1%0 o |
1.2-Dichloropropane 377.45 410 1086 |  50-150 ves |
1.2-Dibromoethane 590.50 - - ST -
Toluene 298.18 4000 13415 50-150 no
Chiorobenzene 348.80 170 487 | s0-150 no
Ethylbenzene 302.47 420 138.9 50-150 yes
Ortho-Xylene 313.17 290 926 50-150 yes
Other Compounds Reported
Acetone 0 160 - [ - -

Recovery DQOs (%) were taken from Radian’s QA plan (page C9-10).

This compound was not identified or analyzed by Radian’s subcontractor. Air Toxics Limited.
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Field Audit of:

Yates Station Unit |
Georgia Power Company
Newnan, Georgia

Contractor: Radian Corporation
Dates: June 23-25, 1993
RTI Personnel: J. B. Flanagan and C. O. Whitaker

Introduction

The Yates Station Unit 1 is a bituminous coal-fired steam-electricity-generating unit
with a net generating capacity of 105 megawans. The station is located near Newnan,
Georgia, and is owned and operated by Georgia Power Company. Unit 1 has a tangentially
fired boiler manufactured by Combustion Engineering in 1949. During this test, the unit was
fueled with 2.5% sulfur blend of Illinois No. 5 and [llinois No. 6 bituminous coals. The 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 (SO,) 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 desulfurization (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 to sulfate. Attrition 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.

Findings

1. Finding: Basis due to long sampling lines from the calibration tanks to the probes
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
the changeover to Phase II of the demonstration program some time this fall. Daily
zero-span checks are conducted for all CEMs.



Effect on Data: 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. Finding: 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. Finding: All plant and sampling times are recorded in Central Daylight Savings
Time instead of Eastern Daylight Savings Time. The central power grid is
controlled by Georgia Power’s headquarters in Alabama, which is in the Central time
zone. Yates plant personnel have adopted Central time to coordinate with the central
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, Finding: 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 the data
could necessarily be predicted, but which had the potential to differentiate results at this site
from resulits at other sites.

1. Radian sent an analyst and a high performance liquid chromatography (HPL.C)
instrument to the site for Cr’¥ measurements. Having the analyses performed on-site
provides faster results: a 1/2- 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 Cr'V with those from other contractors.
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1.

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

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. Kulkami 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 concems.

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.

Performance Evaluation Audit

a) Orsat Determination - Mr. Tom Peters of Radian was observed by Mr. Craig
Whitaker of RTI while performing the Orsat procedure using test gas supplied
by RTI. The audit gas concentranon for tank ID number BLM002689 was
9.21% oxygen in dry nitrogen. Correct 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.



Replicate Orsat Result (imL oxvgen)

1 ‘ 9.0
2 9.0
Average: 9.0

Initial volume was 100 mL
9.0 mL/100 mL x 100 = 9.0% found by Orsat.

Percent Difference = 90% -92% X 100 = -2.17%
9.2%

b) Performance Audit of Source Sampling Consoles - Mr. Whitaker provided a
standardized orifice (ID 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 10- 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 Volumne," the fifth column in the table, was calculated by
RTI based on the orifice constant and pressure drop, muitiplied by the run
time.

CONSOLE (DRY GAS METER VOLUME) PERFORMANCE AUDIT RESULTS*

Radian Console Run Radian Calculated Relative
console locatdon time console dry volume based on Percent
serial (min) gas meter flow using RTI difference
number volume (scf) orifice (scf)
Al61362 Stack 20 13.98 15.450 -95 J
Al161394 Stack 21 16.59 16.404 1.1
161364 ESP outlet 10 7.89 7711 2.3
A161395%* ESP outlet 10*= 7.50 -8.495 -11.7
* Acceptance criteria t 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 10-minute run time.
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c) 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/charcoal 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
concentrations will be reported in a separate memorandum.

d) Continuous Emissions Monitors (CEMs) - The facility would not allow RTI 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

Vendor Cylinder Compound Concentration Expiration
date
Scott AAL-13190 Nitric oxide 360 ppm 5-18-95
' Sulfur dioxide 1791 ppm
Nitrogen balance
Scott AAL-17497 Oxygen 20.9% 5-18-96
Nitrogen balance
Scott AAL-4472 Sulfur dioxide 241 ppm 1-4-95

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,
- 8O,

Stack (downstream 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 used for.the span checks. For the stack gas
analyzers, cylinder AAL-4472 (SO, in N5) and cylinder AAL-17497 (O, in N,) were
used. On the ESP outlet upstream of the JBR, cylinder AAL-13190 (NO and 50, in
N, and cylinder AAL-17497 (O, in N;) 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 Systerns Audit

The following table summarizes the activities observed by the auditors.

Ir

OPERATIONS OBSERVED DURING TSA

Medium I Location Auditor I Comment

Coal, 1/4" feed boiler building Flanagan, Whitaker Periodic grab
samples collected
into plastic bucket

Coal, pulverized boiler building Flanagan, Whitaker Cyclone used to
capture high-
pressure suspension
of coal powder
prior to bumer

Pyrite reject boiler building Flanagan, Whitaker | All material caught
in plastic buckets

Boiler bottom ash | sluice pipe outlet at | Flanagan, Whitaker Dipper samples
(slurry) ash pond altemately filling
two glass carboys
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OPERATIONS OBSERVED DURING TSA (continued)

Medium Location Auditor Comment
Condenser water boiler building Flanagan From spigot -- tube
inlet allowed to run
before sampling
Condenser water boiler building not being sampled Sample point
outlet inaccessible
Flue gas ESP inlet Whitaker
Flue gas ESP outlet Whitaker
Stack gas (JBR out) Stack Whitaker
ESP hopper ash sluice pipe outlet at Flanagan Dipper samples
(slurry) ash pond alternately filling
two glass carboys
JBR makeup water JBR area Flanagan
JBR slurry density JBR area -- density Flanagan Nuclear density
meter slip streamn meter out of service
Limestone limestone silo not observed
Coal pile runoff coal pile not observed No rain during
audit
CrtY measurement JBR Project Flanagan Actual samples not
Laboratory seen; calibration
only
XAD-2 cartridge laboratory trailer Flanagan
spike for semi-
volatiles
Metals train spikes laboratory trailer Flanagan
VOST challenge stack sampling area Whitaker
Orsat procedure laboratory trailer .Whitaker Acceptable results.

(oxygen)
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Recommendations

L.

A-30

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 reported 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
concentradon 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 raw 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
demonstraton 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 Q,. If possible, 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 finalized between DOE and Radian, if this has not already been done.



Personnel Present During Site Visit

Name

Chuck Schmidt
Tim Mcllvried
Dave Burford
Roy Clarkson
Jeff Nelms

Al Williams
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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:

* Boiler inlet, outlet, and sluice streams;

¢ ESP inlet, outlet, and ash streams;

e FGD system inlet, outlet, and slurry streams; and
¢ 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-1, 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 fiber 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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Table B-1

Summary of Sampling Methods

Stream Type Parameter Frequency Sampling Method

Solids All Grab sample hourly to com- EPA Method S007° (trowel/
posite per test run (time- scoop)
averaged composite)"

Liquids All Grab sample hourly to com- EPA Method S007 (trowel/
posite per test (time-averaged scoop) EPA Method S004*
composite)* (tap)

Gases Volatile Organics 4 pairs of VOST traps over  VOST (SW-846 Method

Semivolatile Organics
Vapor-Phase Inorganic/
Organic Species

Trace Elements (Metals)

Particulate

Particle Size Distribution

2-hour time period

Integrated sample over 4- to
6-hour time period
Integrated sample over 4- to
6-hour time period

Integrated sample over 1- to
2-hour time period

Integrated sample over 1- to
2-hour time period

Fixed point sample over
appropriate time period

0030)°

Modified Method 5 (SW-846)
Method 0010°

Various impinger solutions
sampling trains

Multi-metals sampling train’

EPA Methods 5* and 17°
sampling trains

In-stack cascade impactor

* Solid and liquid samples for volatile organics analyses were sampled only once per day, per test run.
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The RMS 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 1.1°

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 fiber substrates, replacing the standard glass fiber 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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1 - Petri dish - plastic - filter

1 - 500 mL glass - Acetone PNR. Rinse front half of filter holder with acetone into PNR
bottle.

1 - 500 mL glass - HNO, 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 HNO, into sample bottle.

1 - 1000 mL glass - 3rd, 4th, & 5th impingers. Rinse impingers with 0.1N HNO; into
sample bottle.

1 - 250 mL glass. Rinse 3rd, 4th & 5th impingers with 8N HCI.
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 aecrodynamic 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
Anions

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 filled with silica gel. The sample train was operated according to the procedures
detailed in EPA Reference Method 5.
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Recovery procedures for the Anions train are presented below:

1 - Petri dish - Plastic - filter

1 - 500 mL plastic - H,O 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
H,0 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 Iiter 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 mL/min. 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
retumned to their respective glass containers for storage and transport. During storage and
transportation, the traps were kept cool (< 4°C).

Aldehydes

Aldehydes were collected using a 2,4-dinitrophenylhydrazine (DNPH) train according to EPA
Method 0011.'* 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 chioride 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
(MMS5)® sampling train. The probe washes, filter catches, XAD sorbent traps, and aque-
ous condensates were extracted and analyzed for SVs according to SW-846 Method 8270
protocol. The MMS5 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 isokinetic 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 sampie
gas flow rate.

Sampling of the stack gases was conducted in accordance with the published MMS35 protocol.
The sampling rate for each train 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.

After 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 filter 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 filter holder with MeCl, into PNR
bottle.
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1 - XAD Resin Cartridge

1 - 500 mL glass - Condensate. Pour the contents of the first two impingers into bottie.
Discard third impinger H,O, 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.* Sample collection procedures specified in
Method 23 were followed with the following exception:

* 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 rate, volume and procedures were identical to the MMS 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 H,O into sample bottle.
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Radionuclides

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 filters.
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 Nicolas
Bloom.! The sampling train consists of a quartz probe, tandem pair of soda-lime traps,
tandem iodated carbon traps, drierite cartridge and mass flow metering system. The sample
train 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 sampie collected over a
minimum of two hours. At the completion of sampling, the train was leak checked and the
sorbent tubes and probe liner recovered. Sorbent tubes were segregated based upon run and
location and sealed in plastic bags for transport to the laboratory.

Chrome VI

Samples were collected via the BIF method for chromium (VI).!* This method used a
nozzle, teflon lines, peristaltic pump for recirculating solution and impinger solutions. The
impinger contained a known volume of 10 N potassium hydroxide. Samples were collected
isokinetically 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, filtered, 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, pulverizer rejects, limestone, and ESP

hopper ash) were collected using grab sampling 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,
pulverizer 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 1-4, and 5-8. For purposes of compositing, 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 composited 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 ESP 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 muiltiple grab
samples with a polyethylene dipper. Samples were collected as long as there was visual
evidence of bottom ash in the sluice water at concentrations high enough to warrant contin-
ued sampling.

These samples were composited 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 economizer and air pre-
heater ash, the systems were isolated before the start of the test run to avoid bias in the ESP
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 composited directly to a large container, and FGD slurry was filtered directly from the

B-9



Appendix B: Sampling Protocol

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
pre-cleaned, 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 composited 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 com-
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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Table B-2

Preservation, Storage, and Holding Time Requirements for Liquid Samples

Preservation and Storage Maximum Holding
Analytical Parameter Requirements Time (Days)
Volatile Organics Cool 4°C; amber glass VOA vial 7 analyze
Semivolatile Organics Cool 4°C; amber glass 14 extract, 40 analyze
Formaldehyde Cool 4°C; amber glass 5 derivitize, 3 analyze
Soluble Metals Filter on-site; HNO, pH < 2 6 months analyze*
Total Metals HNO, pH <2; plastic 6 months analyze*
Anions Cool 4°C; plastic 28 analyze
Phosphate Cool 4°C; H,SO, to pH <2 28 analyze
Sulfite None; plastic Analyze immediately
Ammonia Cool 4°C; H,S80, to pH <2 28 analyze
Cyanide Cool 4°C; NaOH to pH > 12 14 analyze

* Maximum holding time for Hg is 28 days.

B-12



Appendix C: SAMPLE CALCULATIONS

C-1



Appendix C: Sample Calculations

TABLE OF CONTENTS

Flow Rate Determination . . . . . . . . o i v ittt e e e et et e st et et e ne e e C-3
NOmMENCIatIIe . . . . it e e e e e e e e e e e e C-3
CalCulations . . . v v v i e e e e e e e e e e e e e e e e e e C-4
Moisture Determination . . . . . . . . . it i it i e e e e e e e e C-5
NOmMENCIatUIE . . . . . . i e e e e e e e e e e e e e e, C-5
Particulate Emission Determination . . . . . . . . . ot it it ittt i e e C-6
Calculations . . . ...... e e e e C-7
B 1o)== C-8
ESP Inlet/Aldehydes . . . ....... ... .. ... . i C-8
ESP Inlet/Modified Method 5 . . . . .. . . ... i et e e C9
ESP Inlet/PSD . . . . . i e e e e e e e e e C-10
ESP Inlet/VOST . . . . . i et et e e e e e e e e e e C-11
ESP Inlet/Multi-Metals - Particulate . . . . ... .. .. ... vttt e e e C-12
ESP Inlet/ANIONS . . . . . . . . it e e e e e C-13
ESP InleAmmonia-Cyanide . .. ... ... ... ...ttt enannens C-14
ESP Inlet/Radionuclides . . . .. .. .. i ittt et e C-15
ESP Inlet/Size-Fractionated Particulate . . ... ........ ... ... . ... ..... C-16
ESP Inlet/Extractable Metals . . ... .. .. .0 it ittt i e e C-17
ESP Qutlet/Modified Method 5 . . . . . . . ... . . i e C-18
ESP Outlet/Aldehydes . . . . ... ... . e C-19
ESP Outlet/VOST . . . . . . i e e e e e e e e e e e e e e e e C-20
ESP Outlet/ PO . . . . . e e e e e e e e e C-21
ESP Outlet/Multi-Metals - Particulate . . . ... ... . ... . ... 0o ien.. C-22
ESP Outlet/AMIONS . . . . . . .ttt it s et ettt e et e e e e C-23
ESP Outlet/Ammonia-Cyanide . ... .. ....... ... .. .. ... C-24
ESP Outlet/Size-Fractionated Particulate . . ... ...................... C-25
ESP Qutlet/Radionuclides . . . ... . .. . .. it ittt e e e e e C-26
ESP Outlet/Extractable Metals . . . . ... ... .. it it C-27
Stack/Modified Method 5 . . . .. ... . . .. . e C-28
Stack/Method 23 . . . . ... e e e e e e C-29
Stack/VOS T . . .t e e e e e e C-30
Stack/Aldehydes . . . .. ... .. e e C-31
StaCK PS D . . . e e e e e e e e e e e C-32
Stack/Multi-Metals - Particulate . . . .. ... .. . . i C-33
Stack/ANIONS . . . . . .. e e e e e e e e e e C-34
Stack/Ammonia-Cyanide . . . . . . . ... i e e e C-35
Stack/Radionuclides . . . . . .. . . . i e e e e e e C-36
Stack/Extractable Metals . . . . . ... . . . .. i e e C-37
Stack/Chromium VI . . . . . it i et e e e e e e C-38

C-2



Appendix C: Sample Calcuiations

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, Appendix 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 = Cross sectional area of the stack or duct, (ft?)
C, = Pitot tube coefficient, dimensionless
MW,, = Molecular weight of gas, dry basis, Ib/lb-mole
MW, = Molecular weight of gas, moisture corrected, 1b/lb-mole
P,. = Uncorrected barometric pressure at test site, "Hg
P, = Static pressure of gas, "Hg
P, = Absolute pressure of gas, "Hg
ACFM = Effluent flow in actual feet per minute
SCFM = Effluent flow in standard cubic feet per minute
DSCFM = Effluent flow in dry standard cubic feet per minute
T, = Average gas temperature, °F
Vel = Average gas velocity in feet per second
AP = Velocity Head of gas, "H,O
ave AP = Average square root of the velocity head, "H,O
% CO, = Percent carbon dioxide by volume, dry basis
% O, = Percent oxygen by volume, dry basis
% H,0 = Percent moisture of gas stream

C3



Appendix C: Sample Calculations

Calculations

Stack Pressure:

P
P =P — (C-1)
L [13.6J
Molecular Weight - Dry Basis:
MW, = 044 (% CO,) + 0.32 (% 0,) + 0.28 (100—%C02-%02) (C-2)

Molecular Weight - Wet Basis:

_ (1-%H,0 3
MW, = MW, x "Tﬁ'—) + 0.18 x (% H,0) (€-3)
Velocity (fps):
T. + 460
= JAP) s (C-9)
VPS = 8549 x C, x (ave yAP) x \ P, x MW,
Flow Rate (ACFM):
ACFM = (VPS) x (A) x 60 (C-5)
Flow Rate (SCFM):
P
SCFM = 17.64 x | ———| x ACFM {C-6)
[T, + 460

C4



Appendix C. Sample Calculations

Flow Rate (DSCFM):

x ACFM (C-

100 - %H,o P,
DSCFM = 17.64 x x

[T, + 40)

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
P.. = 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
Vo = Volume of gas sampled, corrected to standard conditions, dscf
Vipo = Volume of condensate collected in the condenser system, (mL)

V., = Volume of water vapor

Y, = Dry gas meter calibration factor

DH = Average pressure differential, "H,O

Volume of Water Vapor:

= 0.04707 x (Vigo) (C-8)

Standard Sample Volume:

(C-9)

Vi = 1764 (¥) (Vo) x

P, + (AH/13.6)
o
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Appendix C: Sample Calculations

Water Vapor Fraction:

B - w (C-10)

Percent Moisture;

% Moisture = B__ x 100 (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.
A, = Area of nozzle (f)
B,, = Water vapor in gas stream, proportional by volume
C = Particulate mass collected, mg
DH = Average orifice pressure drop, "H,O
DSCFM = Effluent flow, dry standard cubic feet per minute
P, = Uncorrected barometric pressure at test location, "Hg
P, = Absolute pressure of gas, "Hg
T = Total sample time, minutes
Ts = Average dry gas meter temperature, °F
T, = Average gas temperature, °F
Vo = Volume of condensate collected, mL
Vo = Volume of gas sampled as measured by dry gas meter, acf
Vouna = Volume of gas sampled, corrected to standard conditions, dscf

Vel = Average duct velocity, feet per second



Appendix C: Sample Calcuiations

Y, = Dry gas meter calibration factor
% 1 = Isokinetic sampling rate
Calculations

Dry Gas Volume:

P,. * (AH/13.6)
Vasm = 1764 (Y,) (V) x[ "'Tm —c0 ‘

Percent Isokinetic:

% 1 = 0.09450 x [T, + 460) X (Vo))
M x (V) x ) x (A;) x (1-B,,)

Particulate Concentration:

C(part) x 0.0154

mstd

gr/dscf =

Particulate Emission:

lbyhe - &H/dsc) x DSCRM x 60
7000

(C-12)

(C-13)

(C-14)

(C-15)
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Appendix C: Sample Calculations

PLANT YATES
ESP INLET/ALDEHYDES
No. 1 2 3 Average
ate 6/21/93 | 6/22/93 | 6/23/93 -
ime Sturt 1310 0735 0720 -
ime Finish 1345 0805 0750 -
rator MKO MKO MKO -
jtial Leak Rate 0.008 0.008 0.009 -
inal Leak Rate 0.009 0.006 0.007 -
uct Dimensions (ft) 85x57] 85x57| 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.009|  1.009 1.009 -
ozzle Diameter (inches) 0.2750 0.2750 0.2750 -
arometric Pressure ("Hg) 29.51 29.40 29.39 2943
tatic Pressure ("H20) 6.4 6.2 «6.0 6.2
[Meter Volume (acf) 12.281 10.395 10.275 10,984
Average square root of deltap 0.3230 0.3580 0.3132 0.3314
Average deita H (" H20) 0.39 0.48 0.37 041
Average Stack Temperature (F) 315 311 314 313
Average DGM Temp (F) 79.9 76.9 77.7 78.2
Test Duration (minutes) 35.0 30.0 30.0 317
% CO2 10.5 10.2 10.8 10.5
% 02 RS 86 83 85
% N2 81.0 81.2 80.9 81.0
eter Yolume (dscf) 11.964 10.148 10.009 10.707
ue Gas Moisture (%) 7.9 80 83 81
as Molecular Weight (Wet) (g/g-mole) 29.07 29.02 29.06 29.05
bsolute Stack Pressure (' Hg) 25.04 2894 28.95 28.98
bsolute Stack Temperature (R) 775 771 774 773
verage Gas Velocity (f/sec) 2222 24.63 21.57 22.81
vg Flow Rate (acfm) 645978 | 716,039 | 627,156 | 663,058
vg Flow Rate (dscfm) 393,345 | 436,243 | 379,432 | 403,007
sokinetic Sampling Rate (%) 102.10 91.10 103.31 98.83




Appendix C: Sample Calculations

PLANT YATES
ESP INLET/MODIFIED METHOD §
n No, 1 2 3 Average
ate 6/21/93 | 6/22/93 | 6/23/93 -
ime Start 1255 0729 707 -
ime Finish 1815 1341 1250 -
perator JWM JWM JWM -
l itial Leak Rate 0.012 0.010 0.008 -
inal Leak Rate 0.015 0.018 0.014 ~
uct Dimensions (ft) 85x57] 85x57| 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.999 0.999 0.999 -
ozzle Diameter (inches) 0.3580 0.3580 0.3580 -
arometric Pressure ("Hg) 29,51 29.40 29.39 2943
tatic Pressure ("H20) 6.4 6.2 6.0 6.2
eter Volume (acl) 103.779] 115.043| 111.153] 109.992
verage square root of delta p 0.2399 0.2651 0.2470 0.2507
verage delta H (" H20) 0.74 0.35 0.74 0.78
verage Stack Temperature (F) 295 304 300 300
verage DGM Temp (F) 85.4 84.7 87.1 85.7
‘est Duration (minutes) 240.0 240.0 240.0 240.0
Condensed Water (g) 180.8 202.6 203.5 195.6
% CO2 10.5 10.2 10.8 10.5
% 02 8.5 8.6 83 8.5
% N2 81.0 81.2 80.9 81.0
eter Volume (dscf) 99183 109.693| 105460 104.779
ue Gas Moisture (%) 79 8.0 8.3 8.1
Gas Molecular Weight (Wet) (g/g-mole) 29.07 29.02 29.05 29.05
bsolute Stack Pressure (" Hg) 29.04 2894 2895 28.98
bsolute Stack Temperature (R) 755 764 760 760
verage Gas Velocity (f/sec) 16.30 18.15 16.86 17.10
vg Flow Rate (acfm) 473,726 | 527,730 | 490,232 | 497,230
vg Flow Rate (dscfm) 295838 | 324,601 | 301,800 307413
sokinetic Sampling Rate (%) 96.84 97.61 100.93 98.46
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Appendix C: Sample Calculations

C-10

PLANT YATES
ESP INLET/PSD
Nea. 1 2 3 Average
ate 6/21/93 | 6/22/93 | 6/23/93 -
ime Start 1555 0925 0935 -
ime Finish 1740 1145 1130 -
perator MKOQO MKO MKO -
tial Leak Rate 0.015 0.018 0.016 -
inal Leak Rate NA NA NA -
uct Dimensions (ft) 85x57] 85x57| 8.5x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.988 0.988 0.988 -
ozzle Diameter (inches) 0.2750 0.2750 0.2750 -
arometric Pressure ("Hg) 29.51 29.40 29.39 29.43
- iStatic Pressure ("H20) 5.4 6.2 -6.0 -5.2
FMeter Volume (acf) 30.730] 43.462] 40.653] 38.282
lAverage square root of delta p 0.2650 0.2828 0.2915 0.2798
Average delta H (" H20) 0.27 0.31 0.31 0.30
Averape Stack Temperature (F) 318 320 318 319
Average DGM Temp (F) 84.8 85.0 94.0 87.9
Test Duration (miputes) 105.0 140.0 115.0 120.0
% CO2 10.5 i0.2 10.8 10.5
- [*e 02 35 8.6 83 8.5
% N2 81.0 81.2 80.9 81.0
eter Volume (dscf) 29.041 40910 37.631 35.861
e Gas Moisture (%) 7.9 8.0 83 8.1
iGas Molecular Weight (Wet) (g/g-mole) 29.07 29.02 29.06 29.05
bsolute Stack Pressure (" Hg) 29.04 28.94 28.95 28.98
bsolute Stack Temperature (R) T8 780 718 779
verage Gas Velocity (f/sec) 18.27 19.57 20.13 19.32
vg Flow Rate (acfm) 531,075 | 568,922 | 585,210 | 561,736
vg Flow Rate {dscfm) 322,049 1 342,614 | 352,234 | 338,966
kinetic Sampling Rate (%) 100.90 100.20 109.14 103.42 |
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C-12

PLANT YATES
ESP INLET/MULTI-METALS - PARTICULATE
No. 1 2 3 Average
ate 6/25/93 | 6/26/93 | 6/27/93 -
ime Start 0800 0935 0848 -
ime Finish 1405 1611 1405 -
rator JWM JWM JWM -
tial Leak Rate 0.014 0.006 0.017 -
inal Leak Rate 0.016 0.012 0.015 -
uct Dimensions (ft) 85x57) 85x57] 85x57 -
itot Tube Cerrection Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.999 0.999 0.999 -
ozzle Diameter (inches) 0.3580 0.3580 0.3580 -
arometric Pressure ("Hg) 29.55 29.56 29.40 29.50
tatic Pressure ("H20) -5.8 -5.8 -5.9 -5.8
eter Volume (act) 111.213 110.002F 111.6901 110.968
verage square root of deita p 0.2403 0.2490 0.2524 0.2472
verage delta H (" H20) 0.77 0.74 0.76 0.76
verage Stack Temperature (F) 301 299 303 301
verage DGM Temp (F) 84.0 87.0 90.0 87.0%
est Duration (minutes) 2400 2400 240.0 240.0
ondensed Water (g) 201.0 2440 252.2 2324
iiter Weight Gain (g) 21.4931| 24.9809] 26.2059] 24.2266
NR Weight Gain (g) 1.8780 0.3098 1.0939
10.1 10.5 11.8 10.8
9.9 83 7.0 8.6
£0.0 80.7 81.2 80.6
eter Volume (dscf) 106.704] 104.9911 105.454| 105.716
ue Gas Moisture (%) 82 9.9 10.1 94
as Molecular Weight (Wet) (g/g-mole) 29.03 28,84 28.93 28.94
bsolute Stack Pressure (" Hg) 29.12 29.13 28.97 2907
IAbsolute Stack Temperature (R) 761 759 763 761
verage Gas Velocity (f/sec) 16.37 16.99 17.29 16.89
Avg Flow Rate (acfm) 475,917 | 494,021 | 502,740 | 490,893
IAvg Flow Rate (dscfm) 295,051 | 301,434 | 302,524 | 299,670
[Isokinetic Sampling Rate (%) 104.46 100.61 100.69 101,92
Particulate Concentration (gr/dscf) 3.33E+H00| 3.67E+00| 3.88E+00| 3.64E+00
(Particulate Concentration (Ibs/dscfl) 4 83E-04| 5.25E-04| 5.54E-04| 5.21E-04
Particulate Emission (grams/sec) 1,077 1,19 1,268 1,180
Particulate Emission (Ibs/hour’ §.550 9,489 10,064 9.367




Appendix C: Sarmple Calculations

PLANT YATES
ESP INLET/ANIONS

1 2 3 Average

6/25/93 | 6/26/93 | 6/27/93 -

1225 1108 0718 -

1405 1213 0837 -

MKO MKO MKO -

0.010 0.004 0.009 -

0.004 0.009 0.006 -

uct Dimensions (ft) 85x57| 85x57| 8.5x57 -

itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 1.003 1.003 1.003 -

ozzle Diameter (inches) 0.3750 0.3750 0.3750 -
arometric Pressure ("Hg) 29.55 29.56 29.40 29.50
tatic Pressure ("H20) -5.8 -5.8 ~5.4 -5.7
eter Volume (acf) 64816 44.245 45.140 51.400
verage square root of delta p 0.3161 0.3201 0.2783 0.3048
verage delta H (" H20) 1.36 1.41 0.99 1.25
verage Stack Temperature (F) 2%0 282 310 294
verage DGM Temp (F) 85.0 88.0 76.0 83.0
est Duration {minutes) 100.0 65.0 82.0 823
% CO2 10.1 10.5 ii.8 10.8
% 02 99 £3 7.0 8.6
% N2 80.0 80.7 81.2 80.6
eter Volume {dscf) 62.414 42391 43,933 49.579
ue Gas Moisture (%) 8.2 9.9 10.1 94
Gas Molecular Weight (Wet) (g/g-mole) 29.03 2884 28.94 28.94
bsolute Stack Pressure (" Hyg) 29.12 29.13 29.00 29.09
bsolute Stack Temperature (R) 750 742 770 754
verage Gas Velocity (f/sec) 21.38 21.59 19.14 20.71

vg Flow Rate (acfm) 621,544 | 627,741 | 556,462 | 601,915
vg Flow Rate (dscfm) 390,837 | 392,000 | 332,388 | 371,741

i 100.50 105.11 101.84 102.62
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C-14

PLANT YATES
ESP INLET/AMMONIA-CYANIDE
0. i 3 3 4 Average
ate 6/25/93 | 6/26/93 | 6/26/93 | 06/27/93 -
ime Start 1450 0930 1420 0920 -
ime Finish 1650 1035 1520 1040 -
perator MKO MKO MKO MKO -
Initial Leak Rate 0.010 0.009 0.009 0.006 -
[[Final Leak Rate 0.009 0.0606 0.006 0.004 -
Duct Dimensions (ft) 85x57 85x57| 85x57| 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.003 1.003 1.003 1.003 -
ozzle Diameter (inches) 0.3750 0.3750 0.3750 0.3750 -
arometric Pressure ("Hg) 29.55 29.56 29.56 29.40 29.56
tatic Pressure ("H20) -5.8 -5.8 5.8 -5.9 -5.8
eter Volume (acf) 46,663 41.622 41.654 46.885 43.313
verage square root of delta p 0.3122 03122 0.3077 0.2871 0.3107
verage delta H (" H20) 1.33 131 1.34 1.09 1.33
verage Stack Temperature (F) 289 283 284 315 285
verage DGM Temp (F) 83.0 80.0 94.0 83.0 873
est Duration (minutes) 70.0 65.0 60.0 80.0 65.0
%e CO2 10.1 10.5 10.5 11.8 104
% 02 9.9 8.8 83 7.0 92
Ye N2 80.0 80.7 20,7 81.2 80.5
[Meter Volume (dscf) 44.684 40.459 39.470 45.054 41.538
[Flue Gas Moisture (%) 3.2 9.9 9.9 10.1 9.3
iGas Molecular Weight (Wet) (g/g-mole) 29.03 28.84 28.34 2894 28.90
iAbsolute Stack Pressure (" Hg) 29.12 29.13 29.13 28.97 29.13
fAbsolute Stack Temperature (R) 749 743 744 775 745
iAverage Gas Velocity (f/sec) 21.10 21.08 20.79 19.82 20.99
jIAvg Flow Rate (acfm) 613,466 | 612,867 | 604,440 | 576,283 | 610,258
jAvg Flow Rate (dscfm) 386,272 | 381,939 { 376,181 | 341,573 | 381,464
sokinetic Sampling Rate (%) 104.41 102.97 110.49 104.17 105.95
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PLANT YATES
ESP INLET/RADIONUCLIDES
r No. 1 2 3 Average
ate 6/25/93 6/26/93 | 6/27/93 -
ime Start 0745 1540 1120 -
ime Finish 0907 1700 1240 -
perator MKO MKO MKO -
ﬁnitial Leak Rate 0.009 0.010 0.007 .
inal Leak Rate 0.006 0.009 0.004 -
ct Dimensions (ft) BSx57] 85x57] 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.009 1.009 1.003 -
ozzle Diameter (inches) 0.3750 0.3750 0.3750 -
arometric Pressure ("Hg) 29.55 29.56 29.40 29.50
tatic Pressure ("H20) -5.8 -5.8 -5.9 -5.8
eter Volume (acf) 53.605 45.950 45096 48217
verage square root of delta p 0.3300 0.2905 0.27137 0.2981
verage delta H (" H20) 1.48 1.10 0.96 1.18
verage Stack Temperature (F) 301 317 316 311
verage DGM Temp (F} 82.0 970 93.0 90.7
est Duration (minutes) 820 80.0 80.0 80.7
% CO2 10.1 10.5 11.8 10.8
% 02 9.9 38 7.0 36
% N2 80.0 80.7 81.2 80.6
eter Volume (dscf) 52.231 43.540 42.537 46.103
ue Gas Moisture (%) 82 9.9 10.1 9.4
as Molecular Weight (Wet) (g/g-mole) 29.03 28.84 28.94 28.94
bsolute Stack Pressure (" Hg) 2%.12 29.13 28.97 29.07
bsolute Stack Temperature (R) 761 ™m 776 771
verage Gas Velocity (f/sec) 22.48 20.06 18.91 20.49
vg Flow Rate (acfm) 653,616 | 583,171 | 549,740 | 595,509
vg Flow Rate (dscfm) 405,064 | 347529 7 325421 | 359,338
kinetic Sampling Rate (%) 99.35 98.94] 103.23 100.51
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PLANT YATES
ESP INLET/S.F. PARTICULATE
No, 1 2 3 Average
ate 6/25/93 | 6/26/93 | 6/27/93 -
ime Start 0800 0915 0740 -
ime Finish 1020 1125 0955 -
perator MKO MKO RVW -
IEitial Leak Rate 0.009 0.017 0.014 -
inal Leak Rate NA NA NA -
uct Dimensions (ft) 8.5x57] B85x57f 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 084 -
ry Gas Meter Calibration (Yd) 0.988 1.009 1.009 -
ozzle Diameter (inches) 0.2750 0.2750 0.2750 -
arometric Pressure ("Hg) 29.55 29.56 29.40 29.50
tatic Pressure ("H20) -5.8 -5.8 -5.9 -5.8
eter Volume (acf) 41.161 43,983 42.677 42.607
lAverage square root of delta p 0.2826 0.3289 0.2871 0.2995
Average delta H (" H20) 0.31 0.41 0.32 0.35
Average Stack Temperature (F) 288 311 313 304
Average DGM Temp (F) 81.0 8318 82.0 32.3
Test Duration (minutes) 130.0 120.0 135.0 128.3
% CO2 10.1 10.5 11.8 10.8
% 02 99 8.8 7.0 8.6
% N2 80.0 80.7 81.2 80.6
Meter Volume (dscf) 39.229 42615 41.253 41.032
ue Gas Moisture (%) 8.2 9.9 10.1 94
as Molecular Weight (Wet) (g/g-mole) 29.03 28.84 28.94 2894
bsolute Stack Pressure (" Hg) 29.12 29.13 28.97 29.07
bsolute Stack Temperature (R) 748 7 773 764
verage Gas Velocity (f/sec) 19.09 22.62 19.30 20.50
vg Flow Rate (acfm) 554,932 | 657,618 | 575,539 | 596,030
vg Flow Rate (dscfm) 349,883 | 395,047 | 342,015 | 362,315
sokinetic Sampling Rate (%) 101.33 105.61 104.97 103.97
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PLANT YATES
ESP INLET/EXTRACTABLE METALS
o T 1 2 3 Average
6/25/93 | 6/26/93 { 6/27/93 -
ime Start 0945 1345 1360 -
ime Finish 1045 1505 1410 -
rator MKO RYW MKO -
tial Leak Rate 0.001 0.010 0.009 -
inai Leak Rate 0.004 0.007 0.006 -
uct Dimensions (ft) 85x57; 85x57| 85x57 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.009 1.009 1.003 .
ozzle Diameter (inches) 0.3750 0.3750 0.3750 -
arometric Pressure ("Hg) 29.55 29.56 29.40 29.50
tatic Pressure ("H20) -5.8 -5.8 -5.9 -5.8
[Meter Volume (acf) 43.420] 43.280 44.144] 43615
Average square root of delta p 0.3606 0.2676 0.3081 03121
Average delta H (" H20) 1.75 0.96 1.22 1.31
Average Stack Temperature (F) 296 323 316 312
IAverage DGM Temp (F) 85.0 2.9 94.0 %0.64
Test Duration (minutes) 60.0 80.0 70.0 70.0
% CO2 10.1 10.5 11.8 10.8
% 02 9.9 28 7.0 8.6
% N2 80.0 80.7 81.2 80.6
eter Volume (dscf) 421021 41.299( 41.591 41.664
e Gas Moisture (%) 8.2 9.9 10.1 94
Gas Molecular Weight (Wet) (g/g-mole) 29.03 28.84 28.94 28.94}
bsolute Stack Pressure (" Hg) 29.12 29.13 28.97 29.07
bsolute Stack Temperature (R) 756 783 776 172
verage Gas Velocity (f/sec) 24.49 18.55 21.29 21.4
vg Flow Rate (acfm) 711,874 { 539,201 ; 618,835 | 623,303
vg Flow Rate (dscfm) 444 085 | 318,945 | 366,321 | 376,451
99.83| 10226 102.48] 101.52]
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Appendix C: Sample Calculations

