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APPENDIX A: SAMPLE COLLECTION, 
PRETREATMENT, AND ANALYTICAL PROCEDURES 

This appendix describes in detail the procedures Radian used during the HAPS testing at 

Plant Tidd to collect, handle, and analyze each process stream sample. An overview of the 

gas, solid, and liquid sample collection and analysis performed for this project is presented in 
Tables A-l, A-2, and A-3. Where analyte groups such as “metals” or “semivolatile 
organics” are referenced, a complete list of the target analytes is provided in Tables A-4 

through A-6. 

Radian used established sampling and analytical methods wherever ‘possible to provide 

comparable and useable data. Modifications or adaptations to these methods are noted and 

described appropriately. All deviations from the procedures outlined in the test plan are 

discussed. 

Gas Streams 

Gas stream samples were collected at the RSP inlet and outlet and APF inlet and outlet ducts. 

Samples from each of these streams were analyzed for particulate loadiig, metals, acid gases 

(anions), ammonia and cyanide, formaldehyde, volatile organics, semivolatile organics, and 
dioxins/furans. Particle size distribution (ND) measurements were performed at the FSP 

inlet and outlet only, and samples for hexavalent chromium emissions were collected only at 

the ESP outlet. 

Gas sampling at the APF inlet and outlet ducts required a fixed sampling probe because of 
the high process gas temperature and pressure. Consequently, the APF inlet and outlet gas 
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Table A-4 
Analyte Lii for Inorganic Parameters 

’ These elements were annlyzed by ICP-MS in the gas impinger samples. 

b Hexavnlent chromium in ESP outlet flue gas only. 
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Table A-5 
Analyte List for Organic Parameters 

’ These are the volatile organic compounds detected by VOST (Method 8240) that are listed in the Clean Air 
Act list of hazardous air pollutants. 

b These semivolatile organic compounds were analysed in the gas samplw by CARE Method 429 wing high 
resolution GUMS. 
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,+mndix k Sample Collection, Pretreatment, and Analytical Procedures 

sampling approach varied from the standard EPA Method 15~ sampling approach used at the 

ESP inlet and outlet ducts. The difference, however, was limited to the collection of 

particulate matter. In the fixed probe system, hot-gas filters were used to collect particulate 

matter. Multiple gas samples were then collected for vapor-phase species from a header 

downstream of the filter. The Method 5 approach specifies a single filter for each indepen- 

dent sampling train. 

A schematic of the fixed probe sampling system designed for the Plant Tidd APF unit is 

shown in Figure A-l. The system was designed to sample the process gas isokinetically at a 

single point in the center of the duct. Gas cooling was accomplished by thermal convection 

through the sample lime. Sample gas was cooled from 1350°F to approximately 600°F to 
safely operate the isolation ball valve. A flow orifice and sample control valve downstream 

of the filter were used to maintain isokinetic sampling rates. 

To keep volatile species from condensing in the sample line downstream of the filter, the 

filter holder and all downstream components were heat traced and kept at or above the 

temperature of the gas entering the filter holder. The system was designed to allow gas 

samples to cool only after the gas entered the recoverable quartz tubing portion of the 

sampling train. However, the quartz tubing broke repeatedly during the initial test runs 

because the ball joint could not withstand the thermal stresses at 600°F. To solve this 

problem, the heat tracing tape was removed from the sample line downstream of the orifice 

meter to allow the gas to cool slightly. Skin temperatures at the header sample valves were 

typically 250-350°F after this modification. Because most of the quartz tubes were broken 
during the initial test, subsequent tests at the APF inlet were conducted using Teflon@ tubing 

instead of quartz. This modification is not judged to have any affect on the gas samples. 
The tubing that connects the impinger train to the fixed probe sample header was directly 
comparable to the sampling train components found downstream of the heated filter in the 
EPA Method 5 sampling train and was rinsed and recovered accordingly. 
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Figure A-l 
APF High Pressure Sampling System 
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Part&late 1 oading 

EPA Reference Method 5 was used to determine the particulate loading at the ESP inlet and 

outlet sampling locations. This method was performed in conjunction with the multi-metals 

sampling train to provide compatible particulate loading and particulate metals concentration 

data. Although not specified in Method 5 for determining particulate loading, quartz-fiber 

Nters were used in place of glass-fiber filters to reduce background trace element contamina- 

tion. Samples were collected isokinetically at multiple points across the duct as specified by 

EPA Reference Methods l* and 2.3 

At the APF inlet sampling location, the fixed probe system equipped with an allundum- 

ceramic thimble filter was used to collect isokinetic samples from a single point in the center 

of the duct. A 47 mm quartz-fiber filter in a high pressure Gelman filter holder was used in 

place of the allundum thimble at the APF outlet. Breakthrough of particulate occurred across 

the thimble filter during initial tests at the APF inlet because of the higher than expected 

particulate loading. To solve this problem, a second thimble filter assembly was installed in 

series and filters were changed out approximately every two hours to avoid exceeding the 

filter capacity. On Days 3 and 4,’ a third backup filter (high-pressure Gelman) was added 

downstream of the hvo thimble filters. The gas flow through the filter was determined by 

taking pressure differential readings and gas temperature readings across the flow orifice. 

The total gas flow through the filter was calculated using the orifice diameter, gas tempera- 

ture and pressure at the orifice, and the sampling time. 

Filters from both systems were recovered and weighed to determine the particulate mass 

collected. At the ESP sampling locations, particulate matter was also rinsed and recovered 
from the sampling nozzle and probe. Rinsing of the fixed high-pressure sampling probe was 
not feasible. Any wall losses or solids deposition inside the probe were assumed to be 
insignificant relative to the overall sample mass collected. 
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Particulate- and Vapor-Phase Metals 

Collection of particulate- and vapor-phase metals was performed in conjunction with the 

particulate loading runs using the procedures detailed in EPA Draft Method 29.4 Method 
29 is similar to Method 5 with a few sample train modifications. Method 29 requires 

replacement of the stainless steel noxxle and probe liner used in Method 5 with glass compo 

nents. The particulate material was collected on quartz fiber filters, replacing the standard 

glass fiber Nters normally used with Method 5. 

At the APF inlet and outlet, the sampling probe was constructed of a high chromium-nickel 

alloy (Inconel 800) for strength and corrosion resistance a the high process temperature. The 

use of probe materials other than glass or quartz is a modification to Method 29 specific to 
the APF inlet and outlet sample locations. 

,Vapor-phase metals were collected in a series of impinger solutions. The first two impingers 

contained a dilute nitric acid and hydrogen peroxide (HN03/H202) solution. The third 

impinger was empty. The next two impingers contained acidic potassium permanganate 
(KMn04/H,S04) solution for mercury collection. These impingers were followed by one dry 

impinger, and an impinger filled with silica gel. Approximately 90 to 100 dry standard cubic 

feet (dscf) of gas were collected isokinetically. 

A description of the sampling tram and sample fraction recovery for the multi-metals 
sampling train is presented in Table A-7. The sample fractions generated by the multi-metals 

sampling train and an overview of the sample handling process are shown in Figures A-2 

through A-7. These particulate- and vapor-phase sample fractions were prepared and 
analyzed separately for the elements listed in Table A-4. 

Particulate Phase. The filter samples were desiccated and weighed to a constant weight 

(defined as successive weight determinations within 0.5 mg at dhour intervals). For samples 

collected at the ESP, the acetone probe and nozzle rinses (PNR) were evaporated, desiccated, 
and also weighed to a constant weight. For the ESP outlet, the nitric acid PNR was added to 
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Figure A-2 
Gas Particulate Sample Preparation and Analysis Plan for Metals (ESP Outlet) 
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Figure A-3 
Gas Particulate Sample Preparation and Analysis Plan for Metals (ESP Inlet) 
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Figure A-4 
Gas Particulate Sample Preparation and Analysis Plan for Metals (APF Outlet) 
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Figure A-5 
Gas Particulate Sample Preparation and Analysis Plan for Metals (APF Inlet) 
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Figure A-6 
Fl;e Gas Impinger Sample Preparation and Analysis Plan for Metals 

A-17 



Appendix A: Sample CoNection, Pretreatment, ,and Analytical Procedures 

I I I 

Weigh Weigh Weigh 

I 

I 

Figure A-7. Flue Gas Impinger Sample Preparation and Analysis Plan for Mercury 
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the solids recovered from the acetone PNR, and the volume reduced to 10 mL by evapora- 

tion on a hot plate. This volume was quantitatively transferred, along with the filter, to a 

microwave-digestion vessel. The total particulate sample from the collected gas was 
microwave digested5 with a mixture of hydrofluoric, hydrochloric, and nitric acids. For the 

ESP inlet, the nitric acid PNR and the acetone PNR were analysed separately due to the high 
mass loadings recovered on the filter and in the acetone PNR. The APF outlet samples were 

analyzed similarly to the ESP outlet samples, without the presence of probe rinses. The APF 

inlet particulate was collected and analyxed directly. 

The digestates were analyxed for metals (except boron) by a combination of techniques 

including inductively coupled plasma atomic emission spectroscopy (ICP-AE@ and graphite 
furnace atomic absorption spectroscopy (GFAAS).7*8v9*10 Mercury was determined 

from an aliquot of the microwave digestate by cold vapor atomic absorption spectroscopy 

(CVAAS).” Boric acid was added to the digestate to solubilixe metal fluorides that 

precipitate during the digestion. This addition of boric acid makes the analysis of boron in 

these samples impractical; however, boron was determined in all collected ash samples from 

the ESP, APF, and cyclone systems as described later. 

Vapor Phase. The two HNO,/H,O, impinger samples were combined, digested, and 
analyxed for metals by ICP-AES and GFAAS. Aliquots of undigested impinger solutions 

were analyxed by ICPIMS. l2 A separate aliquot was removed for mercury analysis and the 

excess peroxide in the sample matrix was eliminated by the addition .of solid KMnO, until a 

pale pink color persisted. The sample was then digested in m04/H2S04 solution and 

analyxed for mercury by CVAAS.13 

The contents of the third impinger, the two Kh4n04/H2S04 impingers, and the hydrogen 
chloride @ICI) impinger rinse sample were combined and an aliquot was digested in 
KMn04/H2S04 solution and analyxed for mercury by CVAAS. 
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Anions 

The Method 5 train was used to collect vapor phase and particulate samples for acid gas 

species. Hydrochloric, hydrofluoric, and sulfuric acids along with sulfur dioxide and sulfur 

trioxide were collected using two impingers each containing 200 mL of a carbonate/ 

bicarbonate solution containing hydrogen peroxide. Approximately 30-45 dscf of gas was 

collected at each location. 

A description of the sampling train and sample fraction recovery for the Method 5 anions 
sampling train is presented in Table A-7. The sample fractions generated by the anions/acid 

gas sampling train and an overview of the sample handling process are shown in Figures A-8 

through A-l 1. The particulate and vapor phases were prepared and analyxed separately for 

chloride, fluoride, and sulfate. 

Particulate Phase. The filter was desiccated and weighed prior to being combined with the 

PNR. The PNR sample was evaporated, desiccated, and weighed before being combined 

with the filter sample. The particulate matter was then sonicated with 100 mL of fresh 

carbonate/bicarbonate solution. The carbonate solution was analyxed for chloride and sulfate 

by ion chromatography (IC)14 and fluoride was determined by specific ion electrode 

(SIE).‘5 

Vapor Phase. The impinger solutions received from. the test site were sent directly to the 

analytical laboratory for chloride and sulfate analysis by IC, and fluoride analysis by S@. 

Ammonia/Hydrogen Cyanide 

Sample collection for ammonia and hydrogen cyanide in the gas streams was performed in 

conjunction with the Method 5 anions sampling train. Sjmilarly, gas was extracted 
isokinetically at a single point in the duct through the anions train filter, then directed to an 
impinger tram. For ammonia collection, 0.1 N sulfuric acid was placed in the first two 
impingers of the sampling train. The low pH of the H2S04 solution allowed HCN to pass 
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Filtered 
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Analysis by IC 
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Figure A-8 
Gas Particulate Sample Preparation’and Analysis Plan for Anions (APF Outlet) 
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Figure A-9 
Gas Particulate Sample Preparation and Analysis Plan for Lions (APF Inlet and ESP Inlet) 
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Filter ProbdNo7.zIe 
Rills.3 
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Figure A-10 
Gas Particulate Sample Preparation and Analysis Plan for Anions (J3P Outlet) 

A-24 



Appendix A: Sample Collection, Pretreatment, and Analyrical Procedures 

n r 

Figure A- 11 
Flue Gas Impinger Sample Preparation and Analysis Plan for Anions 
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through. A 2% zinc acetate solution was placed in the fourth and fifth impingers for the 

collection of cyanide. The gas sample volume for each run was approximately 40 to 60 dscf. 

A description of the sampling train and sample fraction recovery for the ammonia/hydrogen 

cyanide trains is presented in Table A-9. The sample fractions generated by the combined 

ammonia/hydrogen cyanide sampling train were sent directly to the laboratory for analysis as 

shown in Figure A-12. The sulfuric acid impinger solutions (0.1 N HtS04) were prepared 

for analysis by distillation according to EPA Method 350.2l’ and the recovered distillates 

were analyzd by EPA 350.1,” an automated calorimetric method. Cyanide impinger 

samples (0.1 M zinc acetate) were digested and analyred accordiig to EPA Method 

9012.19 

Formaldehyde 

Formaldehyde was collected using an acidic solution of 2,4dinitrophenylhydrazine (DNPH) 

according to EPA Method O011.20 Approximately 60 dscf of gas was collected isokineti- 

tally in conjunction with the anions sampling train using the same filter for particulate 

removal. The impinger solutions were combined into one sample along with the methylene 

chloride glassware rinses. The solutions were sealed in amber glass containers with Teflon@ 

closures and stored at 4°C. 