C-18

PLANT YATES
ESP OUTLET/MODIFIED METHOD 5

1 2 3 Average
6/21/93 6/22/93 6/23/93 -
1249 0753 0712 -
1812 1247 1129 -
TIB TIB TIB -
0.005 0.003 0.002 -
0.005 0.005 0.005 -
uct Dimensions (ft) 113x113111.3x11.3111.3x11.3 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.997 0.997 0.997 -
ozzle Diameter (inches) 0.1970 0.1970 0.1970 -
arometric Pressure ("Hg) 29.51 2940 2936 29.42
tatic Pressure ("H20) -11 -11 -11 -11
eter Volume (acf) 126.423 127.680 118.467| 124.19¢
verage square root of delta p 0.9096 0.9306 0.8958] 09120
verage delta H (" H20) 0.93 0.94 082 0.90 ‘
verage Stack Temperature (F) 280 280 275 278
verage DGM Temp (F) 86.5 84.6 83.5 849
est Duration (minutes) 2400 240.0 240.0 240.0
ondensed Water (g) 207.6 2124 211.2 2104
% CO2 11.1 11.2 10.6 11.0
% 02 20 7.9 8.5 8.1
Yo N2 30.9 80.9 80.9 80.9
eter Volume (dsci) 120.387 121.556 112.827| 118.256
ue Gas Moisture (%) 7.5 7.6 8.1 78
as Molecular Weight (Wet) (g/g-mole) 29.19 29.19 2%.06 29.14
bsolute Stack Pressure (" Hg) 28.70 28.59 28.55 28.61
bsolute Stack Temperature (R) 740 740 735 738
verage Gas Velocity (f/sec) 61.39 62.93 60.55 61.62
vg Flow Rate (acfm) 470,365 482,150 463,880 | 472,132
vg Flow Rate (dscfm) 297590 | 303,573 292,059 | 297741
kinetic Sampling Rate (%) 101.70 100.67 97.12 99.83




Appendix C: Sample Calculations

PLANT YATES
ESP OUTLET/ALDEHYDES
No. i 2 3 Average
ate 6/21/93 6/22/93 6/23/93 -
ime Start 1232 0719 0655 -
ime Finish 1447 0928 0909 -
perator APE APE APE -
ﬁnitial Leak Rate 0.010 0.002 0.007 .
inal Leak Rate 0.005 0.002 0.005 -
uct Dimensions (I¢) 113x11.3]111.3x11.3]11.3x 113 -
itot Tube Correction Factor (Cp) 0.84 0.34 0.84 -
ry Gas Meter Calibration (Yd) 0.992 0.992 0.992 -
ozzle Diameter (inches) 0.1900 0.1910 0.1910 -
arometric Pressure ("Hg) 29.51 29.40 29.36 29.42
tatic Pressure ("H20) -11 -11 -11 -11
eter Volume (acl) 66.723 66.100 67.250 66.691
Average square root of delta p 0.8750 0.9583 0.9487 0.9273
Average deita H (" H20) 0.78 0.89 0.81 0.82
Average Stack Temperature (F) 280 275 270 275
Average DGM Temp (F) 82.0 87.8 87.9 85.9
Test Duration (minutes) 135.0 129.0 135.0 133.0
% CO2 111 11.2 10.6 11.0
% 02 8.0 1.9 8.5 8.1
% N2 80.9 80.9 80.9 80.9
eter Volume (dscf) 63.719 62.240 63.213 63.057
‘Eue Gas Moisture (%) 7.5 7.6 8.1 17
28 Molecular Weight (Wet) (g/g-mole)| 29.19 2%9.19 29.06 29.15
Absolute Stack Pressure (" Hg) 28.70 28.59 28.55 2861
Absolute Stack Temperature (R) 740 735 730 735
Average Gas Velocity (f/sec) 59.06 64.58 63.90 62.51
Avg Flow Rate {(acfm) 452,448 494,802 489,582 | 478,944
Avg Flow Rate (dscfm) 286,337 313,723 310,413 | 303,491
Mkinetic Samgling Rate (%) 106.92 98.71 96.82 100.82

C-19



Appendix C: Sample Calculations
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Appendix C: Sample Calculations

PLANT YATES
ESP OUTLET/PSD
No. 1} 2 3 Average
ate . 6/21/93 6/22/93 6/23/93 -
ime Start 1436 1003 0907 -
ime Finish 2236 1550 1407 -
perator TJB DD DD -
itial Leak Rate 0.01 0.009 0.010 -
inal Leak Rate NA NA NA -
uct Dimensions (ft) 11.3x11.3]11.3x11.3)11.3x11.3 -
itot Tube Correciion Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.007 1.007 1.007 -
ozzle Diameter (inches) 0.1910 0.1910 0.1910 -
arometric Pressure ("Hg) 29.51 2940 29.36 29.42
tatic Pressure ("H20) -11 -11 -1 =11
eter Volume (acf) 254.680 180.019 154.960| 196.553
verage square root of delta p 0.9920 0.9460 0.9550 0.9643
verage delta H (" H20) 0.95 0.90 0.86 0.90
verage Stack Temperature (F) 280 285 282 282
verage DGM Temp (F) 84.4 38.4 93.9 88.9
est Duration (minutes) 480.0 350.0 300.0 376.7
% CO2 111 11.2 10.6 11.0
% 02 8.0 7.9 85 8.1
% N2 80.9 80.9 80.9 80.9
eter Volume (dscf) 245909 171.888 146.280; 183.026
ue Gas Moisture (%) 1.5 76 8.1 73
as Molecular Weight (Wet) {g/g-mole) 29.19 29.19 29.06 29.15
bsolute Stack Pressure (" Hg) 28.70 28.59 28.55 2861
bsolute Stack Temperature (R) 740 745 742 742
verage Gas Velocity (f/sec) 66.95 64.17 64.85 65.32
vg Flow Rate (acfm) 512,947 | 491,597 496,867 | 500,470
vg Flow Rate {(dscfm) 324,624 | 307,714 | 309,938 | 314,092
kinetic Sampling Rate (%) . 101.30 102.44 100.98 101.57
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Appendix C: Sample Calculations

C-22

PLANT YATES
ESP OUTLET/MULTI-METALS - PARTICULATE

1 2 3 Average

6/25193 6/26/93 6/27/93 -

0758 0925 0746 -

1316 1410 1210 -

TIB TIB TIB -

tial Leak Rate 0.010 0.005 0.008 -

inal Leak Rate 0.015 0.007 0.007 -

uct Dimensions (ft) 113x113)313x1137 113 x113 -

jtot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 0.997 0.997 0.997 -

ozzle Diameter (inches) 0.1970 0.1970 0.1970 -
arometric Pressure ("Hg) 2955 29.42 29.30 29.42
tatic Pressure ("H20) -11.0 -11.0 -11.0 -11.0
r Volume (acf) 118.957 121.053 125.5341 121348
verage square root of delta p 0.8758 0.9165 0.9210 0.9044
verage delta H (" H20) 0.79 0.86 090 0.85
verage Stack Temperature (F) 279 281 281 281
verage DGM Temp (F) 85.8 835 89.8 38.0
‘est Duration (minutes) 241.0 240.0 240.0 240.3
ondensed Water (g) 243.4 258.9 277.2 2598
ilter Weight Gain (g) 0.3241 0.2829 0.3586 0.3219
NR Weight Gain (g) 0.1157 0.0801 0.1338 0.1099
% CO2 11.2 11.1 114 112
76 75 7.6 7.6
81.2 81.4 810 81.2
eter Volume (dscf) 113.537 114.483 117.971] 115.330
ue Gas Moisture (%) 9.2 9.6 10.0 9.6
23 Molecular Weight (Wet) (g/g-mole) 2898 28.91 28.92 28 .94
bsolute Stack Pressure (" Hg) 28.74 2861 28.49 28.61
bsolute Stack Temperature (R) 739 741 741 741
verage Gas Velocity (f/sec) 59.25 62.30 62.74 61.43

vg Flow Rate (acfm) 456,368 | 479,816 483,235 | 473,140
vg Flow Rate (dscfm) 284,170 | 295,247 294,374 | 291,430

sokinetic Sampling Rate (%) 100.56 98.00 101.11 99.89
articulate Concentration (gr/dscf) 5.98E-02]| 4.89E-02 6.44E-02| 5.77E-02
articulate Concentration (Ibs/dscf) 8.54E-06| 6.99E-06 9.20E-06| 8.25E-06
articulate Emission (grams/sec) 18.35 15.61 20.52 18.16
articulate Emission (Ibs/hour) 145.63 123.85 162.83 144.11




Appendix C.: Sample Calculations

PLANT YATES
ESP OUTLET/ANIONS

1 2 3 Average

6/25/93 6/26/93 6/27/93 -

1015 1113 0915 -

1152 1243 1038 -

APE APE TIB -

tial Leak Rate <0.001 0.005 0.010 -

Final Leak Rate 0.007 0.003 0.004 -

Duct Dimensions (It) I1.3x11.3111.3x11.3}1L3x113 -

Pitot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

IDry Gas Meter Calibration (Yd) 4.992 0.992 1.992 -

ozzle Diameter (inches) 0.2230 0.2230 0229 -
IBarometric Pressure ("Hg) 29.55 29.42 29.30 29.42
IStatic Pressure ("H20) ~11.0 -11.0 -11.0 -11.0
: eter Volume (acf) 65.200 62.150 60.611 62.654
verage square root of delta p 0.9574 0.9558 0.9327 0.9486
verage delta B (" H20) 1.50 1.53 1.60 1.54
Average Stack Temperature (F) 282 283 280 282
verage DGM Temp (F) 96.3 96.5 99.7 91.5
|Test Duration (minutes) 97.0 90.0 83.0 90.0
% CO2 11.2 11.1 11.4 112
% 02 7.6 7.5 7.6 76
% N2 81.2 814 81.0 81.2
eter Volume (dscf) 60.855 57.738 55.768 58.121
ue Gas Moisture (%) 9.2 9.6 10.0 9.6
as Molecular Weight (Wet) (g/g-mole) 2898 28.92 28.92 28.94
bsolute Stack Pressure ("' Hg) 28.74 28.61 28.49 28.61
solute Stack Temperature (R) 742 743 740 742
verage Gas Velocity ({/sec) 64.89 65.04 63.48 64 47

vg Flow Rate (acfm) 499,777 | 500,985 | 488,928 | 496,563
vg Flow Rate (dscfm) 310,071 307.637 298,858 | 305522

sokinetic Sampling Rate (%) 95.78 98.7___2 100.92 98.47
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Appendix C: Sample Calculations

C-24

PLANT YATES
ESP OUTLET/AMMONIA-CYANIDE

No. 1 2 3 Average

: 6/25/93 6/26/93 6/27/93 -

ime Start 0741 0930 0725 -

ime Finish 0930 1104 0856 -

rator TIB APE TIB -

tial Leak Rate 0.010 0.007 0.010 -

inal Leak Rate 0.015 0.006 0.007 -

uct Dimensions (ft) 113x11.3) 11.3x11.3] 1L3x113 -

itoi Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 0.992 0.992 0.992 -

ozzle Diameter (inches) 0.2230 0.2230 0.2290 -
arometric Pressure ("Hg) 29.55 29.42 29.30 29.42
tatic Pressure ("H20) -11.0 -11.0 -11.0 -11.0
eter Volume (acf) 73.525 64.150 63.443 67.039
Average square root of delta p 0.9680 0.9589 0.9434 0.9568
Average delta H (" H20) 1.55 1.52 1.60 1.56
Average Stack Temperature (F) 280 279 279 280
Average DGM Temp (F) 87.3 £8.2 915 89.0
Test Duration (minutes) 109.0 95.0 21.0 98.3
% CO2 11.2 111 114 11.2
% 02 7.6 75 7.6 76
% N2 81.2 814 81.0 81.2
[Meter Volume (dscf) 69.762 60.496 59.242 63.167
Flue Gas Moisture (%) 9.2 96 10,0 96
as Molecular Weight (Wet) (2/g-mole) 28.98 28.92 2892|  28.94
bsolute Stack Pressure (" Hg) 28.74 28.61 28.49 28.61
bsolute Stack Temperature (R) 740 739 739 740
verage Gas Velocity (f/sec) 65.52 65.10 64.18 64.93

vg Flow Rate (acfm) 504,628 501,391 494 303 | 500,108
313,927 309,385 302,430 | 308,581

96.51 97.43 96.63 96.86




Appendix C: Sample Calculations

PLANT YATES
ESP OUTLET/ §.F. PARTICULATE

1 2 3 Average

6/24-6/25/93 { 6/25-6/26/93 | 6/26-6/27/93 -

0740 1130 1218 -

0700 0636 0627 -

DHD DHD DHD -

0.012 0.005 0.005 -

NA NA NA .

uct Dimensions (ft) I3x113] 113x11.3] 11.3x113 -

itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 1.007 1.007 1.007 -

ozzle Diameter (inches) 0.2110 0.2110 0.2110 -
arometric Pressure ("Hg) 29.53 29.55 29.42 29.5
tatic Pressure ("H20) -11.0 -11.0 -11.0 -11.0
{(Meter Volume (acf) 852.132 687.620 71L.797| 750.516
Average square root of delta p 0.958] 0.9954 1.0651 1.0062
Average delta H (" H20) 1.35 142 1.54 1.43
JAverage Stack Temperature (F) 281 279 281 280
Average DGM Temp (F) 89.8 91.3 92.9 91.3
Test Duration (minutes) 13758 1108.7 1055.5 1180.0
% CO2 1.2 111 11.4 11.2
% 02 7.6 7.5 7.6 7.6
% N2 81.2 81.4 81.0 81.2
eter Volume (dscf) 816.056 657.274 675.646] 716.325
ue Gas Moisture (%) 9.2 96 10.0 9.6
a3 Molecular Weight (Wet) (g/g-mole] 28.98 28.92 28.92 28.94
solute Stack Pressure (" Hp) 28.72 28.74 28.61 28.69
bsolute Stack Temperature {R) 741 739 741 740
verage Gas Velocity (f/sec) 64.92 67.39 72.36 68.22

vg Flow Rate (acfm) 500,013 519,062 557,350 | 525,475
vg Flow Rate (dscfm) 310,378 322,050 341,884 | 324,771

sokinetic Sampling Rate (%) 101.05 97.33 99.00 99.13
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Appendix C: Sample Calculations

C-26

PLANT YATES
ESP OUTLET/RADIONUCLIDES

- 1 2 =3 Average

6/24-6/25/93 | 6/25-6/26/93 | 6/26-6/27/93 -

1040 1050 1055 -

0700 0640 0619 -

APE TIB DHD -

<0.001 0.005 0.005 -

0.007 0.003 0.005 -

uct Dimensions (ft) 113x 113 113x11.3| 11.3x11.3 -

itot Tube Correction Factor {(Cp) 0.34 0.84 0.84 -

ry Gas Meter Calibration (Yd) 1.005 1.005 1.005 -

ozzle Diameter (inches) 0.1970 0.1970 0.1970 -
arometric Pressure ("Hg) 29.53 29.55 2942 29.50
tatic Pressure ("H20) -11.0 -11.0 -11.0 -11.0
eter Volume (acf) 718.510 658.079 667.090] 681.226
verage square root of delta p 1.1124 1.0092 1.0217 1.0478
verage delta H (" H20) 1.27 1.10 1.20 1.19
verage Stack Temperature (F) 283 283 282 283
verage DGM Temp (F) 94.7 93.9 96.9 05.2
est Duration (minutes) 1166.7 11824 11377 1162.3
112 1.1 11.4 11.2
7.6 75 1.6 7.6
81.2 81.4 81.0 81.2
[Meter Volume (dscf) 680.531 624,352 626.886| 643.923
Flue Gas Moisture (%) 9.2 9.6 10.0 2.6
1Gas Molecular Weight (Wet) (glg-ole)J 28.98 28.92 28.92 28.94
bsolute Stack Pressure (" Hg) 28,72 28.74 28.61 28.69
Absolute Stack Temperature (R) 743 743 742 743
IAverage Gas Velocity (f/sec) 75.46 68.51 69.48 71.15
vg Flow Rate (acfm) 581,204 527,706 535,180 | 548,030
vg Flow Rate (dscfm) 359,951 325,606 327,622 | 337,726
[Isokinetic Sampling Rate (%) 98.29 98.37 102.02|  99.56




Appendix C: Sample Calculations

PLANT YATES
ESP OUTLET/EXTRACTABLE METALS

- 1 2 3 Average

6/24-6/25/93 | 6/25-6/26/93 | 6/26-6/27/93 N

1300 1040 1137 -

0700 0636 0621 -

TIB TIB TIB -

Initia) Leak Rate 0.015 0.009 0.010 -

0.014 0.006 0.010 -

Duct Dimensions (t) 113x 113§ 113x11.3] 11.3x1L.3 -

Pitot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

Dry Gas Meter Calibration (Yd) 0.998 0.998 0.998 -

INozzle Diameter (inches) 0.2300 0.2290 0.2250 -
(Barometric Pressure ("Hg) 29.53 29.55 29.42 29.50
Static Pressure ("H20) -11.0 -11.0 -11.0 -11.0
IMeter Volume (acf) 906.500 948.750 812.605] 889.285
verage square root of delta p 1.1008 1.0954 0.9840 1.0601
verage delta H (" H20) 2.49 2.30 1.90 223
lAverage Stack Temperature (F) 282 283 285 283
jAverage DGM Temp (F) 90.9 92.6 94.5 92.7
'Test Duration (minutes) 1101.0 1103.1 1125.0 1109.7
% CO2 11.2 11.1 114 112
% 02 7.6 75 7.6 76
Ye N2 81.2 81.4 81.0 Ri.2
(Meter Volume (dscf) 861.084 898.627 762.923| 840.878
[Flue Gas Moisture (%) 92 9.6 10.0 9.6
iGas Molecular Weight (Wet) (g/g-mole) 28.98 28.92 28.92 28.94
lAbsolute Stack Pressure (" Hp) 8.2 2874 2861 28.69
jAbsolute Stack Temperature (R) 742 743 745 743
verage Gas Velocity (f/sec) 74.63 74.35 67.06 72.01

vg Flow Rate (acfm) 574,833 572,664 516,473 | 554,657
vg Flow Rate (dscfm) 356,389 353,488 314,897 | 341,592

ling Rate (%) 97.65 103.45 96.67]  99.26
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Appendix C: Sample Calculations

C-28

PLANT YATES
STACK/MODIFIED METHOD S

No. 1 2 3 Average

6/21793 | 6/22/93 | 6/23/93 -

ime Start 1240 0655 0645 -

ime Fio'sh 1755 1115 1118 -

rator EZ EZ EZ -

tial Leak Rate <0.0011] <0.001 0.002 -

inal Leak Rate <0.001] <0.001] <0.001 -

tack Diameter (ft) 13.00 13.0 13.0 -

itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 0.994 0.994 0.994 -

ozzle Diameter (inches) 0.1960 0.1960 0.1950 -
arometric Pressure ("Hg) 29.31 29.34 29.19 2628
tatic Pressure ("H20) 0.5 0.5 0.5 0.5
eter Volume (acl) 121.788| 127.049| 125.624]| 124.820
verage square root of delta p 0.8230 0.8251 0.7944 0.8142
verage delta H (" H20) 0.85 0.85 0.77 0.82
verage Stack Temperature (F) 127 128 128 128
verage DGM Temp (F) 89.6 94.7 94.5 92.9]
‘est Duration (minutes) 240.0 240.0 240.0 240.0
ondensed Water (g) 3%0.2 4094 398.0 399.2
Y CO2 10.2 10.8 10.2 104
% 02 88 8.6 85 8.6
% N2 81.0 80.6 813 810
eter Volume (dscf) 114.171] 118.129| 116.237| 116.179
Flue Gas Moisture (%) 13.9 14.1 13.9 14.0
iGas Molecular Weight (Wet) (g/g-mole; 28.32 28.37 28.31 2813
bsolute Stack Pressure (" Hg) 29.27 29.30 29.15 29.24
bsolute Stack Temperature (R) 587 588 588 588
verage Gas Velocity (f/sec) 49.73 49.83 48.15 49.24

vg Flow Rate (acfm) 396,063 | 396,819 | 383,500 | 392,127
vg Flow Rate (dscfm) 300,017 | 299,801 | 288,743 | 296,187

sokinetic Sampling Rate (%) 100.47 104.02 107.37 103.95




Appendix C: Sample Calculations

PLANT YATES
STACK/METHOD 23

1 2 3 Average

6/21/93 | 6/22/93 | 6/23/93 -

1400 0812 0810 -

1933 1236 1249 -

DIV DIV DIV -

0.008 0.001 0.002 -

0001] <0.001] <0.001 -

Stack Diameter (ft) 13.0 13.0 13.0 -

Pitot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

Dry Gas Meter Calibration (Yd) 1.029 1.029 1.029 -

[Nozzle Diameter (inches) 0.1950 0.1950 0.1950 -
[Barometric Pressure ("Hg) 29.31 29.34 29.19 29.28
Static Pressure ("H20) 0.5 0.5 0.5 0.5
Meter Volume (acf) 114.442| 118.294| 115.263| 116.000
verage square root of delta p 0.7956 0.3141 0.7932 0.8010
verage delta H (" H20) 0.79 0.82 0.78 0.80
verage Stack Temperature (F) 123 128 129 127
ge DGM Temp (F) 80.6 86.9 87.3 84.9
Duration (minutes) 2400 240.0 240.0 240.0
ondensed Water (g) 3920 390.6 387.5 3%0.0
16.2 10.8 10.2 10.4
88 86 85 86
81.0 80.6 81.3 81.0
eter Volume (dscf) 112.896] 115477| 111.851| 113.408
ue Gas Moisture (%) 141 13.8 14.1 14.0
Gas Molecular Weight (Wet) (g/g-mole 28.30 2841 28.29 28.33
bsolute Stack Pressure (" Hg) 29.27 29.30 29.15 29.24
bsolute Stack Temperature (R) 583 588 589 587
verage Gas Velocity (f/sec) 47.93 49.13 48.14 48.40

381,724 | 391,287 | 383,360 | 385457
290,495 | 296,622 | 287,675 | 291,598
ling Rate (%) 103.65 103.83 103.7¢ 103'73;

C-29



Appendix C: Sample Calculations
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Appendix C: Sample Calculations

PLANT YATES
STACK/ALDEHYDES

- 1 2 ~ 3 Average

6/21/93 | 6/22/93 | 6/23/93 -

1340 0715 0700 -

1408 0745 0730 -

DIV Djv DIV -

0.001} <0.0601 0.0067 -

0.001 0.001 0.002 -

tack Diameter (ft) 13.0 13.0 13.0 -

itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

[Dry Gas Meter Calibration (Yd) 1.006 1.006 1.006 -

INozzle Diameter (inches) 0.1747 0.1747 0.1747 -
[Barometric Pressure ("Hg) 29.31 2934 29.19 29.28
Static Pressure ("H20) 0.5 0.5 0.5 -0.5
Meter Volume (acf) 10.707 11.086 10.929 10.907
Average square root of deita p 0.7680 0.7681 0.7461 0.7607
Average delta H (" H20) 0.46 0.45 043 0.45
Average Stack Temperature (F) 127 133 131 130
Average DGM Temp (F) 81.0 81.5 79.6 §0.7
Test Duration (minutes) 28.0 30.0 30.0 29.3
% CO2 10.2 10.8 10.2 10.4
% 02 88 8.6 8.5 86
% N2 81.0 80.6 813 81.0
(Meter Volume (dscf) 10.310 10.676 10.507 10.498
ue Gas Moisture (%) 13.9 14.1 13.9 14.0
as Molecular Weight (Wet) (g/g-mole] 28.32 28.37 2831 28.33
Absolute Stack Pressure (" Hg) 29.27 29.30 29.15 29.24
Absolute Stack Temperature (R) 587 593 591 590
jAverage Gas Velocity (f/sec) 46.41 46.57 4532 46.10

JAvg Flow Rate (acfm) 369,602 | 370,850 | 360,938 | 367,130
Avg Flow Rate (dscfm) 279,942 | 277918 | 270,646 | 276,169

Psokinetic Sampling Rate (%) 104.90 102,12 103.21 103.41
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Appendix C: Sample Calculations

C-32

PLANT YATES
STACK/PSD
Ne. i 2 3 Average
6/21-6/22/93 | 6/22-6/23/93 | 6/23-6/24/93 -
ime Start 1330 1500 1553 -
ime Finish 0945 0953 1000 -
Operator DIV DIV DIV -
itial Leak Rate 0.008 0.002 0.004 -
inal Leak Rate NA NA NA -
tack Diameter (ft) 13.00 13.0 13.0 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.994 0.994 0.994 -
ozzle Diameter (inches) 0.1960 0.1960 0.1960 -
arometric Pressure ("Hg) 29.31 29.34 29.19 29.28
Static Pressure ("H20) 0.5 4.5 0.3 .5
Meter Volume (acf) 519.949 609.370 557.0931 562.137
Average square root of delta p 0.8000 0.8367 0.3367 0.8245
verage delta H (" H2Q) 0.80 0.87 087 085
verage Stack Temperature (F) 125 128 128 127
Average DGM Temp (F) 96.0 95.7 94.9 95.5
Test Duration (minutes) 987.0 1133.0 1080.0 1066.7
% CO2 102 10.8 10.2 10.4
% 02 838 8.6 8.5 86
% N2 81.0 80.6 81.3 81.0
eter Volume (dscf) 481.761 565.595 515.177| 520.344
ue Gas Moisture (%) 13.9 14.1 13.9 14.0
as Molecular Weight (Wet) (g/g-mole) 28.32 28.37 28.3%1 28.33
bsolute Stack Pressure (" Hg) 29.27 29.30 29.15 29.24
bsolute Stack Temperature (R) 585 588 588 587
verage Gas Velocity (f/sec) 48.26 50.53 50.72 49.84
vg Flow Rate (acfm) 384,346 402,434 403,909 | 396,896
vg Flow Rate (dscfm) 292,105 303,896 304,155 | 300,052
i 105.88 104.08 99371 103.11




Appendix C: Sample Calculations

PLANT YATES
STACK/MULTI-METALS - PARTICULATE
[N 1 2 3 Average
ate 6/25/93 | 6/26/93 | 6/27/93 -
ime Start 0641 0921 0653 -
ime Finish 1152 1356 1106 -
perator DIV DIV DIV -
E;.Jtial Leak Rate 0.002 0.001 0.001 -
inal Leak Rate 0.001 0.002 0.001 -
tack Diameter (ft) 13.0 13.0 13.0 -
itot Tube Correction Factor (Cp) 0.84 0.84 C0.84 -
ry Gas Meter Calibration (Yd) 1.029 1.029 1.029 -
ozzle Diameter (inches) 0.1950 0.1950 0.1950 -
arometric Pressure ("Hg) 29.33 29.36 29.21 29.30
tatic Pressure ("H20) 0.5 0.5 0.5 0.5
eter Volume (acf) 114.190] 1i3.406| 115.002] 114.199
verage square root of delta p 0.8017 0.7958| 0.7974 0.7983
verage delta H (" H20) 0.77 0.75 0.76 0.76
verage Stack Temperature (F) 128 130 130 130
verage DGM Temp (F) 75.1 83.0 90.4 82.8
est Duration (minutes) 2400 24001 240.0 240.0
ondensed Water (g) 403.5 399.5 416.7 406.6
ilter Weight Gain (g) 0.0461] 00326] 0.03:2| 0.0380
NR Weight Gain (g) 0.0117 0.0023 0.0016 0.0052
% CO2 10.9 11.4 il.é 113
% 02 7.8 14 T4 75
% N2 81.3 81.2 1.0 31.2
eter Volume (dscf) 113.874] 111.558] 111.039} 112.157
ue Gas Moisture (%) 14.3 14.5 150 14.6
as Molecular Weight (Wet) (g/g-mole] 2833 28.37 28.32 28.34
bsolute Stack Pressure (" Hg) 29.29 29.32 29.17 29.26
bsolute Stack Temperature (R) 588 590 590 590
verage Gas Velocity (f/sec) 48 47 48.13 48.40 48.33
vg Flow Rate (acfm) 386,045 | 383,297 | 385419 | 334,920
vg Flow Rate (dscfm) 290,497 | 287454 | 285491 1 237814
kinetic Sampling Rate (%) 104.55 103.51 103.74 103.93
articulate Concentration (gr/dscf) 7.83E-03| 4.83E-03} 5.12E-03] 5.93E-03
articulate Concentration (bs/dscf) 1.12E-06| 6.90E-07] 7.31E-07| 8.47E-07
articulate Emission (grams/sec) 2.46 1.50 1.58 1.84
articulate Emission (Ihv/hour) 19.51 11.90 12.52 14.64
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Appendix C: Sample Calculations

PLANT YATES
STACK/ANIONS
No. 1 2 3 Average
6/25/93 | 6/26/93 | 6/27/93 -
ime Start 0940 1325 0845 -
ime Finish 1155 1536 1055 -
rator EBZ EBZ EBZ -
itial Leak Rate <0.001] <0.001] <0.001 -
inal Leak Rate <0.001] <0.001] <0.00] -
tack Diameter (ft) 13.0 13.0 13.0 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 1.006 1.006 1.006 -
ozzle Diameter (inches) 0.1950 0.1950 0.1950 -
arometric Pressure ("Hg) 29.33 29.36 29.21 29.30
tatic Pressure ("H20) 0.5 0.5 0.5 0.5
Volume (acf) 62.495 60.363 61.975 61.611
verage square root of delta p 0.7874 0.7681 0.8183 0.7913
verage delta H (" H20) 0.72 0.67 0.74 0.71
verage Stack Temperature (F) 132 133 133 133
verage DGM Temp (F) 91.1 104.5 100.3 98.6
'est Duration (minutes) 134.0 1310 130.0 131.7
10.9 11.4 11.6 11.3
78 74 74 1.5
81.3 81.2 81.0 8i.2
59.157 55.834 57.465 57.486
ue Gas Moisture (%) 143 14.5 150 14.6
as Molecular Weight (Wet) (g/g-mol 28.33 28.36 8.1 28.34
bsolute Stack Pressure (" Hg) 2929 29.32 29.17 29.26
bsolute Stack Temperature (R) 592 593 593 593
verage Gas Velocity (f/sec) 47.76 46.57 49.78 48.04
vg Flow Rate (acfm) 380,391 | 370,917 | 396,432 | 382,580
vg Flow Rate (dscfm) 284,451 | 276,630 | 292,426 | 284,503
kinetic Sampling Rate (%) 99.35 98.63 96.76 98.25
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PLANT YATES

Appendix C: Sample Calculations

STACK/AMMONIA-CYANIDE

1 2 3 Average

6/25/93 | 6/26/93 | 6/27/93 -

0647 1145 ‘0639 -

0904 1315 0809 -

EBZ | EBZ | EBZ | -

<0.001 <0.001 <0.001 -

inal Leak Rate <0.001 0001| <0.001 -

tack Diameter (ft) 13.0 13.0 13.0 -

itot Tube Correction Facior (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 1.006 1.006 1.006 -

ozzle Diameter (inches) 0.1950 0.1950 0.1950 -
arometric Pressure ("Hg) 29.33 29.36 29.21 29.30
.5 £.5 0.5 0.5
eter Volume (acf) 61.781 41312 43.505 48 866
Average square root of delta p 0.7550| 0.7681 0.7874] 0.7702
Average delta H (" H20) 0.68 0.69 0.72 0.70
verage Stack Temperature (F) 132 133 135 133
verage DGM Temp (F) 86.3 97.4 85.4 89.7
Test Duration {minutes) 137.0 90.0 94.0 107.0
% CO2 10.9 11.4 11.6 113
% 02 78 74 7.4 7.5
e N2 81.3 81.2 81.0 81.&{
eter Volume (dscf) 58.984 38.698 41.440 46374
ue Gas Moisture (%) 14.3 14.5 15.0 14.6
as Molecular Weight (Wet) (g/g-mole} 28.33 2836 28.33 28.34
bsolute Stack Pressure (" Hg) 29.29 29.32 29.17 29.26
bsolute Stack Temperature (R) 592 593 595 593
verage Gas Velocity (f/sec) 4578 46.59 47.98 46.78

vg Flow Rate (acfm) 364,612 | 371,043 | 382,091 | 372,582
vg Flow Rate (dscfm) 272,827 | 276,537 | 280,900 | 276,755

kinetic Sampling Rate (%) 101.02 99 53 100.46 100.34
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Appendix C: Sample Calculations

C-36

PLANT YATES
STACK/RADIONUCLIDES

1 2 3 Average

6/24-6{25/93 | 6/25-6/26/93 | 6/26-6/27/93 -

1223 0840 1357 -

0153 0331 0614 -

JEH _JEH JEH -

tial Leak Rate <0.001 0.010 <0.001 -

inal Leak Rate < 0.001 0.009 < 0.001 -

tack Diameter (ft) 13.0 13.0 13.0 -

Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 0.994 0.988 - 0.988 -

ozzle Diameter (inches) 0.2400 0.2400 0.2400 -
arometric Pressure ("Hg) 29.33 29.33 29.36 29.34
tatic Pressure ("H20) 0.5 0.5 0.5 0.5
eter Volume {acf) 599.556 654.007 696.609| 650.057
\verage square root of delta p 0.8459 0.8370 0.8524 0.8451
verage delta H (" H20) 1.94 1.87 1.96 1.92
verage Stack Temperature (F) 130 129 131 130
verage DGM Temp (F) 97.3 93.0 97.7 96.0
'est Duration (minutes) 816.0 893.0 908.0 872.3
169 11.4 11.6 113
7.8 7.4 74 15
813 81.2 21.0 812
eter Volume (dscf) 556.184 607.560 642.4931 602.079
ue Gas Moisture (%) 14.3 14.5 150 146
as Molecular Weight (Wet) (g/g-mole) 28.33 28.36 28.33 28.34
lute Stack Pressure (" Hg) 29.29 29.29 29.32 29.30
baolute Stack Temperature (R) 590 589 591 590
verage Gas Velocity (f/sec) 51.21 50.61 51.63 51.15

407,813 403,033 411,204 } 407,350
306,199 302,339 305,914 | 304,817

kinetic Sampling Rate (%) 94.07 95.09 97.74 95.63




Appendix C: Sample Calculations

PLANT YATES
STACK/EXTRACTABLE METALS

. 1 2 3 Average

6/24-6/25/93 | 6/25-6/26/93 | 6/26-6/27/93 -

1150 1246 1442 -

0725 0331 0616 -

EBZ EBZ EBZ -

<0.001 <0,001 <0.001 -

< 0.001 0.001 <0.00]1 -

13.0 13.0 13.0 -

tot Tube Correction Factor (Cp) 0.84 0.84 0.84 -

ry Gas Meter Calibration (Yd) 0.994 1.029 1.029 -

ozzle Diameter (inches) 0.2400 0.2400 0.2400 -
arometric Pressure ("Hg) 29.33 29.33 29.36 29.34
tatic Pressure ("H20) .5 .5 0.5 0.5
eter Volume (acf) 818.991 600.910 618.386] 679.429
verage square root of delta p 0.7874 0.8000 0.7616 0.7830
verage delta H (" H20) 1.78 1.75 1.58 1.70
verage Stack Temperature (F) 129 125 126 127
verage DGM Temp (F) 97.6 89.1 90.6 92.4
est Duration (minutes) 1112.0 857.0 B80.0 949.7
02 % 10.9 11.4 11.6 113
2% 7.8 74 74 7.5
N2 81.3 81.2 81.0 81.2
eter Volume (dscf) 759.081 585.462 601.172| 648,572
ue Gas Moisture (%) 14.3 14.5 15.0 146
as Molecular Weight (Wet) (g/g-mole)|l 28,33 28.36 2833 28.34
bsolute Stack Pressure (" Hg) 29.29 29.29 29.32 29.30
bsolute Stack Temperature {R) 589 585 586 587
verage Gas Velocity (f/sec) 4763 48.22 45.93 47.26

vg Flow Rate (acfm) 379,362 384,045 365,815 | 376,407
vg Flow Rate (dscfm) 285,223 289,842 274,469 | 283,178

kinetic Sampling Rate (%) 101.14 99.60 105.18 101,97
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Appendix C: Sample Calculations

C-38

PLANT YATES
STACK/CHROME V1
— 1 b 3 Average
6125193 | 6/26/93 ) 6/27/93 -
ime Start 1147 1041 0800 -
ime Finish 1434 1445 1150 -
rator JEH JEH JEH -
al Leak Rate <0.001| <0.001 0.007 -
inal Leak Rate < 0.001 0.002 0.008 -
tack Diameter (ft) 1390 130 13.0 -
itot Tube Correction Factor (Cp) 0.84 0.84 0.84 -
ry Gas Meter Calibration (Yd) 0.994 0.994 0.994 -
ozzle Diameter (inches) 0.1950 0.1950 0.1950 -
arometric Pressure ("Hg) 29.33 29.36 29.21 29.30
tatic Pressure ("H20) 0.5 4.5 0.5 0.5
Meter Volume (acf) 68.563 66.971 69.589 68.374
Average square root of delta p 0.7658 0.7689 0.7868 0.7738
Average deita H (" H20) 0.69 0.69 0.71 0.70
Average Stack Temperature (F) 127 130 130 129
Average DGM Temp (F) 90.5 90.7 87.5 89.6
Test Duration (minutes) 1440 144.0 146.0 1447
CO2 % 10.9 11.4 116 11.3
Ioz% 7.8 7.4 7.4 75
% N2 813 812 81.0 81.2]
eter Volume (dscf) 64.184 62.738 65.242 64.054
ue Gas Moisture (%) 143 14.5 15.0 4.6
a3 Molecular Weight (Wet) (g/g-mole) 28.33 28.36 28.33 28.34
bsolute Stack Pressure (" Hg) r 29.29 29.32 29.17 29.26
bsolute Stack Temperature (R) 587 550 590 589
verage Gas Velocity (f/sec) 46.24 46.50 47.74 46.83
vg Flow Rate (acfm) 368,270 | 370,354 | 380,212 | 372,945
vg Flow Rate (dscfm) 277,922 | 277,614 | 281,887 | 279,141
kinetic Sampling Rate (%) 102.66 100.46 101.47 101.53
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“{ODIFIED METHOD 5 riELD DATA SEET
PLANT NAME Plant Yates Station Boiler No. 1 Page | of
SAMPLING L CA'I'!ON RUN LAY i Y : 24,_; wm*)
DATE &/21 ESTART ' < TIME FlNlSH TEST DURATIGN o
DUCT DIME SlONS DIAMETER INITIAL LEAK RXTE Yy -Irs cfm
P’I'CF DGMCF ﬁ9‘7 “NOZZLE DIA. M— FINAL LEAK RATE .pg< @ie" cfm
BARPRESS
STATIC PRESS —n = "Hzo OPERATOR T3
ﬁem Clock Dry gas tneter TP “H Stack -Dry gas meter temp. | Hot box 1l"robe Last Vacuum Crond.
Point Time reading fi3 in H20 in H20 | Temp. F] Inlet Outlet Temp. Temp | Impinger| in. Hg Exit
Temp. F
i~ /191249 [376@7) |- J 871 ] 7o | st esH ¢l 1Y.Ol8
31254 1380 . 3 |- 83 | | 2319y | 1o |2¢& 2l S 150
211259 F..l'az HEEAR 1421 73 [70 [248|2ss5|d6 [S. oS3
¢$1/304 1389.s 1.2 |.3% ||| 74 2is |25\ (46 (4 ols52
S99 [38us | -] 40 | )1 | 7% gt 2571250 Y6|4.5184
L 03%%7.9 [ SBl 67 (18] 2519 250 [25% 37 (5.5 | S+
71431931317 ] Q1] BS[le\ | 797 244 Ys]{c. O] .S
115324 2920 25! 86 137 79 ’7? 254 | 380 45 S|
5op] (229 [ 395.072] Poct chande Le.»z / oo s g (10" ]
2-11/3431295.9 | .9 I nil |87 78 (131 [252. (47 7.0 |S@
213481233494 .7 | .83 ] (1S @\ 76 |252|255 | 49 [ ©O[43
211354 [40/.8 15 | 4 (197181 [ 28 | 2is |24S |50 .0 | 4
4 | 1359 |904.35 | .9 Li | 199 | B¢ 78 |l25s [244 [s50 [7.0 | 42
5 {1yod [4e1.05 7 Gl [1a4 [ ¥S 179 3451247 (50 [1.© |d|
_6M‘f°"-f-5 L5 | .7 | I1BZ ] 96 | 8D [25212¢ce | SO [ 6.6 |4
EITEIES 75 (B85 160 | %6 | B) |z95 (244 | &) | 6.0 |91
B ligia [414-7 =) 3155 87821248 |zet [ 5y |50 [\
sToA 1924 [4L. 35 | Pect Chanae |Leqg K v et
-1 1617 |417.9 5y | .St |2g0| @2l g2 {252 |29 5> |SO1S]
2115232 |yae.5 | 958 | 9% 1290 | 8352 (154 |25 ! 56 le.5 |s! |
3i{s27 422.b (12 |l2s |28 | 84 82 [24% [24a | SS | 6.5 |48
1550 [upsd (1.3 [1.35 12811 £9[83]253]z255! S6[6.5]93
5 lis27 [RE.20 |/ 0 [los (279 | 87 |94 |2s54| 24| S |7.2 {42 |
6 [1582 J431.26 | 92 1. 9% [179 | 90 | ¥4 (245|245 {88 [7.©2 [+5
T lisd [¥n2.9) | 731 76 (298 [0 | B4 255 | 2e3[ O [7.2 [ «4>
B /552 4345 | .52 5F 127,90 | 851|245 [ 2¢4[ LS (50 | 72|
sP1SSTIY38 .56 _—
A - jr P //'-\ )
g . 7 T = (
Avg. -“ Vi ¥
Check'd -— i e
CE
consoLe# | bi36F
FILTER #
AMBIENT TEMP.
PROBE LENGTH | 2
LINER MATERIAL 6[&§b
REMARKS \%'\,:% S 1ok ITeaip i Erver aéorulj /rs-z‘
Noz2le  TO (i i (%1 O’ML JE(Gﬁ;fA Dtohfsser

C-43



“{ODITIED METHOD 35 FIELD TATA SHEET

PLANT NAME Plant Yates Station Boiler No. | Page l of_‘z_-__——

SAMPLING L CA'nON__Ou'f_'L eT RUN NO, )

DATE {]2119% TIME START TIME FINISH - TEST DURATION min.