A description of the sampling train and sample fraction recovery for the aldehydes sampling 

train is presented in Table A-10. The sample fractions generated by the aldehydes sampling 

train and an overview of the sample handling process are shown in Figure A-13. The 

aqueous and methylene chloride layers of the sample were separated, and the aqueous 

fraction was then extracted with fresh methylene chloride. The methylene chloride portion of 

the sample and the aqueous extract are then combined. Since low levels of formaldehyde 

were expected, if any;an aliquot of this extract was concentrated during a solvent exchange 

procedure into acetonitrile. The resulting extract was then analyzed by high performance 

liquid chromatography (HPLC) according to EPA Method 0011 A. Air Toxics, Ltd. was 

subcontracted to perform this analysis. 
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Figure A-12 
Flue Gas Impinger Sample Preparation and Analysis Plan for Ammonia and Cyanide 
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Table A-10 
Description and Recovery of Aldebydes Sampling Train 

, 

T 
R 

II 

I! 

II 

II 
u 

DNPH solution Recover impiiger solution. then 

’ All impingers will be weighed prior to recovery. 

b Includes back half of filter holder at ESP ink and outlet and gas cooling system at APF inlst sad outlet. 

NA - Not np~licablc. 
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Figure A-13 
Flue Gas Impinger Sample Preparation and Analysis Plan for Formaldehyde 
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Volatile Organics 

Benzene, toluene, and other volatile organic compounds were sampled using a volatile 

organic sampling train (VOST). The VOST is described in Method 003d’ in SW-846. 

Volatile organics were removed from the sample gas by sorbent traps maintained at 20°C. 

The tirst sorbent trap contains Tenax resin and the second trap contains Tenax resin and 

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 L were collected on two separate pairs of 

traps at a rate of 0.5 Umin. 

Leak checks were performed before and after collection of each pair of resin traps. After the 

post-collection leak check was been completed, the traps were sealed with their end caps and 

returned to their respective glass containers for storage and transport. During storage and 

transportation, the traps were kept cool (<4”C). 

The sample fractions generated by the VOST and an overview of the sample handling 

process are shown in Figure A-14. The Term and Tenax/charcoal cartridges were sent 

directly from the test site to the analytical laboratory for volatile organic compound analysis. 

The contents of the Tenax and Tenaxlcharcoal cartridges were spiked with internal standards 

and surrogates, thermally desorbed according to EPA Method 504ou, and directly ana- 

lyxed for the compounds listed in Table A-5 by GC/MS according to EPA Method 8240.” 

Air Toxics, Ltd. was subcontracted to perform VOST analyses. 

Semivolatile Compounds 

Semivolatile organic compounds (SVGCs) were collected using a Modified Method 5 

(MM5)” sampling train. The probe washes, filter catches, XAD sorbent traps, and aque- 

ous condensate were extracted and analyzed for SVGCs by a combination of analytical 

protocols, SW-846 Method 827ds and CARB Method 429.26 
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Figure. A-14 
VOST Sorbent Sample Preparation and Analysis Plan for Volatile Organic Compounds 
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The MM5 sampling protocol is Method 0010 in SW-846. The sampling system consists of a 

heated probe, heated filter, sorbent module, and pumping and metering unit. 

From the heated filter, sample gas entered a sorbent module. The sorbent module consists of 

a water-cooled condenser followed by an XAD-2 resin trap. After the resin trap was a dry, 

modified Greenburg-Smith impinger which collected the aqueous condensate. 

Samples were collected isokinetically at a sampling rate of approximately 0.5 dscfm for each 

train. Approximately 100 to 125 dscf of gas were collected by each train over a minimum 

sampling period of two hours. 

Sampling tram preparation and sample retrieval was performed in a controlled environment 

to reduce the possibility of sample contamination. Prior to assembly, each component of the 

sampling tram was thoroughly rinsed with methylene chloride. 

After sample collection, the ends of the sampling tram were sealed with solvent-rinsed foil 

and returned to the clean-up area for sample retrieval. The filter was recovered and placed 

in a glass petri dish that was rinsed with methylene chloride. Aqueous condensate collected 

in the first two impingers and in the sorbent trap were ttansferred to amber glass bottles 

rinsed with methylene chloride with Teflon’Vined screw cap closures. 

A description of the sampling train and sample fraction recovery for the MM5 sampling tram 

is presented in Table A-l 1. The sample fractions generated by the MM5 sampling train and 

an overview of the sample handling process are shown in Figure A-15. The particulate- 

phase and vapor-phase sample fractions were analyxed separately for the semivolatile organic 

compounds presented in Table A-5. The sample extracts were split to provide analysis of the 

particulate and vapor phase samples by both SW-8270 and CARP Method 429 protocols. 

The particulate phase consisted of the front-half acetonelmelhylene chloride PNR and the 

filter. The vapor phase consisted of the back-half acetone/methylene chloride rinse, the 
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Figure A-15 
Flue Gas Sample Preparation and Analysis Plan for Semivolatile Organic Compounds and 
PAHS 
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XAD resin, and the impinger condensate. The combined acetone/methylene chloride 

PNR/filter fraction and XAD fractions were soxhlet-extracted separately with methylene 

chloride. The impinger condensate fraction was liquid-liquid extracted with methylene 

chloride, The XAD extract and the impinger condensate extract were then combined, 

concentrated to 1 mL, and analyzed by gas chromatography/mass spectrometry (GC/MS) 

according to EPA Method 8270 and by high resolution GC/MS according to CAREI Method 

429. Triangle Laboratories, Inc. was subcontracted to perform these analyses. 

Dioxins and Furans 

Sampling for dioxins and furans in the selected gas streams was performed using EPA 

Reference Method 23.” Sample collection procedures specified in Method 23 were fol- 

lowed with the following exception: All tram component rinses were performed with 

methylene chloride and acetone. The toluene rinse was then performed and added to the 

respective front half and back half acetone/methylene chloride rinse samples. 

Adding the toluene rinses to the other solvent rinses provided a single sample for analysis of 

all congeners of dioxins and furans. Sample rate, volume and procedures were identical to 

the MM5 procedures described previously. 

At the APF outlet, the particulate- and vapor-phase sample fractions were prepared and 

analyxed separately. At all other sampling locations, the particulate- and vapor-phase 

samples were combined for a single analysis. A description of the sampling train and sample 

fraction recovery for the Method 23 sampling train is presented in Table A-12. The sample 

fractions generated by the Method 23 sampling tram and an overview of the sample handling 

process are shown in Figures A-16 and A-17. 

Particulate Phase. The particulate. phase consisted of the combined front-half toluene and 

acetone/methyIene chloride rinses, and the filtered particulate matter. The toluene/ 

acetone/methylene chloride rinse was concentrated to 2 mL and added to the filter fraction 

(and XAD fraction if particulate and vapor phases were combined). This was then spiked 

A-36 



Appendix A: Sample Collection, Pretreatment, and Analytical Procedures 

A-37 



Appendix A: Sample Collection, Pretreatment, and Analytical Procedures 

prevent an Sot-induced drop in PH. Therefore, for the Cr(VI) tests at Plant Tidd, a 1.0 

normal KOH solution was used to prevent the pH from dropping below that of the resulting 

carbonate/bicarbonate buffer. 

Increasing the KOH concentration above 1.0 N is counterproductive. The concentration of 

CO, in the flue gas would have required a KOH concentration in excess of 20 normal to 

maintain a pH > 8.3. This concentration is unattainable. In addition, the background level 

of Cr(VI) in the KOH reagent tends to obscure the low levels of Cr(VI) potentially detectable 

in the sample. 

The impinger solutions recovered from the EPA CrO sampling train were analyxed on site 
immediately after collection to minimixe reduction of any Cr(Vl) to Cr(TII). The analysis 

was performed using an IC equipped with a post-column reactor and UV-VIS detector as 

specified in the sampling method. A concentrator column was used to load samples and an 

eluent solution of ammonium sulfate and ammonium hydroxide was used as the mobil phase. 

An acidic solution of 1,Sdiphenyl carbaxide was applied in the post-column reactor to 

develop a colored chromium complex with an absorbance maximum of 540 nm. The 

absorbance of the sample was measured at this wavelength to determine the concentration of 

Cr(VI) in the impinger sample. Following recovery of the caustic impinger solution, the 

sampling train was rinsed with 0.1 N HlQ. These rinses and the caustic impinger solution 
were returned to Radian’s Austin laboratory for total chromium analysis as a cross-check 

against the Cr(VI) results. Total chromium was determined on these samples by ICP 

emission spectroscopy. 

A description of the sampling train and sample fraction recovery for the Cr(VI) sampling 
train is presented in Table A-14. The sample fractions generated by the Cr(VI) sampling 

train and an overview of the sample handling process are shown in Figure A-18. 
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Table A-14 
Description and Recovery of Cr+6 Sampling Train 
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Figure A-l 8 
Gas Impinger Sample Preparation and Analysis for Cr+6 and Total Chromium 

A-45 



Appendix A: Sample Collection, Pretreatment, and Analytical Procedures 

Solid Streams 

There were seven solid process streams identified for HAP sampling. Feed streams included 

the raw coal fed to the grinding mill, the coal-water paste fed to the PFBC, and the dry 

dolomite s&rent. Collected ash streams included the bed ash from the bottom of the PFBC 

unit, the primary cyclone ash, the APF ash, and the ESP hopper ash (four hoppers). The 

sample wllection and analysis approach for each of these streams is presented in this section. 

An overview of the field sampling requirements for solids is shown in Tables A-2 and A-3. 

Duplicate samples were collected during one of the three test runs to assess sample collection 

precision. 

Raw Coal 

Samples of raw coal were collected from the coal conveyer by an ASTM autosampler. This 

sample, although it may be representative of the coal feedstock, was not the best representa- 

tion of the coal fed to the PFBC unit since a four- to six-hour delay exists between sample 
collection and actual feed to the PFBC unit. The raw coal is mixed with water and pulver- 

ixed to make a paste (7@75% coal by weight) which is fed to a mixing tank that supplies the 

unit with fuel. The coal paste provided the most representative fuel sample since it is closest 

to the point of injection. Nevertheless, raw coal samples were collected daily and held as a 

backup should coal paste sample integrity be questioned. Sample splits of the raw coal 

collected by the ASTM sampling system were stored at room temperature in sealed plastic 

bags. 

CoaJ Paste SampJJng 

Coal paste is a 70-75 wt% slurry that is fed to the PFBC boiler. The paste is mixed in a run 
tank before being fed to the PFBC. The residence time is approximately two hours. For 
each run, multiple grab samples were taken at half-hour intervals from the paddle feeder 
when the paddle feeder was actively feeding coal paste to the mixing tank. The collection 

started approximately one hour before gas sampling to ensure that the sample was 
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representative of the burned mixture. The samples were composited and collected into a 

five-gallon bucket which was labeled, sealed, and sent to Radian’s laboratories for prepara- 

tion and analysis. Table A-15 presents the sampling plan. 

Coal Paste Preparation. The coal paste in each bucket was thoroughly mixed and 

subsampled for drying. Weights were obtained on one subsample of the coal paste before 

and after drying at 104°C to determine the weight percent of solids in the paste. A second 

subsample was air dried, ground to -60 mesh, and sealed in plastic bags for the analyses 

shown in Figure A-19. All results were reported on a dry coal basis. 

Coal Paste Analysis 

Metals. A fraction of the subsample was analyzed by instrumental neutron activation 

(JNAA).29 A second subsample was prepared and analyxed by ASTM D368330 for target 

elements (beryllium, phosphorus, and lead) which cannot be determined by INAA. In 

addition, ASTM D368431 was used to prepare and analyxe samples for some of the more 

volatile metals such as arsenic, cadmium, and selenium. This technique cornbusts the 

prepared coal sample in a closed oxygen combustion bomb containing a small amount of 

nitric acid. The bomb washings were recovered and analyxcd by GFAAS. Mercury was 

determined by combusting a sample and trapping the mercury vapors using a double gold 

amalgamation technique. The amalgamated mercury was thermally desorbed and analyxed 
by cold vapor atomic absorption spectroscopy @GAA-CVAAS).32 

Anions. Chlorine and fluorine in coal were determined by ASTM D420833 and 

D3761,34 respectively. prepared coal samples were combusted in a closed oxygen combus- 

tion bomb containing a dilute basic solution. The bomb washings were analyxed by SlE. 