DUCT DIMENSIONS _____ X DIAMETER INITIAL LEAK RATE efm

PTCF DGMCF NOZZLE DiA. inches FINAL LEAK RATE ¢im

BAR PRESS __"Hg

STATICPRESS _____ ___ "H20 OPERATOR

ﬁvern aEl Dry gas metsr i “H Suck {Dry gas meter temp. | Hotbox | Probe Last Vacuum Eond.

Point Time reading fi3 in H20 in H20 | Temp. F| Inlet Quuet Temp. Temp | Impinger| in. Hg Exit

Temp. F

4-1 1loof [429.270! . 8BS | BB 29[ 9L |87 [2s1 |26 | 66 |L.0]1FEL
2lwpog [H4l.gslr.l liws (23t a4y |87 [2s3l2671¢2 |7.0l46
Jlibtd (44490 11.5 1 58282192 [ 87 |24 (245 | L2 [BiD] 45
dlleig |448.L .S (.52 28] 192 | 87 1253 |24¢C | .o |B.0 |42
5124 (451 4k |2 [1.4 1280 |95 1989 |25) |24 | 55 |7.5 | 3=
b 11629 |454.75 (1. 1.2 |2sc/95 |88 (248|245 | sY | 7-® 40
7 1/e34 14s7.9¢ | -9 45 (212 196 [ 9p 1521258 | 55 1¢6.014]
B 11¢29 [ Het. e8| 42 -S| 1774|796 190 |2s3l25) |55 | 5.0 (42

sToPl1b44 | ¥2.950 {enl / N ISE _

5. 11led48 194 LT 1116 1291 196 192 1aselzst |52 (7.0 (92
T leS> 4906.3 70 | . 795240 | A6 | A\ [lse |25 5% | & O| 4L
211658 [ 97 |2 ] /,.3% [242 [a¢ | 92 |24 252 | 5Y (7.0 4]
211703 147/.& 1) 4 | [ 512872197 |92 1299125254 2.2 |&)
Slizee (144> 1.2 [ 1.2 1281 |99 [} {250 (248 |54 |8 eo|4o
e L17v2 (47912 | 9F [ 7281277 (34 | 1% hs9 157 &S (6.2 (42
71z (9902 | g3 69 [2719 |98 | a5 [2ee (297155 (4.9 {43
8 11725 14834 | L8 | .72 1265111 [ 93 |2s52]2e2| 55 |s.2 |#2
R 11728 (48547 Leak |/ oM .oegl6D) 18"

6-(11722 [ 49 [1-| [1-2 291 |4 a3 1242 [2sD| 57[R.0{42 |
2117371489.% 1.9 [.97 |29 la7 1493 243 |2zs7|s5 | 1.2]¢2
342 [ 1227 | - 6% | (g [2¢\ (46 |a2 [24L |24 |66 (S0 [ 44
Fliod7 149424 | .62 L7 |28 [ 122 (250258 (58 |47 | £7
Slingz (44745 | .2 |.C71 [280]5c (11 (249 |26 |5 {5.0] 4¢
L1757 19991 |-72 |-l 1280|as a2 (255 1262|600 |6-614 7
7110z Spg72] 86 | -4l |280 (96 | T2 [2¢2 |245 |e0 |- 147)
9 [1fo7|6ps. ! |-75 | B 278 [9¢ | 52 |285[260] g1_[&6-2 {35
SToH 16 121506 95t

pr7. b8 | 096¢ ‘73%7

Check'd -

CONSOLE #

FILTER #

AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS

C-44 o



' MODIFIED METHOD 5 FIELD DATA SHEET
PLANT NAME Plant Yates Station Boiler No. ] Page l of E ‘

_ SAMPL CATION Qu(TLf‘l’ RUN NO. 2
e U955 TMEST LS gmms FINISH «24T___TEsT DURATION 24O

L EESJ DM SlONs NGZZLE L?ITMEEREW L‘Tﬂﬁ.éﬁﬁlﬁgso—bi&" Q‘l‘;.. c:-?r‘n
‘ BARPRES

STATIC pREs—s‘?n_-a_—___ H20 OPERATOR __ [18B

raverse Clock Wsu meter P “H Stack Bry gas meter temp. | Hot box Probe Last Vacuum | Cond.
Point Time reading A3 in H20 in H20 | Temp. F Inlet Cutlet Temp. Temp Impinger | in. Hg Exit

Temp. F

-1 0283 1523 5 [l.o |1\ 278 |79 [ 78 [z70 1241 | 54 |5 [S4
2lo758 (5265 | .93 | . 8824 | 2| 78 [265 1206 | 4.0 F&
2loBo3|52¢92 | .58 | . L1 12791 3\ |27 lisy 247156 [¢- o] 4]
Tlodos 153107 A .4 1235183 |71 250 262|555 |5-P| o
503:3 $32.97] 36| .92 (298185179 [2e( 253 5Y 41
LIV 1524.L0 | .6 b 179 183 | 79 (2471248 1 §31¢4.2 |41
J16¥9235152¢,. 7 |73 | .27 127918 |BOLs> 2461y 5014
¢ [pg2B i sR.OU[ - 74 | 28 [27%+]%s [«D [2¢P] 252 49 47

| Speploe3 3 [ SW1-95 Lenl | V| o5 |@yo"|

Z-110858 [542.026] 94 | .99 [278 | 74 | 78 [257 [283 (64 |52 |S§ |
ziogos ST |.B 1.@4 [293] 79 199 [2¢8 25049 |s.= [dg
3lot08 15¥1.17 |- 8B | .«4 1220|931 |17 | 2s«|z52]| 44 [s.2]4F
4109/ [S%0.1 96 1.0 (22392 79 [dea [2¢ [H2 S OHFE |
s5iCap 15572.725 1 .82 -1 . 46 (290 | B | 08 254 126! [4v¥ | 5. O|¥Y>
(10623 [85d92 | - 72 | .76 211 [ €% [ 79 [2¢4 [24s | ¥S [§. 0 [8o
716928 155771 |69 | -72]19v| 94 |7 |252(2¢¥ | ¥ D |50|&62

B 10333 3583.772] .67 | .51 12721 95 [BO [25¢ | 247 | dB|Sp [So

| SEA 0935 | Bel 1] Lep ¥l Y e 5@ 0

EEETREARTL %575 7812831 43 [ ¥ 246 [250 |95 15.9 | g2
ZPAS ([ 15658.9 [1.8 1S {28S 1 ¥S | 82 1252 [25) (45 (e O SO
Zlo95L 1567.77 1.2 1125 1785127 |82 [247) [24&614a .2 148
Y [/oog 7o.07 1.4 {18 244 27182 (256 251147 |72 | 8]
s |ipbe 790 [t )26 282 |87 182 (25025948 |¢. oS>

o o)) 1571704 |15 1282 | @818 21241 |z | 4B |¢.© | SO
7 |y |S81Y -& 84 (7' [ 99 | g3 [2é5 |2s5 | S|S0 | S0
O {1921 |sk2+ |.49 | iz 2] | ¢4 gs_éu 250157 49

isrep |/026 | SEE-9% ”

Ag | >

Check'd —\1‘

coNsoLE # | L1564
FILTER #

AMBIENT TEMP. 8. <
PROBE LENGTH |2 ® e
LINER MATERIAL _ &899 i
REMARKS

C-45



MODIFIED METHOD 5 FIELD DATA SHECZY

LINER MATERIAL

REMARKS

C-46

PLANT NAME Plant Yates Station Boiler No. 1 Page _L ofé_

SAMPLING LocaTioN_Cotle™ RUNNO. Z.

DATE &/22/93  TIME START TIME FINISH TEST DURATION min.

DUCT DIMENSIONS X DIAMETER INITIAL LEAK RATE cfm

PTCF DGMCF NGZZLE DIA. inches . FINAL LEAK RATE cfm

BAR PRESS " Hg

\ STATIC PRESS " H20 OPERATOR _ 1TJIB

freaverse Clock Dry gas meter Nl “H Stack [Dry gas meter temp. | Hotbox | Probe Last Vacuum | Cond.

Point Time reading 013 in H20 in H20 | Temp. F Inlet Qutlet Temp. Temp | Impinger} in. Hg Exit
Temp. F

- 1eza [ sgs7s: [.85 | 89 (243|895 (g3 |=4x |27 [8§ [5.0 [49
2 |03y 15829 | LIS 17288 |pa  |g4Y |245 (252 |52 (4D |S)
3lw3a [S90.79 [t [1.4YS |284 (@” 4 271 {256 |[S) o (So
4lwogy [S592.9 | 1.5 |us7 [284 (90 [gad (250 |zye (&) 1.0 |5)

2 lipvg  |s97.18 145 |1.8s2 |283 |4 as (265 |28 Isa (7.0 |si

¢ 211054 lceo.5 |12 [va5 lz82 | 85 [2¢2 252 |=3 [6.S (S0
711 £03.3% 8BS | .90 1281 [a\ 25 {2 Ss~ |S.0 |5}
S ltod l60g.35 | .56 |.sz 1277 ]ai 8L |2 |249¢ | 58 |4.o |8

5toP| 1307 | Log.s Lepnlli / | 05 | &DI*

S-5 s Lore¥3 | N (95 1285 |90 IBE 251 [245 |eo [S.0 |YR |
Zz g a2, 85 |.a9 {284 |9 86 |z56 |275 |58 |50 |48
3lu23 1615.0 l.o {1 285 [ 8BS 12s¢ |25¢ {571 |So |47
Jluzg 61,74 1S |1e 284 i1 L 262 l2s0 |5¢ | 7.0 |47

| Siy33 (.08 | 1-3 136 1283 113 (e (264 j24% |§e (2D (47
G 1138 |e2¥.9 74 | .78 1283 |9 {87 1259 |2%5Y |2 |S.0 |dS
7 [y tL27.3 B 85 |281 94 £7 |ze3 |248 |So 5.2 (4&
EWiB _ |g2a.5¢ | 7) | .18 279 (92 [Be |25 |2ss | So /6
][I [632.0%  (legl | v |- 0™

b-1li267 [©32.5% (.| 1,15 1285 1@s, |84 12549 25, | SB 16.0| 5%
211212 [e385.52 | .S 1.0 (288 181 H lz42 |24a [ g2 |50 |48
B L2E. b 1.3 1287 188 184 241 257 | So (Y4-0 |48
1222 [¢¥0-717 | Lol .2 287 |89 (85 |=sv [25% | 5) [{.0 |44
Sliz2y 1642.19 .69 | 13 |87 |88 (&8s | 2s5¢ |44 |52 |Y.6 [49
11222 [e45.38 | .25 | .28 128¢ [ %7 (34 [z24¢| 254|552 (6.0 (18
711237 |elila 82| P6 285 B8 |85 1257 1244|523 [S.0 | SZ2 |
Bilzgz 3 .83 - 87 87 (84 leez [257 |52 |50 1Y8
op 1247 s34 | -

2p24%

Avg./ —

Check'd -

CONSOLE #

FILTER #

AMBIENT TEMP.

PROBE LENGTH




MuDIriED METHOD 3 FIELD DATA SHEET

OLANT NAME ___ Plant Yates Station Boiler No. 1 Page | of _&
ML LEAHON Ou;_ﬂ_pi’ ﬂN'}gl-rlmo"% URATION 240 ;
‘SGZ‘% Bl zﬁs SION?ME T _61’11;'-!- glhAﬂhEAETEa s Tpﬁ?{ﬁ. LEAK RAWE}L;
PTCF DGMCF _ 112 NOZZLE DIA. _ 197 inches  FINAL LEAK RATE _ 0&L@nE 'L cfm
BAR PRESS 0
STATIC PRESS “H20 . oPERATOR TV
frraverse Clock Brygu meter P “H Suck |Dry gas meter temp. _{ Hotbox Prabe Last Vacuum | Cond,
Point Time reading fi3 in H20 in H20 | Temp. F Inlet Qutlet Temp. Temp Impinger | in. Hg Exit
. Temp. F
-t Togy 1 Ub% 2 | .95 | 9¢ |2go |26 |72 (247 (255 |68 | & |85
2 oul 162/5 |.80 | -0 |75 |77 |73 [242 (253189 | &[4
3 10722 [ 67393 .81 | -5, 274 | m 1 258 (295 (se |5 (42
§ 10727 |67597 .35 | .35 {721 (B4 (27 |24t |25c | 55 | 4 |4s
S1o732 [b17.66 .23 | .33 |274 (84 (77 |24e (244 IS¢ |4 |®0
6| 0737 67145 | - Co| 60 |274 (83 |18 !246 1255 [5® | G S
% opdz 1681 17 | . 691 Y2323 185 (79 lisy |24/ {5t 1 £ 142
oM/ 148350 | 151,75 |65 |gs (79 |25¢ 2Sligo |7 |47
Sep| 0752 645.15 |Lea / 003 | &/5|"
2-1 [oy5e |e%25 | . B6 | 8L {277 {85 |Bo {24t |25 1S4 [ 7 J7
Z|0Bo] (p88 | Al .61 (218 8¢ (8o 3¢5 244 (42 | 7 |1 d7
2 lopoe [841.0 It 1277186 |80 (26 (243 (47 11 [ HE
4 oy (A0 95| 95 12727185 |19 (254 |284 [41 | 7 |4¢
S bBie (95177 9] 69 1294 185 179 (24247 |47 | 7 |45
e |082) [e7%45 | oo| 6D (715 |85 [po |29t [250][41 T 7 (4§
T1082¢ (32627 [ 71| - [214 (85 (80 [252 [2¢o (Y2 | 7 | 9¢ |
EoB3% (10264 | 5] | .57 264 |55 (B8O |66 (299 (19 | ¢ 4B ]
P | 0836 [104.24 [ enl|d -2d65@ S
-\ [0B27) (105235 | .6l | .6l (278183 (860 l2¢o |25V |52 [ 7 Si
Llegdd | 107.02 9 | 9L 1280 |[HS5 B0 |245 |25 | S> [ Sz
2loeM9 [722-9 |12 (1.2 1219 |85 | PO |48 (262 |52 |/0o0|S3
4 [pgsy | Y288 [1-3 1D (280 |8S |8o |254 (265 |S2 |leoO|se
| Slogsg [ 262 1.99 | .99 1277 |85 |2© |46 259 | s | r-©[353
©lor0d | 1B-T | 9 | .9) 1276 | &5 |1\ |2¢7 [2594 |57 | BolsS¥
710909 |701-86 | 70 | 1D |27¢ | £4 [BO [258[24C (SS9 | 7-0/8<
nard (7237 .51 | .S) B85 |8\ 246 |254({59 [-0|SS
St AL [725.994
Avg. -
Check'd -

CONSOLE # /ﬁ.a é4“

FILTER #

AMBIENT TEMP.
PROBE LENGTH _ 72
LINER MATERIAL _ G/a5 % .

REMARKS (07

& C-47




MODiriED MLTHOD 5 FIELD DATA SHEET

PLANT NAME ___Plant Yates Station Boiler No. | Page 2 of _2—

SA.MPLIZGL?CAT]ON __OUt et RUNNO. 3 MM~ S

DATE &/ 2%/9% TIME START TIME FINISH = TEST DURATION min,

DUCT DIMENSIONS X ___ . DIAMETER INITIAL LEAK RATE cfm

PTCF DGMCF NOZZLE DilA. inches FINAL LEAK RATE cfm

BAR PRESS __"Hg

STATIC PRESS " H20 OPERATOR

ﬁnverg Clock T)?ygu meler 3 “H Suck ]f)_ry gas meter lemp. | Hotbox | Probe Last Vacuum | Cond.
Point Time reading fi3 inF | inH2O | Temp. F| lalet Outes ; Temp. | Temp | Impinger) in. Hg Exir

Temp. F

41 [0z (12592 | .85 .85 (260 (B4 (B |2sc 251 |55 | Bo| 51
Tloge] 91867 ll.0o | o (280 |8F [Bo 252 289 |g3 |70 S
Slod3z [7x4F [1.3 1.3 128l 184 8O |293 (26015 [teo |45
o427 174,22 113 [ 1.7 (280185 |80 l25d 255 | S [\e &)
S os:’!?_ 737-7 1.3 | 1.3 [280]87 |8\ 295 [25] [§z |lo-Oo 5]

| ™47 17405 (11 1)\ 1279187 '8\ [z52.25]l |52 |[19-5] S

| 20352. 24%.7 |14 ] 79|78 | B) 2482|585 |7.©]5]

AST | Mp.oS | 42 | 4812272 |Be |8\ (252 (244 { S5¢ (7.0 1852

STep| poo2 | 798 oS Lead | / 005 IS

S-1lwes [ 748 26| .- 78| %1280 | 85 | 81 [25¢ [259 |57 (4o |sl
Ziogo 79079 | .72 | 72 (28|86 |8\ la¢a Jzd4d 167 (70 |83
Sliois 13533 1.0 | 1.0 282 |86 | B2 |2el 125 |57 130 (53
F 020 Msdrath 2 | 1.2 28287 |82 757 [255]C7 |12 <3
S 1025 (758.30 (1.2 | {2 28] | BB |82 |252 |zta |S¢ |72l 52
 lie3p (162.5 | .71 (11 280 84 [82 12549 [258 (871 [ Bo(S]

7 11035 176d.55 1,75 | .15 1280188 [BS (249 | 25| ¢s® | 1.0 S
@ lwyo 7673 [ 6| .6P[174]84 (84 (295 |2¢2 [S58 So 1

Sip (04S 1767293 | TBY| . _

(-1Tw?® 74,0 28 928283190 |86 255 (25162 (8 < [ST
Zpsd 112218 | a4l | 4y (288191 (271 (22258 s5 |9 | 5O
31059 117479 1. 62 | -62 1284 |92 | 8] (245 |29L | 52 | 7-2 1 4¢ |
Yok 1T 65 |.¢8 | . 62 1283/92 (8D |2e |250] SN2 47
S U067 1779.35 | .65 | 65128293 (8% (250 263 |5) |7.0 19¢ |
11 79 6F | 61 | 67 281 |9\ | 88 195 255 |50 | 7.0 &7
7] 179905 | -B5 | -851Z82L] AV |29 |246 |28 | S 8.0 44
ginzd 17865 | g8r | 8U@3)Y4) |84 jis1 (25 | YA [ o488 |

P12 | 7% 98) ~

?
. A\ .

Avg. -

Check'd -

CONSOLE #

FILTER #

AMBIENT TEMP.

PROBE LENGTH
LINER MATERIAL

C-48 /

REMARKS




MODIFIED METAOD 5 FIELD DATA SLEET

Page [ of

PLANT NAME Plant Yates Station Boiler No. 1

-

SAMPLING LOCATION_ & S22 OpTle T RUN NO, . o
DATE (3/2¢0/¢2 TIME START Jv01) 2 TIME FINISH TEST DURATION __ 20w, &/ min.
puCT DIMENSIONS (. X_ 1] DIAMETER INITIAL LEAK RATE ~S57 5 cfm

- T NOZZLEDIA.. £5C inches  FINAL LEAK RATE *ZL%'—_ efm

PTCF - 4 DGMCF
BAR PRESS _z 7.5 & "Hg
I3

STATIC >RESS —Z- § " H20 OPERATOR
ravene Clock Dry gas meter P “H Susck [Dry gas meter lemp. | Hot box Probe Last Vacuum | Cond.
Point Time reading i3 in H20 in H20 | Temp. F| lnlet Qutlet Temp. Temp | Impinger| in. Hg Exit
Temp. F
w15 [356.3

j0:30 1257 /2~

Avg. -
Check'd -

CONSOLE # | &) %6¥
FILTER# _NA -
AMBIENT TEMP.
FROBE LENGTH 72
LINER MATERIAL G# 9%

REMARKS

C-49



ke SOUKCE SAMPLING FIELD DATA SHEET

Page / of
Plant Nam Plant Yates Station Boiler No. 1
Sampling Laegtion____ O T (e 7T Train Aldehydes Run No. _/
Date &, 7?3  Time San ] ﬁ?« Time Finish (44 / Test Duration | 25_ min.
Duct Dimesfisions Al X “ Diameter f  initial Leak Rate -2//. rn ngorcfm

PTCF 0. 8¢ DGMCF 2. 992 Nozzie Dia. 2./10  inches Final Leak Rate 0058 1o” cm
BarPress 24,5/  "Hg

Static Press ___~={/* " H20 Operator ﬁe""
ravers | Clock | Dry gasmeter] ~ P ~H Stack 0 Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading ft3 in H20 | in H20 |Temp. F| Inlet Qutlet Tcmz. Temp | Impinger| in. Hg
Brp[777052 | /973" w5 | 75 |72 259 55 | %
- —

20/ 5333 b7t lo.7g Vg1 | 8/ 173 | %) 159 | 45 | Y o=
[3le W08 076|077 /78 g |75 1257 25€ 195 |#.2
292149859 16.77 278 ey | 27 |78 254 |259 yAS
[ 341 "55./@%-77 79130 ez |50 55 RSLILY [ A
uss W6l).00 074 079 /86 | 9 | g (258 |25% |47 Ao~
T 1¥e7 10 .75 (p72 178 (71 g7 1254 1257 47 | &5
JPE (4764 10-7 e 77 YgD |92 [ (257 285 |48 |Z &
figy7 | 495728

o
RN

E

ve. —

288°F

{Check’d

consoLE ¥ __ Al Y03

FILTER #

AMBIENT TEMP. 729

PROBE LENGTH T ekmwe®y. - JIF _

LINER MATERIAL alass

RemaRks T Ths yufees ”/U-—ZMW{ ,Zz/{; proad ,,ﬂ fﬁaa«@-ré b . Adeld font ook

C-50



S>CURCLE SAMPLING FIELD DATA SHiET

Page__l__of —_—
Plant Name Plant Yates Station Boiler No. 1
Sampling Logatigp . O 7 /€7 Train Aldehydes Run No. _2_
Date £/ Time Start 0US Time Finish ___ 0925 Test Duration £29 min. ? é
Duct Dimensions__#/ #” X _{/°7~ Diameter ___— R lnital Leak Ratepess < 0002) cfm . ST
PTCF _- /92 ¥ DGMCF _. 790 Nozzle Dia. -/ 3¢ inches Final Leak Rate gys5 £6025 cfm 4 J
Bar Press 2742 __ "Hg e _
Static Press _- J/ " H20 Operator Ars 9%
- Clock [ Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Time reading A3 | in H20 | in H2O [Temp. F| Inlet OCutlet | Temp. | Temp |Impinger| in. Hg
o [o7/7 | 455,/ |0&8 |eg5 [ 273 | 77 |73 | 2J% 254 |70 | 7° Y
L 8 4504 |o-59 lo.a9 (272 | Bz |7% &) (25 | 7/ | %
2.3 06id  10-3% g7 (27K |9 (72 256 (259 142
2/.0 g1-25 1967 |p.g9 |20y (Y2 |8/ o577 |26 | 6¥ |
vad 57515~ |eo23 090 |275 |93 &3 157 |25 |57 ¥
§3.0 522.92 lags \pe9 |27 |72 |34 BLsE 125% |sg VF
25 2806 09/ (889 |i75 (75 |BS Uss 1253 (s¢ | ¥ ‘
772 O 53550 2.7/ logs |27 | % g7 |257 25218 |'#
7#.€ 5204 o7/ e37|127% |77 |2x [25¢ |27|58 |4
S of Sy 23657 | Xp BB (25F [#5L| S8 | wr
A 5r/s5 |07 0.85(27% |94 |83 (249 357 |52 | &
i SSAA3 |029 | ps7 (277 196 1B& (2sg |#5% 60 | ¥
j253 relz 109% lose (127 178 5g  |oss |69 j62 | ¥
§&
278
J s
. ¢34
035
AVE. —_
Check’d :
CONSOLE # /61 403
FILTER # ”
AMBIENT TEMP.
PROBE LENGTH /i

LINER MATERIAL tASS

REMARKS

C-51



<5 gy

LY e

SOCRCE SAMPLING FIELD DATA SHEET

Page f of
Plant Name Plant Yates Station Boiler No. 1
Sampling Location 2 Qud Train Aldehydes Run No. 3
Date _{ / 2325:5 Time Start Oéﬁ 4 Time Finish __ 0909 Test Duration 138 min.
Duct Dimensions. (/4% _X___ /4" Dismeter — R Initial Leak Rate __ &7 _ cfm

PICF (.87 _ DGMCF_.992  NozleDia. _*/7/ _ inches Final Leak Rate  + &9%  cfm
Bar Press 23 2 E " Hg 29.3C PF —W//

Static Press [/ " H20 Operator AL=
Travers | Clock | Dry gasmeter{ “ P “H Suck |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading ft3 in H20 | in H2O | Temp. F Inlet Qutlet Temp. | Temp | lmpinger| in. Hg

65553 3724 |0-89 [p. &) | 267 77 | 72 |2¢3 (255 | €2 [ =+

0703 | 57675 |6.37 o8/ | 269 | 8¥ | 7% 1288 |260 | 62 |25

o7l | 28028 p3fla /1269 | B8 77 257 (%] (Lo [3-5

072p:30 | 53548 o2/ |0.80 (267 |92 80 [(2¢0 (258 | g1 |375

03:: 4459/ 0 |p.9p |o620 | T |75 |62 (2% |20/ 325

& |578.22 |poo lo-8> (265 |77 |87 25;_;52__42 275
45160723 092 108/ (27] |77 8% 257 |25 (45 [5-75
B2 e 40 |&.900.80 220 |74 |85 (253 |25¥ (56 275
3250 62/.60 p.92 |2%0 |27/ 195 | £¥ % rs |s3 1275
w41:01 p20.jb |o.5010801272 196 18D 1258 1256 153 \Zh
P15 £35.33% (0.2 0% (2772 (¢4 |57 (256 |28% |53 |3.25

908113 £%7. 85

X B, /
AVE. —
Check'd S8 LAl
CONSOLE # A /4 FO2 g
FILTER # 4 J
AMBIENT TEMP. 67 ad
PROBE LENGTH /2 é-5< 0

EARA

LINER MATERIAL _ 4LALSS

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page ) of s
Plant Name Plant Yates Station Boiler No. 1
Sampling Location_E3PCUT7e 7 Train Aldehydes Run No. 13
Date - 20 —2’3 Time Start Time Finish Test Duration min.
Duct Dimensi- s X Diameter ft  Initiai Leak Rate cfm
PTCF DGMCF Nozzle Dia. inches Fina! Leak Rate ‘ cfm
Bar Press :22 . 52’9 " Hg
Static Press " H20 Operator | & __P}
Travers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading &3 | in H20 | in H2O |Temp. F| Inlet Outlet Temp. | Temp | Impinger| in. Hg

Avg. —
Check'd

CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page I of
Plant Name Plant Yates Station Boiler No. 1 _
Sampling Location &£ SF QT /8 7 Train PSD Run No. __{
Date &/ 21 Time Start Ig 3o Time Finish 4 4 3!0 Test Duration i &EQ
Duct Dimensions 11 ‘! x_ M Diameter ft  Initial Leak Rate . O f Q {"cfm

PTCF . 5 4 DGMCF_J.oo) No-zzlc Dia. lﬂ Z inches Fina! Leak Rate @ 5&;@/,[ ¥ cfm
Bar Press 29. f{ " Hg A wle ﬁé‘.(
Static Press _—~ [/. " H20 Operator I jﬁ “ s

[Travers | Clock | Dry gas meter; ~ P “H Stack |[Dry gas meter tcmp rat box | Probe Last | Vacuum
Point Time reading 83 | in H20 | in H20 [Temp. F| [Iniet Qutlet Temp, | Temp | Impinger| in. Hg

o |143k|c2.07 95| 98

23" §2.85 1 9% | 3 |aow | §S 1%

N 3V Rk | 95 {3781 & [7F Szl ‘i%m_
N .ol | 839/ 85 |om | 8 | &

36" 10421 371 S {238 f5 | o \
120" 32191 [ 35 |16 | 85 [ 81 ">
s 35,0 1 31 1 R &5 ‘90 3

| (€0" X&) L 97 1 .92 128 | ¥ _% ?

24p° eI ST TS GET %4 ba

124 07 130.2% | g8 | 9] |z82-]| ¥ £ v

245" 195.10 |.98 | 4| |z82 |88 | 83 9

270 o | 3 | ] (T i b

310 Gus” | 523 |09 PeR | K3 L g

€7
74
351 12023 (4352 11.00 lodF | ¥ &l ;
I@latoe 10222 My j0.9F (982 | 96 £ ‘ 5
£ 10
bia’d
fO

uig A/q 3L | het) lg.f# [2F) | il
45y 19909 (30304 |00 |p 47 (283 ey /
450 P06 13, £50 (100 |@9%| 3 ) /_%

AvVE. —
ICheck’d

CONSOLE # / é } ;q b

FILTER ¥ ST Y

AMBIENT TEMP. __ 1l
PROBE LENGTH 2! Tsokinetic (%)
LINER MATERIAL _ &, 4. "

remarks |G- b dgc. /Amo SA)voztle
csa .5 oaefn © ”“-’b"‘
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SOURCE SAMILING FIELD DATA SHEET

Page __ of __
Plant Name Plant Yates Station Boiler No. 1
Sampling Location 55 P OULTLET Train PSD Run No. -3
Dae {13193 1-.,.,; L.T,;: 09 a Time Finish Test Duration __ 300 min.
Duct Dimensions X_J. Diameter ft  Initial Leak RateZ &7 2 77 * cim

b ¢ o
prcF _. 8¢ DGMCF [.007 Nozzle Dia. _ {9/ inches Final Leak Rate ZE ofm I F
Bar Press 28 . 52 _"Hg

’ & so
Static Press _ = ]/ " H20 Operator _M‘A_,*_ o

Travers | Clock { Dry gas meter] “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Paint Time reading 83 | in H20 | in H20 | Temp. F| Inlet Qutlet { Temp. | Temp |lmpinger| in. Hg
0 Q9 | ®¥ | 89 1271 191 ) g

2] 264 | 35 | §¥ 17| &1 | 7€ ¢
351 3720 | G0 §Y {7 | 89 | 85— 4
12 s324 1 . %01.84 1280 | 9. | 38 .4

1o 7215 | 92 841283 17 (92 &

£
&

&
8

izl 80201 89 | x4 1283 | 95 | 9¢
152 | 38,65~ .94 | L7 %a 99 1 95—
200 | 172280 | 93] £ S1/9/ | 47

235 | 1354 - 931 -89 |29 |los | 100 .5
258 {Iste [ .95 89| 286! YL | 1ot S
28B|160.> | 931,89 1287 [ 107 | le2 S
300 745

Avg. —
Check'd

CONSOLE # A 16139 ¢
FILTER# _So 4.5

AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL 3 57¢¢|

REMARKS 'plzt;i 4 3 EZﬂﬂ I{I)

C-56 .




SOURCE SAMPLING FIELD DATA SHEET

Pag:__/_of___L__

Plant Name r\/ Plant Yates Station Boiler No. 1 .

Sampling ﬁun €SP Ou'f le 1‘ Train Particulate / Metals Run No. /

Date 25 Time Sun Time Finish 3 [e Test Duration 4|

Duét D:.mensmm il il X Diameter ft  sInitial Leak RatcTZ?E_

PTCF . DGMCF ﬁ NOZZLEDIA. . |47)  inches inal Leak Rate - agsems" 7

BarPress " Hg

Static Press "’ 0 * H20 Operator Tj’B’A P E

Travers | Clock | Dry gas meter| “ P “H Stack {Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading i3 | in H20 | in H2O |Temp. F{ Iniet Outlet Temp. | Temp | Impinger| in. Hg

i~ o158 [B27.24 |. B3 z 274 [ Yz | I\ [2%¢ 2% [ L |50
Zloged830.3 .20 (.22 12281 722 [ 1| [24g [2s4¢c2 [4 O
2 ofrg|832.17 | _f0| 28218 [)S | 72 [214a |24z (L1 [3.0
{0813 [83% 9 | . te].25]2772 (23 7% 252 (261 |2 (3.0
S10%1% [955.25 [PX3 ["3&' (278 [ 77 3 et 125563 2.0
b|0B23 (83635 | Sp| 48 (278 |17 | 7% (294 [258lL% (to

_705%% 8387 | c2]| o118 ]718 74 |isT leccpz [F2

0 8410 1 A L |27¢ 1|77 | 15 [2+44 2640 [4.D
5% ogfﬁ}ﬁ 943.0L L‘;ﬁ!’l{ /e |p”

Z-1198% s | .84 | 281 f 7L RSL (2b& {64 8,0
T10848 |9fc(d | L5 | .1 |182 z 7L _125¢ |2s59 (54 |s.0
308535/ 943.8 8 [ .¢7 zsz 77 j2as [247|58 |42
4 o858 E5% .l | .12 | .92 [z28} 78 255 [2¢2 |59 |5.0
5 (/80 rﬁi}& Ll . e 1281 55 78 |246 |2L0]go |G.0
L o108 18S5.53 | . 40 .o (280 % |78 {253 |27 (Lo (5.0
113 (85115 16| 716|278 |86 | 7% {244 (247 |61 | S.©

| B oUB 45707 | 62 | w2 |277 |8 | BO |25 (246 LD |50

opep (0923 |4e2.38 Leal(l| 007 |@ jo”

115810945 [ %299 | . 42| 48 (215 |55 | B2 |244 [247|L5 |42
NoHE |ats.5 &7 | -C7 ;75 ge |82 [we (25714 13.5
CloTsA (4765 .93 | 13280686 |82 259 |24 [ $¢ |50
S5 (81090 |i.c | 1.0 [280]87 (B3 (250 [245 (5L |5. O
41Fied[¢751 112 | 13 1282829 |84 154 | 2e5| 57 |52

1009 | %757 1.v [1° 2 [ 243290 84 jice 246 | 55 |52
%mw €77.0 | .92] 283 |92 o (24 (244 |S5F (S
[ 11019 [v4l53 (oo [ (.0 |28%(42 | &7 257 [24>|53 |55

ShP | lo24 1481270

AvEg. —

Check'd Weerens dceia Ll

consoLe# | bf 3@1’ ) [ ke QNSE

FILTER #

AMBIENT TEMP. CAUART Uf/dﬂﬂb .