Ultimate, Proximate, and Higher Heating Value. In conjunction with the other analyses, 

higher heating value (HI-IV), proximate (intrinsic moisture, volatile and fIxed carbon, and 
ash), and ultimate (percent carbon, hydrogen, nitrogen, sulfur, oxygen, and ash) analyses 
were performed according to standard ASTM procedures.3526~37 
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Table A-15 
Description and Recovery of Coal P&e 

Peram- 
M&IS 

I= Auicms (Cl, F) 
R.adicmuclides 

StUUple Sample 
FRq-w HandIii PWSWVdiOll COfltaiIl~ 

Hourly during coal Grab samples Sepled Air-dried 
p&e feed to stm- composited untailler snmple 
age tank. diitiy iuto a 5 aliquots split 

gauoa plvtic into s.ealed 

Preparation 
& Analysis 

See Figure. A-19 

A-48 



Appendix A: Sample Collection, Pretreatment, and AnalyTical Procedures 

CoplPpste 
Composite 

?+=I % solids 

AirDry&Grind 
to-6oMe& I 

split 
I 

I 

- ASTMD3684 - As. Cd, Se 

Double gold Hx by 
amalgamation CVAAS 

- ASTM D4208 - Chloride 

Figure A- 19 
Coal Sample Preparation and Analysis Plan 
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Radionuclides. Coal samples were analyxed by EPA Method 901.1 .38 This method uses 

gamma emitting spectrometry to measure radioactivity through gamma decay. 

Dolomite Sorbent Sampling 

The original plan called for collection of a run composite from the autosa.mpIer at the sorbent 

storage silo. However, the autosampler experienced mechanical problems on Days 1 and 2 

of the test, so Run 3 samples were collected from the diversion gate upstream of the east and 

west silos. A single grab sample was collected 12 hours before the beginning of Run 3 to 

account for the lag time in the hopper. The samples were collected in plastic bottles, 

labeled, and sent to Radian laboratories for preparation and analysis. Table A-16 presents 

the sampling plan. 

Dolomite Sorbent Analysis 

Metals. The sorbcnt samples were air dried, ground to pass through a @-mesh sieve, then 

subsampled for mercury analysis by CVAAS. Aliquots of the remaining material were 

digested with nihic acid by EPA Method 3050.39 The digestate was analyzed by ICP-AES 

and GFAAS. 

Anions. Separate preparatory techniques were nectary for the analysis of fluoride, 

chloride, and sulfate in these solids. All sample aliquots were taken from the ground, air- 

dried material prepared for metal analysis. Fluoride sample aliquots were prepared by fusion 

with sodium hydroxide.& The fusion melt was dissolved in deionized water and analysed 
potentiometrically by fluoride-specific ion electrode. Samples for chloride analysis were 
prepared by mild digestion in nitric acid. The digestate was analyxed potentiometrlcally by 
chloride-specific ion electrode. For the analysis of sulfate, the sample was digested in 

HC141 and the digestate was analyxed by IC. 
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Table A-16 
Description and Recovery of Dolomite Sorbent 
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Figure A-20 
Sorbent Sample Preparation and Analysis Plan 
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Ash Sampling 

Ash was collected by autosampler at the primary cyclone and by composited grab samples at 

the other locations. Each composite was collected on site in hvo separate labeled containers. 

Plastic containers were used for samples targeted for inorganic analysis, and 1 L amber glass 

bottles were used for samples for organic analysis. Samples for organic analysis were cooled 

immediately after collection and stored at 4°C. 

Bed Ash. Red ash was grab-sampled manually as the ash was dumped to the ash conveyer. 

The grab samples were collected during each ash dumping cycle during the sample run and 

cornposited directly into a galvanized metal container. The daily composite was tumbled, 

riffled, and split for inorganic and organic analysis. Table A-17 presents the sample 
handling and preservation techniques. 

Pn’mary Cyclone Ash. This ash was collected from the facility’s autosampler located at the 

ash feed line into the storage silo. The sampler was purged prior to a run and allowed to fill 

throughout the run period. The sampling frequency of the autosampler was set for sample 
collection every 15 minutes. The autosampler was not functioning properly during Run 3, so 

fewer sample cuts were obtained for the composite. Table A-18 presents the sample 

handling and preservation techniques. 

APF Ash. The initial plan was to collect multiple grab samples of the APF ash from the ash 

collection truck. However, an alternate sampling location at the bottom of the APF ash 

lo&hopper was identified once the crew arrived on site. The lo&hopper system was 
disengaged a minimum of two times during each run to allow collection of grab samples 
from the system. These grab samples were then composited to obtain a run composite. 
Table A-19 presents the sample handling and preservation techniques. 

ESP Ash. The ESP system was made up of four fields with two hoppers per field. ESP 

Fields 1 and 2 were dumped each morning before the test began and samples were collected 

at the end each test period for metals and anions analyses. ESP Fields 3 and 4 were dumped 
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at the beginning of the first test period. Samples were collected after the ash was allowed to 

accumulate over a three-day period so that enough material could be obtained for analysis. 

Table A-20 presents the sample handling and preservation techniques. 

Ash Preparation. All ash samples were collected dry. Bed ash samples were ground to 

pass through a 60-mesh sieve prior to taking aliquots for mercury analysis. AU other ash 

samples did not require grinding. Figure A-21 presents the sampling handling and prepara- 

tion procedures for each ash sample analyzed for the following analytes. 

Ash Analysis 

Metals. Samples were digested in a microwave digestion vessel using nitric, hydrochloric, 

and hydrofluoric acids. The digestate was analyzed by ICP-AES and GFAAS. Mercury was 

analysed by CVAAS (EPA Method 7471). 

Anions. &par& preparatory techniques were necessary for analysis of fluoride, chloride, 

and sulfur in ash. All sample aliquots were taken from the ‘ground, airdried material 

prepared for trace element analysis. Subsamples for fluoride analysis were fused with 

sodium hydroxide. The fusion melt was dissolved in deionized water and analyxed potentio- 

metrically by fluoride-specific ion electrode. Ash samples for chloride analysis were 

prepared by mild digestion in nitric acid. The digestate was analyzed potentiometrically by 

chloride-specific ion electrode. Sulfur analysis was performed directly on the ground sample 
by ASTM Method D4239.” 

Semivolatile Organic Compounds. Ash samples targeted for SVGC analyses were 

separated at the test site and shipped directly to the laboratory. The ash samples were 

soxhlet-extracted in methylene chloride by EPA Method 3540.43 The extracts were then 
analyzed by GC/MS according to EPA Method 8270. 
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Figure A-21 
Ash Sample Preparation and Analysis Plan 
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Dioxins and Furans. Ash samples analyzed for dioxins and furans were separated on site 

and shipped chikd directly to the laboratory for analysis. The ashes were toluene soxhlet- 

extracted and purified. The extract was analyxed using high resolution GC/MS. Both 
preparation and analysis are a part of EPA Method 8290.44 

Particle Size Distribution. Dry ash samples from the individual FSP fields were analyzed 

for PSD by laser diffraction using the Microtrac analyzer. Sample aliquots of well-mixed 

ash were suspended in either water or alcohol and injected into the recirculation system of a 

Microtrac particle-size analyzer. 

Radionuclides. Ash samples were analyzed by EPA Method 901.1. This method uses 

gamma emitting spectrometry to measure radioactivity through gamma decay. 

Carbon. Ash samples were analyzed for percent carbon by a LECO carbon-hydrogen- 

nitrogen analyser. This analyzer cornbusts the sample in an oxygen atmosphere and 

measures the carbon dioxide in the combustion gas. 

Service Water Sampling and Analysis 

Plant service water was the only liquid stream sampled. A single grab sample was collected 

daily to represent the coal paste make-up water source during active paste preparation. The 

daily composite was collected into plastic sample b0ttJe.s. Samples for metals analysis were 

preserved on site with HNC+ to a pH C2. Samples for anions were cooled to 4°C. Table 

A-21 presents the sampling plan, and Figure A-16 lists the sample preparation and analysis 

procedures. 

The unfiltered service water samples were prepared for total metal analysis according to EPA 
Methods 3005” and 3020.& The samples were vigorously digested in concentrated 

nitric acid to dissolve any suspended material that may be present in the samples. The 
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Table A-21 
Description and Recovery of Service Water 
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Liquid Sample Preparation and Analysis Plan 
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digestates were diluted to a known volume and analyzed by ICP-AES and GFAAS. 

Mercury was determined by EPA Method 7470. 

Anions 

Sample aliquots for the analysis of chloride, fluoride, sulfate, sulfite, and phosphate were 

collected in separate containers and filtered. Chloride and sulfate were determined by IC 

according to EPA Method 300.0. Fluoride was determined potentiometrically by fluoride 

SDS. Phosphate was determined spectrophotometrically as a measure of total phosphorus 
after the sample was digested according to EPA Method 365.1. 
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Key to Appendix B Data Flags 

coalment Dcsa+ption 
B Aodyte -ted io method blank. 

C Result corrected with rageat blank result. 

E Result exceeds instrument calibration range. 

.F I PCDF peak e&d at the same time LF the associated diphmyl ether (DPE) 
and the DPE umk intea& is 10% or more of the PCDF reak inteasitv. II 

1 Esthakd result beao.se of calution with sulfur dioxide. 
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Appendix 8: Detailed Analytical Data 
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Appendiw C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP lidd Demonstration Plant 
Location ESP Inle( 

Train Aldehyde 

rrecuon Factor (Cp) 
Gas Meter Calibration (Yd) 

zzle Diameter (inches) 
ometric Pressure (“Hg) 

emge delta H (” I-X20) 
rage Stack Temperature f$=) 

Molecular Weight (Wet) (g/g-mole) 
te Stack Pressum (” Hg) 
te Stack Temperature (R) 

Gas Velocity (Ysec) 
Flow Rate (acfm) 
Flow Rate (d&m) 

112.78 102.17 96.35 103.7: 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Inlet 

Train AmnoniaNydrogen Cyanide 

t Tube Correction Factor (Cp) 
Gas Meter Calibration (yd) 

e Diameter (ichcs) 

wage sqoare rmt of delta p 
rage delta H (” H20) 

vetage Stack Temperatie. 

Molecular Weight (Wet) (g/g-mole) 
lute Stack P- (” Hg) 

solute Stack Temperature (R) 
etage Gas Velocily (ffsec) 
g Flow Rate (acfm) 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP lnlct 

Train Anions 

t Tube Correction Factor (Cp) 
Gas Meter Calibration (I’d) 

Pie Diameter (inches) 

rage square rnnt of delta p 
rage delta H (” HZO) 

kr Weight Gain (9) 

culate Meter Volume (dscf) 

okcuku Weight (Wet) (g/g-mole) 
lute Stack Pressure (” Hg) 
lute Stack Temperatore (R) 

et-age Gas Velocity (ffsec) 
vg Flow Rate (acfm) 
vg Flow Pate (dscfm) 

date Concentration (Ibs/dscf) 
armdate Emission (gmnskc) 

C-4 

- 
1 

t-12-94 

1313 
1500 
TIB 
0.005 
0.0 10 
,o x 10 

0.84 
1.009 

0.2460 
29.44 

2.5 
66.891 
0.7750 

1.36 
386 

81.1 
107.0 
38.8 

6.9959 
1.0230 

1.2.0 
6.0 

82.0 
64.951 

166.094 
2.7 

29.83 
29.62 

846 
54.46 

126,746 
196.293 

93.71 
1.45E-01 
I .06E-O4 

157.97 
1253.7s - 



Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP lidd Demonstration Plant 
Location ESP Inlet 

Train Metals 

tot Tube Correction Factor (Cp) 
Gas Meter Calibration (yd) 

e Diameter (inches) 

et-age square root of delta p 
crage delta H (” HZO) 
erage Stack Temperature (F) 

ter Weight Gain (g) 

Molecular Weight (Wet) (g/g-mole) 
Stack Pressure (” Hg) * 
Stack Temperahue (R) 
Gas Velocity (Vsec) 

Flow Rate (dscfm) 

articulate Concentration (Ibsldscf) 

I 

I 

I 

I 

i 

I 

i 

1 

I 

1 

7 

I 

5 

I 

7 
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nppendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Inlet 

Train M23 

tot Tube Correction Factor (Cp) 
Gas Meter Calibration (Yd) 

et& Pressure (“Hg) 

rage delta H (” H20) 

ne Gas Moisture (%) 
Molecular Weight (Wet) (g/g-mole) 

te Stack Presswe (” Hg) 
te Stack Temperature (R) 

ge Gas Velocity (ffsec) 

Flow Rate (dscfm) 
Isokinetic Sampling Rate (%) 

2 3 
14-13-94 04-14-94 

1835 1750 
2203 2235 
TJB TJB 

0.005 0.010 
0.010 0.0 IO 

10 x 10 10 x 10 
0.84 0.84 

1.009 1.00s 
0.25oc 0.28X 
29.26 29.2 

2.8 2,s 
103.858 118.665 
0.705c 0.6461 

1.24 2.55 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Inlet 

Train MM5 

Tube Correction Factor (Cp) 
eter Calibration (Yd) 

etdc F’resm (“Hg) 

rage square root of delta p 

Stack Tcmpcraturc (FJ 

Molcculsr Weight (Wet) @/g-mole) 
lute Stack Pressure (” Hg) 
lute Stack Temperature (R) 

rage Gas Velocity (ffsec) 
g Flow Rate (auk) 
g Flow Rate (dscfm) 

1 
14-12-94 

1850 
2255 
TJB 

0.010 
0.010 

10 x 10 
0.84 

1.009 
0.2460 

29.29 
2.8 

I IO.566 
0.7720 

1.42 
38s 

2 
04-13-94 

1530 
1917 
TJB 

0.010 
0.010 

10 x 10 
0.84 

1.00s 
0.24sc 

29.22 
2.8 

96.973 
0.68% 

1.M 
387 

76.6 1 67S 
175.0 1 17s.c 

3 Avemgl 
04-14-94 - 

I.458 - 
1918 - 
TIB - 

0.010 - 
0.010 - 
10x 10 - 

0.84 0% 
I .009 LOO! 