PROBE LENGTH Isokinetic (%} RINSE (6.8,

LINER MATERIAL Siﬂ’"“b 2iNSE.

1 7 AN
REMARKS 97 ppz2le Metll e L D | [ K= 9 73 peEFOFM
¥ Samphed PTe @ Smin. n‘** Sh('*ﬁd 5,.,.#;;,,5 ak Pomf R C-57




SOURCE SAMFLING FIELD DATA SHEET :
Page 'ZBF 2

Plant Name Plant Yates Station Boiler No. 1
Sampling Location ESP outlef Train Particulate / Metals Run No. !

Date Time Start Time Finish Test Duration min.

Duct Dimensions X Diameter ft  Initial Leak Rate . ofm

PTCF DGMCF NOZZLE DIA. inches Final Leak Rate cfm

Bar Press " Hg

Static Press " H20 Operator ‘rj%

Travers [ Clock [ Dry gas meter “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 ! in H20 | in H20 {Temp. F| Inlet OQutlet | Temp. | Temp | Impinger| in. Hg

Y-8llo28 | 3844l |, bo| o (276 | 1€ | 87 |28 [297 |59 4.0 |
11033 |gs7.0c2] ,82 |.82 (17892 | 88 25> [26l |56 =
Llie3® B61.3 (/-0 {ti0 1279 193 89 [249 Jz4¢c (52 [SD
Slie4a [812.01 [ 1.3 [ 1.3 280143 |89 (53 |2¢7 |52 |5.©
¥liod8 (49514 [ & 1.4 220] 48 |40 |250 [ 25C]|S52 (6.0
3[los53 (89827 [1-> {13 (282|496 | 10 |252 [25€|52 | .
2[1058[901.8 -l 11t (283196 | 91 (148 [tes |52 |5 S
Ploaed (W02 .84 ] . 8112839 | 91 |[25¢ 24|53 |S.O
s1op (08 [T o1 00t Leak / & 157

s-81NST qe?5e |- 7] | f[27s (a7 190 (744 746 |6S 145
T use [qi0.0 B2 | 82278 193 |9 [25% 1247 |5¢ |5.0
Gli2o) (9126 68| - ¢8|279 194 |90 244 (151 [|SS5[5-0
S [1206 [104-15 | 9p | .%90]280194 |40 [Z53 [2¢4|53 [5.©
12 [9/89 15 [1.51728213% [A0 [z50 (25349 |s.©

| Shale (72232 (t-1 [t.1 28% 45 [Ae [25¢ (25744 [§£.©
Zlzz) 192525 | . «8|.681282 |96 [0 [25) |2¢3iSo |58
| hzzv (925.62 | .67 | €9 1283 19L |91 248 (246 |52

Stef | 1291 1928.0 Leart | / 0e? | 15" - ~

C-8lnss 12827 [ Bo|. 80279 |96 (92 |ise 255 |SZ [5.0
71241 193164 | . gs | 851271 (9¢ |92 (2571 244 (48 |s.o
b (1246 (93422 .15 |.15 (280|198 |9z (241 [z45(48 [S.0
S 1251 19367 4| o4 128) |98 |92 |2s4 |246 |49 4.0
flizse |93895 | 5 | .65 (282 |98 |93 [249 [2¢7(494 |¢+.0
itzof 19919 1,57 1.57 (282 198 193 12571264949 4.0
211306 |943.532 | 89 1 .84 (283191 (44 (244 [252|dd [s.o
) i1y 1995.8 | .96 | .96 284 146 | T4 [zes 29448 |5
STep LIDik 1898 . 490

Avg. -—

liCheck'd

CONSOLE # C> Dors wor svcesede fesi s

FILTER #

AMBIENT TEMP.

PROBE LENGTH
LINER MATERIAL

REMARKS

C-58




SOURCE SAMPLING FIELD DATA 3HEET

Page 2 of_a-—-’
Plant Name Plant Yates Station Boiler No. 1
Sampling Locgtion cutlet _ Train Particulate / Metals Run No. 2-
Date ‘7 26 Time Start 5 Ry Time Finish | IS \ Test Duration Zyo min.
Duct Dﬁ}' ons /LY X /?. 4 Diameter R Initial Leak Rate - 06 SED2 T cfm

PTCF 4~ poMcF .99 NOZZLEDIA. /97  inches  Final Leak Rate 003 /& cim
BarPress 2 7. 4‘; " Hg _
Static Press ¢/ . O " H20 Operator 738 K =, Q7 5

Travers {| Clock | Dry gas meter| “P “H Stack [Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 83 | in H20 | in H20 |Temp. F] Inlet Outlet Temp. | Temp |[Impinger| in. Hg

o725 1955.% | 65} .65 1270 |15 | TS [2584|2¢t2| 58 [§.0

%30 Bet & | .8 | 81 (217 (15 | 75 | 255|248 4] | 4.2

0435 196385 | .60 | .55 1278 | IS | 5 | 249 [2¢¢ (4] |40

0940 |965.87 | .35 |-34¢ (219 | 78 | 16 | 251 (259 | S\ 4.0

OHS [261.48 | .34 .33 [276 | 19 1o (249 [26) |5y (3o

)
» J“U’;¢-JE

o9se | 9¢9. | b0 | .58 (280 | 8o 77 1252266153 4.0

o%5¢ |91.0__ | .82 [.81 |2B) | 8C | 7171 12497 l2471|5Z |4.0

oo (9733 |.80 | .84 (280 [ 8) |18 |295 |258 €1 |50

SoP (1005 (976065 Leak |/ .07 &2 /2"

2-8livog [910.5 .53 52 [21F [g4¢ [ 8o |253 [252[s8 [4.c

Zlield 1478.53 | .Bo | -79 (218 gg g\ 1256 (255 |87 4.0

bltoip 19809 6l | 62 1219 |6 |8\ 244 (249|532 g2
S1023 19830/ |.13> | -13 1281 (86 81 |25 (264 | &S 4.0
H {1028 (985S 1.99 | .99 |282 B¢ [|8BZ {244 |24¢5 (532 |s5.9
| 31w33 19882 |,18 | .18 (283 |89 |83 |26t (25> |52 4o
201038 |950.26 | .Jo | .10]283% |90 B4 (250 (254 |S3 |4.0
T (1993 {792.720 | 98 | 98 |28# | 9] |84 [249 (249 |5+ |§O
STop | 1048 [995.32 Leskl | v 0@ 15"
>-8lesT [Tito 62 1.2 [276 (92 (86 (254 (259|857 |¢+-©
7056 191835 1.0 1.0 1279(393 (@71 (253 2471 |s5 |32
bluey (ppotez 112 |1-T (28] |13 |87 (2972 251 |54 (52
Slioe  Jirgs. 25 1.3 (1.3 1782 |95 |88 |29 248 56 | SO
Hlol e is (15 [ 1.3 (28595 |87 |298|2%6 (54 | S5
Uit [1o04.7 Il 1] 1283145 |88 |25¢ |2¢3 S5¢ [¢.6
Hzy lief2.7 L | 7212831495 |88 |2s2 (235|577 |5.©
| [n2e o505 Jol .10 1284194 188 |253 (262 (£S5 [S-2

ol (131 il 4o

Avg. —

Check’d

CONSOLE # /él%'{

FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page_z_of}

Plant Name _ Plant Yates Station Boiler No. 1

Sampling Location__ (3T 10T Train Particulate / Metals Run No._@

Date Time Start Time Finish Test Duration rin

Duct Dimensions X Diameter ft  Intial Leak Rate - cim

PTCF DGMCF__ NOZZLEDIA. ___ __inches Final Leak Rate ofm

Bar Press " Hg

Static Press " H20 Operator

fravers | Clock | Dry gasmeter; “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading &3 | in H20 | in H20 |{Temp. F{ Inlet Qutlet | Temp. | Temp |Impinger| in. Hg
-3 1 4y [ 17995 1. ¢4 | #4127 193 | €2 [2sn{261 (D (4.0
T 0361156 | .80 .801279|92 (88 |255 [25¢i2 |s.©
| 9> 22,05 |l.20 |1-20128Y 143 189 |2st |zen &l |16.0
51l 51% |.vo]) 501281 193 |89 (247 |25) |6O |60
L1532 128> [ & |} & [283125 | 83 |252 262 |6 |6.0
D158 (.39 114 [1 4 (2849 [Ro [247 (2551635 14.0
211203 34.75 /-1 1) 1284141 190 |2S5L|25B|b+ |L.O
Ulizog] 27.77 1.8 86 (285 48 | 11 |2s5; (254 6% |[s©
o 121y | yo. | | Leak] vy | .o15 |@15"

S-812d8 1 4i.3p | 15| 15 (280 |Al (8] |z24¢ [248[ Lo [4.2
71128 4277 1 -E1 1 .8) 1281 141 |8 241 12631589 4.0
11258 (9625 | .70 | .70 (281 (92 (89 |25¢ (26|54 d.o
S11303 1d8s¢ [1.10 [1ho (283 [q2 |10 247 [2S8[5s |0
4 130815135 h.2 |1.2 [284] 94 '%o 255 (253 5¢ [s.5

R liv73 154 431 .a31z8s5] 9S O |28 1188 5.9
2 1518571070 | 1| 111285 191 | AV [25¢ (24Bl6) 4.0
r 113212 71589.35 [ 98] .98 785 9¢ | A\ |254 (256 Go
SoP11528 (w05 [Leskk | { 101 @P0" T

C-Blid30 [62.267 | . 81 (%2 12761796 _|1D (251 {257 6> | SO
7113351 ¢5.0 B | go (281177 192 |24¢ (255161 |S.0
1305765 [ 72 [.7% (29191 [92 [25¢ [2¢9 [go |5.0
BI2E&S T 005 | .66 | .61 28%]191 [z |25z |247| Lo (.2
41135017245 | 14| .751 2841947 |9t |z25. | 2586 Z& | 5.0
31135517495 | .eo| L1 728H 3¢ [z [24¢ [ 257l¢ez |52
211400 17715 | 99| 95| 2851 T | AZ (z4e | L% GZ |55
Ulbs [1a88 [ F-0 [ -2]tgs| M9 (3> (248 1533
AL

Avg. —_

Check'd

CONSOLE #

FILTER #

AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS

C-60




:2os wdd

N Y90 :0™H %

R siad 2 AL 20/ 20D %
Y UEPER & [, o9

IR oA ke :(1) suinjoa (LS AIp) [en3dY

:UO1}IILI0YD MO[ 4 SSBI 20D
. :wIN[oA 1038I1d93U] [8JOL
| (A GNITS O Ereo - :(I) U0V 1I0D) IISJIO
SINIWWOD :(1) awnjop 10381daU]
STVILOL
|
mmﬂ
/
KA Q cle ehz' | /o900 | <4 %) T3° R 0’8o
(upaa/y) | (up/g) (uyw) (upm/g) | (urwa/g) | (wuygy) __ (upu/p | (wrnu/p) | (wuryy)
Mo]J 013Z awp) mopj 0132 aun MO[J 0192 auin
usawW ueaw pasdeia = dojs | 118)s

807 Suijdureg se9-anjj

C-65



2os wdd

0! 0%H %

71 :T0q %

» 2o

:() @unjoa (dLS AIp) [BN)dY

1U01}031107) MO SSBI 20D

:2wIN[o\ I103BIZIIUT [BI0L

Q0= % 3P0~ [} UO[IOILIO) 13SJJO
SILNFIWHNOD (091 :{1) swnjoa JojeiFajug
‘S TVIOL
I

. ~TSE' . +¢ hi

Lot 22¢ | 4S5 ~ $5h I RPE 9 - dg| S2ho

(upu/y) | (unu/y) (uyw) (ura/p) | (uwrm/g) | (wucyy) | (upo/p) o (apoo/p) | (wueyy)

MojJ 0122 awr) MmO[} 019z Iwyy ) Mmoy) 0132 cliile!
uBaw uBaw pasde|d dois 11838

gurpdwreg seg-onjj

C-66



206 wdd

‘A.‘.r“..meM %

200 %

= L

220 %

~ i{f) awnjoa (dLS AIp) [Bn3OV

. Q :U01JO91I0D) MO SSBIW 20D
Q0T T JTH™ OO0l  awnjop rojerdojuj ejor
GOV D, bRO- 8= :{) uonoeire) 33sj0
'SLNIWNOD (@i :(1) awmpoA 1038Ida3U]
STVLOL
| |
UK
pls' Q O | Sige e Z¥AL Zoh | .e7/0 | 9alT
(upa/q} | (ura/j) (uyar) (wra/y)  (ura/p) | (wurgy) § (upa/p) | (oiw/)) | (wasyy)
Mof} 019Z au molj 013z awmn Mmo|J 012z aun
uBaw uwoul pasdepd dojs j18e)s
il o QLTSN
e “EE.& |
&Lty ._ # :oﬁmu pajepoj |
ey T mmﬁh AUWI-EPOG .
S uny oydwieg

do Suridwieg sen-anjj

C-67



:20s wdd

'0%H %

200 %

20 %

. 17

:(]) swinjoa {dLS AIp) [8n}dY

RELENL T

) (98

:U013031107) MO[J SSBI 00

ab (W) J VAT gy

:2UINjoA I1038Idajul [810L

CLU- :{1) uo§3IO3LIOY 335JJO

‘SININNWOD :(1) auInjop 10)BIFIJU]
| isTviox
I __
I
|
| _
I 2 7] 00k
(uru/y) (upu/q) (upu) (urue/g) | (urwa/p) | (wucyy) | (upo/) | (upee/)) | (wwcyy)
MO[J 0132 owrry || mop 0192 ) MoyJ 0192 auiy)
ueduwt uBaw pasduejo | dojs 1183}s

S\m@ T uny oEEmm |

do7| durjdweq sen-ony]

C-68



SOLURCE SAMPLING FIELD DATA SHEET
Page_Lur__L

Plant Name Plant Yates Station Boiler No. 1 .
i : Anions Run No l

Samplm on oot/ ef£ Train _ .
‘ Txme Stalt Z‘Zts Time Finish ({5 z Test Duration 9 Z min.

Duct Du'ncnsnons J/ Y ' Diameter ft  Initial Leak Rate _< 6,0 p ) cfm
PTCF g .89 DGMCFQ, 29 l_ NozleDia. .ZZ2Z%  inches Final Leak Rate + £07@10" cim
Bar Press %?rjr “ Hg
Static Press -1/ "H0 Operator ,Aﬁ Z AT jg
[Travers Clock | Dry gas meter “p “H Stack |[Dry gas metertemp. | Hot box | Probe Last Vacuum
Point Time reading B3 | in H2O | in H20 |Temp. F| Inlet Outlat Temp. | Temp | Impinger] in. Hg
01§ [250.37 0«7{/ 13023392 (&% 2156 K7

tedd (767,81 | 4/ | (5 (278 (t0) [A| jz274 2621 5¢ |57
(052 | 27¢,7410.23 | L5 | 28002 |72 (255 |242|<€ |
ér

i (786 22 \ga/|429 | 28307 |73 |25 (248 |,

2] (7723) 0.2¢1) 50 | 273 433 (93 257 260 <
/37 %, opz 55 285 )7 (93 2Z5% Vs
\

Avg. —
Check'd

CONSOLE ¥ [»A/f/og

FILTER #

AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

¥ 2% qL3

C-69



SOURCE SAMPLING FIELD DATA SHILET

Plant Name %lﬁnt Yates Station Boiler No. 1
Sampling ion__ Train Anions Run No, % .
min

Date é%_ Time Start uts Time Finish _/24 3 Test Duration in.
Y EK_ p # Diameter R Initial Leak Rate O, 0OSEIO cim

Duct DYimensions

PTCF _‘iﬁ@ﬁ_ DOMCF &,997 ~ Nozzle Dis. @+ 223 inches Final Leak Rat¢ 0.903@9 cfm

Bar Press 29 %7 "Hg
Static Press _ _ /74 * H20 Operator ‘ K= l b 3

Travers | Clock | Dry gas meter; ~P “H Smclﬁf“ Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H20 { in H2O [Temp. F| Inlet Qutlet Temp. | Temp | Impinger| in. Hg

iy 199¢.720 |- 7€ 1.8 1283 971 |90 [259]249| 857 |[S.©
125 19-4.9 94 115 283 101 | Q) 1271|252
136 [quz-| 94 11.S {280 ][leo [ A1 251 252

cJ
)

27 9k 0T L9 (/55 2gzllO] 197 [24] 2532% 70
43
€2
¢

yoto 7252 .70 [/ 551263 |(v] (72 277 |24
[Jo7 17323 |, g7 /55 | L85 o] (92 24/2,__9,?@
(22081 949.9 g8 1155 1225 a2 |73 512
;3%,4 0.9 l/ss 1283 [r0¢f |97 [25] | 15%
757 7

Avg. —_
fCheck’d

CONSOLE # /é/%ﬁj
g

FILTER # A4 Y
AMBIENT TEMP.

PROBE LENGTH
LINER MATERIAL

REMARKS

C-70 ¥ rf&gﬁ_f/ /JJWJ D’n.S["“/\)” A}’){‘vﬁ(l "Aol;d




SOURCE SAMPLING FIELD DATA SHEET

Page _’__ °f_1__

Plant Name Plant Yates Station Boiler No. 1
Sampling Location {‘)Hﬂzf/‘/ Train Anions Run No. g '2
Date 27 Time Start ﬂ i5 Tune Fu-nshl éﬁ Test Duration g 3 min.
Duct Dimensibns__ /. ¢ X __ /1. Diameter R Initial Leak Rate -5 | &> 13" cfm
prcF__- 84 DGMCF 192 NomleDis. . 229 __inches  Final Leak Rate 004 @21g" cim
Bar Press 1—7 b
Static Press ~ | [.¢2 HZO Operator T3 &
'Travers | Clock | Dry gas meter| *P “H Stack | Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H20 |Temp. F|  Inlet Outlet | Temp. | Temp {Impinger| in. Hg

0915 | 47.701.87 1.6 1280 [1of 149 247 |250165 |S.0
HAle ; 51.16 | .B1 180 oy, (94 (2% [ 25Li 54 | SO

i
|
0930 42 3 | B7]|/.6 |286||ow |95 |258| 2521549 [ 5.0
/.
/

5451 (9.04 | .87 280 6L | 95 1253 |2¢o| S8 | S.o

[
L
&
&
loig (2128 | 871 /.| 2 o 2531246 59 [ K5O
TOe2e ‘% ql'gz‘z\s_J. 252 | =4 VB \
bo

27 |eo-] 87 11.L (L8O 108 | 97 | 255 | 251 (¢S5 |5.0
1028 198 .34l

Avg. _

lCheck'd
CONSOLE # / b/ qp}
FILTER # 101

AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-7



SOURCE SAMPLING FIELD DATA SHEET

Page / of [

Plant Name Plant Yates Station Boiler No. 1
Sampling Location §6P ou Train Anions Run No. Eﬁ,
Date 4/7$/93  Timesun 130 Time Finish Test Duration min.
Duct Dimensions X Diameter R Initial Leak Rate cfm
PTCF DGMCF Nozzle Dia. inches Final Leak Rate : cfm
Bar Press " Hg
Static Press ® H20 Operator

ravers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading ft3 in H2O | in H2O |[Temp. F| Inlet Qutlet Temp. | Temp | lmpinger| in. Hg

34./00
Sy 2L

Avg. _

Check'd

CONSQLE # 4(@{-3654
FILTER #

AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS

C-72




SOURCE SAMPLING FIELD DATA SHEET

e | ot |

Plant Name, 4> ., Plant Yates Station Boiler No. 1

Sampling [ pr oo outleF Train __ Ammonia/Hydrogen Cyanide  Run No. [/
Daw(%g;jﬁme Saart &4 Time Finish &30 Test Duration 10 :l min,
DuctBimenstons__ 14" X ';1-‘ 7

Diameter f  Initial Leak Rate - O/&D/2" c¢fm
. . “
PTCF 84- DGMCF _-992 Nozzle Dia. . 223  inches Final Leak Rate . &5 ofm

Bar Press 2-7.5°S "H /
Static Press [{. O “H20 Operator 7365 APE £=/-03
e— 7
Travers | Clock | Dry gas meter|] “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading A3 | in H20 | in H20 | Temp. F| Inlit Cutlet | Temp. | Temp |Impinger| n. Hg

oflo |(95S | .95 |1.55(280 £O |25% 265 | bo |80
0B\b A1.4) | 95 11-50 [2y0 41 25424 58 €O

074} (674000 .45 |55 278 7% 7% 127 (2T L3 |8B.0
1
95

725 (MBS 9’,?4'“37,1» 290 |95 B3 [ZbL24a |SE6 €0
08306 | 7107 | 15|1.56[24%0] 95 |83 [245 254 (5¢ |8.8
3852 17233¢ lpa/ /53 (2829 |5 |57 |24 | 54 | #0
Y 173890 970 |/40|2)¢ |79 | £7 (257 (2212 [0
¥ Zoizp 741.505 —_

Avg. —_
Check'd AUk

B A

consoLe#  JL[303

FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-73



SOURCE SAMPLING FIELD DATA SHEET

Page | ot [

o3V
k4 . .
Plant Namg,p'q Plant Yates Station Boiler No. 1
Samplin ngio el Train __ Ammonia/Hydrogen Cyanide  Run No. z—
r .- . L=
Date _; 27783 Time Start Time Finish IOl Test Duration 95 min.
DuetTimensibas__11. </ Diameter g R Initial Leak Rate : OO 7ED2 ” cfm
PTCF __-5%  DGMCF Nozzle Dia. .22 inches Final Leak Rate 426 (4 7" cfm
Bar Press 'Zz-f Z - 03‘”’;/ ' s .
Static Press /4 " H20 o Operator _XW K:’.,L& &) T f—lfé’?@
Travers | Clock { Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 83 | (a H2O | in H2O [Temp. F| Inlet Outiet | Temp. | Temp |Impinger| in. Hg

1%455.’5 877 7T PI27L | w8 | 76 1254239 | %5 | 7

$50.77 | 0OR¢|1.¥5 1275 &6 178 |125¢ |260177 |5
ﬁ% 774

O 154220097 [/ ¥51275] 9 (727 |ovf £.5 ]
2, ) 1850 ¢ \J.28 Jo#5 23D ¥/ 258 195 7 4.5
Fd

12
¥J.3 1§56. 1% |o. ¥4 logn | 2% [ B2 2372\~ o5
SR AR AT AT B AR N R adie ZAY - WA

578 |B6Be2 1.0 1279 77 |25 zsw 252 | ¥ €70

2.0 |g75/6 095 |/.35 | 283 g7 |2s% |Z4/|S/ |22

7Y |l gg/od |0 1.e0 1284 1/00 | 8E (257 25857 7.4

7.1 @89 7x 0. )2 1/ g0 2721703 190 1277 123/ {sO | 7.0

94 | 5242 094V 5D

797 | 94 4.

Avg. —
ICheckd

consoLe# 01903
FILTER # 5y
AMBIENT TEMP. /
PROBE LENGTH

LINER MATERIAL

REMARKS
C-74




SOURCE SAMPLING FIELD DATA SHEET

Page _L of

Plant Name Plant Yates Station Boiler No. 1

Sampling ion__ &SP Outle-+ Train __ Ammonia/Hydrogen Cyanide  Run No. 3
Dae &121 ict'b Time Start _ 3% 7 % g Time Finish OB S& Test Duration __ <1 | min.
Duct Dimensions__I{. 4" X __1I- Digmeter R Initial Leak Rate . O (@ 10" cfm
pTck P4 pomcr_ 472 Nozzle Dia! & 2 1 Minches Final Leak Rate - 007€P/2" cfm
BarPress _ 29 5 "H ’

Static Press = [1-0 " H20 Operator __T°J ) £ 1.85

Travers | Clock | Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 83 | in H20 | in H2O [Temp. F| Iniet Outlet | Temp. | Temp |Impinger! in. Hg

072§ | 9B3.0 | .89 [1& |280| &) | 11 254 [2t>|68 |&.©0

223> | 88.45 | .83 (1.6 |2p0ac | 719 [25% (2,0 (59 |c.©
02141 19339¢ | 89 1{. & |(280|96 | B8] |Ze2 {258 |S4 |&-©
0153 tocz1l | 89 ]1.& 12717199 | 84 (253|255 > |€D
0863 |lowa.0¢ | .85 |-k [ 278 |iel 87 (254 [5m|53 |6.0
0818 (lea.bS | . 8A[|. € [2791ter | BA | 255 |z |54 .5
0530 |to28.ch | BT | 1.6 | 280 | pe | G2 |28¢ |25 <57 |6 5
0348 1034658 -Balt-b [ 280|107 [ Y |256 | 2z53| S7

595k |04, WD

Ave. -
Check'd

consoLE¢ [ L1907
FILTER # ZIaY
AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS Derole mozzte  before fun  swilhto §.229

C-75



SOURCE SAMPLING FIELD DATA SHEET

Page / of
Plant Name Plant Yates Station Boiler No. 1
Sampling Location  ESP outle Train __ Ammonia/Hydrogen Cyanide  Run No. é 6‘_
Date 7, &1~ Time Start Time Finish Test Duration min.
Duct Dimensions X Diameter f  Initial Leak Rate cfm
PTCF DGMCF Nozzle Dia. inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H20 Operator M&_«/
Travers | Clock | Dry gas meter| “P “H Stack |Dry gas metertemp. | Hot box | Probe Last | Vacusum
Point Time reading 3 | in H20 | in H20 (Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg i
13251 90183
90 30

AvE. —

heck’d

CONSOLE # ﬁ[ Q! f‘%

FILTER* LS4
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-76



SOURCE SAMPLING FIELD DATA SHEET

ESP OUTLET

re Page __,__ of_'l!_
Plant Name Plant Yates Station Boiler No. 1 J""”?
Sampling Location e > Train ___ Bulk Particulate-Radionuclides Run No, /7
Date ' 7 Time Start [ 054D Time Finish =780 Test Duration 1 98 ™*  min.
Duct Dimensions Jf[’ﬂ" x [/ E Diameter - £ Initial Leak Rate & - &0 cim
PTCF ¢ s% DGMCF _/, J09_ Nozzle Dia. _. 197 inches Final Leak Rate _&. EEE cfm
Bar Press 22,_’2-2 " Hg
Static Press =4f " H20 Qperator % e¥
’Travcrs Clock |Drygasmeterj ~P “H Stack {Dry gas meter temp. | Hol box | Probe Last | Vacuum

Point ( Ti.mD reading &3 | in H20 | in H20 {Temp. F} Inlet Quilet | Temp. | Temp | Impinger] in. Hg :

o3k TH8 126172 12%3 | 57 | B> | 257 |277| Z 15.75
;2.& 57 725,10 |#20 | /29 \pz | FY 12591274 P2 |54
L g 1 £72.23 (2jo V15 129 (n7 |79 lzsylzr/lzz 152
__J,gs.oT sy 735 |/ Ab | L2 éo_ﬁ /I~y |25% (278 |77 4.

BF 7155777 1223 [/ 2 [2%€ /35 _ 0L 277177 -5

750 Vo V.32 |23 1108 1/p> 27/ 1233 70 | <%
QISYD | L2 1 X (287 1o | oy (282 [260] 62| ¢

Gl 112 s |09 |23 |2 _.@%__Q !'
ﬁg_%( .27 L 23 I8 1031253 6 s51
70).. f

BE
M

v

¥ 12390
;gp 327,.’0 02.< 1.2 (1.2%
40 P IUL.TF
se?ys 1,2 1.7

O 257 1749\ 4 }zf.s'/

3
Y
w > fplo (7950 [1AC 43193 EvEFE AV R«
22.0(€3).€0 12| L35 X4 £y |20 e lta | a5
Tl 16239 1l ) 435043 £ | 258 |99 LG

%3
Y2 1ES T
yil
34
o What | 12¢] 1 3C|ag 4@- St 12
o4, p 1 Wh 4 - L3S 3 2 DS~
7 FRrn
4 6
13
gy
gy
b
[
93

<1456, 03 (pag | pas|déd 54 D93
I 14SR07 125 | 35 279 £ _|d5 g2
wi {1gagdp | 1! 3¢ag $ (S |22 <
WS | 6 d3 125 | 1 35ISC0 p7A dralyF |25

q 110394 jlas| 35 1829 £ 262 93 | £ |3.x
10829 1392 | [ 25 | [ips lagl | ¢ 127329

Lis b
0320 1B 43 | 1.as] - j;;jﬂ £+ li}‘?ﬂ_ 2.5
to 125 1A BAs s

W32/ |0 dp J). 20l £5 1279

Z | 275

YE. ——
Check'd o
CONSOLE ¥ ___A4 jé (460 Velocay_ -
FILTER # k909 % Moisture___
AMBIENT TEMP. % Mgmscm v
PROBE LENGTH 2’ " ledkinctic (%) " ,
LINER MATERIAL

/

REMARKS Lot Ry (605 ruida @ 1010 D, Gieas
f\’v@« 5‘79{]“‘/0/' 730k NGL‘«? [ 4p rasers v gi:m{"{“ftél#//f\ .



SOURCE SAMPLING FIELD DATA SHEET

ESP OUTLET

Page __l_ of ____
Plant Name Plant Yates Station Boiler No. 1
Sampling Location__ 22F 0uq T Train Bulk Particulate-Radionuclides Run No. _2—
Date glm (43  Time Stan 10D Time Finish __ 26410 Test Duration min.
Duct Dimensions_J/ “{’/ X Y ’(/ “ Diameter ft  Initial Leak Rate mcfm

prer &4 DGMCF | 005~ Nozzle Dia. _j §7 inches Final Leak Rate 2-0038 4 cfm
Bar Press ﬁ.;‘S‘ " He

Static Press __ ~ () H20 Operator M{TS - ({ OL‘
Travers | Clock | Dry gas meter; “P ~H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading i3 | in H20 | in H20 |Temp. F| Inlet Qutlet | Temp. { Temp | Ilmpinger| in. Hg
joso| 1050 (24308 [ 1o 11y |283 |32 | R4\ | 288 | W0 | 10 | &
( (£4 lagzoq | 1O |t 283 | 87 $¢ |2%¢c 27012 | S—
% €2192<8 s L g0 (1 {787 | Q0 | 0§ | 2C4 (2£2-170 | §
5

09ty |yteri 3 1284 [0 197 |29 Z?'%- (g

1244121723 11 | p38 (oa |74 259 |4 7 ¥

SO 1372764 | 1O L] | 7285102~ | Fip |21 |270| 2 <
Yy
d

all 136232 | {5 ln! {786 | 10| 95 1282127¢ | (9
265/ | 29207 | jog| )/ 2% (/05 12O (251257 7/

L, 1212 [ 9171-51
320 (977 .6 .o (-1 [2%7 |lox |0 1283 |2ul |66 | z.0
1310139. [ us€ 200 1.1 1z8%l 11z | 105252124 b1 | 4.7
TWwHl=2 w45 epe 9% 1o Ny SfY | jpz | lof 195 1S %O

S| S G5 (16 [y (285 | Joi |4 [ISR [9Cn [6C w0
b0l Ssu0f |1y i (280 1| 99 193 |&252 1363 (61 14.0
6$Ls 160860 L ey Ui 1280 1§99 | 92 1253 (97 143 &
(830 (bza3a 1o L oy (97 192 126> laeo |y |40
S| GOl L Lo 1) |28 |93 $¢ 1253 155 | €9 | 1.0
4.0 | 69l LYl o 1.4 392> | 9 $ |2ra |25p(<? [ %O
8§33 | 329 44 |30 fL{ [2¥0 |19¢ | S§ 1253 e | by | 4.0

oSO Y2 | Lo It | *39192  ($2  [25n (a5 KT pp
loH4 | €130 i sl 23€ 79 F{{ 23 |20 632 )
W0FM euiq3 | Lo ey 229 | §% | ¥7 259 G L u.C

ol | §Gl.ug | 1o |y H?9 | i £S_ 253 (Al |4
1170 199492810 | 1. & | S E5- 1 1Sl | S5 | S

/1324 T0/.34 1

Avg. —_
F——
[Check’d

consoLE# A 1ot W p-
FILTER #
AMBIENT TEMP.

PROBE LENGTH 10'CAS
LINER MATERIAL GASS

REMARKS 21P o Enply ity From Imp 5 g¢ ok

CT e o some “sh seon :Boumsw of Frhlcr N / ;?‘r5+ half of Tesl 1050117

o f AA’DQFM 1720-01.‘




SOURCE SAMPLING FIELD DATA SHEET

ESP OUTLET
‘ Page of
Plant Name Plant Yates Station Boiler No. 1
Sampling Location__ 56 Q UA~ Train Bulk Particulate-Radionuciides Run No. _3
Date _{) tﬂ[ !ﬂﬁ Tu'ne Suﬂ 0SS~ Time Finish _O4/9 Test Duration Lf 9 min.
Duct Dimesions - £" X_{[. % Diameter £ Initial Leak Rate fm
PrcF__ 4  DGMCF _1, 005~  Nozzle Din. _ (97 inches Final Leak Rate 1 085€0 0% _cfm
Bar Press Lﬂ 42 ~ “Hg 3
Static Press - MQ * H20 Cperator 4( "’/- 0
ITravers | Clock | Dry gas meter] “P “H Stack |Dry gas metertemp. | Hot box | Probe Last | Vacuum
Point Time reading 3 { in H2O | in H20 [Temp. F| Inlet QOutiet Temp. | Temp |lmpinger| in. Hg

o 4321 lioes | 21292187 | 8 {260 |AYY | b3

24 | 927.0 |jo5| 1-2 280 44 | B9 1249 |255| ¢4

49 193997 o5 12 eep t 89 | 972 12501262 4f

G | 9dY42 | sos| r2-1284 | j02 | 98 | 25% [24¢7| 57

Lo 1t 0S5 12— (784 | ioS | rol |24 12851 ©>

14¢ 1296 | 105|127 |28-] log [ 105 [256 244 | S9

189 1 /mBIYSCt a1 2- 104 | /183 3¢ 1246

3
24 1105y, 105142 (206 1 704 [ 40 1282125t | &3

432 led, 5" | 1,05 2%6 | 406G | 402 | 252 (252 | 5%

T | 4346 QLA [vox A4 |y 99 1353 lasz | Go

Suz3| 228 7C 10§ EEZAY o |95% [Jc3) Y,

| 059,15 | (.05 | L 283 | 2 | £ (253 1254 | $*

{

/

{

\

|

\

:

Z 7

(26717263 (ot L joS |12 lzgellod|lo) (2521287162 ||
.2 1

.2 !

5 ]

o4 | 23S snl ppeliia. 41 | fo 193 S5l 26( SE |
2 /

- A

720 1a0wp | los o |2€( | 4 | 4o |agy 962 I3

P2 4136(30] oI A |2¢y [ fe | §6 tacy | DLal<y

Ryl 3¥e.5o | Loclia (290719 | f2 (263 [2Caiey ||

US| 4320 | (05112 20 | S0 | §F |36 D3 ey |
Yol | LGl Gy 11012 (280 | 3 | £3 251 |24q (S5 |
1032 | sp300 Lo llia P39 154 1£¢ 1253 Osv loe |/
&1 €376 liag 112 1239 | 9/ A 26517 |7
32| $6CY 1o (12 @38 |29 | £4 o oy 1/

do (o) 5903

(Avg. -
iCheck'd

CONsoLE# _f /¥ 400
FILTER # 928
AMBIENT TEMP. g O
PROBE LENGTH 10’

LINER MATERIAL G LASS
REMARKS

C-79




VO oS,

]
ENIETL

SOURCE SAMPLING FIELD DATA SHEET /o /
ESP QUTLET

e £_ot 2o

Plan¢ Name Plant Yates Station Boiler No. 1

Samgling Lomation___ QU /et~ 7 Train ___Bulk Particulate-Ex. Metals _ Run No. /
Date A/2 Time Start Time Finish _ €270 _.é'QS' Test Duration _{ JOf ¥4  min.
_——-—7_ - ——

Duct Dimensions // (7” X f_/ ’7 Diameter ft  Initiaj Leak Rate ?.a{j cfm
PTCF ,3 ! DGMCF_.99¢ Nozzle Dia. _ ~% 2 inchey Final Leak Rate ész & cfm
Bar Press _ 27 " Heg 130 ) 1.9%
Static Press "/é " HI0 Qperator
Travers | Clock | Dry gas meter; “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading &3 ! in H20 | in H2O | Temp. F|  Inlet Outlet | Temp. | Temp | hmpinger] in. Hg

257 | 77 g (oL &7 | /2

D ‘430 |[%
9.4 _\A42D67 1130
4/(3 97-3'5’ -ZD

in H20O
(o
259
2¢/ 125€] /o2 [ 7Y 125 AFCRNK
MG ISz [1.3 12.¢ 2821109 | 3D 283176 12
1o | Gee2y | 1.8 126 1289 | /¢ 102 126/ 250 | 10 | 12—
£11£o4 70 | [/5 (245 277 \JO§F |97 [24( |25/ (&3 /15
2.¢4S
Z.2
295

7
298\ D | 92 z_a;g 2i3 |72 /2
237

X253 | L4900
. O ]L
23371 7

28T oy (257 v7 |72 o

[0

3554 | 75775 11.20 Q.47 | 283 (g7 |&D |25@ 1249 (SO 25
MPZ1H0G0 | F9C Ml 120 {9 45|60 | 93 | § |02 127 | <7 1Tey”
$x98|0C.0x [ 120 |2y agi | 43 3 laselasniyd (7.5
<181 9uera | f2o |2.q¢tag0 194y ¢y |2 s |3

A <234 |\ 9/ | §0 S/ | o
3y | F0. 38 | 1,20 833 | 3 ¥ 3 (25X |dgn |52 | §:O
KRS o 3o 1130 lausloye | 9r |1 | den 250146 | $i0
I b ud | han laarigys (92 | §2- l25% (950 (4% |¥.0
338 | annul, s394 191 | 1asg o |4% lgin
==l
25>
37

:
:

B

L 20
9.4 |as1q | 120 232 €3 | ¢3 2 15D |
10335 a8 63 | ) [2gs| G [T2- [ g2 as7 45 | .ol
WO (0793139347 |L/r |23 (999 (9] |87 257 2% | #5 | B.n
| (1461369,

AVE. —

I[Chc.ck'd 705,

consoLE # A4 J6/395

FILTER ¥ Q&S 92 %

AMBIENTTEMP. |~ 90 —

PROBE LENGTH In” Tsokinetis (%),

LINER MATERIAL

REMARKS Mz« Q 079 %W 130 23D . l

C-80 (o5t Pooav @) 16(D Durrto o fbt’ Y‘m“‘l"m"“" ‘k"”‘f/‘.\ -
n:alwf O L%D w¥ sbbadlo-smn gy i gm



™

SGURCE SAMPLING FIELD DATA SHEET

ESP OUTLET
Page _ [ of

Plant Name Plant Yates Station Boiler No. |

Sampling Locatjon QL Train Bulk Particylate-Ex. Metals Run No.7—__

Date (gil_x{ﬂlgs Time Start l.fi 0':_ Tune Finish % ‘Z?Tcsl Duration min.