0.2770 - 
29.2 29.2: 
2.8 2.1 

114.507 107.34! 
0.6410 0.700: 

1.54 1.3: 
392 38! 
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Appendix C: Source Sampling Data Summaty & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Inlet 

Train VOST 

=T== 
M-13-94 

0032 
0112 
TJB 

co.001 
<O.oQl 
30437A 
30437B 

l.Mx 
29.25 

20.50( 
1.1: 
66.t 
63.: 
63.f 
40.1 
12.1 
6.f 

82.1 
20.20: 

- =-r 
04-13-94 

0120 
0140 
TIE 

< 0.00 1 
< 0.001 
30441A 
30441B 

l.ooi 
29.2! 

IO.IOl 
1.2: 
66.: 
60.: 
61.: 
20.1 
12.1 
6.1 

82.l 
9.94 

59.5 1 47.5 47.5 52.0) 55.2 
40.0 40.0 40.0 40.0 36.7 
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ependix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Outlet 

Train Aldehyde 

tot Tube Correction FacIor (Cp) 
Ges Meter Calibration (Yd) 

c Dieter (incha) 

etagc square root of delta p 
rage delta H C H20) 

ge Stack Tcmperanur (FJ 

ndenaed Water (g) 

Oas Moisture (%) 
Mohthr Weight (Wet) (g/g-mole) 
lute Stack Pressure (” Hg) 
lute Stack Temperature (R) 

rage Gas Velocity (Ysec) 

101.781 07.511 100.61( 99.95 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Outlet 

Train Ammonia/Hydrogen Cyanide 

lot Tube Comdion Factor (Cp) 
ry Gas Meter Calibration c(d) 

c Diameter (iinches) 

eter volume (dacf) 
ue Gas Moisture (%) 

Gas Molq~Iar Weight (Wet) (g/g-mole) 
IuteStackPrcssxe(" Hg) 
lute Stack Temperature(R) 
ge Gas Velocity (f/ox) 

g Flow Rate (dscfm) 

82.8) 82.41 94.8 1 86.6 
80.01 76.0) 90.01 82.0 

145.8 117.8 133.4 li2.3 
12.0 12.0 11.0 11.7 
6.0 7.0 8.0 7s 

82.0 81.0 81.0 81.3 
53.787 47.922 56.868 52.85$ 

11.3 10.4 10.0 10.6 
28.78 28.93 28.88 28.86 
29.55 29.26 29.47 29.4: 

849 849 849 845 
62.13 60.69 60.03 60.91 

292,769 286,013 282.897 287,226 
159,402 155.819 155,974 157,065 

97.20 93.25 93.35 94.6( 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Outlet 

Train Anions 

tot Tube Corroxion Fauor (Cp) 
Gas Meter Calibration (Yd) 

e Diameter (icha) 

ge delta H (” H20) 

tcr Weight Gain fg) 

date Meter Volume. (dscf) 

Absolute Stack Pressure (’ Hg) 
Absolute Stack Temperature (R) 
Average Gas Velocity (fkc) 
Avg Row Rate (acfm) 
Avg Flow Rate (dscfm) 

cdate Conccnuation (Ibs/dscf 
Eulate Emission Cgmmskc) 

1 
14-12-94 
1312 
1427 
JEH 

0.011 
0.012 

10.0 
0.84 

0.997 
0.2500 

29.5 
1.5 

53.946 
0.8540 

1.77 
388 

77.0 
75.0 

126.5 
0.1631 
0.3358 

12.0 
6.0 

82.0 
52.370 

167.315 
10.2 

28.92 
29.61 

848 
61.03 

287.6 10 
159.023 

101.19 
4.60E-02 
6.57E-OC 

7.9c 
62.72 

2 3 Avenge 
14-13-94 04-14-94 - 

1148 1150 - 
1303 1313 - 
JEH JEH - 

0.007 ~0.001 - 
0.010 co.001 - 

10.0 10.0 - 
0.84 0.84 0.84 

0.997 0.997 0.997 
0.2500 0.2500 - 

29.18 29.35 29.34 
2.3 3.8 2.5 

50.345 56.165 53.485 
0.7940 0.8370 0.8283 

1.40 1.54 1.57 
390 389 389 

100.2 109.2 
0.1426 0.1348 
0.0454 0.1711 

12.0 I1.a 
7.0 8.0 

81.0 81.0 
48.022 53.520 

161.593 171.804 
9.0 8.8 

29.11 29.01 
29.35 29.63 

850 845 
56.88 59.71 

268.025 281.375 
148.613 158,097 

80.4 
74.3 

112.0 
0.1468 
0.1841 

11.7 
7.0 

81.3 
51.304 

9.3 
29.01 
29.53 

845 
59.21 

279.004 
155.244 

22.871 37.24 1 40.91 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location ESP Outlet 

Train Chrome IV 

tot Tube Correction Factor (Cp) 
ly Gas Meter Calibration (Yd) 
onlt Diameter (inches) 

rage square rax of delta p 
aage delta H (” H20) 

e Gas Moisture (%) 
Molecular Weight (Wet) @&-mole] 

solute Stack Pressure (” HS) 
solute Stack Temperature (R) 

ge Gas Velocity (Vsec) 
g Flow Rate (acfm) 
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Appendix Cc Source.Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train Aldehyde 

ue Gas Moisture 

3 
04-14-94 

1600 
2247 
Rvw 
0.008 
0.006 

0.993 
0.2500 

29.35 
64.47s 

0.93 
91.3 

119.0 
142.5 
11.0 
8.0 

81.0 
60.292 

10.0 
28.87 

Average 

0.99: 

29.3 : 
67.50~ 

1.31 
96.4 

108S 
162.: 
12s 
6.: 

81.: 
62.50; 

11S 
28% 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train Ammonia/Hydrogen Cyanide 

3 
04-14-94 

1423 
1533 

Rvw 
0.004 
0.010 

1.018 

0.25OC 
29.31 

44.68; 
13 
92.5 
70s 

109.1 
11.l 
8S 

81X 
.42.77; 

IO.1 
28.7: 

Averagf 

1.01( 

29.3 i 
46.911 

I.3 
95.! 
71.’ 

114.1 
12.t 
6.: 

81.’ 
44.22: 

IO.! 
28.8~ 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train Anions 

I 

I 

I 
I 

I 

I 

I 

I 

1 

I 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train Metals 

e Diameter (inches) 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train M23 

e Diameter (inches) 

rage delta H (’ H20) 

e Gas Moisture (%) 

2 3 
14-13-94 04-B-94 

1803 1043 
2233 1550 
Rvw Rvw 
0.009 0.003 
0.007 0.004 

0.993 0.993 
0.2500 0.2xX 

29.14 29.41 
107.555 lll.lO! 

0.93 1.21 

93.9 89.8 
200.0 2oo.c 

327.1 267.C 

12.5 ll.C 
8.5 8.C 

79.0 81.C 

99.387 104.471 

13.4 10.8 
28.68 28.7s 

7.7 200.t 
11.0 Il.! 
8.0 8.; 

L 
81.0 80.: 

103.449 102.431 

0.4 8.; 
30.04 29.1: 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Inlet 

Train MM5 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Nun AEP Tidd Demonstration Plan, 
Loutii APF Inlet 

Train VOST 

Dmation @irmtes) 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
.Location APF Outlet 

Train Alclehyde 
- 

, 

, 

I 

, 

I 

I 

I 

I 

, 

1 
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Appendix C: Source Sampling Data Summaiy & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Outlet 

Train Ammonia/Hydrogen Cyanide 

tRun No. II 1 

Operator 

Initial Leak Rate 

Final Leak Rate 

pty Gas Meter Calibration (I’d) 

ozzle Diameter (ihes) 

veragc delta H (” H20) 

Water (g) 

%02 

%N2 

Meter Volume (dscf) 

Flue Gas Moisture (%) 

04-12-94 

1802 

1917 

DJV 

< 0.001 

-c 0.001 

1.003 

0.25oc 

29.44 

40.628 

0.95 

101.6 

85.C 

loo. I 

12s 
6.C 

82.C 
37.784 

11.1 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Outlet 

Train Anions 

e Diameter (inches) 

me Gas Mhture (%) 
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Appendix C: Source Sampling Data Summary B PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Outlet 

Train Metals 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Outlet 

Train M23 

ueGa9hIoisture 

=-T= 
14-13-94 

1800 

2129 

DJV 
c 0.001 

< 0.001 

l.Olf 

0.250( 

29. ld 

111.87~ 

0.9: 

91.c 

229s 

239.; 

12s 
6.C 

82S 

106.33! 

9.1 

28.9! 

3 1 

D4-15-94 04-15-94 

1041 2058 

1541 23 17 

DJV DJV 

< 0.001 < 0.001 

< 0.001 c 0.00 1 

1.003 1.003 

0.2500 0.2500 

29.41 29.41 

108.139 107.633 

0.96 1.90 1.26 

100.6 94.3 95.3 

187.0 

241.7 

12.0 

6.0 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 

Plant Name AEP Tidd Demonstration Plant 
Location APF Outlet 

Train MM5 
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Appendix 6: Source Sampling Data Summary & PSD Plots 

Plani Name AEP lldd Demonsintion Plant 
Location APF Ouilet 

Train VOST 

Charcoal Tube ILI 
Gas Meter Calibration (Yd) 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 



Appendix C: Source Sampling Data Summary B PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Inlet 1 
Plant h Unit : AEP PFBC 
sampling Location : ESP Inlet 
Type of Sizing Device : UWVD 
Run Date : 4111194 
Start time : 21:30 

REKARES: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue'Gae Static Pressure 
Flue Gas Molecular Weight (Wet) 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue Gas Flowrate 

Volume Sampled (Dry, STP) 
Test Duration 
Total Catch 
Sampling Rate in Device 
Collection Temperature 
Percent Isokinetic 

Nominal Mass Concentration 

374.0 
30.14 

3.00 
27.26 

.1653-04 

.4463-05 
10.00 

64.6894 
304642. 
174904. 

26.8489 
65. 

.1353-02 
.?20 

374.0 
80.9 

.3523+00 gr'/dscf 

.5033-04 lb/dscf 

F 
" w 
"HZ0 
lb/lb-mole 

:2Y'ft2 
8 
f PS 
acfm 
dscfm 

190.0 
76.56 
7.620 

27.2624 
.2463-03 
.113E-04 

10.00 
19.7173 

8633. 
4953, 

C 
om Hg 
an H20 
N3;yle 

7 
m/s 
m3fmin 
m3fmin 

dscf .7604 m3 
min 65. min 
lb .6123+03 w 
acfm .020 m3fmin 
F 190.0 C 
8 80.9 8 

.605E+OO g/m3 
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Appendix C: Source sampling Data Summary & PSD Plots 

Run ID : Inlet 1 
Plant h unit : AEP PFBC 
sampling Location : ESP Inlet 
Ty-pe of Sizing Device : UWVD 
Run Date : 4/u/94 
start time : 21:30 

Nominal Mass Concentration .352E+OO gr/dscf .aosE+oo g/m3 
.5033-04 lb/dscf 

stage 
Number 

Interval 
Endpoint 

(W 

Mass 
Fraction 

Mass Interval -/d(logD) 
Fraction Geometric Dry,STP 

Less Midpoint 
Than (-1 (w-/dscf) (g/-) 

100.00 
Rt Angle+1+2 

11.51 
3 

4.93 
4 

2.42 
5 

1.33 
6 

.89 
7 

.69 
a 

.53 
9 

.41 
10 

-34 
FILTW 

.10 

.033 

.384 

.268 

.150 

.086 

.044 

.023 

.008 

.003 

.002 

1.000 

.967 

.583 

.315 

.165 

.079 

.035 

.013 

.004 

.002 

.ooo 

33.92 .123E-01 .281E-01 

7.53 .367E+OO .839E+OO 

3.46 .307E+OO .702E+OO 

1.80 .203E+OO .4653+00 

1.09 .174E+OO .399E+OO 

.79 .140E+OO .321WOO 

.61 .704E-01 .161E+oo 

.47 .251E-01 .5753-01 

.38 .lZJE-01 .281E-01 

.lS .llZE-02 .2553-02 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 

Run ID : Inlet 2 
Plant & Unit : AEP PFBC 
Sampling Location : ESP Inlet 
Type of Sizing Device : DWVD 
Run Date : 4113194 
Start time 

REMARKS: 

: 4: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue Gas Static Pressure 
Flue Gas Molecular Weight 
Flue Gas Viscosity 
Flue Gab Hean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue Gas Flourate 

Volume Sampled (Dry, STP) 20.3670 
Test Duration 49. 
Total Catch .7883-03 
Sampling Rate in Device .734 
Collection Temperature 385.0 
Percent Isokinetic 103.7 

Nominal Mass Concentration 

385.0 
30.14 

3.00 
27.26 

.166E-04 

.4533-05 
10.00 

51.4778 
308867. 
174905. 

F 
“W 
"HZ0 
lb/lb-mole 

Ertft2 
% 
fPS 
SCfrn 
dscfm 

dscf .5768 
min 49. 
lb .3573+03 
acfm .021 
F 196.1 

.271E+OO gr/dscf 

.387E-04 lb/dscf 

196.1 
76.56 
7.620 

27.2624 
.2483-03 
.115E-04 

10.00 
15.6904 

8747. 
4953. 

103.7 

m3 
min 
mg 
m3 lmin 

: 

.619E+OO gfm3 

C 
cm Hg 
cm x20 
C&ole 

F” 
m/s 
m3fmin 
m3/mi.n 

c-35 



qopendir C: Source Sampling Data Summary & PSD Plots 

Run ID : Inlet 2 
Plant 8 Unit : AEP PFBC 
sampling Location : ESP Inlet 
Type of Sizing Device : WD 
Run Date : 4/u/94 
Start time : 4:o 

Nominal Mass Concentration .271E+OO W/dSCf .619E+OO g/m3 
.3873-04 lb/dscf 

Stage 
Number 

Interval Mass Mass Interval dWd(logD) 
Endpoint Raction Fraction Geometric Dry,STP 

(urn) Less Midpoint 
Than ww (gr/d=f) (9D3) 

100.00 
Rt Angle+l+l 

11.44 
3 

4.90 
4 

2.41 
5 

1.32 
6 

.a9 
7 

.69 
8 

.53 
9 

.41 
10 

.34 
FILTER 

.lO 

.022 

.280 

.321 

.185 

.101 

.053 

.023 

.OlO 

.006 

.ooo 

1.000 

.978 

.698 

.377 

.193 

.092 

.039 

.016 

-006 

.ooo 

.ooo 

33.83 .642E-02 .147E-01 

7.49 .206E+OO .470E+OO 

3.44 .2823+00 .6453+00 

1.79 .192E+oo .4393+00 

1.08 .157E+OO .359E+OO 

.70 .128E+OO .2943+00 

.60 .550E-01 .126E+OO 

.47 .2453-01 .560E-01 

.37 .195E-01 .4453-01 

.18 .2283-03 .5223-03 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 

Run ID : Inlet 3 
Plant 8 Unit : AEP PFBC 
Sampling Location : ESP Inlet 
Type of Sizing Device : DWVD 
Run Date : 4/14/94 
Start time : 0:30 

RBNARKS.: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue Gas Static Pressure 
Flue Gas Molecular Weight (Wet) 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue Gas Flowrate 

Volume Sampled (Dry, STP) 
Test Duration 
Total Catch 
Sampling Rate in Device 
collection Temperature 
Percent Isokinetic! 

Nominal Uass Concentration 

385.0 F 
30.14 “W 

3.00 'HZ0 
27.26 lb/lb-mole 

.1663-04 lb-sec/ft2 

.4533-05 inch 
10.00 a 

51.4778 fPs 
308867. acfm 
174905. dscfm 

196.1 C 
76.56 cm m 
7.620 cm Ii20 

27.2624 g/g-mole 
.2483-03 Poise 
.115E-04 cm 

10.00 % 
15.6904 m/s 

8747. m3/min 
4953. m3lmin 

21.2597 dscf .6021 
50. min 50. 

.9243-03 lb .4193+03 
.751 acfm .021 

385.0 F 196.1 
106.0 z 106.0 

.304E+oo 

.435E-04 
gr/drCf 
lbldnef 

.6963+00 

m3 
min 
w 
m3/min 
C 
z 

g/m3 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Inlet 3 
Plant 8 Unit : AEP PFBC 
Sampling Location : ESP Inlet 
Type of Sizing Device : UVND 
Run Date : 4114194 
Start time : 0:30 

Nominal Mass Concentration .304E+OO qr/dscf .6963+00 g/m3 
.4353-04 lbfdscf 

Stage Interval MZlS5 Mass Interval W/d(logD) 
Number Endpoint Fraction Fraction Geometric 

Midpoint 
Dry, STP 

(-0 Lass 
Than (W (gr/dscf) (g/m31 

100.00 
Rt Angle+l+Z 

11.31 
3 

4.84 
4 

2.38 
5 

1.31 
6 

.88 
7 

.68 
8 

.52 
9 

.40 
10 

.34 
FILTER 

.lO 

.020 

.393 

.287 

.146 

.081 

.042 

.018 

.007 

.003 

.002 

1.000 

.980 

.587 

.300 

.154 

,072 

.030 

.012 

.006 

.002 

.ooo 

33.63 .6423-02 .147E-01 

7.40 .3243+00 .741E+OO 

3.40 .2843+00 .649E+OO 

1.76 .171E+OO .391E+OO 

1.07 .143E+OO .327B+OO 

.77 .115E+OO .263E+OO 

.60 .491%-01 .112E+OO 

.46 .175E-01 .401E-01 

.37 .124E-01 .2843-01 

.18 .1353-02 .310E-02 
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Appendix C: Source Sampling Data Summary 8 PSD Plots 

Run ID : Inlet 4 
Plant 8 Unit : AEP PFBC 
Sampling Location : ESP Inlet 
Type of Sizing Device : DWVD 
Run Date : 4/15/94 
Start time : 1:10 

REMARKS : 

Average Flue Gas Temperature 385.0 F 196.1 
Flue Gas Pressure (Absolute) 30.14 "W 76.56 
Flue Gas Static Pressure 3.00 "Ii20 7.620 
Flue Gas Molecular Weight 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue GaS FlOWrate 

Volume Sampled (Dry, STP) 
Test Duration 
Total Catch 
Sampling Rate in Device 
Collection Temperature 
Percent Isokinetic 

Nominal Ma86 COnOentratiOn 

wet) 27.26 
.1663-04 
.4533-05 

10.00 
52.4972 
314983. 
178369. 

15.4589 
39. 

.761E-03 
.700 

385.0 
96.9 

lb/lb-mole 
lb-sec/ft2 
inch 
z 
fPs 
acfm 
dacfm 

d5Cf 
min 
lb 
acfm 

r 

27.2624 
.240E-03 
.115E-04 

10.00 
16.0012 

8920. 
5051. 

.4378 
39. 

.3453+03 
020 

196.1 
96.9 

C 
cm Hg 
cm Ii20 
W(i;yle 

cm 
rt 
m/s 
m3 lmin 
m3 /min 

m3 
min 
=g 
m3/min 
C 
% 

.344E+OO gr/dscf .788E+OO g/m3 

.492E-04 lbldscf 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Inlet 4 
Plant 6 Unit : AEP PFBC 
Sampling Location : ESP Inlet 
Type of Sizing Device : DWVD 
Run Date : 4/15/94 
start time : 1:10 

Nominal Mass Concentration .3443+00 
.4923-0.4 

gr/dscf .iSSE+OO g/m3 
lb/dscf 

Stage 
Number 

Interval 
Endpoint 

(urn) 

l4ass 
Raction 

uass Interval dWd(lwD) 
Fraction Geometric Dry,STP 

Lass Midpoint 
Than (W (gr/dscf) (g/m31 

100.00 1.000 
Rt Angle+l+Z .026 34.24 .959E-02 .219E-01 

11.72 .974 
3 .746 7.67 .324E+OO .741E+OO 

4 

5 

6 

3.52 .3683+00 .841E+OO 
2.47 .299 

.161 1.83 .213E+OO .487E+OO 
1.36 .139 

.078 1.11 .156E+OO .3563+00 
.91 .060 

7 .036 .80 .llZE+OO .256E+OO 
.71 .024 

8 .014 .62 .4343-01 .993E-01 
.55 .OlO 

9 .006 .48 .174E-01 .398E-01 

.38 .129E-01 .296E-01 
.35 .002 

FILTER .002 .19 .103E-02 .235E-02 
.lO .ooo 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : outlet I 
Plant 8 Unit : AEP PFBC 
Sampling Location : ESP Outlet 
Type of Sizing Device : DWVD 
Run Date : 4/11/94 
Start time : 20-55. 

REMARKS: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue Gas Static Pressure 
Flue Gas Molecular Weight (Wet) 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue Gas Flowrate 

Volume Sampled (Dry, STP) 
Test Duration 
Total Catch 
Sampling Rate in Device 
Collection Temperature 
Percent Isokinetic 

Nominal Mass Concentration 

382.0 F 
29.92 w 

3.00 "HZ0 
27.26 lb/lb-mole 

.166E-04 lb-sec/ft2 

.455E-05 inch 
10.00 8 

61.0242 fps 
287569. acfm 
162233. dscfm 

366.9825 dscf 
1006. min 

.5573+02 mo 
1006. min 

.123E-03 lb 
.647 acfm .018 mj/min 

382.0 F 194.4 c 
94.6 8 94.6 8 

.2343-02 grfdscf .536E-02 g/m3 

.335E-06 lbfdscf 

194.4 C 
76.00 cm H9 
7.620 cm Ii20 

27.2624 g/g-mole 
.247E-03 Poise 
.115E-04 cm 

10.00 8 
18.6002 m/s 

8144. m3/min 
4594. m3/min 

10.3929 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Outlet 1 
Plant 8 Unit : ABP PFBC 
Sampling Location : ESP Outlet 
Type of Sizing Device : DWWI 
Run Date : 4/11/94 
Start time : 20:55 

Nominal Mass Concentration .2343-02 gr/dscf .5363-02 g/m3 
.335E-06 lbldscf 

Stage 
Number 

Interval Mass nass Interval dWd(logDl 
Endpoint Raction Fraction Geometric Dry, STP 

WI Less Midpoint 
Than (W (gr/dscf) (g/m3 I 

100.00 1.000 
Rt Angla+l+Z .362 34.91 .9293-03 .213E-02 

12.19 .638 
3 .256 7.98 .1633-02 .3733-02 

5.22 .382 
4 .157 3.66 .120E-02 .2743-02 

2.57 .225 
5 .058 

1.42 
6 .052 

.95 
7 .024 

.74 
8 .018 

.57 
9 .021 

1.91 .525E-03 .120E-02 
.166 

1.16 .7073-03 .1623-02 
.114 

.84 .507E-03 .116E-02 
.091 

.65 .3823-03 .8753-03 
.072 

.50 .443E-03 .lOlE-02 

.40 .715E-03 .164E-02 
.37 .027 

FILTER .027 .19 .112E-03 .2573-03 
.lO .ooo 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Outlet 2 
Plant 6 Unit : AEP PFBC 
sampling Location : ESP Outlet 
Type of Sizing Device : DWVD 
Run Date : 4/13/94 
start time : 2:20 

REMARKS: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue Gas Static Pressure 
Flue Gas Molecular Weight (Wet) 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent Moisture 
Average Flue Gas Velocity 
Average Flue Gas Flowrate 

Volume Sampled (Dry, STP) 127.3540 
Test Duration 347. 
Total Catch .422E-04 
Sampling Rate in Device .640 
Collection Temperature 374.0 
Percent Isokinetic 95.7 

Nominal Mass Concentration .2323-02 qr/dSCf 
.332E-06 lb/dscf 

374.0 
30.14 

3.00 
27.26 

.1653-04 

.446E-05 
10.00 

59.6407 
281050. 
161253. 

F 
"lig 
"HZ0 
lb/lb-mole 
lb-sec/ft2 
inch 
% 
fps 
acfm 
dscfm 

dscf 
min 
lb 
acfm 

f 

190.0 
76.56 
7.620 

27.2624 
.2463-03 
.113E-04 

10.00 
18.1785 

7959. 
4567. 

3.6067 
347. 

.191E+O2 
.018 

190.0 
95.7 

m3 
min 
w 
m3/min 

: 

.531E-02 q/m3 

C 
om xq 
cm Ii20 
ziq;rle 

r 
m/s 
m3 Jmin 
m3 jmin 
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Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Outlet 2 
Plant 6 Unit : ABP PFBC 
Sampling Location : ESP Outlet 
Type of Sizing Device : UWVD 
Run Date : 4/m/94 
Start time : 2:20 

Nominal Mass Concentration .2323-02 qr/deef .531E-02 g/m3 
.3323-06 lb/dscf 

Stage 
Number 

Interval nass Mass Interval -/d(lwD) 
Endpoint Fraction Fraction Geometric Dry,STP 

(W L.SSS Midpoint 
Than (W tsr/d==f) (4/m3) 

34.! ?5 .486E-03 .illE-02 

8.00 .118E-02 .2693-02 

3.67 .104E-02 .237E-02 

1.91 .893E-03 .2043-02 

1.17 .lllE-02 .2543-02 

.84 .122E-02 .2803-02 

.65 .lllE-02 .2553-02 

.50 .117E-02 .2683-02 

.40 .237E-02 .5433-02 

.19 .222E-03 .5083-03 

100.00 
Rt Anqle+l+2 

12.22 
3 

5.23 

.191 

.186 

1.000 

.a09 

.622 
4 

5 

6 

7 

8 

9 

10 

FILTER 

2.58 

1.42 

.96 

.74 

.57 

.44 

.37 

.lO 

.137 

.lOO 

-083 

.058 

.054 

.056 

.080 

.054 

.485 

.385 

.303 

.245 

.191 

.135 

.054 

. 000 
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Appendix Cc Source Sampling Data Summary & PSD Plots 

Run ID : Outlet 3 
Plant 6 Unit : AEP PFBC 
sampling Location : BSP Outlet 
Type of Sizing Device : UWVD 
Run Date : 4/13/94 
Start time : 23:55 

REtaRKs: 

Average Flue Gas Temperature 
Flue Gas Pressure (Absolute) 
Flue Gas Static Pressure 
Flue Gas Molecular Weight (Wet) 
Flue Gas Viscosity 
Flue Gas Mean Free Path 
Flue Gas Percent MOiSttUe 
Average Flue Gas Velocity 
Average Flue Gas Flowrate 

374.0 F 
30.14 “N 

3.00 "Ii20 
27.26 lb/lb-mole 

.1653-04 lb-seclft2 

.446E-05 inoh 
10.00 8 

51.1415 fP6 
240998. acfm 
138273. dscfm 

Volume Sampled (Dry, STP) 194.4603 
Test Duration 485. 
Total Catch .407E-04 
Sampling Rate in Device .699 
Collection Temperature 374.0 
Percent Isokinetic 122.0 

Nominal Mass Concentration .1473-02 
.209E-06 

dscf 
min 
lb 
acfm 

f 

qr/dscf 
lb/dscf 

190.0 
76.56 
7.620 

27.2624 
.2463-03 
.113E-04 

10.00 
15.5079 

6825. 
3916. 