Duct Dimensions_I 1. X . Diarmeter i Initial Leak Rate O Qgiﬁlﬁéfm

PTCF Eci DSG_MCF ﬂﬁﬁ& - Nozzle Dia. ,22 inches Final Leak Rate ‘!-QZ&QZ cfm

Bar Press £S " Hg oz

StaticPress ___— [/ "H20 opera:or}bzzwﬁ‘ﬁ@_ = /?

Travers | Clock | Dry gas meter| “P “H Stack | Dry gas meter teinp. | Hot box | Probe Last | Vacuum

Point Time reading i3 in H2O | in H20 |Temp. F| Inlet Qutlet Temp. | Temp | Impinger| in. Hg
10901 39040 | 1,7 12,3 [2%21 9% | 17 [ LR &3 | 8
22" 14079/ 1 v+ | 2.3 12> | 32 | 8/ [ 2%f |es3) 462 | ®
70" S9.00] 11212.3 1289 | /600 | 88 257 |25¢ ) LY | &
"] 933, ) | 121231289 o/ | §/ |260|253] S| &
(3250 496.2 | ] 2123 12%5 | /22 | 12 l759 |2 éz a
162 {7008 /2123 (280|041 3% 26212 g
223 1 S6S.59 | 112 B3 ]efe | josm ) T [2¢3 (25RO | 8
276.6 | p(lo7 |12 12.35 | 284 | 108 | 97 (257 25053 | &

P3G 0| 69478 -

seloo.0e |92 (1.2 2. 5284 1109 [ 7 [2¢] 253[ 545

\11500:00 | 1tp.S€O
- 15304 1) 123 €6 /ol |42 loaf 5D |2 |
M3.0 1§40 ik 123 19¢y iy 4 |59 |27 14 |5
2 57 15¢eHol| 12 (23 g 199 19 |96 |Jdp |49 [
2%0 | 2041 |2 (23 D8 (9Y 19n 260 las7 (<7 | £
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Avg. -

Check'd

consoLes ___Alb/ZFR Velocily

FILTER # L q0¥ % Moisture.

AMBIENT TEMP. Flowiste {DSCFMY...

PROBE LENGTH lsokinetic' (%)~

LINER MATERIAL

REMARKS 5“?9‘4 1boo (emeved Sf’taﬁ' Si.Le))
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SOURCE SAMPLING FIELD DATA SHEET
Page of

Plant Name Plant Yates Station Boiler No, 1 Bul K 5

Sampling Locsgion £af? oWl s Train __ ~Partienizte-LMetals Run No.

Date 23  Time Start H 5 2 Time Finish ﬂéz ] Test Duration /i gi min.

Duct Dim;gions vy x__ yd” Diameter R Initial Leak Rate .O}@) (" efm

rick_ @ X% ooMmcF_¢1,.999 ' NozzLeDla. 229 inches  FinalLeak Rate Ol £ 7 cfm

Bar Press Z9.4Z - Hg -~

Static Press - 3( “ H20 operator _[ ) Dl I M ! UB &=197
Travers | Clock | Dry gas meter{ “P “H Stack {Dry gas meter temp. | Hot box | Probe Last | Yacuum

Point Time reading i3 | in H2O | in H20 {Temp. F| Inlet Qutlet Temp. | Temp | Impinger| in. Hg

o 3¥700 | 371 149 12821 97 | 82 277 [253 | 6L

20 13651 87119 ¥R | 9y

AL g8~
Lo 139472 1 39113 (286 | 09 | QG [250 [2_1

66 |Yz4.2) | 97114 [L¥6 | 109 | vz [255 [2532| ¢4

(7 148932 ] 97 n% 2L 1[0 | 70/ 298| v

7.5%
202 [Y9$.</ 1 951/ 205 /96 | 99 z% zq?
28 |54 117119 172901102 (26 |25 254_4-%
2y | 353 G2 119 92 | tou P |25Y% s
T (ualy | 669%3 l0AF [ [§ lape | r0a |95 1360 {249 | co
020612320 10GF 1 1 g F¢ 126% |auq | §7

<2 £ |25 |2ug | 45

$£32 13292 1692
389 | 250D 42

4
A
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thﬂwqﬂquijngfaﬁa

b2 11it5 T 157.boS B

Avg. —_
Check'd

dare(335
AL S Goad

CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET ~

ESP QUTLET
Page of
Plant Name Plant Yates Statmn Boiler No. | ; —L M
s,mph,-f Location }gﬁ ML Train Suz :ract Particulate Run No.ﬁ’\
Date 2L 2. / Tunc Surt “ EGZ Time Finish E yZ[ Test Duration {“29 min.
Duct Dimensions fl g lt ‘l’ Diameter __ Initial Leak Rate 4 gfm
pTcF . §</  DGMCF i 00:2 Nozzle Dia. _,Z//  inches  FinalLeak Rate _________ cfm
Bar Press g:é-s " Hg
Static Press __— / / " H20 Operator M— ;% {3
Travers | Clock | Dry gas meter| “P *H Stack |Dry gas meter temp. | Hot box | Probe Last Yacuum
Point Time reading i3 | in H20 { in H2O [Temp. FI (nlet OQutlet | Temp. | Temp | hmpinger] in. Hg
O [SoldO] ff 1 4T 12721 O | 2D 29 | &—
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Avg. -
(Check'd F A5~  ]
CONSOLE # K39
FILTER # i2Sh  (Th.mble)

AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS AW @ f775

luckinetic (RS,
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SOLRCE SAMPLING FiELD DATA SHEET

75
€1

ESP OUTLET
Page of /
Plant Name Plant Yates Station Boiler No. | : _# — .
Sampling Location Oes T £T qlo. ) Train __ Size Fract. Particulate Rl;; No. __1[
Date _ {1144}  Timesun ___ 6740 Time Finish ___ ORO gzg' Test Duration F55. & min.
Duct Dimensions l ..«'l{" X LY Diameter R Initial Leak Rawe Mcfm
PTCF éH DGMCF _ j.cC ¥ Nozzie Dia. (2! inches Final Leak Rate cfm 'y ,.’0
BarPress 1973 " Hg
Static Press -1 " H20 Operator _&""L 7 .gﬂ
[Travers | Clock | Dry gas meter| “P “H Stack 1Dry 2as meter temp. | Hot box | Probe Last | Vacuum
Point Time reading A3 | in H2O | in H20 [Temp. F| Inlet Qutlet Temp. | Temp | Impinger| in. Hg
0 17:5328 [ .18 Nigd (& % | 0¥ 70 | 2-
3 1132 | 89 [fF 1278 33 | ¥ Lo | 2
0 738390 1.0 11 g94229 | Y I lef 2
G4 1726407 | o 11.¥ (280 | sC | &% 2
jp 1270.55 | Ol /3 (282 | 10D | G2 2—
130 (998w | O] 1. % (283 jof | 85 Y| -
/631 81S ey | ol (21 & |04 | § 67| 2~
i¥8 183718 | 40 | 23 |28y [ r02 ] 9¢ F S5 12
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§Check’d Z. L3Y%E | 2
CONSOLE # A 161354
FILTER # i250  (Th.mble)
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS i"ﬂuﬂ ‘L“ﬂﬂ; 4:....¢. Leah ¢ Leck 544&_4‘ f;é?mw*
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SOURCE SAMPLING FIELD DATA SHEET

ESP QUTLET
Page l of ‘
Plant Name Plant Yates Station Boiler No. 1 - T
Sampling Locaion____ 2.5 2 SuX 1§ Train _Size Fract. Particulate  ~ Run No. 3 (3
Dae _G{20b [ 12 Time Stast 1218 Time Finish 262 7 Test Duration 1020 min. »
Duct Dimensions I \/ X 47 Diameter 1 lnital Leak Rate .00 G & “cfm o
prcF__.8Y DGMCF ] &0? Nozzle Dia. __ 21} inches Final Leak Rate cfm 4
Bar Press 2}.‘{2—— " Hg QR’_‘& 13
Static Press -/[.D " H20 Operator S?.:J,O' (.}
Travers | Clock | Dry gas meter{ *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading ft3 in H20 | in H20 |Temp. F| Inlet Qutlet Temp. | Temp |lmpinger] in. Hg |__ ]
o0 1593 | [Z [ /-4 287 1 85 gz | - |76 3 )
26 (174 L2l i [230.09% | 85 3
e3 |%o0.7] |.2 |1t 282 ]|1e0 | 92 18 T8 |3
(08133067 | 1.2 | (b [280 | jor | TS~ 59 L3
ol 1320./ 114 [17 1283 [0y | 99 s
225 |4i1S7 |17 )77 1246 lied | 79 124 | 55 |2
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Tnehy | 392 | <2¢. 2% [ 12 | L[ lon | 9% ¥+ st 1a
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Avg. —_
Check'd

CONSOLE # Al 296

FILTER # 1285 (Th.wbie)
AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. | Comments
Location __ o1/ E7T
Run No.
Date 6/21 /53 Operator _ 7 778
& .
Sorbing Reagents: (CQU2) (G2 (CQO)
Replicate Original (CO2) {CO2) (02 (0O2) {CO) (COY
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading {ml) (2-1) (mi} (3-2) (ml) {4-3)
(mb) (ml) {ml)
/ J 8.0 40 Vv /2 o (24
Z g 6.2 2 /9.0 __2.%
3 0 b.6 , 196 /3.0
¥ %
Averaged Results: % CO2 b. % % 02 {3.{
% CO Y-253
L] N et
Dry Molecular Weight, MW (dry) = Run # ] Train_ QA J\DJL,/ C
Component h Al .
=0.44 +0.32 .
(%COD) (%02) Date /.- [~ 'ljme_____Smpkjg:E
Lab Mnalvm (R 2 O>
= + + Tare Wt. Final Wt.

‘*}IS NoT BEALSTIC — LEAK 1N TARp

o RUD

dssume ©p= 8.0
Cao = .|

lmj <¥s‘§ia1
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Plant

Location_ &3/~ Dt A 7~

Plant Yates Station Boiler No. |

ORSAT DATA SHEET

Comments

Run No. 2
Date & 2-2-/ 23 Operator 777 ,/ i aladl
e
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO2) (CO2) (02 (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (2-1) (ml) (3-2) (ml) (4-3)
(ml) (ml) (ml)
/ 4o VA 72 Va7 ¥, 28
b VY [f Wl s /Zo  |z9
Averaged Results: scoz_ /1.5 % 02 7.9
% CO % N2 60.9
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
{%CO2) (%02) (%CO + % N2)
- * - Y-254
Run # L Trin_O 0ot
Component b Oor Stk

C-88

Date 6~22-QF  Time
Lab oy Suhe, Analysis

Smpir Ty 2,

Tare Wt. Final Wt.




ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location_ 5P ¢ +et”
Rur No. ,3
Date b / 2% / 93 Operator W
v e
Sorbing Reagents: (CO2) (02) (CO)
Replicate Onginal (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading {ml) (2-1) (ml) (3-2) (mi) 4-3)
(ml) (ml) {(ml)
/ 2.0 /0.6 06 /%0 £/
2z 0.0 0.6 /0.6 /9. / .43
Averaged Resuits: % CO2 /0 L % 02 g (
% CO % N2 B0.7
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
{(%CO2) (%02) (%CO + % N2)
- . Y-255
SP Inlet

Run#_ S Train®C St

Component bo(,q

Datel - 23 93} Time

(2CH

Labon g, e Analysis (0, On

Tare Wt.

smpir TP

Final Wt.
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location EsSP__Autict
Run No. Rum 2-1 Koo'\ &‘)\\nna N
Date OG -25-93 Operator Dry
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO (CO2) 02) (02) (CO) (COY
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (mi) (2-1) (ml) (3-2) (ml) (4-3)
{(ml) (ml) (mb)
/ 0.0 . = 2 /5. % 7.6
2 o.0 (L2 1 2 18.% 2.6
Averaged Results: % CO2 /e 2 % 02 T &
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%C02) (%02) (%CO + % N2)
Y-329
+ * ESP Iplet
Run#_J Trin_O3CSaZ, @é@
ck
Component _Do.a

C-90

Date (-5 "9\3‘) Time /OY(O  Smpr TIR

Lab pn SUL Analysis 0oy O2

Tare WT(g) Final Wt(g)




ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. | Comments
Location_ £XP° (Y #/e
RunNo. phgse Z. /Sl 2 .
Date 4 5’/ 2 é//? ) Operator .7/
v~ v
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volure
Reading (ml) (2-1) {(ml) (3-2) (ml) (4-3)
{ml) (ml) (ml)
/ 0.0 Yl /0. A 76
2 20 w2 2 {&é z4
Averaged Results: % CO2 / / ‘ / % 02 7—/.;’
% CO % N2
Dry Molecular Weight, MW (dry) =
=0).44 +0.32 +0.28
( %Coz) (%02) FE, Nalal ' T T . — -
Y-406

= +

* “Run # iTrain _O_JL_ﬂCUt m Eﬁismmgblet

Component ﬁ)ﬂd 0 R - Brg

Date =R & -3 _Time /¥ &/ Ssmotr TLTB

‘Lab Analysis (D, O>

Tare WT(g)_ Ak Final Wt(g) A :; C-91




ORSAT DATA SHEET

C-92

Plant Plant Yates Station Boiler No. | Conuments
Location___Z£S7 Clt é 7
Run No. ,i - %
Date é_/ ﬂ’?‘:/ 93 Operator 7
el -
Sorbing Reagents: (CO2) (02) (CO)
Replicate | Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Voiume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (2-1) (ml) (3-2) (ml) @-3)
(ml) (mi) (mi)
D 0 lpy lwy g0 128
2 2e) Y pry /fo 26
Averaged Results: % CO2 / /- 7 % 02 2.6
% CO % N2
Dry Mol-eculnr Weight, MW (dry) =
=0.44 +0.32 +0.28
(%C02) (%02) (%
Y-457
= + +

Lab
Tare WT(g)

S—

Run # 23 1p:0
Component o #K

Tl Wy

‘-_—__-""—‘-—-—_




Plant Name

Plant Yates Station Boiler Nol

TRAVERSE FIELD DATA SHEET

Stack Diameter

WY % tyryn

Sampling Locatien- ESP Dy—ueT Sample Port Diameter___ >
Date Bl-19-9D Sample Port Depth \8 "
Operator P=VANY ! TVl an Distance Upstream
Distance downstream
OUCT O TERT UPSTALAM FRACH FLOW HETURBANCE IDISTANCE A}
. 1 (Y 1. 1.
» L 1 3 ] 1 T i
Y HIGHER NUMEER 1S FOR DrTunANCE
- RECTANGULAR STACKS DR DUCTE T
- tﬁ-’uuuuu:n =1
2 - - Uty
3 I
Per ' -
: 2 on 257 kbmunncl B
s i
T B —
} _m\'r:: DIAMETER > 0.5 m 174 o)
! :
§ ‘.-onoutomtanmrmu |—___.'”'.—
QISTURBANCE (BIND. (I ANTION. CONTRACTION. 1TS)
' , \ SI?ACI BIAHEITII -ulto it . Ill’-ll L]
'Ia 3 + » 0 H ] ) w
DUCT DIAMETERS DQOWNSTRLAM FROM FLOW ouwum‘wu’nxl [ 1]
! i Numper Tiaverse Pants On A Damnewr 1 Traverse Poims
i‘havo-“ Pomnt Numosr
{ | 2] ai sl &l wj 2] saj W} 1wl 2| 2| 24 No. | Distance From Wall
; T | i |
! (1481 67| 44} 320 26| 21| 141 16| 141 13 L] 1t 1) 2.S
' 2 1854 1250 148105 | 82| 6T 87| 49f 44 29! 18| 22 < B
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‘ ! 18001704 1323 {26 [ 17748281109 871 a7t Te 41 ]399
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i 3 i L 95.8 1 00.6 i 5.8 [ 256 | 269 | Z20 | 18.8 1 185 ) tas | 122 B[ Jy\y.
| 7 | ! [ 89.5 ) 774 | 644 | 388 | 20,3 | 224 20.4 | 14.0 | 180 7 1288
: ] ‘ i D60 [ 854 | 75.0 | 634 | 37.5 i 29.8 1 25.0 | 21.8 | 19.4 By i« <.a
i 0 ! . t I8 [ 823 TAr | 6251042308 | 26.2 | ;20 ¥
12 I i (T4 M2 LTSI M7 I8N I M8 | NGB 272 10
Y T g : ] | (93,31 854 | 7.0 | 70.4 | 61.2 1 20.3 | 323 11
X 2 | ! i ' : (970 P01 P AT [ ThS | B4 L Q.7 ) M8 1<
i 13 | . i | ] 1943 | 8751 07.2 | 750 ! 605 | M0.2 13
| 14 : , | | . 1982 PLE 1 864 | THE I TIE | 677 14 |
i 3 i . | : ] y {9515 80.1 | 815 | 702 | 72D 5] i
| 8 I ‘ | [ ; : b4 ) B2S [ 87.1 1820 770 AR
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| L . I ' i [ 0881 93| M. | 820 i)
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VELOCITY PROFILE FIELD DATA

Piant Name

—k'L/C\_\LP < - pﬂ_hﬁu‘ dl

Sty

Sampling Location _unlet o Scrubbe

EsP Qutlet

7
Sample ldent.

Date (MMDDYY) Time Start _/¢oc/ _ (HHMM) Time Finish _/6 30  (Hpmm)
Duct Dimensions je" x 7R A ft. or Diameter R
PTCF __ 2. ¥4 - % H,0 > 2.0
Bar Press. __2 7. <% "Hg % CO - % N,
Static Press. =11 " HEO Yy CO2 2 9.0 G4 Hz
Operator Initiais __Jwut KV w %0, 2.4 % CH,
gm‘/ 'S afl Ve oy ;i
Stack Temp. °F Veiocity Pressure * H,0 Other ( }
P, L4 "2 Ave. LAl ] Ave. "n 2 Ave,

o Jl-/ | 207 0.8%

2.1 205" S 10. %o

3 | 207 =% | pet

4 {200 0.3

s 200! 0,35

b | 200 D32

2 L7 6T

L1 /792 2.¢%
w2y | 200 0.Y5~

2 |1 209 096

31209 a.2¢.

o | 207 a.22.

S l2os 0.62
e | 207 0.3%

24 (2 '-/ O.7

€ 1/94 9-97
Woeather
Ramarks

/2“@(’()2 + 7YOL + %OG V\J}_ - 30,23 N
2 .9.36 G-

L 1/s

C-94 s7.1¢ €F ,z‘i."é =
<

<

]
1422 s*; o c/:/fj_z_sg_o_,_jff

5/5}7’0—‘?'33F

lﬂ\_\/‘

-
a—

o ra
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VELOCITY PROFILE FIELD DATA

Plant Name =
Sampling Location Sampis |dent.
Date _______ (MMDODYY) Time Start _____ (HHMM) Time Finish ____ _(HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF —_ % H,0
Bar Press. _ "Hg %CO . %N,
Static Press. " Hzo % C:O2 —_— % I-i2
Operator Initiais % C)2 — % CH .
Stack Temp. *F velocity Pressure * ;0 Other ( }
P, ” "2 Ave. " ” Ave, H "2 Ave.
W3- 120/ 0.%5~
Z |20 bz~ a.9¢
7 2t Pl el ¢/
4] 202 AR
vl BV & 4./
6| /%Y .7
Yy | /% a. 73
v /40 .3
WY— ¢ | 203 .
& b X .99
3.1 sa 4231
/1 25 .25
sT| 21! /2.3
Ll1/9 g WA
2] /97 0. 80
7%/ 0.47
Waeather
Remarks

C-95
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VELOCITY PROFILE FIELD DATA

Plant Name =
Sampling Location Sampie Ident.
Date (MMDDYY) Time Start (HHMM) Time Finish (HHMM)
Ouct Dimensions . ' ft. or Diamaeter f.
PTCF —_ % H,O
Bar Press. "Hg % CO % N,
Static Press. " HzO % 002 % H2
Operator Initials % 0, % CH,
Stack Temp. °F Vigiocity Pressure * H,0 Qther ( )
Pr. " "2 Ave. #t ” Ave. " "2 Ave.
as-/ 1 219 (2. 7%
2 | 221 0. .72
3 | 202 [
| 22/ [ 25
51 2.6 /10
¢ | 207 0.
2| /¢ 0. X
2L ey
e -r | 216 gl
2| z25 o ¥
31227 Ocel
4| 224 02/
s 1 219 0.5%
20/ T
194 QX!
{77 L2127
——— S
203 )
Weather 203V TIB if 87t v 7.‘3‘35
Remarks
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— MODIFICD METLOD 5 FIELD DATA SHELT

PLANT NAME Plant Yates Station Boiler No. | : Page _J'___ of _[_
SAMP% g{.%gt’_A'noN StecK RUN NO.
DATE TIME START __\ LAD TIME FINISH izzzl__-TEST DURATION _ 24/p min.
DUCT DIMENSIONS X DIAMETER _ "\ INITIAL LEAK RATE 3 .goo  &cim/5 "
PTCF _O- 94 DGMCF O %4 NOZZLE DIA. ©* |49L~ inches  FINAL LEAK RATE D owo [ cfrq?“%
BAR PRESS Z25-3| "Hg R
STATICPRESS _-g'6  "H20 OPERATOR &%
4= 1. 245
’?nvcue Clock Dry gas meter P *H Stack [Dry gas metertemp. | Hot box | Probe Last Vacuum | Cond.
Point Time reading 13 in H20 in H20 | Temp. F Inlet Quuler Temp. Temp Impinger | in. Hg Exit
Temp. F
E£-111240 |75,.2862 {075 0 B4 [12b [ T3 [772 [26i [249(589 |40 |3%
(250 [Tb1-2€0 | 0sF¢10.:qL {127 (1S | T2 |251 256 |68 4.0 |38
E-2] 1300 ] ¥00|0-Te l0-95 | 128 | 19 | 74 (253 (757 (50 [4.039
1310 [112-465 [(D-Te [0-9% (125 |83 |15 (255 (75| |47] |40 (4]
E-2111 201117641060 1615 1128 | g8 |78 |252 |250 |42 (4.0 139
13 30 |782- 425 |0-6L 10-T7[i2% (40 |Ro (753 [26& (45 | 4.o 139
£ 1A 40 |71%81.i98 Por |utwizie  Kiony | ft -C"%
N-{ [iI345|7871- 1o [0-75 (0934|1218 [RZ (725 1252 |52 . 0| 2%
355 1792 650 |0-74 1692 [128 191 (84 |253 [23¢ |4b | 4.0 |40
N-2li4 08 {197 758 075 934 1129 195 |85 |25¢ (250 2% 4.¢ | 39
1415 |803%-i4p |6-74 1034 1129 197 %7 (253 263|550 4.5 139
N-311475 |%8 475 ]0-60]0-75 12§ 199 [87 (255 |2u7 |50 | 4.0 &/
(435 [§13-200 |obe |0075 1179 [[e0 |91 |25¢ [24) |5( | 40 |4/
s |i45 181§ 148 Poar |omuGE | LK q,Eg% ok ¢ i

w-1([1480|g826/ 068 0% (115 (78 [92 (7255 [Z¢2 |5¢ (%o %D

1900 1822 .30 (068 (085 |l14 100 193 126« (742 |53 | 4.2 |43

W-1[y5i0 |88 .410[0-c3 [p-23 [i2§ [ioo |93 [2§3 |4 4.0 14/

5o
1520 532 . c35|0- L3 (683 /24 /o) 194 (84 1248 | ¥¢ | 4.0 |40

W-321i530 [§38-L716 |p-56 {0-69 [j29 103 |75 255 2y |49 |40 %/

540 1843 1IC 0 Sb o7 28 10t [ [15¢ lewo |5/ (4 [4/
SvP 11550 |&4%.096 Poar | Cipvare | iote coide, CH € [6%/%

S-{11p55 |84 -22<1b-bg e85 |Jz4 (88 (&€& (2£) [26y |55 |4 |36

17cs [§53.20 068 (085 (/728 (90 188  |25¢ (242 |45 |4.0 |3€
S-2171'5 18c€-580 074 092 /22 |94 |87 |25 |[24e (5o |4 [39
1725 1863-$42 o714 lo-92 (128 |97 |90 [253 (240 |48 |4-0 |39
S-301)735 Rt /58 bo-b] (076 |j20 [J0D 19 |26¢ 1250 |4 [4.0 |38
(445 B1w.03¢ poez 077 178 1/0f |72 RS5 115 [47 [9.0]35

eNd . |1#85 |§75.625

Avg. -
Check’d -

consoLe ¢+ A 16] 36 |
FILTER #

AMBIENT TEMP. TR
PROBE LENGTH __ (p’
LINER MATERIAL GLASS LiNED

REMARKS

PIbC TWAE LEAE Check. O o1




P

MIODIFIED METHOD 5 FIELD DaTA SHEET

PLANT NAME ___Plant Yates Station Boiler No_| Page | of |
-
SAMPLING LOCATION__STPC K RUN NO, &
DATE ©/21 /4% TIME START g—ﬁ =4 ~ TIME FINISH f 55" “TEST DURATION _ 240 p
DUCT DIMENSIONS DIAMETER ) INITIAL LEAK RATE © ‘Coo@ cfn{s ?
PTCF O-€4 _ DGMCF O ‘-l‘l ﬂ NOZZLE DiA. O |jg inches  FINAL LEAK RATE 0 0v 0 cfm? ?/
BAR PRESS Zﬁ 34 -
STATIC PRESS _— (506 "H20 OPERATOR _ EZ
_ k= 245
ﬁnvgm Clock BrTgu meter P “H Stack |Dry gas metertemp. | Hotbox | Probe Last Vacuum | Cond.
Point Time reading 113 in H20 in H20 | Temp. F| [Ialet Outlet Temp- Temp | Impinger| in. Hg | Exit
Temp. F
b

E- 10755 |%%g -530(0°14 [0-92 (123 | 15 [Jo {253 |2ey | 51 |60 | 44
bfon 1874 - 4751013 [0°4) (128 | 80 | 73 |25 (143 | b |55 [ 46
-2|08M5 1899.275 [0-14 092 | 128 | 8L |1 |25y |265 | 5o |55 |44

0 Fs4y. 3301074 [0°G2 (/27 | 39 | 78 1254 (260 |41 |55 (4L

5
E-3 6838 oy 060 |06t | 79 112X | 95 183 1,55 1264 (45 |5:-O |49
0F45 1914.450 |06y [0-7% 1128 |96 |85 |z55 (265 [ 42 |50 |43
s7oP lo#sn 1919- 437 | Poer| craMGE LEA eweeH. 5 € 8“4
N-110800 |9,9-532 [0-73 [0 [127 | 94 (86 |25/ [2%5 | %7 [&Jo |4/
0g 10 _fey 665 [0-73 109/ 1128 | 9L | 5% |25¢ 285 |4z |60 (42

N-2106%20 (9% (60 1074 1097 1128 | 99 189 1254 1248 144 |60 |43

0K 30 {W15.985 (074 109z |12f |rto/ [9) 1255 |Zo 147 |é-° |4

M- 3108 40 Y40 -Buo |0-04 | 079 1129 1/02 |93 _[28Y (264 |46 |55 |44

s 50 945899 |0 bd 10°79 | /28 ljoz |93 |25% |258 |47 155 |4¢

Sw” 10900 19501805 | Porrl cHmiGE (eAx| credK . 668 8"w

S- 1015 930 893 1067 |p-g3 |28 [/02 |98 1254 |2¢0> |96 | 5-5 | %3
025 |957.534 |0°CF 083 /28 |/03 |98 1256 1253 |43 |5-5 | 4%
5-21j035 §92.670 |6-75 |0-93 429 /106 |99 1256 [252. |44 |4.0 146
045 1395-554 1075 lo-93 /28 /09 |loo (26b 257 | 4% (7§ |%5
S-31i055 {00552 |p-bA |0™M 129 |fr) 1o (23 125/ (4L |56 194
@_@Jy [108 loj-762 oG |0°FF Y29 (/D {l{of [253 125 | 4F- |50 %5

wW- 110905 1956-895 (0.5 10:85 (128 | 98 (93 |26¢ (24 153 (655 |42
0916 1754430 6% (0-&5 128 lioo |94 255 [26) |48 |55 |43
W-2[0915 [76]. 200 (0-67 |0-83 (128 (102 195 1253 (259 |50 1655 43
0935 Fbb-r70 |b-L7 |0-53 [128 {[og 195 |25% |250 |49 £-58 |93
w-310945 lg7/.2%2 [0-55 06§ | /28 liot |97 1256 |2L4 |£o o |4
0955 We.o00 (055 (0.8 /29 106 |98 (255 1257 |57/ (6o (45
S22 lI0 05 (9%0.8/9 | PoRil CHANGE |<0.o0ot| LEAK CHEGK. 9 [

18 bis 538 . -
g ENro ¥ - (WEW

Avg. - TH
Check'd -

consoLe # _Alb] 36| é_@"’é\
FILTER #

AMBIENT TEMP. _ /H°F

PROBE LENGTH __ {’

LINER MATERIAL _Gr[485

REMARKS
¥ omugip) @ OL55  (caqsciT>  Fpase N INTIAL  HOUR LG TIME me S

C-102



MODIFIED WET:iOD 5 FIELD DATA SHEET

PLANT NAME Plant Yates Station Boiler No, 1 Page / of !
SAMPLING LOCATION___JTACK RUN NO, 3
DATE {723 |93 TIMESTART TIME FINISH é q % TESTDURATION ___ 140
DUCT DIMENSIONS Dl -TER j INITIAL LEAK RATE 0 00 2 & cfm
PTCF DGMCFQ ﬁﬁ& NOZZLE DIA. [/* 195 inches  FINAL LEAK RATE Q e ZE cfm 7"
BAR PRESS
STATIC PRESS _.-__Q__g_____ H20 OPERATOR £2
= /-4
raverse Clock Dry gas meter P “H Suck | Dry gas meter temp. | Hotbox | Probe Last Vacuum | Cond.
Point Time reading f3 in H20 in HXO | Temp. F Inlet Cutlet Temp. Temp | Impinger| in. Hg Exit
Temp. F

E-11pb4ys |030-2/2 100k 10-€p) 112 | 72 |70 [25¢ | 2551867 135 | &7
655 1825 1o |0 tE [0§2L |)T7 180 {72 (755 |27 |56 |35 | 45
£-2167051039.955 (070 W49 (28 (85 (7L 25¢ 1245 V&7 14:0 |44
0715 lo#4-935 [©10 (0S¢ |12 [8% |78 1155 280 |43 4.0 [45
E-2|0725 1049955 (089 [0:7/L [12® | 93 |8/ |25y 12155 |43 |40 |4/
0735 |954. 4551059 o716 |ig7 [99 |83 17245 |54 |43 |40 (42
smp_ 10745 1053 .353 [ Podr | CiAnle LEA CoEk (< oodpe 7vF
N-110754 1055.923 06§ [0-82L |joe |92 |86 |25 |25 |S% l4-¢ (47
0804 5010 |06 [0-80/ [y 9L (88 |2s¥ |60 (45 |48 |45
N-2081% |07006S |68 0§26 |j2§ |ioo |70 1255 |ze0 | % | 4-5 | %=
0824 0170 oLl lo-8z6 /28 102 192 |25y (248 \ub | 4§ |45
N-2 0834 10fo-1%2 |0 58 |0-FeY (128 /o |9y S5 126e L |4 46
Of 44 |OFS04s 068 |o-264 |8 ljog |95 25z gt |ge 45 %3
Snf & 54 pg9-825 Poas A E LEdy ek ‘_a.mevifg
W-llogoe logggse 1062 10753 |iz? io/ (%  125¢ |Z2us |57  [5-5
910 |097.450 1062 (€753 | 12€ [102 |90 26% 249 |5f 4S|4t
pv - 210920 {D2-i%0 |0-02 |0753 |12 |to3 |96 5¢ 1262 |50 4.5 %47
0930 |Jo7-c00lpt2 |0#H3 112l llog 197 1257 eSS 147 |40 |4
wo3loquo lter-37<10:52 063 Jizg [tob |92 (25« 1257 s |40 (47
ouse [11E. T25 ©°91 0f3) 18 1105 198 |15¢ (26 |53 4.0 (=
S0P licoo [Ja3-StF Polr| CmmirE LB Y oo @ 77
K-/ {015 LZ%QOS/ o-t7 (6913 [12¥ | 98 196 |25¢ (257 b6 |4.o V4L
o 1§ |18 925|062 079319 live [Yb 1255 (262 (50 [A:© (4%
S- 21038 133345 lo-p7 0513 1429 ot (7% 1255 |2te |57 (4.0 | %
10 4% |3€.730 |6-bF |n.%13 (129 [OC [98 [25¢ |2e3 |5/ -I-A-o |Flx
(S-3 10 B8 |ix%.cyoin-bZ |0753 |30 |jo9 [)ol 252 |2C 4 |S7 4o |44
1108 1/49.399 [06z p-183 /30 111 _llo] 1264 |20 |50 .5 |4d
EMD N1 Ligh-(2F

Avg. -

Check’d -

consoLE#  A16/36/
FILTER #

AMBIENT TEMP. __ T7°F
PROBE LENGTH _ {”

LINER MATERIAL _GLASS

REMARKS

Nispus # 3T 0‘/75"f -
C-103




MCOIFIED METHCOD 5 FiciD DATA SHECT

PLANT NAME Plant Yates Station Boiler No. | Page _| of |
SAMPLING LOCATION Saclc T FIVFI{SUI-IIQ NO. FR CRTIoN
DATE _o¢-2c-93 TIME START 013 ¢} !:: TEST DURA o min.
DUCT DIMENSIONS DIAMETER 3’ INITIAL LEAK RATE p. 00 cfrn e 2"
PICF C. B4 DGMCF G ?3‘_—[ NOZZLE DIA. _¢Q,198 inches FINAL LEAK RATE 3
BAR PRESS __"Hg
STATIC PRESS - " H20 OPERATOR DIV wAw
Traverse Clock BT-y_gu neler P “H Stack | Dry gas meter temp. | Hotbox | FProbe Last Vacuum | Cond.
Point Time reading 13 inH20 | inH20 | Temp. F| Inlet Qutlet | Temp. | Temp | Impinger| in. Hg Exit
Temp. F
- 1915 744332 gt ~ — %1 §¢ lago | 26F | 257 | ~

Avg. -
Check’d -

CONSOLE¥# _ Ajcixc |

FILTER # -
AMBIENT TEMP. 80+
PROBELENGTH ___ ¢’

LINER MATERIAL __ G less
REMARKS

C-104



EVEET yEETTT . SOURCE SAMPLING FIELD DATA SHEET

Page _I_ of_J_
Plant Name Plant Yates Station Boiler No. 1
Sampling Location__ S T #AC_ &= Train Aldehydes Run No. /=y
Dac og.a;- 9%  Time Start 1340 Time Finish [4O% Test Duration 28 min.
Duct Dimensions X Diameter 13’ ft  Initial Leak Rate g ops @2 “ cfm
PTCF _ o w4 _ DGMCF _s.00¢ Nozzle Dia. _ 0,124 7 _inches Final Leak Rate <p.0or@ ¢ cim
Bar Press 2.9.%) " Hg
Static Press ~2.5 " H20 Operator D.[l/ ks 0.7%CY
Travers {| Clock | Dry gas meter| ~P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading i3 | in H20 | in H20 |Temp. F| Inlet Qutlet | Temp. | Temp | Impinger| in. Hg

7% 257 | 265 i J 4.0
o 225G a6y 9 2.0

M-l | isde | 571. 567 | 059 (096 A 29
Moy 1356 | 577,780 la.s% |lo.H¢C taf g3
M1 i4yoy sg0.76¢0 | o 5% loye {2 |85~ £l aG! (268 | s7 2.6

Stop | INOF 32. 274

AvE. - g

Check'd| (/T8

CONSOLE # Aléi3e2

FILTER # ~E)

AMBIENT TEMP. —Zo+

PROBE LENGTH G "

LINER MATERIAL Cless

REMARKS AY, ag fe [ I;d_.‘_-g#:‘c_ A’l’ ‘4-‘1&94 C o7

C-105



i& SOURCE SAMPLING FIELD DATA SHEET _L
Page aof _
Plant Name Plant Yates Station Boiler No. 1
Sampling Location 3_”‘&_51( Train Aldehydes Run No. 2_
Date 06 -22-93 Time Start ©1is Time Finish o4 S Test Duration 320 min.
Duct Dimensions X Diameter __ 3  ft [Initial Leak Rate ©.00 cfm@ L?‘v
PTCF_Q. 8« DGMCF_f0p¢ = NozzleDia. 0.1747 Iinches Final Leak Rate< . 0¢ (® 3 " cfm
Bar Press 29,34 "Hg
Static Press -0.5 " H20 Operator pIV ® = o 1853
Trave. Clock | Dry gas meter}] “P “H Stack [Dry gas meter temp. | Hoi box | Probe Last | Vacuum

Point Time

reading 83 | in H2Q | in H20 |Temp. F| Inlet Outlet | Temp. | Temp |lImpinger| in. Hg

sa;. 809 | gsalous | 3y 1% 22 2s5i |2¢3 | 15 2.0

W-1 | pus-
o1y 18%S (G0 0.5% M5 | 33 73 79 As? |a¢2? | G 2.0
Watdd (s97.05 lose|lous | 432 | g5 | gp | 257 |lags gz | 2.6
0129 lgeo.¢e0 | 2.5 045 | 13 gy g2 AeY 25T | 2.0

0148 laez ®9C

Avg. -

Check'd

CONSOLE # Algl362

FILTER # A
AMBIENT TEMP. 70+

PROBE LENGTH ¢ ek

LINER MATERIAL Glass

REMARKS s, {,k Pt Al Times <OT

C-106




SOURCE SAMPLING FleoD UDATA SHEET

Plant Name Plant Yates Station Boiler No. 1
Sampling Location__ > TQC K Train Aldehvdes Run No. 5

Date ne -23.43 Time Sun cree Time Finish __ 27 1 g Test Duration 30 min o~ i
Diameter : ft  Initial Leak Rar.c méj ’

Duct Dimensions

PTCF _ 0. 54 DGMCF {. [aleX A Nozzle Dia. g ;747 inches Final Leak Rate Q ooR_ cim@0”
Bar Press 2% .19 "Hg

Static Press -~ 0. § " H20 Operator LTV k= 0.776C
Travers | Clock | Dry gas meter] “P *H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading {3 | in H20 | in H20 [Temp. F} Inlet Outlet | Temp. | Temp | Impinger| in. Hg

| o/-1 10700 lgle. G002 | 0.6 | 0,431 120 79 262 |25% | a5 2.0
agzcs 1¢i1& . 42S | o.5c | 0.43 ] 130 29 261 |255 | 55 2.0

a1 lgao, 258 | n.se | ©. 43| /B Fo 2¢9 |258 | SC 2.4
07215 lc22. 9720 | o0.56 | 043 | 436 | 23 259 Ao | 57 2.0
0720 Jc23. 895 o055 a3 | 134 g3 20 las7 |67 2.0
072% g25, 7210 losg lo.43 [i3; | 26 22 _125% | 57 2.0

<+ol., 07320 _ lc27. 53|

%ﬁ%ifF

AVE. ——
Check'd
CONSOLE # AiGI362
FILTER # —_
AMBIENT TEMP. 20 +
PROBE LENGTH z !
LINER MATERIAL Glass
REMARKS 5,-‘;/,-_ 24, Al Tiwes COT
C-107



SOCURCE SAMPLING FZiD DAFA SHEET

Page_/_of_L

Plant Name Plant Yates Station Boiler No. 1

Sampling Location__ bl Train Aldehydes Run No. [~2&.2 LAk
Date _¢o—30-73 Time Start { ééé Time Finish (L3 Zg Test Duration L.OO min

Duct Dimensions X _~S-Troed®r  Diameter /3.2 ft  Initial Leak Rate . O <Hefm @ /=
PICF _ 8¢  DGMCF__/.00%  NozuleDia. __——— __inches Final Leak Rate 22‘ 20 é cmee /8

Bar Press 2.2, " Hg

Static Press ~— & -5 f " H20 Operator 3 5,4

Travers | Clock | Dry gas meter| *“P “H Stack |Dry gas metertemp. | Hot box | Probe Last | Vacuum
Point Time reading fi3 in H20 | in H20 {Temp. F| Inlet Qutlet Temp. | Temp |Impinger| in. Hg

STher| ;320 | 563 Bfp /8

ey | 324 1564 73

L4

Ave, —_—

Check’d

CONSOLE # 4{& / 3@2
FILTER # ——

AMBIENT TEMP. __—~
PROBE LENGTH &% [

LINER MATERIAL

REMARKS BI.AHIL -
C-108




=

__ﬁﬁﬂ—{ SOURCE SAMPLING FIELD DATA SHEET
Page _Lot' 1

Plant Name Plant Yates Station Boiler No. 1

Sampling Location Staek Train ___M23 - Dioxins/Furans Run No. 4.