C 
om Hg 
cm x20 
pole 

cm 
8 
m/s 
m3/min 
m3 @in 

5.5071 
485. 

.1853+02 
020 

190.0 
122.0 

m3 
min 
mq 
m3 lmin 
C 
t 

.3353-02 q/m3 
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Appendix C: Source Sampling Data Summary 8 PSO Plots 

Run ID : outlet 3 
Plant & Unit : AEP PFBC 
sampling Location : ESP Outlet 
Type of Sizing Device : UWVD 
Run Date : 4113194 
Start time : 23:55 

Nominal Mass Concentration .147E-02 qrJdscf .335E-02 g/m3 
.2093-06 1bJdscf 

Stage 
Number 

Interval MSSS Mass Interval mJd(loqD) 
Endpoint Fraction Fraction Geometric D?zy,STP 

cm LeSS Midpoint 
Than (W (grldscf) (qJm3) 

100.00 
Rt Anqle+l+2 

11.68 
3 

5.00 
4 

2.46 
5 

1.35 
6 

.91 
7 

-71 
8 

.54 
9 

.42 
10 

.35 
FILTER 

.lO 

.171 

.066 

.123 

.lll 

.lOO 

.088 

.089 

.090 

.063 

.056 

1.000 

.829 

.743 

.620 

.509 

.409 

.321 

.232 

.142 

.058 

.ooo 

34.18 .2693-03 .6153-03 

7.64 .3403-03 .7793-03 

3.51 .588E-03 .135E-02 

1.83 .6263-03 .143E-02 

1.11 .8453-03 .193E-02 

.80 .117E-02 .2603-02 

.62 .116E-02 .2663-02 

.4a .117E-02 .2683-02 

.38 .154E-02 .352E-02 

.19 .158E-03 .3603-03 

C-46 



Appendix C: Source Sampling Data Summary & PSD Plots 

Run ID : Outlet 4 
Plant 6 Unit : AEP PFSC 
Sampling Location : ESP Outlet 
Type of Sizing Device : UWVD 
Run Date : 4/14/94 
Start time : 22:20 

REMAPx.9: 

Average Flue Gas Temperature 374.0 F 190.0 
Flue Gas Pressure (Absolute) 29.54 “W 75.04 
Flue Gas Static Pressure 1.80 "Ii20 4.572 
Flue Gas Molecular Weight (Wet) 27.26 lb/~lb-mole 27.2624 
Flue Gas ViscoSity .165E-04 lb-eecJft2 .2463-03 
Flue Gas Mean Free Path .455E-05 inoh .116E-04 
Flue Gas Percent MOiSture 10.00 8 10.00 
Average Flue Gas Velocity 61.1210 fpa 16.6297 
Average Flue Gas Flowrate 286026. acfm 9157. 

161976. dscfm 4587. 

Volume Sampled (Dry, STP) 
Test Duration 
Total Catch 
Sampling Rate in Device 
Collection Temperature 
Percent Isokinetic 

Nominal Mass Concentration 

297.2570 
747. 

.7663-04 
.707 

374.0 
105.6 

.160E-02 

.2583-06 

dscf 
min 
lb 
acfm 

e 

8.4183 
747. 

.3473+02 
.020 

190.0 
105.6 

grJdscf 
lb/d8cf 

.413E-02 q/m3 

C 
cm w 
om Ii20 
g/q-mole 
Poise 

F 
m/s 
m3 Jmin 
m3 lmin 

m3 
min 
mg 
m3/min 

: 
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Appendix C: Source Sampling Data Summaty & PSD Plots 

Run ID : Outlet 4 
Plant h Unit : AEP PFBC 
Sampling Focation : ESP Outlet 
zD;teS1zmq Device : UWD 

: 4/14/94 
Start time : 22:28 

Nominal Mass Concentration .laOE-02 qr/dscf .413E-02 g/m3 
.2583-06 1bJdscf 

Stage Interval MSSS Mass Interval ~Jd(loqD) 
Number Endpoint Fraction Fraction Geometric Dry,STP 

(=J) LeSS Midpoint 
Than t-1 tsrJd==f) (g/m3 1 

100.00 
Rt Anqle+l+2 

11.60 
3 

4.97 
4 

2.44 
5 

1.34 
6 

.90 
7 

.70 
a 

.54 
9 

.42 
10 

.35 
FILTER 

.lO 

.218 

.284 

.160 

.097 

.061 

.038 

.036 

.035 

.031 

.039 

1.000 

.782 

.498 

.338 

.241 

.1ao 

,141 

.106 

.07G 

.039 

.ooo 

34.07 .4203-03 .9613-03 

7.59 -1393-02 .318E-02 

3.48 .9363-03 .2143-02 

1.81 .6753-03 .1543-02 

1.10 .6393-03 .1463-02 

.79 .623E-03 .1433-02 

.61 .5703-03 .130E-02 

.47 .5663-03 .130E-02 

.38 .7043-03 .161E-02 

.19 .13lE-03 .300E-03 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Append& C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Appendk C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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appendix C: Source Sampling Data Summary & PSD Plots 
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@pendix C: Source Sampling Data Summav & PSD Plots 
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appendix C: Source Sampling Data Summery 8 PSD Plots 
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@pendix C: Source Sampling Data Summary 8 PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 

0 

* 

PC 

m 

3 
I$ .o 

5 
- E u 

2 
3. 
3 
ii 
.- ii 
0 

JS$WJS!(J pS$K$Xil > SSt3yY $UBCbJlad 

C-63 



Appendix C: Source Sampling Data Summary B PSD Plots 
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Appendix C: Source Sampling Data Summav & PSD Plots 
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Appendix C: Source Sampling Data Summety & PSD Plots 
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Append& C: Source Sampling Data Summary B PSD Plots 
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Appendix C: Source Sampling Data Summary & PSD Plots 
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&pendix C: Source Sampling Data Summary & PSD Plots 

8 
I- 

z 
3 

5 .- n 
0 
9 r --a a 
n 

c-74 
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Amendix D: Qualify Assurance/Qualify Control Results 

Table D-1 
&mum-y of Blank Sample Resu1t.s 

mpte 
L&oratory M&hod Blanks - 

Ntmherof Number 
BbkS ef Range of D&?ZtiOIl 

Aldyzed Detects colnpoundsDeteeted~ Limit 

FWred S&s, Acetone PNR 
ICP-AES Metals 

AIominom 2 2 5.91-1.93 pglg 21.6 pglg 
2 0 ND 

wsium 2 2 29.6-53.0 pglg 96.3 kgig 
Mmgsnese 2 2 0.490-1.99 )lglg 4.92 pglg 

Molytdaum 2 0 ND 3.84 &?k 
NiCkd 2 1 ND-l.04 pglg 11.4 fig/g 
PhUWlloW 2 2 1.67-15.4 udn 1.29 UTZ/P .-- .-- 

I 2 1 ND-122 fig/g I 441 P&3 II 
silver 2 1 ND-l.34 pglg 4.43 figtg 
sodium 2 1 ND-127 pglg 30.5 pglg 
Titanium 2 2 0.970-2.43 p&g 7.16 pglg 
V&Urn I 2 1 I ND-3.71 fig/g 1 2.92 pglg 

Labentm~MetJmdBkmks-NitriePNR 
ICP-AES Metals 

Alomioum 1 1 0.383 mg5 0.0523 mg5 
Aaimo0Y 1 0 ND 0.076 n&L 
Barium 1 1 0.00023 log/L o.ooos6 mg/L 
Be-ryllium 1 0 0.0 mg/L 0.00051 mg/L 
Calcium 1 1 0.0306 mg5 0.0175 mg5 
chromium 1 0 ND 0.00524 n&L 
cobalt 1 0 ND 0.00407 mgiL 
ww 1 1 0.0100 mglL 0.%916 mg/L 
Iron 1 1 0.0506 me5 0.00452 ma5 
Magnesium 1 I 0 NI- 1 0.0479 mg5 
Msngsmse 1 1 I 0.00308 mg5 0.00155 mg/L 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

I 

Number of Nmher 
BhlkS of Range of D?&CtiOU 

Advte Anal& Detects comwundslkt&ed~ Limit 

SiIva 2 0 ND 0.443 pg 
Sodium 2 0 ND 3.05 Fg 
Titanium 2 2 0.150-0.370 pg 0.716 fig 
VSUSdiOOl 2 0 ND 0.292 wg 

Laberatery Method Blanks - 
H&HNO~ Impingers 
ICP-AES Metals 

Alumieum 
AOtitOOO~ 
B.&urn 

2 2 0.00304-1.44 mgll. 0.0523 mg5 
2 1 ND400379 mg5 0.076 mg5 
2 2 0.00014-0.WO16 ma/L O.WO86 mg/L 
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appendiw D: Oualiiy A%wance/GUaiiiy Control Results 

Table D-l (Continued) 

BIZUIIS of Range of Detestion 
MY@ Anal@ me& cemQetatcl5vetected~ Limit 

Beryllium 2 0 ND o.ooo51o mg/l 
Calcium 

* 

2 2 0.0266-0.253 lug/L 0.0175 mg5 
chmmiom 2 0 ND 0.00524 mg/L 
CdJelt 2 1 0-0.00206 mg5 O.W407 mg/L. 
chmx 2 2 0.00358-0.0102 mniL 0.00916 mn/L 

ICP-AESMetals 
Alumioutn 1 1 9Q.8 be 2.16 fig 
AOtiIOOO~ 1 0 ND 5.86 jtg 
Barium 1 ,I 2.35 fig 0.0697 pg 
Beryllium 1 0 ND 0.0329 pg 
Calcium 1 1 172 UP 1.37 Yb? 
cluomium 1 1 1.89 fig 0.197 pg 
cobalt 1 0. ND 0.538 pg 

1 0 ND 0.502 UC 
Iml 1 1 12.7 pg 
Magnesiom 1 1 63.0 pg 9.63 pg 
MannPoeee 1 0 ND 0.492 ue 

II MolvMraum II Ill 2.22 UP I 0.384 UP II -~- rw ~~~ rO 

NiCkCl 1 1 2.06 1.14 pg 
wosp~~ 1 1 33.3 pg 7.29 fig 
Potassium 1 1 25.4 44.1 ve I - 
silver . 1 1 0.003 pg 0.443 pg 
Sodium 1 1 459 )rg 3.05 fig 
Titanium 1 1 0.847 pg 0.716 pg 
Vanadium 1 1 0.191 pg 0.292 pg L 
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Appendix 13: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

Aoalyte 

Field Blank - Filter & 
PNR-ESP 
ICP-AES Metals 

Number of Number 
BlAUlkS of Bange of Detection 

Aodyzed Dot&s CompomdsDetecbxP Limit 

I I I I 

I 1 I 1 I 242 UP I II 

Field 
II APF 
IIICP-AES M&s 
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Appetdx D: Quality As.wrance/Qualily Control Results 

Table D-l (Continued) 

BbkS of Range of D&CtiOO 

mY=J Detects compolmds Detected~ Liit 

IO739 man 

I 
1 

I 

0 

1 

~rhdemlm 
I 

ND OS 

Nickel 1 1 0.00229 me/L 1 I 0.0141 mnL - II 

It 
Sag 

Phosphor 1 0 ND 0.061 mg/L 

Potassium 1 0 ND 0.822 q/I. 

siivor 1 0 ND 0.00519 mg/L 

sodium 1 1 0.672 mgfI. 0.0401 cog/L 

Titanium 1 1 0.00068 mn/L 0.00159 me/L 

VsnsdiUm 
Field Blank - H20+‘Q 
Impiegers-Esp 

ICP-Al38 Metals 

Aluminum 

1 I 0 ND- 1 O.O0454mg/L 

1 1 0.0228 mgiL 0.0523 mg/-L 

i 0 0.076 mnll. 

Titanium 

Vanadium 

RepgentBlank-FilterBF’NR 
ICP-AES Metals 

1 1 o.ooo46 mgn 1 0.00159 mg/L 

I 1 I 1 I O.C0083 mgL 1 0.00454mgiL 

I I I I 
Alumi.oum 1 1 192 pg 2.76 pg 

AdimOay 1 0 ND 5.86 Irg 
Bariuol 1 1 6.21 pg 0.0697 pg 

Bemllium 1 0 ND 0.0329 ue 

D-6 



Appendix D: Quality Assurance/Ouality Control Results 

Table D-l (Continued) 

of Rameof II 

Vanadium I 1 1 1 I 0.782 pg I 0.292 pg 

Reqeot Blank - Half Filter 

ICP-AES Meals I I I I 
I1 Ill 90.6 UP I 2.76 UP II 

II- 
-w 
MC 

Ii Magnesium 1 1 62.2 pg 9.63 fig 

‘aoes 1 0 ND 0.492 pg 

JYbdC!OUUl 1 1 1.97 LLP 0.384 us! .- - 
Nickel 1 1 1.21 pg 1.14 pg 

Phoepbonrs 1 1 36.7 Irg 7.29 fig 

Potassium 1 1 29.3 Irg 44.1 PB 
Silver 1 0 ND 0.443 UP - 

Sodium 1 1 460 la 3.05 /.lg II 
Titrmium 1 1 0.909 Pg 

^... I 1 I 1 1 v.101 LAS -l+w 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

Reagent Blank - EN03/Hz~ Impingen 

ICP-Al 23 Metals I I I I 
Almoinum 1 1 0.00891 me/L I 0.0523 mnlL II 

II AntimOny 1 I 0 I ND 1 0.076 mg/L 

Barium I 1 1 0.00024ma/L I o.ooos6 mgn II 

SiIVOt 1 I 0 ND O.O0519mg/L 

Sodium 1 1 0.513 mg/L 0.0401 mglL 

Titanium 1 I 0 ND 0.00159 mgL 

I 1 1 O.OW2 mglL 0.00454mgIL 

&hOdBhUk-Ml 
.s I I I I 

II Alumiowo 2 2 5.97-7.93 +glg 27.6 pgig 

Antimony 2 0 ND 58.6 pglg 

Barium 2 1 ND-O.460 pglg 0.697 figlg 

Beryllium 2 0 ND 0.329 fig/g 

Calcium 2 2. 18.4-26.6 figlg 13.7 jlglg 

chromium 2 2 7.45-8.15 unln 1.97 unln .-- .-- 
CobIt 2 2 7.68-8.32 pglg 5.38 figlg 

CoPper 2 0 ND 5.02lrgk 
Imo 2 0 ND 

Magnesium I 2 I 2 I 29.6~53.Ogglg I 96.3 fig/$ II II Mnaeanese I 2~1 2 1 0.490-1.99 unln 1 4.92 m/n 11 

Molvhrlmlrm I 7~ I ” I Nn I 3.x4 ,LP,P II _.__.,-____ - 
II Nickel 

I 1 I ..- I ---. rWO 
I 2 I 1 I ND-l.04 ualg I 11.4 ualp: II 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-1 (Continued) 

Number of Nmnber 
Blankr of Range of D&&i00 

MYk Analyzed Detock Compolm&Detected~ Liiit 

PhosDhOIUS 1 0 ND 7.29 udn 
L 

Pckassium 
SiIW% 

Sodium 

Titpnium 

Vanadium 

Lahoratol~ Method Blank - Sorbent 

2 1 ND-122 pglg 441 Pdl! 
2 1 ND-l.34 pglg 4.43 p&?/g 

2 1 ND-127 pglg 30.5 pglg 

2 2 0.970-2.43 pgig 7.16 cglg 

2 1 ND-3.71 pg/g 2.92 &g 

ItkP-AES Metals 

.-- -- 

Titanium I 1 I 1 I 0.09 Pib 1 0.716 pglg 

Vanadium 1 0 0 Irdg 1 0.292 pglg 

Laberatmy Method Blank - Service 
Water 

ICP-AES Metals 

Alumioum 1 I 0.148 mg/L 0.0523 mg/L 
Antimow 1 1 0.0566 mnn 0.076 me/L 

Barium 1 1 O.M)151 mg/L 0.00086 mgL 
Bayllium 1 0 ND O.ooO51 mg/L 

Gxlcium 1 1 0.238 mg5 0.0175 mgiL 
chmmium 1 0 ND 0.00524 mg/L 

II cobalt I 1 I 1 I 0.00177 mniL I O.O0407mn/L - II 
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Appendix D: Quality Aeaurance/Quality Control Results 

Table D-l (Continued) 

.- 
Molybdeaum 1 1 0.46 /bgn 0.024 pgn 

Nickel 1 1 5.39 pgn 0.024 pgn 

seluliuol 1 0 co.134 pg/L 0.134 pgn 

Vanadium 1 1 0.09 uen 0.006 lrnn 
L 
Field Blank - ENO#zo, 
Impingers - Jz.sP 
XC3MS Metals 

Aotimoov 

8 I I rye L rs- 

I I I 
1 I 1 0.04 unn I 0.003 uen ’ ,- 

Arsenic 1 1 0.10 pggn 0.008 fig/L 

Barium 1 1 3.87 pgil.. 0.017 pgn 

Beryllium 1 1 0.02 pg/L 0.015 pgn 

cadmium 1 1 0.46 pgn 0.020 fig/L 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

S&liUm 1 0 co.134 pgn 0.134 /&g/L 

Vaoadium 1 1 0.10 &&g/L 0.006 figll. 

Reagent Blank - 13N03/H2~ Impingers 
ICP-MS Metals I I I I 

1 1 0.04 unn I 0.003 l&n/L 

GPAAS and CVAAS M&Is 
Arseoic 
c!admium 

Lead 

MWCUt-y 
Selenium 

2 2 0.89-2.7 fig/g 1.82 pglg 
1 0 ND 0.238 pgig 

1 0 ND 0.0776 fig/g 

1 0 ND 0.012 pglg 
1 1 0.121 pglg 0.101 pglg 
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Appendix 0: Quaky Assurence/Quality Control Results 

Table D-l (Continued) 

A-w 
aboratur~l Methud Blank - Acetune 

Number of Number 
BhkS of Range of D&&i00 

Adyzed Detects CompoundsDete~ted~ Limit 

- PNRS 
GFAAS and CVAAS Me&Is 

Arseoic 1 1 0.376 fig 0.182 fig 

cadmium 2 0 ND 0.0783 us 

Latmatory Methd Blank - 
BNO~EI~O~ impingers 
GFAAS and CVAAS Me&Is 

Azxeoic 

Gukoium 
Lead 

MUClLIy 

seleoium 

1 0 ND 0.00%47 mg/L 

1 0 ND 0.c00191 mgn 

1 1 0.00047 mglL. 0.00205 mgiL 

1 0 ND 0.000048 mg/L 

2 0 ND 0.00177 mdL 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

SdenilUO 1 I 1 I 0.00183 mgL ) 0.00177 mg/L 

zi.l Blank - H202MN03 Impiqen - 

IIGFAAS and CVAAS Metals I II 
fMeJlic 1 0 ND 0.000647 mg/L 

cdmium 1 1 0.00047 mg/L 0.000191 mgn 

Led 1 1 0.00058 mg/L O.oo205 mgiL 

M-w 1 0 ND I O.WO24 mg5 

seltiuol 1 1 0.0019 mg5 0.00177 g/L 

Reanmt Blank - &If Fit&s 
I II 

Al-S&C 1 1 0.453 pg 0.182 Fg 

Cadmium 1 0 ND 0.0783 pg 

Lead 1 0 ND 0.0776 UP .- 
Mmury 1 1 0.019 pg 0.0048 pg 

.%ltiUm 1 1 0.132 pg 0.0802 pg 

M-WV 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

L+omtury Method Blank - KMN04 

CVAAS Mebds I I I I 
I 1 I 0 I ND ] O.OOKl33 mg/L 

t - YMhm. hanina-. APF II 
.” I_ _-.I.-Q -ra-” --_ 

,.AAS Meids I I I I 
MClClUy 1 1 O.OC018 mg/L 1 O.OOW33 mg/L 

~f$AFJll,. KMNfl. lm”i”*- - PSP __.I._ ~ --ra-” -_ II 
II 

,I- , MI . ..Aals I I I I II 
MWCUI-Y I 1 I 1 I O.WWl mg/L 1 O.oooO33 tugA. 

Reagent Blank - KMNO, Impingers 
CVAAS Metals I I I I 

I 1 I 0 I ND 1 o.mOO33 mgn 

M&bIJdBhk-Ash II 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 
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qOpend2 D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

Range of Detection 
myte 1 Analyzed 1 Detests ~Compomd.iDeMedP~ Liiit 

ahoratory Method Blank - C03/Hz~ 
main9ers 

ulioas 
Chloride (EPA 300) 

I I I r 
1 0 0 mnn 1 0.0281 O,Qn 

Fluoride (EPA 340.2) 

Sulfate (EPA 300) 

Wd Blanks - Half Filter, Filter & PNB 

2 I 2 I*O.O126~.0143 mg/L 1 0.00551 mg& 

2 0 0 mglL 1 0.0471 mg/L 

hiOOS 
Chloride (BIF) 

Fluoride (EPA 340.2) 

Sulfate (EPA 300) 

Wd Blanks - C03/H202 Impingers 

4niuns 

Chloride (EPA 300) 

Fluoride (EPA 340.2) 

SuEate (EPA 300) 

teqmt Blank - Filter B PNR 

tiuns 
chloride (SIP) 

Fluoride (EPA 340.2) 

Sadfate (EPA 300) 

&agent Blank - C03/H203 Impingeas 

tinionS 
Chloride (EPA 300) 

Fluoride (EPA 340.2) 

SuMate (EPA 300) 

L&oratoryMetbdBhnk-Ammoniain 
itack Gas (EPA 350.2) 
Ammonia I 

‘ield Blanks - Ammonia in Stack Gas 

2 2 0.062&+01 mg/L 0.0225 mg/L 

2 2 0.0291G.38 nag/L 0.00551 mg/L 

2 1 04.08 rug/L 0.0471 q/L 

2 2 0.389~I.443 mg5 0.0281 mg/L 

2 2 0.2374254 mgn 0.00551 mgiL 

2 0 0 mgiL 0.0471 mgiL 

1 1 0.278 mg/L 0.0225 mg/L 

1 1 0.647 tug/L o.rJ3551 mgn 

1 1 1.38 mgiL 0.0471 mgiL 

1 1 0.637 mg/L 0.0281 mgiL 

1 1 0.184 mg/L 0.00551 mg/L 

1 1 2.25 mg/L 0.0471 mg/L 

1 I 1 I 0.0686 mgn ) 0.0156 mgll 

EPA 350.2) 
Ammonia I 2 2 1 0.167-0.169 mg/L 1 0.0468 mgL 

hsgmt Blank - Ammonia in Stack Gas 
EPA 350.2) 
Ammonia I 1 I 1 I 0.167 mgL 1 0.0468 mglL 
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Appendix D: Ouality Assurance/Quality Confrol Resulrs 

Table D-1 (Continued) 

Laboratory Method Blank - Volatile 
Organic Compounds in Stack Gas 

chl-thaue 
Vinyl Chloride 
BIUIUOwtbnne 
cllb- 

6 0 ND 10 ng 

6 0 ND 10 ng 

6 0 ND 10 ag 

6 0 ND 10 ng 
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Appendiw D: Quality hm-snce/Qualiiy Control Results 

Table D-l (Continued) 

I BhlkS of Range of DC?t&iOll 

-Ye Andyzed Detects CompoundsDetecteda Limit 

omfloommethaoe 6 0 ND 10 ng 

l.l-DichloroeIheae 6 0 ND 10 ng 

Carbon Disulfidc 6 0 ND 10 ng 

AcetoIlS 6 0 ND 50 ng 
Mcthvlae Chloride 6 0 ND 10 lx? 
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Appendix D: Qualify Assurance/Quality Control Results 

Table D-l (Continued) 

(NumberoflNumber 1 I ll 

Ad* 
Field Blanks - Volatile Organic 
CompounQ in stack Gas 

1 Analyi 

II Bromofom 1,1,2,2-TetrachloroethPne I 12 12 I 0 0 I I ND ND 10 10 ng ng II 

D-19 



Appendiw D: Quality A.saurance/Quality Control Results 

Table D-l (Contiiued) 

A-w 
1,3-Dichlombenax~e 
1,4-Dichlomkawae 
1.2~Dichlombenzeae 

Trip Blank - Volatile Organic 
Compounds in Stack Gas 

Chlommethane 
ViiVl chloride 

ktects p3mpounds Detscted~~ Liiit 
Blankr 

A-b=d I: 
12 0 ND 10 ng 
12 0 ND 10 ng 
12 0 ND 10 ng 

I 1 I 0 ND I 10 og 
1 0 I ND 

l.l,l-Trichlorceth~~ 1 0 ND 10 ng 
Carbon Tehachlotide 1 0 ND 10 ng 
Beamlo 1 0 ND 10 ng 
1.2-Dichlorccthane 1 0 ND 10 LIP 
Trichlomethme 1 0 ND 10 ng 
1,2-Dichlompmpane 1 0 ND 10 og 
Bmmcdichlommethne 1 0 ND 10 og 
tmns-1,3-Dichlompmpene 1 0 ND 10 ng 
4-methyl-2-Pmtanone 1 0 ND 50 ng 
TOIUUW 1 0 ND 10 Iw 
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appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

I B&n& I of I Bawe of I Detection II 
upte Amly7e-d Detects Compou&Dete&d* Limit 

Diethylphtbalate 2 0 ND 1.154.65 jog 
2+Diithyiphenol 2 0 ND 2.51-10.77 pg 
Dim&ylphtblate 2 0 ND 1.26-5.01 $8 
4,6-Diitrc-2-methylphenol 2 0 ND 7.84-29.52 pg 
2.4Diitmphenol 2 0 ND 11.06-50.58 pg 
2.4-Dinitmtoluene 2 0 3.59-14.20 ue 
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qOpendix D: Quality Assurande/Quality Control Results 