Date 06-2;-42 Time Start (Yoo Time Finish 1933 Test Duration 240 min.

Duct Dimensions X Diameter {3 ft  Initial Leak Rate o o8 @ (3" cfm

PTCF _o 84  DGMCF _{.039 Nozzle Dia. 2£= 0,198 inches Final Leak Rate _0.p0s @ 16" cim

Bar Press 29.3) " Hg ‘

Static Press -0.5 " H20 Operator DIV :})os2e

[Travers | Clock | Dry gas meter| P “H Stack |Dry gas meter temp. | Hot box | Prebe Last | Vacuum| Coud
Poit | Time | readingf3 | inH20 | in H20 |Temp. F{ Inlet | Outler | Temp. | Temp |limpinger| in. Hg | ou#

E-l |00 118367 1062 0841 122 | 6% G717 lasy |a43 S0 | s¥

S
MO 1¢P3.068 .67 lo.gy | 122 21 6% |a57 ay? | g2 5.0 | 53
E.-2 lijyro €Y7 FIC 0.6% | 0.¥5 | a2 73 i 285 2Aws | #3 50 | 4y
(YD g2 ToX 06T | R | 423 77 72 A57 125¢ | 42 -] 53
25C

 E-R lgdqye 1697 5By 0.5 o070 | /a3 79 7Y 257 a2 v | &5y
1§50 |702.05F lo.s¢ (0.70 |l @AY i 7% 69 (243 | & |45 |Ss2 |
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w-2 11749 |ms. Y15 o6z |0 2% liady r3 20 AST _ |ay7 vz S0 |52
1751|7254, 100 o¢cz 2N |JAY g2 257 f | g =) ¥
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g0 1159 (48 lost logh 11249 RG 21 245 1252 | 43 ¥s \so

(Skp | 1820 126 { {eak | c & pood @ 4o
s-1_1783% 123838 lo.e¥ lo.#85 |r22 Z] §0_ l25) a9y | s¥ | se |57

Py 1962 508 1¢.7¢0 |lo.®Y |z | €2 _£0 a350 as? 2. £.5 |soT
s-2 lygs3 713,555 |lo4t |o.g8 |23 | 7 F2 |asy |2¢¢ | g7 | &g |52
1903 1712.630 g1l 0.8 1/2D 7 3 25¢ |26¢ | 47 S5 153 |
s-3 (/93 1797, 220 o579 lo. 74 |12y | G0 2£4 28V lagy | HT | £S5 |5/
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(¢33 (143 092

Check'd s [Tk
Cwae/

CONSOLE # __ A (G394

FILTER # MA

AMBIENT TEMP. 70 *

PROBE LENGTH Calld

LINER MATERIAL G fass

REMARKS A Times COT
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SOURCE SAMPLING FIELD DATA SHEET

Page / of l
Plant Name Plant Yates Station Boiier No. 1
Sampling Location STACK Train __ M23 - Dioxins/Furans Run No. Z-
Date oG -22-93 Time Start OF /X Tine Finish 1A3¢ Test Duration RHC min.
Duct Ditaensions X Liameter {1z’ ft  initial Leak Rate __g,001 @ /2 cfm
PTCF __n, 94 DGMCF {029 Nozzle Dia. _ 3 ;98 inches Final Leak Rate ¢ 0.p0¢s € sp "cfm
Bar Press A%.3Y " Hg :
Static Press ___ - 0.5~ " H20 Operator oIV [, 2352
Travers | Clock | Dry gas meter| ~P “H Stack |Drv gas meter temp. | Hot box [ Probe Last | Vacuum| Cond

Point Timne reading A3 | in H2O | in H20 [Temp. F} inlet Outlet | Temp. | Temp | Impinger} in. Hg |_Qu?

F-l i o3z 1¥09./59 0723 0.9 | 127 74 rdi AYE | 283 5 50
o2 12194 /g0 | 0.713 16.90_ | j2% 26 72 28 L ANS | &3 A -ER N

)

E-2 |o%3Z |19, 185 1o 7210.8% {129 go 74 250 1 25C | 4% | 5.0 [4¥
o g2 . 290 1022 10,29 ! ;29 25 yie) 254 | AYG udll sTo |49
E-3 0952 lgag ass lo.a4d 0. 79 1129 e | i 5! 253 by 5.0 |5y
O 10.64 10,79 [t30 | &7 b ol 253 (399 | v Lo |8/
sipp 10912 123 90Y Jeok | ck = <o oot i@ 1 "y%

N-l o9 3% .77 0.28 10,93 | 2% g3 gy ASY 1252 | 855~ | £ 159
0FA7 18YH. OSO 0.?25 0. 93 1,29 M T2 252 _1a¥yx | 43 55 |52 |
A-2 1o9q3n 2249 10,23 o901} a9 | 3I¥ £2 | 252 |24¢ | Y& s | &
0947 i18s4. 465 10.723 lo.90 1 A% 9c gd | &5 a5 46 ss |5/
N-2 | pasT?  1859.850 8,57 |03 |30 22 27 53 12y3 | 45 | £0 |50

1007 0.57 |g.70 | {30 94 i 285 | 243 | 46 .0 | 4%
Step 11017 186¢. 75 Irak lcb : Fkoeor | @ ol "4a |
-t 118038 \eeg €17 10CF (08 | 30 b g7 25y lavz | 5% 5.5 |5y
(037 |87 265 lo.ey |0.8Y | /2% Qo 27 RS2 1 AsT | y2, £S5 |sa
w-2 |r04y] |§7%. 200 |o.GY |77 | 129 92 FT | asY SO | g4 £0 (SO |

057 1899 .188 |p.GY |0.79 |iAF | 92 £F lasz 248 | ¥ | so0 149
w-3 |07 lese. 940 la.sy 1067 | 28 | ¥3 F7 lzsz 243 | 47 Seo 1947
7 1393, 495 log.s4v |o0.67 /29 4 g0 25Y 1265 | 47 .0 150
Step | 1121|897 945 Jeak lck = | cpoe | ;42|" Hay
S~ | 113G 2§05 ig.7C¢ 10,8 | /27 73 o 252 l2ss | s0 S 15y

5 103140 la.qo loBGe (/25 rd| 70 252 | 2vy | 40 8.5 | 49

g-2 tpus¢ |190g. 165 |lo. 10 |o.Fs |(R7 95 | 71 252 laye | Y¢ | 55 |49

[20C 1912 ABC |o.Qtl |p 8% | /126 25 91 25% 266 | y3 S8 14y
5-3 lyase g 408 |o.572 | 0.70 | 27 5 1|53 255 1257 | 457 150 | 45
(a2G 1923 o040 lo.s7 |lo.vo (27 {7 3 253 lag 3 ey~ | &20 [ £
EA L3¢ 1721672 |

Avg. -

{Check'd

CONSOLE # A6 139Y
FILTER # -
AMBIENT TEMP. 70+
PROBE LENGTH s/
LINER MATERIAL Glass
REMARKS Al Tinrs COT

C-110



SCURCE SAMFPLING FIELD DATA SHEET

Page _L_. -
Plant Name Piant Yates Station Boiler No. 1
Sampling Location__ Q7 A7 £ Train ___M23 - Dioxins/Furans RunNo. 2
Date 06-23-93 Time Start cg1 0 Time Finish 299 Test Duration A40O min.
Duct Dunensions X Diameter 13 ! ft  Initial Leak Rate 9.002 & 15~ (:;'m
PTCF _g,¥4 DGMCF_J, 039  NozzleDia. _ 0,195 _inches Final Leak Rate £0.00: @ /0 tfm
Bar Press 2%.19 " Hg .
StaticPress _ - 0.5 * H20 Operator DIV } .29 27

ITravers | Clock | Dry gas meter| “ P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum| Cewof

Point Time reading ft3 in H20 | in H20 [Temp. F| Inlet Qutlet Temp. | Temp | impinger| in. Hg Ou¥
.| | 0210 [960.8F72 Q.66 0%2 | 127 25 74 244 1 2a2 | 70 50 | 48 |
ovlp |965. 650 | 266 | 8.82 | /27 76 x{ A4 | 243 | 45 | <=0 | S
E-2 log3o (Tro.y2s Q. 0.85| (A7 g 7 A5%Z |2y | #¥ | 50 | s»
ogyo 1975.335 lo.k¥y | o.8s | /& g3 75 As2 |\ 2/ 4G 50 |52
E-3 lpgso (990,270 lo.s4 |0 67| 12§ 3G 7% 28Y |50 | 49 SO | 53
ogo0 924,665 |o.s4 | 067|129 g6 go 1 javs | sAa | 4,87 | sy
e loaip |9890%3 lmb {ck & 0.00) | cmme 20 " g
N-L o916 12F9.244. 1 0. .70 | 0.8 | [AY g2, ¥} 253 | 24¢ 59 5.0 sz |
092¢ |994 240 |0 a9 | 0.9¢ | /a8 gy 7 25) |lavyge | 95 | s | g

&2 loase  |999.205 |g. 70082 | 428 | §7 82 | 253 1 a47! 4¢ | g0 lgR

o946 lood. 200 |n.70 [0 82| /129 g8 F3 |lasy 257 | g8 15,0 |3

N-2 lo3sG onq 2%C | 0.5% | o720 | /26 - Fo |1 253 | av¥ 49 | 570 15

(goe loi13.9es |op.s5f 10,72 | 128 | g9 g2 |as2 |23 | y& | en |53
f
Shp_ 1/016 aig. Stg !mLiga,g; P Q.__;a.' Ay
|t o3 loww s8s logalor1i 2% | 2¢ g |lzso |lavo | &1 S0 |gr

(o9 load 260 1oed |o.¥0 | 129 g1 2549 1247 | 4¢ I 44

W2 1052 |pag.oro lngdloge | 425 GA 7 253 |avs | 49 | s5¢ |52

1io2 |nz2 97% o, ¢2 lpnz27 1 /30 4y n a54¢_|ASD 49 |0 |53

w-3 | ypa 1n22.790 lo. 54 1a.62 1130 97 g0 AS3 1244 | Y57 |50 |53

a2 |gyr. 10 |o.sqy 1oc2 | 129 TE 9! 253 lasy | 6D 1< | S3
&P 113> lo4G. 12, leok of 0.0 cemi® X " Hg
S- lagds loyc 95! o ¢ylogs | /2 92 | 92 laed lass | g7 lez0 g2
1159 loS2. 02 |o.¢& | .85 |29 9 o A2 1241 | 42 | g0 </
s ls209 lo 050 |0.e¢ |n 352 [/129 27 g3 253 lasC | 4 S0 <« |
219 log2.02%5 (0.6 |o.B2 |30 | 00 25 A% layg | $6 5.0 [ 53
5:3 17229 1066.995 1052 o2l 1,20 | 1o ¢ 259 lag) | 49 |50 |52

1339 loys 280 los7 107y 1129 lie> | 96 233 |23 &) o s/
| Ead | 1299 076 376

Avg, —

Check’d

IEI?;;?!L#E ’ Al [;s?‘l 70 193%

AMBIENT TEMP. go * o«{/

PROBE LENGTH st cov Y

LINER MATERIAL Gless

REMARKS Al Thwmes cPT
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SOURCE SAMPLING FIELD DATA SHEET i

Page of
Plant Name Plant Yates Station Boiler No. 1
Sampling Location Stack Train ___M23 - Dioxins/Furans Run No. £a
Date _gp.2p.g7  Time Start 1037 Time Finish 1087 Test Duratien — min.
Duct Dimensions X Diameter 137 ft  Initial Leak Rate _gr. gn ¢ cfm @ /2.3
PTCF__ o ¥4y DGMCF__(.029 Nozzie Dia. __ ¢, J9S~  inches Final Leak Rate cfm
Bar Press 29.36 "Heg :
Static Press p— " H20 Operator __ TV (whAw
Travers | Clock | Dry gas meter| =P ~H Stack {Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H2O | in H2O | Temp. F| Iniet Outlet | Temp. | Temp |Impinger| in. Hg
- 037 |€61.2%Y — - = 20 29 25y (25} ) - p—
Avg. —_
fCheck'd

CONSOLE # Alci59Y

FILTER #

AMBIENT TEMP. S0T
PROBE LENGTH s/
LINER MATERIAL GlysS
REMARKS

C-112
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SOURCE SAMPLING FIELD DATA SHEET

Page_J_uf____
Plant Name Plant Yates Station Boiler No. 1
Sampling Location Stac i Train Run No. __ [
Date ox, . 2;-93  Time Surt L3330 Time Finish Qgg&"a m\mmn ﬁz
Duct Dimensions____ Diameter 13! ft  Initial Leak Rate 9. ooy @ /5 cfm
PTCF .84 " DGMCF o.?g ol Nozzle Dia. _ oy, /96 inches Final Leak Rate VA cfm
BarPress __ 29.3/ _ "Hg 12925
Static Press -, 3 " H20 Oper-tor DI i = ot
Travers | Clock | Dry gas meter| *P “H Stck |Dry gas metertemp, | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H20 | in H2O [Temp. F| Inlet Outlet | Temp. | Temp | Impinger| in. Hg
-1 14330 |21l 0ss 10 G6Y 0.80 | 1A% g2 g | NA | MNA 75 6.0
(353 \723.540 lo G lo g0 | (2% s {k = - [ B We)
tHor 1736 -90° lp-b4 {080 | /28 94 g5 - 1= Lo 130
iy28 |74332, O-bylose | 29 |joy |94 - 1= e | 15=
1S9 [76¢2 oo |0.80 {47 103 vA-u - — o) [7-©
(547 |94, 270 |pey |o.80 a4 | 101 9G - — | eo | 7.0
v _ 1i649 |820.825 (Def |02 |j28e | 108 |ic3 - |- 6o | 17-©
smf 650 (827572
Reske F 12013 |#a). 244 ooy |o.&0 | 124 29 79 - — 7% | ;3.0
2029 929170 |o.cY lo.¥0 | 124 g | 19 ~ I = 1ev L2 imptely
4d 1TH0.FOp (0.6 (050 124 | Fe gl =~ | = 166 Lo 4
D/d7 150,120 |0.d o 0] lay Gu 1$< I — | — lpb KO 35~
oX02 [f35F50 1064 lof0 [y | 95 190 | — - 167 1120 o4
4 1984 940 |0bdlo O (a3 19— | — | — o=z 2.0 31§
éalo_&és.‘_mz._aﬁﬂ_o_-fo 2d 1o 192 | - [= (67 2o irg
2346 |93 . fuS o 0ulr.fnt 134 | /06 | 99 - 1 = 6 1l 33
w3y 952 Jus | 0.e4lo.g0 | /2 e |99 | ~ =~ 1oy | 6.0 o5
o 98- 04ty | 0byloso | 19d | in6 | 19 i d 2o 30y
jgﬂis’ 1004485 0.6y lo 502 102 |94 — |- 4T &0 306
0253 /029 §4C 6.4/ OF0 12y o3 186 |~ = 166 !0 216
0523301 9. ¢4 l0.50 | Y | 104 Z - - /2 O /¢
uld |1069.620064 (p.g0] 124 | & |90 | — | — 27— (2.0 o2
044314086 o |86y lo.50) [[2¢ | 101 |9 | = - (2:0 3
OSHp 1108 05064 | oS0 | Iy | 101 195 - | - 2.0 .
osub 119y |0.64l g0 |2 |10/ | {4 — 1= |45 la2.0 B3
Spp 0360 153 ¢H R.%yécr e W 12 35
STACt 6FZS, WS E LR \Op 1080 | 1 dq (23 | —| — 1o [ 2.2
6153 M7 250 oy lg.60 g | 10/ |94 | =~ | ~ |2 |/z2.5 307
Avg ERONERG &
[[Check'd

CONSOLE # AlClizes”
FILTER # Se7 424
AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page L of
“lant Name Plant Yates Stition Boiler No. 1
Sampling Location Stact Train PSD Run No. _ |
Date oG -22-43  Time Start _; 330 [-Qi ~2! -ﬁ)' Time Finish Test Duration min.
Duct Dimensions X Diameter 13 f  Initial Leak Rate _g, 20 cfm
PTCF__ 0.9y DGMCF_0.99Y  NozleDia. _0,19¢ __inches Final Leak Ratc efm
Bar Press 2%.39Y _"Hg
Static Press - 0.5 " H20 Operator
Travers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum Twp
Point Time reading 3 | in H20 | in H20 [Temp. F| Inlat Outlet | Temp. | Temp |Impinger| in. Hg |_po¥
S OR2g I3 0¥ | p G D50 | sa% 127 i A - - S& | 12.0 1 210
0920 | 2i1.1§0 | o0.6Y ]| 080 | jaf 1O > - —.| 5¢ | 1a.b |30
S5 1094S | 23¢.34% -
48 1231343 o =i
AVE. —
fcheck’d

CONSOLE # __ 4 1€/365
FILTER # SET AA
AMBIENT TEMP. zer
PROBE LENGTH

LINER MATERIAL Stee !

REMARKS AU Tiwmes COT

C-114 .
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SOURCE SAMPLING FIELD DATA SHEET \
Page l af l

&

Plant Name Plant Yates Station Boiler No. 1 ;:h
Sampii ion 51‘040(__ Train Anions Run No. _L_ TR
Date E it&’ E’b Time Start __DGY0 Time Finish __} |55 Test Duration ____{ 2%
Duct Ditnensions X Diameter | F> ft  Initia] Leak Rate &2 Cooo S““ cfnlq
PTCF _{) g(:[ DGMCF ool Nozzle Dia. n !q inches Final Leak Rate _@¢ ol [ L m 5
Bar Press 29 ﬂHg .
Static Press_— © " H20 operaer _EF Ko |2 1Lob
Travers | Clock | Dry gas meter ~ P “H . Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading t3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp | Impinger] in. Hg
M-3109uo [139.195 10e1 [OT1A |1B) (85 |85 l26¢ 263 |6 || O

eqso 13520 [0-0r JOoF2 [ 132 (8% §¢ |2 |Ieo {55 {-o
lovo | 1ug- 8¢ Jo-er 022 [112 [ 4l &L Ky (%64 | gy ) .o
118 |79¢.778 joer |22 ]33 9% (8% 116) |25t |6¢c | 1.0
for! 1167 - 4uf |0b+ |32 1133 |92 Go 2§z 2o |[5T (.2
.o
1.0
|0

i0sS [1¢.c0n |obL [0°F2 1132 [97 | §) 2563 (25§
(110 [I%°.931 (o (o FL V3T 193 9 253 {259 |T3
4 79532 lebr |o-FT (3L |4% 92 2% |26% (53

P T I A e

ﬂ —

Check'd

consoLes  Aklb136L
FILTER ¥ OO
AMBIENT TEMP. __ 3L T
PROBE LENGTH b’

LINER MATERIAL bLiss

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page _1__ of _l_

Plant Name Plant Yates Station Boiler No. 1
Samphn Location S‘f‘ou" Train _Anions Run No

QZ 26(45  Timeswn ___1315 Time Finish __|9%0 Test Duration 131
Duct Dimensions Diameter 13 f  Initial Leak Ratep-0%i 15 "
prck OfY  poMcF f 00k Nozzie Dia. @195 inches Final Leak Rate fa Lo @ 10%
Bar Press E Z " Hg
Static Press — 0 5 " H20 Openatar EZ K= /5%
[Travers | Clock | Dry gas meter| “P “H Stack |Dry gas metertemp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H2O {Temp. F| [nlet Outlet | Temp. | Temp |Impinger| in. Hg

E3 (1315 %8}-LL5 16-Lo o615 [13> | 105 | ol [1eZ (251 | 69 [ 1B
1330 _|36L.320 1660 o1 13> | (06 | (o2 260 (446 |61 |.5
1340 RLS-960 |0 68 b 32 [133 |10} [ 103 (26 764 159 |15
1550 [693.515 15-58 (o442 33 [I0b [10Z ;68 |282 (8¢ | /¢
09 [For 185 10-58 (6L !iy |job | 10U (9% [255 159 |15
43¢ (93 496 |6-5 JebA2[133 | [o€ [is2 [2¢¥ |78¢ 182 [I-C
446 | ko 058 (o6 |33 | Jog [tor 253+ [553 [ 40 {5
(S04 (41t 40 (088 1632133 |loX | (o |29F 1253 | e |15
Bz 1934398 [0°5% lo-bxt|{ne | Iof IO% (e |24 (43 1S
163) lquo-1to 647 |o-63 3% o8 | (02 1286 17%6C lwo |1

153k 1942 -61%

Avg. —_
iCheck'd

CONSOLE #geg AHb| 3L
FILTER # /. 4
AMBIENTTEMP. 85 °F
PROBELENGTH &'
LINER MATERIAL _ GTLACS -

- ——————

REMARKS
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SOURCE SAMPLING FIELD DATA

SHEET

Page_Lof_l_
Plant Name ant Yates Station Boiler No, 1
Samply tion 57@(\4& Train Anions Run No. g
Date EI‘L; Ilﬁg Time Start __ 05 Le'S Time Finish __ 108 5 Test Duration __) 30
Duct Dimensions X Diameter 1,3 Initial Leak Rate & O * ecfﬁ
prcF_0-§4  paMmcF _{-ooh Nozzle Dis. _U'79G  inches Final Leak Rate £ ©- OMQ_.Q&I-(“
Bar Press __L9: 1| " Hg
Static Press _"__O_'_ﬁ__" H20 Operator E2 K: l 0L
Travers | Clock | Dry gas meter; ~ P “H Stack [Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading i3 | in H20 | in H20 (Temp. F| Inlet Qutlet | Temp. | Temp |Impinger| in. Hg
=3 |ogns (199526 | -bdd 0Pt [ 120 | 92 [ 91 [264f 260 | 69 [[:O
Ofho [947.9% |a-budo?d [ 132 | Qu [ 9 269 (287 [ 85 |].©
Go° |pe .o O3y (132 | 98 192 1255 |252[S¥ | J.o
0110 [00F 555 o by 0¥ |33 |fo] |9y |76 [Tk |S€ | [.D
30 _Ipfb 380 o -bfg oty | 153 jlog | 97 [2ed 2= )= -9
lool (031 286 |o-b4plo-FY¥[133 [10F |loe [Zeo (26l | &) | e
oro [035-8%0 o-buwsle #51133 | 103 [ Iof [qe0 [Z6i]| o | 1D
015 043 oo |pbuslo-t5 | 133 [ 109 | oz [7ko | 262 bo live
s oy -£68 (464516 1133 [(oq | f03 | 260 (262 | o [ ['©
108 |05 156 | 0uo 034 133 11D 103 [2¢0 (263 | 57 | IO
w55 [05%F. 495 '
Ave, — T
Check'd
coNsaLE# __ Akl 362
FILTER ¥ <
AMBIENT TEMP. __ (0 'F
PROBE LENGTH 4

LINER MATERIAL G145

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET /
Page of I

Plant Name Plant Yates Station Boiler No. 1

Samplin ion____ S7ACL Train Anions Run No. _@_

Date _ém_'ﬁmc sur_[420 Time Finish __} ¢ 2%~ Test Duration __ 2 min,
Duct Dimensions Diameter |3 R Initial Leak Rate ¥

X
pTcF_O KA poMcF [0 Nozzle Dia. @ J9L  inches Final Leak Rate _V
Bar Press 2333 __"Hg
Sta'ic Press_= 0§ * H20 operator _EL

Travers | Clock | Dry gasmeter| “ P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading A3 in H20 | in H20 {Temp. F| Inlet Cutlet Temp. | Temp | Impinger| in. Hg
(420 {67 -012

422 {6 -59%

ave | -
Check'd

CONSOLE # 'fh[y[ 36?'

FILTER # .
AMBIENT TEMP. _ Q% 1
PROBE LENGTH /
LINER MATERIAL &71458

REMARKS

C-130



SOURCE SAMPLING FIELD DATA SHEET

Page _{_ ot’_}_ ” ‘

Plant Name Plant Yates Station Boiler No. 1

Sampling Location___ S}y /}_L/ Train __Ammonia/Hydrogen Cyanide ~ Run No. _ /

Date H % lﬂ? Time Start O} Time Finish _O30% ____ Test Duration __| min.

Duct Dimensions X Diameter ____ 13 R Initial Leak Rate 0 €9 €@ (9fm

PTCF U § DGMCF " Dol Nozzie Dia. - ljﬁ inches Final Leak Rate 0 swro €@ cfml " 'K,/

Ba: Press ﬁ z‘ 263 Hg .

Static Press — 0" § * H20 Operator _E% K - } 2050
ravers Clock | Dry gas meter *P “H Stack |Dry gac meter temp. | Hot box | Probe Last |} Vacuum
Point Time reading 3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp | Impinger| in. Hg

W-310bir | 6102041057 (069 130 18 Y ke (26¢ | 6O {Z-0
070> [083.215|0-57 |0-04 |13p [ B2 | Tb gy 125! |59 |z-°©
oo [689. 235 |0-5710bg [13)\ | €5 [ lz54 |2\ |5§ |2°©
122 |K€.199 10057 (061 {132 | 90 €T !9y ko {66 1 1.0
0743 [Tow.u¥2r [o¢F (065 132 | 9§ 2 ¥ hee | & |72.¢
pfop  [710-00g [06F (865 (122 [Fr  |QS [27F [2%e [ G |0

gz Mied le-<F (064 |33 193 | Re ;lgg wy | se |2
Y%
Ui

8L 21599 [6-SF |oeR |32 [T e M€ | g5 |20
o [Avire €% lpvb WL | 5t 6 | S4 (2 -
ofup (1% ¥5e [8GF lobe 133 |[qu  |3%  |1¢7 | teo| St [ +°
pioz N385 1 |06 o-oe 11D [ | T [%b |2et | SO [2-O
rglfb- G o 1139 0"‘{

IAvg. —
Check'd %Cf_l

CONSOLE # MG 6L 73HE3
FILTER #
AMBIENT TEMP, _ JO I
PROBELENGTH &'
LINER MATERIAL {1453

REMARKS ¥ Cownigp K= 1 il Régop ew 147 MOIsE
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SOURCE SAMPLING FIELD DATA SHEET

Page _Lof _/

Plant Name Plant Yates Station Boiler No. 1

Sampling ipn _Sjn&k Train __Aminonia/Hydrogen Cyanide  Run No. g
Date %_?E& Time Start _> | 45 Time Finish _[3 |I'_—'2 Test Duration ___ 90O

Duct Dimensions Diameter I ft

prce 0O bfft DGMCF l E Nozzle Dia. Oﬁs inches Finai Leak Rate 0-owf (&, foct

Initial Leak Rate & -0€Y Q 5cfﬁ
Bar Press 'Lcl 32/ " Hg

Static Press _— O~ 5 " H20 Operator E‘E e |15 3L
Travers | Clock | Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box [ Probe Last | Vacuum
Point Time reading i3 | in H20 | in H20 | Temp. F| Inlet Outlet Temp. { Temp |Impinger| in. Hg

E-311145 (340130060 [0-495 [ {34 | qI 90 1229 1252 |70 (40
150 [842.59510-Lolv-ba5 1133 | 9 90 1244 [252 |B® 40
Ji55 (44 g0 la-w0 0695 |iz3 |94 | 91 [2te (25 |56 4.0

260 |847.01s lo'bo lotrg 123 | b q| 256 |259197 | 9.9
205 |8u9.470 Jok® |0:b45 1133 |49 |93 |Z5F (266 |BF [ 4-0

0
{215 1¥5y.290 [o-Lo |6499 113> |lof 95 5§ 253 |57 | 4@

12230 [80.910 |6-58 lo-6T2 (136 [lp4 197 [t6¥ (158 |54 | %o
5¢

O
243 [R66-811 058 621133 o7 193 |23 |2¢c)ig¢ | 4o
1255 (%11 645 1658 (0672 | R4 [101 o) 1262 1267 \c5 &0

209 818699 1698 [oL32|134 [109 |foZ | 183 |56 (54 | 4.©

BN 1515 [8%] - 442

AvEg. —
Check’d

CONSOLE
FILTER #
AMBIEXT TEMP.
PROBE LENGTH
LINER MATERIAL GlAS S

REMARKS

C-132



SOURCE 35AMPLING FIELD DATA SHEET
Page ‘ of l

Plant Name Plant Yutes Station Boiler No. 1
Samph.n Location Truin __Ammonia/Hydrogen Cyanide  Run No. ‘3
&,_‘1 {43 Tune Sun D%ﬁ Time Finish 009 Test Duration 4

Duct Dimensions Diameter 3 8 initial Leak Raé\o W

prcF_0-§ ‘f DGMCF _I* oob Nozzle Dia. 0-195 inches Final Leak Rate Orm ) @, ?

Bar Press ?-3 7/[ " Hg

Static Press _ — 0 - " H20 Qperator Et K - , . btk

Travers | Clock | Drygasmeter] “P “H Stack |Dry gas meter iemp. | Hot box | Trobe Last | Vacuum
Point Time reading 3 | in H20 | in H2O |Temp. F| Inict Qutlet { Temp. | Temp |Impinger] in. Hg

£ 36 1961195 106l |0-12 1133 | 78 |15 1268 (2571 | b2

pbio | guovo | o-p2 (P2 {132 | 8 |16 72¢2 12 59
0649 1957. 4o |obL 1632 ]33 78 | 26¢ 1988 | B8
0300 963185 1061 [o-32] 133 §o | 2% |25T

45 - 136 (oo (-2 ]33 | 9o | 82 |269 |255 | 5%
o3 P30 ot |6 F2[33 [ 9L [g¢ [25] |24¢ (&2
D338 4ec-gxo Jo-b1 (oL 1133 14% (8b 115% |26t |BL
o3 1955 510 |n-b2 | p-FL 133 |95 | 8Y [26e |7259 153
8’0f 9iL-0o0j0bv | %2 | 23 |97 90 [Tee (B |b¢
g0 995302

#k%**%pkés
o] AN SRR

hve | —
Check'd

consoLe ¢ A (bbb
FILTER # 145

AMBIENT TEMP.  “I6'f
PROBELENGTH &'
LINER MATERIAL _ GLASS

REMARKS

C-133



SOURCE SAMPLING FIELD DATA LHEET
Page ‘ of I . ’ ‘-"—

Plant Name Plant Yates Station Boiler No. 1
Sampling Loeation__ STAC I Train __ Ammonia/Hydrogen Cyanide  Run No, ¥8
DateO’v'm i‘l') Time Start i 5 12 Time Finish __ V5 Test Duration S mj P
Duct Dinlensions Diameter \i ft  Initial Leak Rate O-0P0®, L“
pTCF %4 DGMCF ]-00(: Nozzle Dia. 0° |9 2 _inches Final Leak Rate "L 15 ¢f
Bar Preas _25-33 " Hg |
Static Press _ - 05 " H20 Operator ET !:TH'
[Travers | Clock | Dry gas meter| “P “H Stack {Dry gas mcter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H2O | in H2O [Temp. F| Inlet Qutlet | Temp. { Temp | Impinger| in. Hg
it |61 5 950
815 b1z ov2
avg |
lcheck'd

CONSOLE # édbl YL

FILTER ¥ _ 9%0
AMBIENT TEMP. q
PROBELENGTH _ b
LINER MATERIAL _EL A4S

REMARKS

C-134



SOURCE SAMPLING FIELD DATA SHEET
STACK

Page { of l

Plant Name Plant Yates Station Boiler No. 1
Sampling Location S‘t'&ﬁ K Train Builk Particulate-Radionuclides ~ Run No |
Date {o—224 N Time Start 1 3 Time Finish _ O | D Test Duration £l m
Duct Dimensions e Diameter f  Initial Leak Rate ©~00 Leod ofm é I~2
PTCF _O_‘bi_ DGMCF __Q_,ﬁiﬂ Nozzie Dia. inches 07V Final Leak Rate Q.Qo00 cim (G //‘I
Bar Press __ 2%.33 "Hg
Static Press  =~=&0.3 i * H20 Operator j&l‘f‘
Travers | Clock | Dry gas meter P “H Stack | Dry gas meler temy. | Hot box i Probe Last | Vacuum
Point Time reading A3 | in H20 | in H2O [Temp. F} lnixt Qutlet | Temp. | Temp | lmpinger! in. Hg

zo$-2.| 1223 | He34B8lo0.-24 | j-F98 128 | 94 | T¢ 25+ & | D
1253 493340 [p.H [1.93 | 128 | P4 (250|280 lt 4.0
1318 (Si12.945 o.H [(.43 [ 128 [ 165 | 94 |z=7 750145 6.0
Iy %_&_ﬁ_._sm o 1190 128 1108 | 9% 2801 25,1558 (4.0
IREPR 7 oo 0.7 | 132 128 11D | 102 | 2521253 60 4.0
1988515 (5[ 031 | (SL| 132 | /74 | i03 | 183 | 75¢| 606 16.©
18 |6fo -89 oM | 19213/ (/4 | 194 |25y [263 | £3 (-0 .
o pUSEY | &12.98D| Edcry tLp ese v, | tided o~ el i ps] oK.
ST ISP L1298S o1 | 182 11Dl ey | ot 1252 | 250 L 1S
1553 (432090 071 | 1921 130! 106 P 12541282 | 57 |50
12 PS8 250021 | 1921129 tfg 94 o0 251 | S#|S.0
™Y = eou 1976 50 0F (192 /30 ¢S |23Ry3 1w (O
A 1299 400 1142 | 13y < lesd | a0
il |53k g O 11,98 1133 ﬁ— ¥ 1350 el 1 SC (1S5
2/2ag 1§53 .70 073 19110 |98 legx 23 120 | ST 165
e a4 [Y/a
Jnt (4236 19457240 (033 [ (9 (/20 | F0 st =3 1253 60 |G S
233 1963.90 (o023 1 [F2 30 | 9F | #> lagy as] \HF LGy
gons— Voo 9 o723 1492 /10 | §9 | §6 &5 lacy | ST S
o] | Sp.4l 10331081130 | 96 | §¥2 Q4 | S7 by
1 Sbp lo/s3 106G 20f

IAvg. -—

§Check’d

CONSOLE # A:Zélié 5

FILTER # Rk 714

AMBIENT TEMP. 82.°%C
PROBE LENGTH ﬁ(’
LINER MATERIAL PEK
{
[}
REMARKS Tk 3P # d oleck 9.00 d

Taw) #k 9l fal Lomp - wu& bolbn ot dee betd ouced m{ﬂcwﬂoﬂéﬁdz
C-135
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SOURCE SAMPLING FIELD DATA SHEET

STACK

Page _ | of __-2__
Plant Name Plant Yates Station Boiler No. 1 et
Sampling Location STACK Train Bulk Particulate-Radionuclides ~ Run No. _2.7
Date _{o~2&-F3 Time Surt ___mgyo Time Finish _ 033/ Test Duration §43 2@ min.
Duct Dimensions - X == Diameter ___¢3 R Initial Leak Rate &0 (O cim &2Z8 "

PTCF __ &f DGMCF _ 988  Nozle Dia. LD .24 inches Final Leak Rate (®, 020 cfrr@ /&7
BarPress _29.4( "Hg

Static Press _— 2. % | " H20 Operator 'é——E-ﬂ
Travers | Clock | Dry gas meter] “P ~“H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading ft3 | in H20 | in H2O [Temp. F| Inlet Outiet | Temp. | Temp | Impinger| in. Hg
s~i oD [F2(.158 |22 [ LU [ /3@ 260|251
p2ufisn opdl lohibicecd S0 Blocee
Isaalcizo | PP(200  F3 | 123128 | 285 | X [[128318z 30| —
4| 78B.z00 .22 |1 92| 129 gé 2128 <1 3.0 ~

St | 1042 | 23 423 | (P
sia-t | 1324 3[.4z32 o g% |/,53 | 127 F3 g3 247 -2 2.0
(333 19372 we X |o.5% lrs7 | 129 gc 3 252 iad3 947 3.0
o5 [$51.915 [0-Te 1200, |j28 |96 | §2 |95y 1255 |52 [3-0
35 1N0-810 (0-67 177 ;28 | Iof [ 9o 161 '24) | 5% [3.0
SnP 1510 i3 48 | Honoved | mMOISne farer  JRBIN - '
Sy 1525 (9% 48¢ [o0-[2 173 l12¢ 109 [g] o3 |2¢¢ 47 |3
[bo5  19¢43. 424 |62 (2% 129 e |46 s (250 | 52 | 3o
LSS 19¢3.300 lo.69 ;.82 1124 to7 1922 287 1253 52 |30
5Ten 226 0oz %5~ Acshoveoh | Moatote,

shet 11749 looz. grs j0ga |48z |30 24 9y lasy lavg (&1 | 3.0
mol = lgsd 15965 loza 119y Inn | loe | Fo laxy 26[ |53 19,0
B | &G.a( 1073 | /.97 | /30 V107 | G2 a<F ys—| 46 | 3.0
o/ Mg |pa 1243 |49 ok | §5 1852 lav/luf 135

L /mE A AT
455197 40|23 12919/ O |Z52 |20\ 47| 30
roiy

sbe lios | ien. 179 | Rerloved Moiadone| Mk clock] 000t sut| Huoth b fiere
ot (213 1454300 o2 1193 |19g lioo | Fe— 1203 |40 |4 [3-8

Jday | M9.2¢ |0 11,93 130 (/04 | 957 126X | IUe |57 | 3.5~
oy 193904 1020 (193 1/ 3p | /0 | Fe— 195 13 1 S0 | 3.5
357 127693 022 /93 |/ (972 | #0 A wealsy | 9.4

svg |onl Y . b Pump i .
oot |poa s |84 746 |0 Fa |19y [ /26 | f2 | §6 a3 |29 4f |35

of&d 133344 1022 /.93 98 | £ S

oLy [
JAvE. —
Check'd 3 :
consoLe ¥ __A@i397
FILTER # X 558
AMBIENTTEMP. ___F8€ = H
PROBE LENGTH laf Je
LINER MATERIAL _pﬁé‘__
REMARKS

C-136



MODIFIED METHCT 5 FIELD DaTA SLUIET

PLANT NAME Plant Yates Station Boiler No. 1 Page 2 of 2

SAMPLING LOCATION S K RUNNO. &2

DATE {~26-53 TIME START TIME FINISH TEST DURATION min.

DUCT DIMENSIONS X " DIAMETER _T3 INITIAL LEAK RATE ____ cfm

PTCF _O. ¥4 DGMCF Ecﬂ "fz NOZZLE Dia. &, 4up inches  FINAL LEAK RATE cfm

BAR PRESS 41 "Hg /

STATIC PRESS —0. 57 " H20 OPERATOR JEH /Tm <))

Traverse Clack Dry gas meter " P “H Stack |[Dry gas mneter temp. [ Hot box " Probe Last Vacuum | Cond.
Point Time reading f3 in H20 in H2O | Temp. F| Inlet Outlet Temp. Temp | Impinger| in. Hg Exit

Temp. F

03/4 14 dFs O3 | 193 1/ag | {4 | §2 | 252 |269-| 4F |3
Jop O3\ | 425,356

Avg. -
Check'd -

CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-137




SGURCE SAMPLING FIELD DATA SHEET

' STACK
Page l of ’

Plant Name Plant Yat&; Station Boiler No. 1 FKADONOCCEIDES
Sampling Location Train Bulk Particulate-Exzaoests S+ Run No. 3
Date L --25-% Time Start m? Time Finish __ () (14 Test Duration Q0% min. s
Duct Dimensions__—~—— Diameter / i ft  Initia] Leak Rate €2 ~0O&8 O cofm éao
PTCF __. &%  DGMCF ,j Nozzle Dia. _Q- Z4& inches Final Leak Rate <Q oo/ cim@ 10
BarPress Z9.33 " Hg
Static Press _ . “ H20 Operator  PTV/ £82/9E ﬁ./
Travers | Clock | Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

l&_{ Point | Time reading i3 | in H20 | in H20 [Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg

28| 1357 4z5.57%0 A | 1411130 |8F |88 | Z25i | 247 ol —
iz (4D A5 . Z 11431120 193 (88 (2571 2591 4815681
gr? [1&x0 | 495-80] LEMNE M INE | feom  foduc #ALF

sor 1534 |d580f | 72 1. T4 130 yp3 | 972125/ X588 |5 2
oI5 1526 80| .23 [ T30 | 06| §F | Z0| 2|53 (5.0

I

1652 is¥A . 780,73 £.97 | 137 1108 | 99 [AST |ReH | s77 S
2129 1S¥0.6301.72 ;.97 | 34 114 13 %55 Yo | 9% 4.0
Shop 742 |§90,960 ecosbed  Moaty. 3.5 '
| b 11248 l590.9%0 | 93 |re¢7 | ;30 | joc o) 128 l2¢f 146 |25
Tl = 1492l 16i2. <t e33 o 1 /23 M3 b2 o2 4 150 3§
915~ 65260 (073492 3| 108 | r0¢ JYo | Sy | 3.5

sTop {2006 1643 . ¢4 0 o -
Sboat- 1200 16943520 027 L9743 | dos | 96 | 2561266 1S | 25

sfo, W54 | Rt - 450 Kernosig Al _mgiaLiv dmk c&cﬁ_mf__i_fav @ 0
st 2100 |72 St 1033 | ;921 30 | 99 | 9¢ |3gx~las3 |y | 35—

T\ Hb 2y 1p231 292 /3 1 p3 | 95— 253152 19
2236 | 26320 103 |(92 {421 199 | § lacClouy |sm 13—
2310 | 83%eoy [ 6231143 i3 1 FF 190 Loy lacy |53 |3
o034 | 6830 lo33119p 130, | 9] 1 9] loex |40 [£3 | s
0132 9301 a3 (§H 3n | F9 |9 12T (2351 49 | 3.0~
51!'»}0 33| 967 .-3%0 Wﬁd
skot-102y3 | 962573 1023 |29 | 1n | ¥9 F- (2 lase 1 £ A
a3ue- 11012 . 3% |p.33 {92 | /29 | 97 | §9 26( | ¢ | 1,57
puan | scoq w33 1492 130 | 49 190 lass loco g2 | 75
035 | 9¢. 2 033 1§13 | 99 |4; 15U |6gl 42 | 2.5

"E?_Jé&_f%é_ﬂﬁ

IAvVE. —
§Check’d

CONSOLE # Aig1397
FILTER #

AMBIENT TEMP. _7¢ — §¢
PROBE LENGTH ¢!

LINER MATERIAL Gluss

REMARKS
C-138




SOURCE SAMPLING FLELD DATA SHEET

STACK

R Page _!_ of _ __L_
Plant Name Plant Yates Station Boiler No. L
Sampling Location SHack Train Bulk Particulute-Ex. Metals Run Ne. |
Date blfu-‘|q_:. Time Stan 1} 50 Time Finish _ O] 7.§’ (“é ;fﬂ'csl Duration L
Duct Dimengions Diameter '3 it 7 Initiai Leak Rate 200 6@ JS "g_
PTCF _+ 84 DGMCF © *‘«W Nozzle Dia. ©-24 inches Final Leak Rate _0 00 @ _cfm P,
Bar Press 25, 33 " Hg
Static Press __— O -5 " H20 Operator EE K= 2 864
Travers | Clock | Dry gas meter “p “H Stack |Dry gas meter wemp. | Hot box{ Probe Last | Vacuum

Point Time reading fi3 in H20 | in H2O |Temp. Fl Inlet QOutlet Temp. | Temp | Impinger( in. Hg
N=- 201150 | 157,048 1061 || 11 |i2% | 87 | QR 1254 [259 | bo | b'©
20 117)- 630062 11716 | ;29 [102 | 90 1254 |20 | 57 [&-o
2 47 |200.722/0-82 |11 |29 |loc 6 125¢ 240 |52 16

13 io {21%-635 |06z 118 | 132 |0 9% 1266 |26e | 5¢ |b-o
(361 |2n9- 835 Jo-6% 1§78 [ i3] |jz1 |jo§ |287 1285 |59 [6-0
3G 1283 944 b-e2 11-28 1129 | 4 116 129 |28 167 6o
615 1213 .90 62|18 13 | 122 117 253 (245 | &) 6-0

lsme |625 |32/ . y1=
S (532 |320. 920 (0% (|98 [13© |1y [ | 25¢ brg%) 6-0
1616 116,12, .288(0-62 )% 127 |0 | 95 | 256 250 [5% Z;

A =7 |1905 |40, o3 | Q. 63 [2§12T | Ty gL sy (239
e <o, 93 D0al 1?8 130 | 9l | g 393
20258 153265 0G| 138 {13 | 96 | §5 |95 |23
228 | T 24 |0 L] 47EIMRT o 193 242

L2
H9
3
I
ir;ﬁg blo 4$3
e plodso 0081 [ Fgds | €3 | ¢y |JS] 234 | ST
0007 |GSF 05~ |0, 6a| frg | K& | 9% | §3 9<% W4y | 3
ploa1643:92 a2\ 1 Fgliage | Q4 | gy 125w 13¢q | fa | H3”
(&
D
sy
i
hY A
il
Ae

2ics |G e looalrzelr2s |99 | g6 |ocw la3g

iia |783. 93 o |lrzpletg |6 | &7 |lasy lag7 2S5
ol 1§30.0] 062\ [ 25l 26 | ¢S~ st \dug 25
QUS| §Lx 4G ol | L78 /30 | /o/ ASL 39 Fes

sbp oS24 | §9 uge
iVl b lme29 189159 186X 125 /3 | §7 | 9y 253, 260
b29 1937.§<4 lo-er ([ (126 |09 1+ [25( |2€®

75
grv

717 [34#5.516 [00r [ (€ g lis¥y | ¢ |26 [2S) §.
125 L2521

Ave. =

ICheck’d

CONSOLE # Alb%l Velooky

FILTER # 7c8 % Moistore.

AMBIENT TEMP. ___ 84 °F Flowrate (DSCFM)_

PROBE LENGTH ___[' Jsokinetic (%)

LINER MATERIAL & lass

C-139
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Plant Name

SOURCE SAMPLING FIELD DATA SHEET

Sampling Location

Date b |25 'cﬁ

Duct Dimensions

STACK
Page _f_ of ._/_
Plant Yates Station Boiler No. 1
STACK Train Bulk Particulute-Ex. Metals Run No. _2
Time Start _[ T H{ Time Finish _03 3/ Test Duration IS min.
X Diameter 13 . R [nitial Leak Rate O =%« G‘ {§ é‘ﬁ"

PTCF Q81 DGMCF Q44 o3V

Nozzle Dia. 0-2

inches

Final Leak Rate 000 1@ fu'cim - w2e¢

Bar Press _18. 41 "Hg 1939 2103€
Static Press — O'S " H20 Operator E:'& {{ ;%@
[Travers [ Clock | Dry gas meter{ “P “H Stack |Dry gas meter temp. | Hot box ] Probe Last | Vacuum
Point Time reading 13 in H2O | in H20 [Temp. F|  Iniet Outlet Temp. | Temp | lmpinger( in. Hg
£-1 24,077 0.64 | LTS5 | jad 8i g1 25 1259 | 74 3.0
e faf 228 |oes 1K 124 | 29 R2 |22 |t | Go | 3-¢
1322 1227819 loby I. 39 124 | 44 85 |2n¢ (250 |52 |32
o> 1964.962 a6y |1.FS |12y | 45 9 1254 |zec | B3 |3
430 [295.T2f |O-fore | 135 | {24 | 0 A2 1250 242 {52 [3:©
spe 11618 (726 -308 emont wosilane  Reond, TRagn |
gpnr 1i531 [ -¥50 oy |20 [y jteo | 2% lwo 1653 1%
oty [355-8¢¢ |06y |1} | 12gr [to) |92 |Z5¢ |25 |63 13D
299995 lo.cd |1.75 |12y | Jui 92,1253 |=2wd |49 | 30
Stop 1729 |41) 732 swww
Shet1/250 o)1 792 |o6d {125 | 126 | &2 g Aas2- 1 73 | 20
TRAY o 1902 | 46u2F | By | LFe | W | §6 | §F |y 1983 | #4 | DO
1936 | uf 3 10 (L2 (/22 | €5 | §7 |JS3 laiga | 42 |do
Qo/f | SHp:3q l0by 1125 (AP 1 G0 | §3> AT SUE A 9.0
Lstp it | <3599 | nomovkd minalicel Leak sf 18D 13* rusnsh| pheos qucs
Sk Lo | S5t 925 0 Gy | [ FTT RsT K £3 lwCa 63153 |20
2272 | SIS 2% 1ALy Lhs) Jal | g 2 259 14+ 2.0
e W30S 1 6322 | Oifyl 175 23 FY 1253 | A6 4G L 200D
| @0 lpoor | Fego
oool | Gwdo loly L3t pp | Fa .| gy las53 lecal ypl 2.0
0030 1491 lpby | £28 ) 422 | &9 | € I o] | 4312.0
01ac 1328, 41 oyl 1.3 426 | #o |7 lagy (o 7 |d.o
' 207202 Oy | Isr bl §& | 79 1450 |0<Tl HF |20
oy | §03:00) 10 1oyl I 134 | g | 79 a3 dyyl AST 2.0
2o 1023] | i< LF
Avg. —_
Check'd
CONSOLE # _ AMA3%| Awizgu
FILTER # “* 991 % de
AMBIENT TEMP. __1§'f Flowrate (DSCFMJ,.
PROBE LENGTH __ L Leokinetie (%5 o

LINER MATERIAL

REMARKS

C-140
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SOURCE SAMPLING FIELD DATA SHEET

STACK

Page _I_ of ___l_____
Plant Name Plant Yates Station Baoiler No. 1 S Meraie
Ssmpling Losation STheL Train ___Bulk Particulate-Radiormchidess _ Run No. 3 &
Date b1l ‘i; Tine Start (T Time Finish _Mﬁﬂ) Test Duration 38 min. =
Duct Dimensions X Diameter [ ft  Initial Leak Rate € ©:27,& 166m “j
PTCF C%& DGMCF _[-07§ Nozzle Dia. _{h 14 inches Final Leak Rate 40 .00 7 & cfm 4'4
Bar Press _ Al- }L " Hg .
Static Press __— 09 " H20 Operator _& 2 _d;;ﬂt. K = 2650
Travers | Clock [ Dry gas meter| “P “H Stack |Dry gas meter iemp. | Hot box | Prabe Last | Vacuum

Point Time reading i3 | in H20 | in H20 [Temp. F| Inlet Quilet Temp. | Temp | lmpinger| in. Hg

W-3 11{y2 [4u3-115 [6-56 [[560 lize | &5 |84 (764 1253 |5 |u4o

153 [Gb> ceu 068 [l'Ge0 {126 | 95 81 |25z [zs6 |41 | 4.0

son 531 997 4 ReModE gxeeds MolsToes foou 14 M TELLS -
SQoeT| JSH0 |79, 0 58 | ISep| j2e | F) | Be |257|266] 55 |35
lt 71205 T\ 5B 1 I 28 | Fo | 8F |25/ e REAY

1656 (oA, %o losg] 15z 1/2¢ | 972 | 9 |asp lasy| 4¢ |38

1229 | sv.360 lo.s% | .G /26 2?9 | Zo 253 | 253 | Y9 3.5 ,

Sop lr7e3 L3 %532 ou e dl Mo ‘s fvde

 Sheed 115D 83 953 lo 5% | s ¢ LAC Te 49 253 (2¥7 | &7 3.5
-

g2} €5 31 PR M VAARYY < 00 | 44 AL q_ | 4F [ 3.5
1816 | #2650, loSg i/l lids— | 44 | g2 g lyq | 3.c

=

Q005 11575:%4 losell L s |9/ ¥ o573

o

AST |
p 0SS 114 400 Eimoyiecd W,

Tﬁud}m (Y4615 tnSE L |/t 53 | §0 853 logs.
Hul |2dyo; losgEFlr o |s26 | Ff [§3 l2sd 1239142 | 3.7~
J;;jr ¥ O TFiLL L lag 5";. Py 2 loug | 49 13,5
g9 19493 SElle /23 3 | g 29— 4 | 2
wd |0 SF | 25Y ;
AT/

u$ | 35—
1000 @AY
5 | 2.

2030 | Y90 |0 SF | fige 1/2% | 92— | #U 253 4 | 3.4
(31 137440 e sk |41l |12 | 90 &3 1253 ey | 3.
top 0080 1416 03| Brplovud |pocZine | lead|clich|pcod@is”
ek |024] | HiG e 4T | O S| (£ 126 ga— | g0 l2ep lauwo |5 3.1
ol L 450y | oF Lo J2¢ | Y | FO i) l2sTi4f )T
Ouxd | u92. ¢4 losetie | e | S0 | g/ |28 |Jsp|4da [ 3.4
oS3y lcariga (o b 120 | 9 | £2- |eosa |2y, [ 43 [ 3.
0GIf | 5% €91

IAVE. ——

ficheck’d

CONSOLE # 4 (61394

FILTER # " 9Ly

AMBIENT TEMP. At DSCEM
PROBE LENGTH G’ Yokinetie (%),

LINER MATERIAL _ (ALs45

REMARKS
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MOCFIED—METHOP > FIELD DATA SHEET

PLANT NAME Plant Yates Station Boiler No. 1 Page l of !
SAMPLING LOCATION RUN NO. { Iy

DATE [, -25-43 TIME START . TIME FINISH 4/~ TEST DURATION _Afaimm
DUCT DIMENSIONS - X — DIAMETER INITIAL LEAK RATE _A_ oo cim (2"
PTCF _ DGMCF P‘ﬂﬂﬂ NOZZLEDIA. _5n. inches  FINAL LEAK RATE _&.Z? — ¢fi (1AL

BAR PRESS __Z4 - 44

STATIC pmass____o_‘ﬁ___ H20 OPERATOR __ oS Al

frraverse Clock Dry gas meter P “H Stack | Dry gas meter temp. | Hot box | Probe Last Vacuum | Cond.
Point Time reading f3 in H2O in H2O | Temp. F [nler Cuttet Temp. Temp Impinger | in. Hg Exit

Temp. F

E- nu? (490t . GOl .3 | 1281 80 1 3] — | — & | (0| —
<zl 1159 2aD| .ol | P2 g 841801 | — 152 17.8] —
“alizvt 1993821 551 .4 281894 (3| —| 1885 11.5
op | 1223 1790325 i

-\ 235 998 S Lo | F0 | 128 2@ | —~ | — |t (o] —
~L| 747 | (o0 380 %4 722l aeld4R e — | — |Sqg1 1. 51 —
311259 low 251~ LB lizsl9F90 | — | — | S4il-0l —
<@p | 1311 _|ID(5 &54 _ ot Ok,

~=t 1318 o150 .éo 7 9z (40| — | — [ Z /.0l ~
21220 [1oH 40 | i |72 1128 |9+ |92 ]| — | — S| pS | —
332 llopF 25 B5 L 126198 (|92 | — —1sF 1o | —
b::a': 1324 | 1Rz 9D Ay CHECHA LI

3 (335 | 1g32.9)| .56 | T | Tk |FL, 23 — — |l |/l.ol—
-2 14D [eRB5I01 .58 | 3 | 125 je)| T4 | — — 15 /O —
2 142204300 .55 | H | 12|02/ 95 | — | —1858 /0| —

<mp| 149244 | 1080, 1.7

Avg. -
Check'd — B e
CONSOLE # & [@ t; E Q t
FILTER # ——

AMBIENT TEMP. £37 %
PROBE LENGTH L’

LINER MATERIAL yag X

REMARKS

Arl —TFuEs <ODT
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HODHEEDMETHOBS FIZLL DATA SHEET

PLANT NAME Plant Yates Station Boiler No. | Page _(___ of _‘_

_ 2
gﬂéwngas—s‘%hgfw[ TIME FlNl}gHN ~ TEST DURATION 5;14 min.
DUCT DIMENSIONS X DIAMETER INITIAL LEAK RATE O. OO0 _ cfml~ 77 "
PTCF _ . 8l DGMCF 944 NOZZLE DIA. _&,ﬁ%?—;s& FINAL LEAKRATE _J. O 2 cim 5"
BARPRESS __Z4.-32 "Hg —
STATIC PRESS _~0.51_ " H20 OPERATOR __ TN
Flraverse Clock Dry gas meter P “H Suck |Dry gas meter temp. | Hoibox | Probe Last Vacuum | Cond.
Poim Time reading f3 in H20 in H20 | Temp. F| Inlet Outlet Temp. Temp | Impinger | in. Hg Exit

K. Temp. F

ite [EA 1041 |08Zaep] ol |- H 130! | TF | — | — | 2| /.p| —
~zliose (A2 25| i |74 (13083 |81 | — | — 189 | /o] —
-1 1085 |OAB.581 ,5¢ | @S| 130 88 |82 | — | — 0 |0} —

g,p (17 | ip3.7921  [Ede |

(5 =l tivo YB-B2o | &2 72 | 13D E&F(8S | — | — |1 651/.0] —
-2l JIS2 | i&9.805] . &4 |74 |36 7/ 8 | — [ — 5870~
-3 Iwg_[lg,ssa,S?‘,@é 20 94s 88 | — |— |87 1 1.0 —

ﬁ? 12 2{-F#0 L= .

116 lux=" 1300 [12/.800 | . &S| /30174 197 | — —l&e3|/ol —
—z[3iz [ 57 90 1 30l9a 22 | — | — &b lo—
—3| 324 [132.5 _% el A0 762195 | — |— Ll 1 )o | —

° 132 Z. ZAY b OK _—

1iFk-t o379 | Ll | Bl [B619 |95 — | — &S5 1.0 —
21tz ocol 2ol [ -2 13078 [F6 [—1 — %La - I
o33 V4T 57 | 2 |30 [ 02| TP —| —|&eD 5.0 —

<On /, 51 IS4 o)

Avg. -
Check’d -
CONSOLE # é@:ﬁk f
FILTER # re—

AMBIENT TEMP, “#8 %
PROBE LENGTH &!

LINER MATERIAL Pfﬁgﬁ

REMARKS

A —wwes obT K koW fefstivimier o plose -
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MOV EFRGD 3 FIELD DATA SHEET
QﬁrZoMc NI

PLANT NAME ___ Plant Yates Station Boiler No_ 1 Page _/  of 4

SAMPLING LOCATION STA RUN NO. 3
DATE TIME START e:%'g; TIME FINISH _} \ iﬁ TEST DURATION 4

DUCT DIMENSIONS __—— DIAMETER _—75-3 " INITIAL LEAK RATE 3 2 ofm Q/z »
PTCF . @4 _ DGMCE_ ?ﬁ?ﬂ ~—NGZZLE Dia. —SRigBrinches  FINAL LEAKRATE g g0 g~ cim 870

BARPRESS _ 29.21 "Hg e .
DE

STATIC PRESS _—2.37 " H20 OPERATOR EH

?rlvene _Elﬁ Brygas meter T'lg “H Suck Bry gas meter temp. | Hot box |  Probe Last Vacuum CTn'd'._"'
Point Time reading i3 in H20 in H20 | Temp- F| lnlet Cutlet Temp. Temp | Impinger| in. Hg Exit

Temp. F

E-1 logeolisy z230] . BB F3 | FZ2 |l — —1&8 |1l | —
2l U 00 | 6D | FF IR0 | FTF 1 FR | — — &5 1o —
-3loe24 | e 451 0] LR 30 1 BZ — | —1&b i} | —
ST B38| 1772 424 )i ow

N-edol | 172.6851-65 | .74 [ (30 SL{ gz — | — &8/l —
2 |3 (378.5301. &2 | . { [P0 |9 S| — 1~ 157 1t | —
M oSos | 1Bk ush |58 | .ot | 130 (4, —1 — 84 1 /nl-
STy 10932 1/90.04) L= —| oK -

wrlioil Unoeel-ez2| 3l 1126 (92 188 1 — | — &l 10| —
~2l 023 195440 | el | ¥ | 138194 (90 | — | — [831+.01 —
—>liw3s lwizep |52 1 ol jAn| 98 |72 | — | — (85 |0 —

s©opn | 104 7 1200 678 _

leot {201 20 2| P2 BT 7S | — | —|eE /Lo | —
2020 12(7.680 .ed | .25 W30 T |31 — | — [ S8 fal—~
= BB 2issocl .S& | .ot | Bo |00 | 4] — | — | =G [l —

Siep il S¢ 122390

Avg. -
Check'd -

CONSOLE # A[é /:jé /

FILTER # _
AMBIENT TEMP. 78 “f
PROBE LENGTH & !

LINER MATERIAL __ D72
REMARKS

AL —Tmer CO7
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. | Comments
Location STACE
Run No. / -/mp
Date 6'/3- f/?3 Operator _ " ?7T D3v
il o
Sorbing Reagents: (CO2) (02) {CO)
Replicate Original (CO2) (CO2) (02) (02) (CO) (COy
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (2-1) (mi) (3-2) (ml) (4-3)
(ml) (ml) (ml)
/ 2. /0.4 LEF 9.7
Z 0.0 /0.2 /9.0 £3
Averaged Results: % CO2 (0.2 % 02 g.8
% CO % N2__ @1
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%C02) (%02) (%CO + % N2)
- + Y-096
ESP Inlet

Run# | Tnin ArSad

ESP

Component _ny gﬂ )

Datefe-2( -3 * Time {FOD Smpkr (NI V
Labon SIT@  Analysis O Co\_
Tare Wt. Do Finsl Wt. _ 293¢,
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TR

ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location STACK
Run No. A —
Date =22 —~93 Operator DEeH
Sorbing Reagents: L~"(CO2) (02) (COy
Replicate Original (CO2) (CO2) (O2) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) 2-1) (ml) 3-2) (ml) (4-3)
(mi) (ml) (ml)
{ 0.0 0.8 1108 | 94| 8 6
pd 0.0 1o-F 1 0.7 | 5.3 | 8.¢
Averaged Results: %coz_ 0.8 % 02 8.4
% CO % N2 Bo.|
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%RCO2) {%02) (%CO + % N2)
- + . | Y-252
ESP Inlet
Run # o _Trin_ 50 Secat ESP Outlet
Component bouq 3
Date & - l’l-qgﬁ'ﬁme Smplr DNV
Lab o) S/ 7€ Anmalysis (0, Oy

C-146 Tare Wt. Final Wt.




ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. | Comments
Location__Sfdc K
Run No. 3
Date é»_/zz /?5 Operator TMF
- -
Sorbing Reagents: (CO2) (02) (CO)
Replicate | Original (CO2) (CO2) (02) (02) (CO) (COy
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (z-1) {ml) (3-2) (ml) 4-3)
(ml) (ml) (ml)
/ 0:0 0.2 0.2 /.6 K4
Z 00 o2 - Z /&8F 3.5
/,
e
Averaged Results: scoz_ 10.1 % 02 y.S
% CO % N2 gl.3
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%C02) {%02) (%CO + % N2)
= * — Y-257
) ESP Inlet
Run 4.3 Train OCS et ESP Outlet
Component bm_n
Date (. - Time Smplr l \/
Labon suby  Analysis (& Oy
Tare Wt. Final Wt. C-147
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location Lﬁ'g - /Q-MD/T— SWPL_E
Run No. _4UDIT"
Date 4/23143 Operator __ 7 A2 F
- —
Sorbing Reagents: (€CO2) (02) (CO)
Replicate | Original (CO2) (CO2) (Q2) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (2-1) (ml) (3-2) (ml) (4-3)
{ml) . {ml) {ml)
/ ¢ 0.0 vz, 9.0 9.0
4 60 0.0 0.0 J.o 7.0
Averaged Results: % CO2 0.0 % 02 9.0
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(% CO2) (%02 {(%CO + % N2
SP Inlet

Run #&_Tmmm
Component 0_\1 I('l.

Date Q'Zs—% Time
Lab o0 SiAL Analysis

Tare Wt. Final Wt.

Smpir ] [ﬁf
C




ORSAT DATA SHEET

kgt

Plant Plant Yates Station Boiler No. 1 Comments
Location STACK
Run No. 2=/
Date 0G-25-92 Openator __ 7. /1 />
Sorbing Reagents: (CO2) (02} {CO)
Replicate Onginal {CO2) (CO2) (02) (02) (CO) (COy
Number Yolume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (mi} (2-1) (ml) (3-2) (ml) (4-3)
(ml) (ml) (mi)
/ 0.0 /1.0 /1.0 /8. & 2.3
) 0.0 oY  lwg 4.6 28
Averaged Resuits: % CQO2 / 0 ¢ C? % 02 ?-J ?
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
{%CQC2) (%02) (%CO + % N2
Y-319
= + + ESP Inlet
Run &] Trin_OCSet

ESP Outlet
ta
Componeit _pPoua

Date §~ zS:qg Time_1400 Smplr_ IV
Lab >n st Analysis_CQ;_Qa______

Tare WT(g) Final Wt(g)
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location  S7HC A
Run No. phaﬂ 7 rem
Date ¢/r¢ /43 operator TP
v v
Sorbing Reagents: (C0O2) (02) (CO)
Replicate | Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) (2-1) (ml) (3-2) (mi} (4-3)
(ml) {ml) (ml)
/ L0 AV 2N 2 Z4
0 iy u L8 |z
Averaged Results: % CO2 / / 5/ %2 Q02 7 Lf
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
{%CQ2) (%02) (RCO + % N2)
= +
* Y-385
ESP Inle
Run #2-2 Train __ DBSAT ESP o&ug
' ta
Component CrRSA&T

C-150

Date_[|26[23 Time 1400 smplr DIV

Lab Mobile Lals
Tare WT(g)

Analysis

01SAT

-_—

Final Wt(g)
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. | Comments
Location S TrAC &
Run No. Z2-3 —_—
Date ér/27’/93 Operator alas
— -
Sorbing Reagents: {CO2) (02) (CO)
Replicate | Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading2 | Volume Reading 3 Volume Reading 4 Volume
Reading {ml) (2-1) {ml) (3-2) (ml) (4-3)
{ml) - G (ml)
/ 0-0 (& He 3.0 | ZY
Z ) yrLxss /& /?.0 7. <Y
Averaged Results: % CO2 /) &6 % o2 ~£-Y
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%CO2) (%02) (%CO + % N2)
B " " Y453 ESP In]
. t
Run #2-3 Train 0T ESP Outlef
Component Ozt A1 =

Date 6 J2F /93 Time_{Z00 smpir_ DT

Lab O Sy
Tare WT(g)

te

——

Analysis_ O /CO

Final Wt(g)__s—
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TRAVERSE FIELD DATA SHEET

Plant Name Plant Yates Station Boiler Nol  Stack Diameter 13
Sampling Location.  Siacle Sample Port Diameter y"
Date oG- 8- %% Sample Port Depth "
Operator oy v, JEH Distance Upstream

Distance downstream

DUCT CrAMETIRS UPSTALAMN /ROM /LOW DATTURSAMCE IDiSTANCE A)

[ X 1 e 148 1.5
o T T T T 1 T :
rigMER wuMSLR 13 PO =
- RYCTANGULAR FTALKE ON DUCTS T
- tﬁiuuuuun -
] - - urt
if
i ® . i 7
= I ok 2§ lormumanct -
E ol l -] N
; i 1§ STACY DIAMETER > 000 m 174 o}
} [ 12
E"—ouo--omranmvmnr ;ﬂ:
CISTURSANCE 1BEND. ELPANSION. CONTRACTION, ITE.)
STACK DIAMLTER » .30 TO L.41 & (1334 )
1
o— : — %
DUCT DIAMETERS GOWNSTREAM JAOM FLOW DISTURBANCY IOt ANCE §)
Numper Traverse Panm On A Dumeter Traverse Points
Traverse Pomi Numosr
| izl el sl Wl oo c2) el e owi | =i 2 No. Distance From wall
] N T 11 . |
a8l &7 441 321 264 21 18] L] veb L3t L] 1 1 é SC.,.E” |
z "854 ' 250 ;1400108 0.2] 471 57| 49| 44| 2B} 25| 212 FANPTH 8§ +4
5 | 750 129.61 104 | 1481 1LE| BN| LS| TE) 471 60 &S ! qi.‘;f;“
A i T 93,3 | 70.4 1323 | Z28 | 17.7 |46 | 126 [ 108) 5.7) 7] 79 4
5 I (BS54 | 67.7 1362 256 | 200 [ 16.8 [ 4.8 {128 ) 11,87 10.5 5
! 5 ] | 95.8 1 00.8 | @S.8 | 256 | 289 220 | 8.8 | 1.5 | 14.8 | 122 ]
7 ] [ 180.5 | 77.4 | 644 | 288} 20.3 | 22.0 | 20.4 | 14.0 ) 4.1 7
: , \ T90.8 | 954 | 750 €34 1 37.5, 290 | 280 [ 2.8 | 10.4 B
9 ; f ! 918 | 823 | 7t | €25 | 3.2 0.8 | 262 | 730 ]
3 I i 187.4 1 8421 TR0 | 7TLY I8V M I NS 272 10
1 | ‘ | | | 933 ) 854 [ 70.0 | 70.4 | 612 ) 0.3 | 323 11
: 2 i ; i : ; T8 1901 | 82,11 6.5 | €84 | 80.7 | .4 1]t
\ 13 i ! ' ] i | (a3 87.5 1 81.2 | 7RO | 4.5 | €02 3711
i 14 . i ! . ] | 98.2 ) 91.5 | 06.4 ) T9.6 | 703 | 47.7 14 | ]
"5 | ‘ | ‘ ] | | i 98,1 | 88.% | 8.6 | TR | TR 191 4
P8 [ ‘ | ] : : NI e |
. ] I : ' ] ] 9561 90 | 884 | 806 ik
! 18 | I ] | 9881 033! 84 | 23 8
‘s . . i | i ! | 961 1 91.3 | ans 19
20 i ; ‘ ! i ! BT M0 | 89,8 2U |
! 3 : ) , : ] i | 9.5 | &1 FAREE
= : ! ! { | S| L ANE
F.C ; ' ; ' : | 4.0 23
o ' . ; : . i | 24
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VELOCITY PROFILE FIELD DATA

Plant Name = Yates
Sampling Location ____ Sicecle Sampie ident. "
Date ©&-fF-93 (MMODYY) Time Stant __[S90 (HHMM) Time Finish iSO € _(HHMM)
Duct Dimensions X ft. or Diameter i3 ft.
PTCF o.g4 _ % Hzo
Bar Press. 29.3 "Hg % CO % N2
Static Press. -0.8 "H,O % co, =90 _ %H,
Operator Initials oxy _JSEH % O, > 2.0 % CH,
Stack Temp. *F veloCity Pressure * H,0 ther ( )
P " 2 Ave. " 2 Ave. ” 2 Ave.

| _E - 2v fo 1]

E-z | (a2 049

£-3 J21 2.6 1

M- 7N o.Lé
| o2 j22 071

-3 1 izl 059

w- | j22 g.6%

W-2 22 p.¢Y

w-3 j22 2.49

-] 12! 4

s5-2 (2 067

5-2 121 2.
Weather
Remarks Pp: o e ot
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FENTErec MODIFiED MCITHOD 5 FIELD DATA SHEET [OF T

L
s

FLANT NAME Plant Yates Station Boiler No. 1 Page [ of
SAMPLING LQCATION __ESP . 0l 7 RUN NO. N AY/ mc_s %ﬁ{
DATE 91 TIME START 1135 TIME FINISH TEST DURATION

DUCT DIME i?NS 9.5 X DIAMETER ~——— INITIAL LEAK RATE < cfm
PTCF __O. %< DGMCF 0- a NOZZLE DIA. (), 3¢™8 inches  FINAL LEAK RATE _owe

BAR PRESS 6 s, F
STATIC PRESS £, H20 OPERATOR  JSlJ e

Q (. ‘5 22~
ﬁvam Cloc Dry gas meter “E “H Stack | Dry gas mweter temp. | Hotbox | Probe Last Vacuum E’ond.

Point Time reading A3 in H20 in H20 | Temp. F Inlet Qutlet Temp. Temp Impinger | in. Hg Exit
Temp.
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v MODIFIED METHOD 5 FIELD DATA SHEET ZG'*C 3
PLANT NAME Plant Yates Station Boiler No. | Page __ of
SAMPLING ZOGATION___ £t le { RUN No.;/& wichle O%MC. Phcse ( Ken l
DATE [ E START TIME FINISH TEST DURAZION min
DUCT DIMENSIONS X ____ DIAMETER INITIAL LEAK RATE cfm
PTCE DGMCF NOZZLE DIA. inches FINAL LEAK RATE efm
BAR PRESS "Hg
STATIC PRESS " H2O QPERATOR
fTravene Clock Dry gas meter | | - P “H Siack |Dry gas meter temp. | Hotbox | Probe Last Vacuum ! Cond.
Point Time reading 8 in H20 inH2O | Temp. F Inlet Qutlet Temp. Temp Impinger | in. Hg Exit
Temp. F
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3 18 | s204 0o 1065|320 | €5 | 4y | — 24/ | s® | 5 <5
A7 5312 Q. (1 320 €2 | 8] | — 1262 1S | & | /7
[ s 51 | 254 o] (2 2( 8% | g4 — =2 ™ | 9 | g
o523 |/295 lor |22 33 |90 |82 | — (2555 | » X
Shpt1529 | f32. o -
T il
Wa: 059l /s lon2|oz (297157 [ e | — (23459 | 2 | <y
(sl s lao¥lo.44 |30 -? ? —loss sz | A | 3
Ad— 2145511735 6 10,05 056 | 293 Y S | o | <D
lg:’ AN /55e 11320 oo 333|302 5| S| — (245 15/ | 4 | 9%
vllco ¢ [¢39.5 |©0L]6.01 300 | B ¥ | — |27 )15 | < | d2
Gltoe | /(2.0 (0.0 | £, |3o5 | St | 321 = 246 | 57 ¥ | <Y
Shp ltpsl | /45337 =37
we s 1 /6/8 1145 552l 002t 62 |297 | Fo |55 | — | 230|355 | 3 | «4
Al 2zl |rors Gpcla 2991 F0 | ¥e | = (257151 5 ~f<
N 70 /4% 5 o o?2l 37|29/l G0 | ¥ —losx|l < |5 | Y3
" Jl/e33 \/sn T lotz| (3 127V 9/ | g5 | ~ |253 |52 | 73
Slte3y [ /59 % lps |17 (2% |53 | 73| — |25¢/]s2 |5 | 95
Glied3 /50D 16./6 |4 12%21 95 | Fo T 1252052 |5 | Y
otos | 16TE | fE0. 365 -
- Y=4¢
Avg. -
Check'd -
CONSOLE #
FILTER ¥
AMBIENT TEMP.
PROBE LENGTH

LINER MATERJAL

REMARKS

C-162

.



udl MODIFIED METHOD 5 FIELD DATA SHEET 5 =

FLANT NAME Plant Yates Station Boiler No. 1 Page of

SAMPLING LOCATION _/4/2 E£7 ___ RUNNO. Semivolahk Q‘KF""‘L Phase | Rl

DATE ‘%Aynms START TIME FINISH TEST DURATION min.

DUCT DIKMENSIONS X DIAMETER _____ INITIAL LEAK RATE _________¢fm

PTCF DGMCF NOZZLE DIA. " inches ~ FINALLEAKRATE ______ cfm

BAR PRESS ___ "He -

STATIC PRESS ________  "H20 OPERATOR

frraversc Clock l-)ﬁgu meter P “H Stack | Dry pas metertemp. | Hotbox | Probe Last Vecuum ]| Cond.

Point Time reading fi3 in H20 in H20 | Temp. F| Inlat Qutlet Temp. Temp Impinger | in. Hg Exit
Temp. F
bt | es¥ | fetoid | 001 0,711 2635t 90 | g9 | — (225 | 61 {2 | Y6
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MODIFIEL METHUD 5 FIELD DATA SHEE(

PLANT NAME Plant Yates Station Boiler No. | Page ! °f-i
SAMPLING LQCATION ___ ESP /NLET RUN NO. 2 Sewitoable se{ Ron 2.
DATE TIMESTART 324 ____, TIME FINISH _{3 TEST DURATION f:qé ,mn
Duc-rt(ﬁg%gm ‘6" X g DIAMETER : INITIAL LEAK RATE _~, cfm/ﬁ_‘g
PTCF _(5.% D_B-MCF{ a;'gf?"mrqozzwom. Q,zﬁmm FINAL LEAK RATE _ g g @efm ,2,-6
BAR PRESS 0 Hg
STATIC PRES’EEE-E_“ H20 OPERATOR _.Slov-
Eﬂvem Clock Dry gas meter P ~H Swck [Dry gas meter temp. | Hotbox | Probe Last VYacuum | Cond.
Point Time reading f3 in H20 in H20 | Temp. F| Inlet Outlet Temp. Temp | Impinger| in. Hg Exit
Temp. F
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MODIFIEVD METHOD 5 FIELD DATA SHEET

FLANT NAME ___Plant Yates Station Boiler No. | Page 2 of o
SAMPLING LOCATION_LLﬂ_""‘ RUN NO_M ﬂascl Ran2-
DATE TIME START TIME FINISH TEST DURATION min.
DUCT DIMENSIONS X DIAMETER " INITIAL LEAK RATE _ cfm
PTCF DGMCF NOZZLE DIA. T inches  FINALLEAKRATE _______ cfm
BAR PRESS " Hg
STATIC PRESS " H20 OPERATOR __ Tl om
Frraverse Clock Bry gas meter il 3 “H Stack |[Dry gas mmeter temp. | Hotbox { Probe Last Vacuum | Cond.
Poiat Time reading 3 in H20 in H20 | Temp. F| Inlet Ouilet Temp. Temp Impinger | in. Hg Exit
Temp. F
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MODIFIED METHOD 5 FIELD CATA SHEET

SLANT NAME ____Plant Yates Station Boiler No. | Page D of I
-
SAMPLING LOCATION wakz:‘( RUN NO. _Sgwm . ue blc. Phase ( fan T
DATE TIME START TIME FINISH TEST DURATION min.
DUCT DIMENSIONS X DIAMETER __ _ _____ INITIALLEAKRATE _____cfm
PTCF DGMCF NOZZLE DIA. ches  FINAL LEAKRATE _  cfm
BAR PRESS " Hg
STATIC PRESS " H20 OPERATOR _ JwWwie-
Frraverse | Clock | Drygasmeler |~ P ™H SWck DTy gas meter lemp. | HoLbox | Probe Lam ] Vacoum | Cond.
Point Time reading A3 in H20 in H20 | Temp. F| Inlet Qutjst Temp. Temp | Impinger{ in. Hg Exijt
Temp. F
1222[ 279 9% 0,03 a3z 30c [ % | gy (203223 L | 3 | FF
| 232 (oo 502 020]3/3 |52 | s> | T o392 | a |S8¢
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! MODIFIED MITdOD 5 FIELD DATA SHEET

_PLANT NAME ____ Plaat Yates Station Boiler No. | Page _| of D

SAMPLINGLOZATION | N (€] RUN NO. ~, S Qégﬁz ] QW\’S
DATE TIMESTART (09 TIME FINISH __ /2750 _ TEST DURATION 240  min.
i

DucT E %) ONSs ___ X DIAMETER INITIAL LEAK RA'__“_T%/\?'%
PTCF DGMCF NOZZLE DIA. inches  FINAL LEAK RATE o

gﬁﬁg?ass%;j—‘é = o OPERATBR © ioiam
rraverse Clock ny-_gls meler - P “H Suck |Dcy gas meteriemp. | Hotbox | Probe Lagt Vacoum | Cond.
Point Time reading i3 in H20 in H20 | Temp. F| lnlet Cutlet Temp. Temp | Impinger| in. Hg Exit
Temp. F
lE\- ({03 (2602 (0,1 | /0 1290109 &Y 230 | 57 (35| 0
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S10227]323.%6.00|0.e5232.1 3 | 72 292| /<3 e/
28 | 33 2yl 52 | 40 2

6 o732 82860 Ip .o 2.65 253
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EZ -1 0F40 | 328 3 O 10,22 |243 |38 |~¢4 40 11t 11,0 |56
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MOLCIFIED METHOU 5 FIZLD DAYTA SHEET

PLANT NAME Plant Yates Station Boiler No. 1 Page & of 5
SAMPLING LOCATION ___ Ia (e & RUNNO. _ S, Ub! &as:l —Een D
DATE TIME START TIME FINISH TEST DURATION min.
DUCT DIMENSIONS X DIAMETER T INITIAL LEAK RATE ___ cfm
PTCF DGMCE NOZZLE DIA. mches  FINAL LEAKRATE ~ cfm
BAR PRESS " Hg
STATIC PRESS " H20 OPERATOR R~
ﬁnveru-. "Clock Drygasmeec | " P “H Sack Dcy gas meter temp. | Hotbox | Probe Last Vacuum | Cond.
Point Time reading 3 in H2O in H2O | Temp. F| Inlet Qutlet Temp. Temp | lmpinger{ in. Hg Exit
Temp. F
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ool e b PLLE EhEm
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MODIFIED METHOD 5 FIELD DAT.. SIIEET

PLANT NAME ___ Plant Yates Station Boiler No. | Page __?_ of 3
SAMPLING LOCATION Lu /e TL"" hw/m‘)/f RUN NO. fiz / éa_d_fl 3
DATE TIME START TIME FINISH TEST DURATION min.
DUCT DIMENSIONS X_____ DIAMETER — INITIALLEAKRATE ____ cfm
PTCF DGMCF NQZZLE DIA. inches FINAL LEAK RATE cfm:
BAR PRESS "Hg
STATIC PRESS " H20 OPERATOR _ JA/M
fTraverse Clock Dry gas meter P "H Stack |Dry gas meter temnp. | Hotbox | Probe Last Vacuum | Cond.
Point Time reading 3 in H20 in H2O | Temp. F [nlet Qutlet Temp. Temp Impinger | in. Hg Exit
Temp. F
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QA 1 pF2 0.0310.31296 |9/ | > | ~ 129212 | < | S3
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sluae | ¢ e od|lod5129/195 | 941 — 124¥ e | s~ | 5
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Shp lfidl VYo (00| Cornl Firal .
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o
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Check’d -

CONSOQLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-169



MODIFIED METHOD 35

FILLD DATA SHEET

PLANT NAME Plant Yates Station Boiler No. 1 Page [ of
SAMPLING LOCATION £ 5% jN(e [ RUN NO. vy )
DATE é{ch 23 TIME START TIME FINISH TEST DURATION min.
DUCT DIMENSIONS __ ¥, X <37 DIAMETER INITIAL LEAK RATE cfm
PTCF_o %  DGMCF NOZZLE DIA. inches FINAL LEAK RATE cfm
BARPRESS _ 2% s& "Hg
STATIC PRESS " H2O OPERATOR L=
ﬁavem Clock Dry gas meter P “H Stack [Dry gas meter temp, | Hotbox | Probe Last Vacuum E;d.
Point Time reading f3 in H10 in H20 | Temp. F|  Inlet Culjer Temp. Temp | Impinger} in. Hg Exiv
Temp. F
613257
06 %3

Avg. -

Check'd

CONSOLE # /4 /6/393

FILTER #

AMBIENT TEMP. o

PROBE LENGTH

LINER MATERIAL

REMARKS

C-170




z:;.fﬁl/ec SOURCE SAMPLING FILLD DATA SHEET

Page _\_ of ___L

Plant Name Plant Yates Station Boiler No. 1

Sampling Location ___ LNLE T - Train Aldehydes Run No. /-
Dato‘é "'_/: I 2 3 Time Start V4 é‘gé) Time Finish z 2 y_j Test Duration g 2 min.
Duct Dimensions /P // 7 x (i i iti

Diameter f  Initial Leak Rau@_mﬁﬁ
PTCF _, I L DGMCF ;o Nozzle Dia. _. £ 7 5 inches Final Leak Rate 0 2007 g7~ <fm

Bar Press Z’f_ é * Hg 07

Static Press é & " H20 Operator ﬂf £

Travers | Clock | Dry gas meter ~P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacyum

Paint Time reading 83 | in H20 | in H2O |Temp. F| Inlet Outlel: Temp. | Temp | Impinger| in. Hg 3§é /1’

) Pl i 587734 f?{— —~ y I —
/S S eg s 3/ gz (277 77 (/A 1257 163 ¢ 0 5g
152 0lcos P4 /) | g7 |2/3 78 6% o (3¢

225 1cgr 60 /0 1.38 [Ls |7 70 15Pvgd ¥, 3.7 %u-.
V23205252 ,/0 .38 1874 “%’/ iz 7sr 163 |40 137/
2356 0107 | orp | 30 2/¢ | BL |20 0les 2.5 137
(5405720 | (b 1,28 34 154 12 Zo/\Ly W A3T76
Y /5 sag ssal 0 | B 3A (85 2/ Zoztey |y p 206
(2.281

Ave. —_

[Check’d

CONSOLE ¢ ___A/L [ 402

FILTER# N
AMBIENT TEMP.  ¢Y) %~
PROBE LENGTH

LINER MATERIAL ?/g,ss'

REMARKS

Single f;w'feo//ea{bn Fom vt E-§

C-171



T SOURCE SAMPLING FitLD ATA SHEET

pge ot _{_

Plant Name Plant Yates Station Boiler No. 1
Sampling Location_ E5P_INL €T Train Aldehydes Run No. 2/
Date & -77 -7 T'g Suast 0135 . Time Finish _086CY Test Duration 30 min,

Duct Dimensions

PTCF _, gg DGMCF 44,:;2 Nozzle Dia. ..’:ZS inches Final Leak Rate ©, € 0 £ ¢fm

X 57 Diasmeter _ s Z 10 R Initial Leak Rate O (T @K o Aot 7

Bar Press é?‘ ED " Hg foo iy

Sutic Press — £ & " H20 Operator __ A1k fot €-F

Travers | Clock | Dry gas meter| “~P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum / i
Point Time reading 3 1 in H20 | in H20 [Temp. ¥ fInlet Qutlet Temp. | Temp | Impinger| in. Hg <3 ?“9

W s 726 1Las 2ol —1 L F AR | ———

746 4pe P | /4. 531 30p | 78 174 | | |2€0|67 |40

s 795 lhoc 0| (83, @713/ | 27 |72 splss 4o
O LB 12 (21«93 (75 |76 75D 154 @i
75§ Lo bbb\ ez L ¢g |3y (78 [ 7¢ 7262157 40

s oogl gz %0 Lrd lg? 13/ 175 | 7 175145 4.
Loy 375 a4l 50 (79 |74 ¢7 5% WG

VE. —
Check'd

CONSOLE # ,4 /b S Zpa
FILTER #

AMBIENT TEMP. Ve «
PROBELENGTH (2 7
LINER MATERIAL A{/a 58

REMARKS

C-172 Sirgle Fom-’r scxh-'olt_ collection Gan Par‘/' E-¥




SOURCE SAMZLING FIELD DATA SHEET

Page [_ot' _L

Plant Name Plant Yates Station Boiler No. 1
Sampling Locatioznv; JAMLET Train Aldehydes Run No. 3

Date -5~ Z3 3 Time Start O 7L Time Finish _2 75 & Test Duration __% () min.
ate 2 d’ il / . " iz //

Duet Dimensio 3 & X Ly Diameter £t Initial Leak Rate & . e f;

PTCF _, 5) {Zﬂ DGMCF __ (-0 ’2 Nozzle Dia. , 27 5 __inches Final Leak Rate &/, 8 & Z cfm

BarPress 2 7.37 "Hg 167
Static Press _ — [ &/ " H20 Operator Wﬁ
ravers | Clock | Dry gas meter;] “P “H Stack {Dry gas meter temp. | Hot box | Probe Last | Vacuumij ; _ A
Point Time reading 3 | in H20 | in H20 Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg A'; o
v/ ln720 L2z 679 & | — ~ 1Tl "]
0?0 \pgtddz| o | YIS/ T |75 6z | et 3.5
o702 re o |22 150 (26 |75 156|535 1325
07351427290 s BS54 |76 |75 5 ¢ 135
s 7901622450 | o850 5 (77 76 20 157 .0
ot L2 06 Ly 1 3F 58 1847 175 Z6s 163 135
. la7%0l632.2 8,00 | A5 133 Lge 5D Zezlep (1€
S~

Avg. _
({Check'd

consoLE# A [E/40Z
FILTER #
AMBIENT TEMP. 7Z5F

PROBE LENGTH /o
LINER MATERIAL /c/zg

REMARKS

C-173



SOURCE SAMPLING FIELD DATA SHEET

Page ! of

Plant Name Plant Yates Station Boiler No. 1 2

Sampling ion_ £S5 iINteT Train ’ Aldehydes Run No. Fﬁ

Date (jsw Z; 3 Time Start {306 Time Finish ' Test Duration v min.
Duct Di ns X Diameter £ Initial Leak Rate cfm
PTCF DGMCF Nozzle Dia. inches Fina! Leak Rate ' ¢fm

BarPress 2%.5% " Hg

Static Press *Z ; " H20 Operator Tl A

[Travers §  Clock { Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H2O | in H2O |Temp. F{ Inlet Cutlet Temp. | Temp |Impinger| in. Hg
306 | 319212
3440

Avg, —
Check’d

CONSOCLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-174



iu-ﬁ/ﬂ'—d SOURCE SAMPLING FIELD DATA SHEET
Page of

Plant Name Plant Yates Station Boiler No. 1 / oo
Sampling Location__g# A _ Train PSD RunNo. _/ \b" 1 Q\S
Date ¢~ 7./ Timg §un 1555 Time Finish ‘ lii) Test Duration NS min. ~ .
Duct Dimensio: 2 é X _ % O3/ Diameter ft  Initial Leak Rate /2. ¢/ 3'g£ { ‘

PTCF gé DGMCF ©  Nozzie Dia. _ ﬁ inches Final Leak Rate ¢fm

Bar Press Z f : 5/ " Hg ‘ -

Sutic Press __— /¥ "H20 Operator _ VK (D [":/z?" &-7
Travers | Clock | Dry gas meter “p ~“H Stack {Dry gas meter temp. | Hot box | Probe Last | Vacuum %.

45

-

Point Time reading i3 | in H20 | in H20 {Temp. F| Inlet Outlet Temp. | Temp | Impinger| tn. Hg | K-

2y e | L0 8 Ty d@fr———— T T
Zodlcry g3lanz] 2351 Fo 179 W 20207 (3.0
605 U7 8F | o7 2.2 3o L & 177 253 b4 B .2
b l673.27 | 07 27 13/5 rs5/197 B0
é/g ¢r# 72|, 07177 13/9 |, 7 205 B

20U 8 (607 L72 (A7 S/ | FU 752, 9% 7.5
(625 e 757 671 27 1%L |2 gro o0 |29
£30 o/ 2oL 07 |, 271 3/R 18Z 29562 [B.o
635 LTzt 67 .27 |38 |55 g’ri 257 159
je s gl p7 27 (720 | BT z z0 57 B0
645 b5 3| or 1,27 1222 | 5% |8 z5 Bx 3V
1250 674,73 07 127 Bz |G |89 3 5 B0
st | ¢ 25|07 | [ 2] 13/9 85 857 |37
7ol | 622,75 | 67 |, 27 | =zp ZZ 0

2 Z 6 7
dzs 167 /] .07 .77 %8177 29716/

(7, ez ad | o7V 27 [ 3/5 B0
‘s 6/ 13.5

[
Y
9

24

Xt : >
706 16305707 1.z 73K 70 185 Z7 e 130

%

=3

/720 163575, a4 | .7 |5/7 (90
725 | ¢34 B 07 27 13/2 G2 25/ bz 133

.,

4730 | b Z237.67 |27 kg 19/ B7 L ul 50
Y735\ L3508 |07 .27 {325 9, &7 1Pl B2
740 63905007 |27 (320 Gr B7 7 oz |3,

Avg. —_

Check'd
CONSOLE # /f/é/ 397
FILTER # 3

AMBIENT TEMP. 27

* Fd
PROBE LENGTH __ /2
LINER MATERIAL _ &/ £ S =
4

REMARKS C-175
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SOURCE SAMPLING FIELD DATA SHEET

Plant Name Plant Yates Station Boiler No. 1

Sampling Location l ’\l LQ‘f

Train

Date £ ~Z/. 5 Tunes:m_ﬁz._f_

PSD

Page _\

Time Finish /&2
Diameter = ft

Duc 1ons
‘,%Q DGMCF ‘Zﬁﬁt’ Nozzle Dia. 27 5 inches

of

Run No. g

Test Duration a ZQ min.
A

Final LeakRate __ MA  ¢im

Initial Leak Rate & (1£]

BarPress "H
Static Press _ o 6 - "gH‘ZO Operator @0‘ F’ég ﬂ 4
MTravers | Clock | Dry gasm=ter| “P *H Stack [Dry gas meter temp. | Hot box | Probe Last | Vacuum] ;
Point Time ryrcaf[ingﬁ.‘! in H2O } in H20 |Temp. F l-!’;ﬂlel Outl:: Temp. | Temp | Impinger| in. Hg k—-fi }
| E—— .
’ S/ 12091 B2 | qp |4 N ERER:
RYRRYCAN. 2. R 7 5 AVARE TS
3/ |27/ Zz Ap s> 05 5
3 (27207t 193 242060 |35
2 22/ (7o |5 Zp | Go B O
2/ 13719¢ 186 7 ATV X '
SS9 |RE 72216237
Z
/
é_v_g. -
f[Check’d
CONSOLE#¢ A [ &r 377
FILTER #

AMBIENT TEMP. 72Z SF
PROBE LENGTH /)
.LINER MATERJAL /4;_4/4,_’/

REM

C-176 <.,

k ‘oom'( Sawyple Caltecher Fn:m‘oo«\# €-¥




SOURCE ZAMPLING FIELD DATA SHEET

Plant Name _Pr'nt Yates Station Boiler No. 1
Sampling Location___ ﬂ/@"

Train

Date _¢,— éi:z%nmesmt 0735

PSD

Page

of

Run No. 5
Time Finish {/ 3 Test Duration A min.
R’ italLeakRae _f, (//£ cfm ,1("/5&‘

Duct Dunens:ons Diameter

PTCF DGMCF - Nozzlc Dia. mche.s Final Leak Rate cfm

Bar Press

Static Press_ﬁ._é H20 Tperator /}'l/:d

Travers Clock | Dry gas meter * P ~H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Pc:int Time reading 83 | in H20 | in H20 |Temp, F| Inlet Outlet | Temp. | Temp | Impinger| in. Hg

NE WP 2707 pgd — +—1 T~ | . £z

A5 1708 9¢ |, 02 3/ 13/C] 9 §7 L 12921 68 13 1)

0l /Yy 51,68 |3 15,7193 ? 1t 25657 2.7
(0235 |72 7 /\a82 1.3/ 12/7 | J¢ (20 || 1aWS57 2.0
o8\ 772,93 0\ % (27 | P77 (24 | lzezlel 2.0
v 00 ;z'z 2,08 | 2, 125 |97 |75 £2E 4/ 5.7
20 5255./}?" By Bt |97 195 gz iy 120

e (747 87808 | Zy XS |son B LS 3.

AvVE. —

dCheck’d

consoLE# __ A/ C /3T 7

FILTER #

AMBIENT TEMP. v

PROBELENGTH /O °

LINER MATERIAL __ Sobtase> 5 5

REMARKS

C-177



SOURCE SAMPLING FIELD DATA SHEET
Page

At 2

Plant Name Plant Yatm Station Boiler No. 1 2’
Samphng Train Particulate / Metals Run No. / M
éif 25}2723 Time Start 0 %0 Time Finish { 90S Test Duration 0
Duct Dimensions_ & 0, " Diameter f  Initial Leak Rawe O { cfm x ‘{5
prer _ O DGMCF _-ﬁﬁ_ NOZZLEDIA. /.33 ¥ inches  Final Leak Rate L. O _ cfm 6

Bar Press 2‘% 5 "Hg 0,997

Static Press __—~ 5~ ¥ " H20 Qperator S A
fTravers | Clock [ Dry gas meter| P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading ft3 nHXO | in H2O [Temp. F| Inlet Qutlet Temp. | Temp | Impinger
ij 00 | Sb.205 o.q 6.l 222 2 (73 “45
Wi | M p0.ollofA253| 72 | I Lo AR A

01 50> (donlon 1294109 | 53
s | BAroloolp22l29¢ | Y | 23

22| o3
290 | 5

Yeo| Y530 (8.0 |02 25/ 35 |73 227

G
\:‘_Tb
ViK™ N

<35 | S b |0.06| 06| 93] S 193

9372 | ¥x%d oot /r 1292 |6 | 2

s
252 | 96
Shy | % | wSLSH Gond lekclect
wor| B3 | YSb 63H 007/ 0,33 2D | 95 9
2 s | L5%0 00300257 | 35 | d& 253 52
»o“”r 3 % Yod L _|o.xf| oY 258 2% 227 26| ST
'y 9 |3 k2, 0.0 lo11 257 | F2 [ 29 232
! 5 ‘/@f > o.06l0.¢c 2% | %9 |29
¢ :_of Yt e |65 6991293 | 5z | 5/ 55
(5&" Y06 4 69.18S _6_&4:! fec i< checl e
s opaksl G22. | WABOV|0 03 6,33 1290 | B3 | w2 22/ Y
o 21922 | Y 2e 200 T3 1 ¥ _%
1“’/’ 99z | ¥>3. 4 o000 N 306 | > | ¥ 2
T

h]
Sleve | dwr |ors| b | §% | 53

XSz | &3

¢ layy | Y22 losrlzo laes| 90 | BF
skep 1952 | {BS.E7

UL f UOE efefe de e frpefefepege Ql‘l&

erl fo2o 486100 0030 Dsr (3 | B2 =2 |59

2 Se53 | aoqlo. #1250 | 3 | 32 2

3 S¥.¥ covlosy|2ez | 7 | %3 23 | SO

< S5z2.0 |05 0.3% |29, | 3£ | 99 2971 5

5 Y92 01755 299 | 85 45 172
A ST D

¥91.6 | oK/ 1455 |30 | Fo %5~ 2
Sol.030 ' IL

J&vg..

CONSOLE # {g ¢33
FILTER # __JAS
AMBIENT TEMP.

PROBE LENGTH
LINER MATERIAL

REMARKS Gad Q; I & C@QC—K

C-178




SOURCE SAMPLING FIELD DATA SHEL1
Page o=

Plant Name Plant Yates Station Boiler No. 1
Sampling ;;Eg n ‘:4'/(_/{— Train Particulate / Metals Run No. / %C Z
cfm

)s’.‘l"”

Date Time Start Time Finish TestDuration ____ 7/

Duct Diinensions X Diameter ft  Initiai Leak Ratc :

PTCF DGMCF NOZZLE DIA. m Final Leak Rate cfm

Bar Press " Hg

Static Press " H20 Operator A A

Travers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading A3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp |Impinger] in. Hg

EXx//osy |Sel.Se0 | 0.03 (0.33 | 3/6,| K% | 8 | — | 223 S0 | 5

/103 | So3.2 |pedlodt|3ef| &2 [ 8¢ | — (o253 23

3lroy | vosio looeloec 222 | 9% (€ | — |25 153 | ¥
Ayr73 152 2.3 |6k ¢/ 2 ¥y |ge | — | 251 52 | (3
Slyty | 500.2 | 051/ 1336 | G/ | — 2Pl g3 |22

E clw23 | — 100926 [33¢ (97 | Y| —[op] 88 (22 | ©

_& 172 | S76. 9257 Lear L O, 1@2‘2’% - CAdinqes (de. Gel /ufl j‘f

S
N
[y
R
AN

<

|

N
A
\
o |
A
oA

& -
E3-(1/2// | s¥%.0% [ dge 10.22] 307 {2 — |23
2/24¢ | — laod|0dt |33 F2 | %2 | — oMl s¥ | E£5
31/22/ | 852).C1001022 215 | %3 2| — a1 52 |90
A T 22e 2.0 1o, o] 422 S5 | 5 | %3 | — 245 | 57 |sdo
T1/237 | 527.0 10.06 (L0731 | g% | €4 | — 23| 83 | 22
w|/23¢ |530.4 ogz. Dy 12151 G0 [ 8 | — |pplz |22
Sive 27/ |34 Ceak blactc|@ 23 YA
E3-/ _u;l_bﬁld_o_o-l 02229¢ | ¥ | ¥5 | — ez 5
\ 24B3@ — 1001022 35 Fe gy | ~— 3% |
$ 3 3o [emn ool O U5 | ¥ | — o |s{ | 2
% /a0 S 39.2 0020|2218 g5 | — 1253 %5 | »2
5| (3¢5 E/{e AN AEYAR sBEA — 8B | /| s
el 320 | ol J | B 435 36% G2 |89 | — |ad7| <& |22
Step | /325 | 43y T |
gl | 337 | 8483000007 (10 |30 | Fe | 2 | — 209! 45 (/7
»\H 2| /348 — .02 (006 | 307 ®7 — (248 7 | 2
2 3|/347 | $93.2 |oos |astizo? ¥ — lade )| 52 9
Yl sB® 5353 003 o3| 305 5% | — 1252 s> =
5|3 189 © — 3 [ SY | D
b PR30 555 =
Check’d
CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH

LINER MATERIAL

REMARKS (ol no‘fgdj( o
The [nap M efmasf.a-«'-ii %"—1‘?‘46«:‘ ncl‘ﬂ!eu ﬁi s,l.«Im ge C-179
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SCGURCE SAMPLING FiELD DATA SHEET

Page _L of L

Plant Name Plant Yates Station Boiler No. 1
Sampling Locatign__ zgale T Train Particulate / Metals Run No 2 5¢ 2
Date éﬁﬁmc sun_ 09325 Time Finish __/ o // Test Duration

x .

Duct Dumensions , Diameter ft  Initial Leak Rale cfm g As
PTCF 3, &Y DGMCF (0,999  NOZZLEDIA. ¢, 5 inches Final Leak Rate __m. A /2 cfm _pq/
Bar Press Y 2 Hg

Static Press = /0. " H20 Operator __ W\ Dﬁé / 3’2.2—
ravers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point | Time | reading 83 | in H20 | in H2O |Temp. F| Inlet | Outlet | Temp. | Temp |Impinger] in. He Fr—\‘w
-/1935 |smeyfl ol [(.¢ 1299 72 | 72 | — |2221 52 | 10 oY
‘(f 2| g4 2.9 0K QYD 297|193 | 72| - l2e2 | K| &
3| 9IS T 0O oay263 | Iy | 92 | — o4 o | @
\1" | 92 |185). 5 |do3 033 |3sy 2% 123 _ /6 | =3 -
S| s [3F%2 |aod |a322g¢ | 9H (7Y [ = las7|sY | 5 | &89
e | joo0 [550.9 |00 o‘iaJ;m ¥ oy |~ o |55 |5
iStop | 10057 | 552 . S30|  Beekl (eak Clealt © 23 |
16 o [sRaw oos o (250 | 3% [ | - |2/ (59 [ S
A _2lrore |5547 |oocr o2 3o5| 35 [9¢ — lafl 52 | o«
A 3 lrez2r (Sre.0 lcos|ox¥ i3 | ¥ 2) -~ 257 LY | &
\ Lro2e |39% 1 | 008 0¥y |30/ | T | 21% - 12F o | %
Slo3 (600« 0.t/ s2 392 Y | D9 ~ {237 | 47 | /2.5
¢ 11036 1 Bo3.9 (5]l /.0 300l ) | 30 - 26192 /7
St (O 162,935 G ltokChek © 297
’*H_Es’ 113 1e02.¥2{ 1003 1033 129Y | %2 | $° - (2| o s
4 20115 609 (002|022 |30m | %2 | ¥ | — (222 |5/ | ¥
{ 3423 l6l/. 0 100202232 |33 | ¥/ |—~ lac/ |52 | ¥
SN joas leid s o s 133 |2 [§3 |~ |2k ¢ | 1%
sleuaz | 6/6,7 (0.9 r6 |3 [ BT |3 |~ (242153 | /9
Clyezs \bic % 10 /5142 1 e | Go | ¥3 | -~ 3135 122
BY.VRV/L c MY A A w2 e'mamz_m_e%
Ave, _{af
Check'd
CONSOLE #
FILTER # /) SO

AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-180




SOURCLE SAMPLING FIELD DATA SIHEET

Page _L"’f_._j

Plant Name Plant Yates Station Boiler No. 1

Sampling Locatipn LLL(('A" Train Particulate / Metals Run No.

Date 5[26[27 Time Start Time Finish Test Duration min.

Duct Diniensions X Diameter ft  [nitial Leak Rate cfm

PTCF DGMCF NQOZZLE DIA. inches Final Leak Rate cfm

Bar Press "Hg

Static Press " H20 Operator

Travers | Clock | Dry gas meter] “P ~H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H2G0 [Temp. F| Inlet Outlet Temp. | Temp | impinger| in. Hg .

e [ £l 23 Boo[0.03 [p32| 32| 8k | 84| -~ 298] € | k.0
211185 {925 |0.094 .44 DL | BR | KT | — 40| Sk ! b.©
3SR [0.0F]1033|32%| 40 | L | — 12611 S5 1qp
4| 103 | &249 4Ly | 328 9 1 86 | — z¥l S¢ [z
511208 |37l L |O. 13321 4% | F | ~ |2t% $S3[20.0
¢h2d [ 63549 e LT 3351 9% | BF | — |48 S3 {220

| Sty 1208, b3q.lbY| & feclk beck € 2] “45

a-1| (3%, |639.890 003 (£33 |2 |94 | 23 | — |23=21C0 | &
2|/3Yr ~ Ooflo /12T 4 | ¥7 | - 2%k | <9 | 2
2|/3/6 |¢3.3 (0ol lad/|l293 (XS | 87 | = o/ | 2| 7
‘/)@57 - c.o¥ ox¥las5 %) ¥/ | - D149 sz
SY/3L (92D 1012 | [3 c |25 |84 | - a¥5] 472 | 1%
Llld0! oo |0¢v | /.5 |285 19/ Fs | -~ 2| 57 |22~

| Oho /06 | ©S4SED  Eooo Loy B) 24%4s

Nt /22 | psyrdvloaz 0D 1291 ) | ws |~ 20 |3
U2 oot (005 035|298 | ¥7 |3y | — l2e31% | ¥
3|/732 | £ %6 |0.0p O ¥ 8 | — 244 | /o
&i1/437 | pot.0 (o |42 30D (S, | F6 — (251 4% | r&
slrd¥2 Conlf |08 L5 |53 | 93 | 8D | — (24| 7 (22
o/ e3> o1 | 1.2 [2Rol 4S9y — 12 se | \&

<« OD | /52 | 0. 10d (42 2.9 e
: -6 e 5

—_—

Avg, ——

Check'd

CONSOLE #

FILTER #

AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS

C-181



SOURCE SAMPLING FIELD DATA SHEET

Page '

3.3
Run No. 2[ / WZ/
cfm.

Plant Name Plant Yates Station Boiler No. 1
Sampling ign__ -\ Train Particulate / Metals
Date ‘:!Z: grg }Time Start ___ Time Finish Test Duration
Duct Dimeasio X Diameter f&  Initial Leak Rate
PTCF NSMCF NOZZLE DIA. inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H2O Operator C‘N ~
Travers | Clock | Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum| &
Point Time .readingﬁJ in H20 | in H2O |Temp. F| Iniet Outlet | Temp. | Temp | Impinger] in. Hg &-L\
ot | 19452 130 4851 0.3 | O D155 | — 2 3B & |
= sz.; 23 oW |29 T2 | %9 | — S 1D
3 502 1623.% [g.0210.3) 1297 | 52 - S%& |2
| 512 |615°3 o o4 0. 2971 493 1| % — (294|352 | ¢
/50 2).0 600 0w ]| 255 | 55 | 4¢ - a3 |5 [
ly520 6 I5.6 (00804263 ) G, | &> — sy | A
tep | 1527 |6BL.28D|  Quend teatelechd 22744
Kt | 591 (0924922003 1033 (215 |92 | 97 | = 1aplege |2
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