Table D-l (Continued) 

II I Number of I Number I I II 
BhkS of Bange of D&CtiOlt 

-yte Andyzed Iktects compoml&Detected~ Liiit 
Field Blanks - Semivolatile Cornwounds 

G 
Aceataphtheuc 4 0 ND 6.20-7.31, 

I. 4 I 0 I ND 8.47-9.76 pg 
bid2-chloroerhoxv‘)mclhane 4 0 ND 1 6.90-7.95 UP 

I4 IO1 ND 
ether ! 4 ! 0 ! ND 1 8.1 

2-Chlomnaphttralenc 4 0 ND 5.54-6.53 pg 
2-ChIomphenol 4 0 ND 9.91-11.26 figs 
4-CWompbcnylphmyleIher 4 0 ND 11.23-13.24 fig 

4 0 ND 3.13-3.62 UP 

11 Dicthylphthkte I 4 I 0 I ND 1 4.75-5.60 fig II t,CDimethylphenol Dimethylphthalate I 4 4 0 0 ND ND 1 1 10.84-12.48 5.11-6.02 pg fig 

14-36.22 4,6-Dinitm-2-methylphenol 4 0 ND 30.9 
2,4-Dinitmphmol 4 0 ND 51.62-60.84 pg 
2,4-Diitmto1uenc 4 0 ND 14.49-17.0s jag 
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Appendix Dr Qualify Assufance/Quall~ Control Results 

Table D-l (Continued) 

II BkUlkS of Range of D&L&On 
Analyte Anely7ed Detects compotmtkDct&ed~ Limit II 

2,6-Dinitmtolueac I 4 I 0 I ND 1 20.01-23.5s pg 
DiphmykmiueiN-Nit DPA 4 0 ND t 8.52-9.97 ur 
bis(2-EthylJsxyl)phtbdate 4 2 2.54-3.51 3.40-3.69 pg 

4 0 ND 2.05-3.34 pg 
4 0 ND 5226.15 UP .w 

I 4 I 0 ND 1 14.04-16.44 pg 
Hexachlombutadiene 4 0 ND 1 18.67-21.50 pg 

96 UP 

It 3-Nitnxdlk 

Stack Gas 

Aesanphtbeae 1 0 ND 3.96 Pg 
Acensphthyleae 1 0 ND 2.25 Pg 

1 0 . ND 2.18 Ibs ” 
Bt?&.¶)~thrpcene 1 0 ND 1.53 fig 
&am(b)tlUOraOth~e 1 0 ND 1.52 pg 

&nzo(e)pymae 1 0 ND 1.66 PB 
Benzdn,h.ikewlene 1 0 ND 1.59 IlIz 
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appendix D: Quality Assurance/Quality Control Results 

Table D-l (Continued) 

1 Number of I &mber) 
Blanks of Ftmge of DOtOCtiOU 

MY& Andy& Detects CompoundsDeie&xP Liiit 
Fkm(k)fluordhme 1 0 ND 1.56 hg 
Benzoic Acid 1 0 ND 21.82 fig 
Bcazyl plcohol 1 0 ND 10.57 ve 
4-Bromopheoylpheayletherez 1 0 ND 10.36 pg 

Butylbenzylphthalw 1 0 ND 2.73 Fg 
4-Cblom-3-mettwlohmol 1 0 ND 7.99 UP 

pChlommiline I 1 0 ND I 5.48 
pg 

bi~2-CUomethoxy)mcthane 1 I 0 I ND 5.40 UP II 

II .st bl 2-allomahyljether 1 I 0 I ND I 6.32 pg II 

II - 
4-Cblomphmylphmyletber 1 I 0 ND I 6.62 pg II 

~~~ chry== I 1 I 0 7 ND I, 1.64 Peg 
Di-n-butylohtholate 1 1 7.32 UP 

Hw.a&lombutadiene 1 0 ND 10.46 pg 
Hexacb.lomcyclope&adiene 1 0 ND 12.17 pg 

1 0 ND 11.17 IIf? 
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Append& D: Queiity Assurence/Queiity Control Results 

Table D-l (Continued) 

Number of I Nlnnber I I II 
BLanks 

1 0 ND 1.57 jLg 

1.2,4-Trichlombmzae 1 0 ND 6.46 a 
2.4,5-Triddompbaol 1 0 ND 9.43 pg 
2.4.6-Tricldomuheaol 1 0 ND 9.82 UP 

Blank - Semivolatile 
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Appendix D: Qualify Assurance/Quality Control Results 

Table D-l (Continued) 

mste 
bis(2-Chlomisopmpy0eIIx.r 

Blankc of Renge of DCiCCtiOO 
Adyzad I Meets CompoundsDetmted* Liiit 

I1 IO ND 0.0190 rmln 

DibeazofuM 1 0 ND 0.0130 p 
. ,I ...LI.--L----lt 1 0 ND 0.0214 

1c 1 0 ND 0.0237 unl 8 
d Pcgk 1,4-Dichlombunae 1 0 ND 0.0236 

3,3-Diddomkuidine 1 0 I ND 0.0363 Kg/g 
I 

JI 
2.4-Dichlomohmol 1 0 ND 0.0194 us 

Hexacblombmzene 

I 

3-Nitmhliie 1 I 0 ND 1 0.0107 pglg 
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Append& D: QuaMy Assurance/Quality Confrol Results 

Table D-1 (Continued) 

1 0 ND 0.0154 pglg 
1,2&Trichlomb 1 0 ND 0.00640 pglg 
2.4,5-Trichiomphmol 1 0 ND 0.0195 pg/g 
2,4,6-Trichiomphaol 1 0 ND 0.0162 pgfg 

Labmttory ?Whod Blank - PAEs in 
Stack Gas 

Naphthaleae I 2 I 2 I 43.1-115 ng I 
2-Medwlnauhthaleue 2 2 12.6-210 ng 

2-Methylnaphthdene 4 4 11.4-110 ng 
Acenaphthene 4 4 2.1-29.5 ng 
2-Chlomnaphthdene 4 3 0.06-0.38 ng 0.08 ng 
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Appendix D: Quality Assurance/Ouality Control Results 

Table D-l (Continued) 

Number of Number 
Blanks of Range of DCtPCtiOll 

MY@ 
! AceaPphthalene 

1 Amaiy7ed 1 Deterts Jcompom&Detmtedal Liiit 
I 4 I 4 I 0.60-4.4 IIP I 

Fl-c 4 4 7.9-17.9 ng 

Phuwdmae 4 4 35.8-54.9 

ng 
An-e 4 4 1.2-2.6 ng I 

II Fluorsnthme I4 I41 5.5-20.0”. I - II 
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appendix D: Ouelity Assurance/Quality Control Results 

Table D-l (Continued) 
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qOpendix D: Ouality Assurance/Ouality Control Results 

Table D-1 (Continued) 

Ph! 
xl ! PBk 
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nppendix D: Ouality Assurence/OueMy Control. Results 

Table D-l (Continued) 

a All analytes reporting a detectable analytical signal have been reported. Analytes detected 
at levels below the stated detection limit are presented for information only and are not 
considered valid for the assessment of blank or background contamination. 

ND = Not detected. 
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Appendix D: Oualily Assumnce/Ouaiiiy Control Results 
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&pen& 0: Qusiity Assursnce/pusMy Control Results 

Table D-3 
Surrogate Spike Data 

4-Bromofluorobenwne 60-128 87-96 6 0 

Vohtik Organic3 in Vapar Precision - NA 
Phsse-AF’FOutkt Acsuracv - Suiro~ate Soike Recwew 

1,2-Dichloroethaned4 I 1 51-145 1 73-104 1 6 I 0 

Toluene d-8 n-122 
I 

I I 81-98 I 6 0 II 

4-B~mOflUO~belIZWlC 60-128 82-94 6 0 

vcdatae orgsaics ia Vapor Prezision - NA 
Phsse - APF Ekld Blsnks Accuracy - Surrogate Spike Recovery 

I .2-Dichloroethaned4 51-145 92-105 6 0 

Toluene d-8 77-122 87-96 6 0 

4-BI0m0flUOrobcCZ.~ 60-128 X4-95 6 0 

VoIatIk OrganicY la vapor Precision - NA 
Pha9a-Espx&& Accuracy - sumgate spilcs Reoovery 

1,2-Dichlomthaned4 I 1 51-145 1 90-107 1 6 I 0 

I n-122 I 91-97 I 6 1 0 

4-Bromofluoroberuene W-128 86-93 6 1 0 

volatile orgaaica ill vapor Precision - NA 
Phase-EsFoutkt hWOCY - SW’ORata s,& &CWMY 

1,2-Dichbmethaawd4 I 51-145 95.107 6 0 

Tolue~ d-8 77-122 83-100 6 0 

4-Bmmofluorobenzens I 60-128 74-94 6 0 

volatile olgndics ia vapor Precision - NA 
PIJSLW-EspFUdBb.IliU Accuracy - Surrogate Spike Recovery 

1,2-Dichloroethaned4 51-145 93-105 6 0 

Toluene d-8 77-m 91-98 6 0 

4-B~Om0flUOKlbCUY&~~ 60-128 91-98 6 0 

VoIatik Orgamics ia Vapor Precision - NA 
Phsv-TIiDBlanlr Accumcv - Swro~atc Soike Recoverv 

II: 
II 1,2-Dichloroetbaned4 51-145 105 I 0 

roluene d-8 n-122 97 1 0 

114-Bromofluoroben 60-128 94 1 0 
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Appendix 0: Oualify Assurance/Quality Control Results 

Table D-3 (Continued) 

Rsnge of NWllk 
Objective Rexwry Number Outsid 

Measurement Parameter How -cd @Red @Red Annlyzed Objeeti 
Semivolatile Organics in APF Precision - NA 
Ash Accuracy - Sumgate Spike Recovery 
2-Fluombiohenvl 30-115 92-99 4 0 

2-Fiuomphenol I 1 25-121 1 92-95 4 1 0 

Nitmbenzened5 I 23-120 I 99-103 I 4 I 0 

Phenold5 24-113 94-99 4 0 

Terphenyldl4 18-137 98-109 4 0 

2,4,6-Ttibromophenol 19-122 7688 4 0 

Sanivolatik Organics in ESP Precision - NA 
Asb Accuncy - Surrogate Spike Recovery 

2-Fluombiohenvl 30115 90403 4 0 

Terphenyldl4 I 1 18-137 1 92-105 1 4 [ 0 

2.4.6-Tribmmoohsnol I 19-122 I 77-99 I 4 I 0 

Semivolatik Organic5 in Bed Precision - NA 
Ash Accuracy - Sum 

t-Fluombi~henvl 

Igate Spike Recovery 

M-115 94-1M) 4 0 

Nitrobenzened5 23-120 100-103 4 0 

Phenold5 24-113 96-100 4 0 

Temhenvldl4 18-137 72-85 4 0 

2,4,6-Tribromophenol 19-122 lo-36 4 2 

Semivolatile Organ& in Gas Precision - NA 
SolidPhase-APFhlet Accuracy - Surrogate Spike Recovery 

PheXX+d5 50.150 17-84 6 3 

NitrobenzenedS I 1 50-150 1 30-80 1 6 1 3 

If,5-Trichkxobenzeod3 1 SO-150 I 23-84 1 6 1 3 

111 .CDibromobenzened4 I 1 50-150 1 44-90 1 6 1 1 
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appendix 0: Quality Assursnce/Qualify Control Results 

Table D-3 (Continued) 

Objective Recoverv Number Outside 
Meamremant Parameter How Mcpaved 1 @I&c) 1 (76 Recj [Analyzed~Objeetive 

Semivdatik Oraanics ia Gm ~Precisiw - NA I I I I II I- ~~ ~~~~~- ~. 
Accuracv - Summate Saike Recoverv I 

Phewld5 I 1 50-150 1 31-78 1 7- 1 2 

Nitrobenzmed5 I m-150 I 35-n I 7 I 2 

SolidPhase-ESPoutLt ~Accuracy - surrogate spike Recovery I I 
PhennlA< I I wL,Cfl I I IL d I 

Nitmbenm.wd5 I I 50-150 I 44-80 I 9 I 2 II 
1 

1$3,5-TrichIombenzcaad3 50-o-150 41-76 9 2 

1,4-Dibromobenzewd4 50-150 66-105 9 0 
SemivohtllaOrgaaiminGm Precision - NA 
Vspor Fbase - APF FWd Accuracy - Surrogate Spike Recovery 
Blanla 
PhenoLI 50-150 71-102 2 0 

Vapor P&e - Trip Bhnk Acwacy - Surrogate Spike Recovery 

Phenold5 SO-150 60 1 0 
Nitroberuened5 SO-150 60 1 0 

lJ,S-Trichlorobanzened3 

1,4-Dibromobenzened4 
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Appendix D: Quality Assurance/Quality Control Results 

Table D-3 (Continued) 

dl4-Tcrphsnyl 

PAE Organia in Gas Solid 
Phnsc-IsPInk 
dlo-Pluorene 

Pm&ion - NA 
Accuracy - Surrogate Spike Recovery 

d1.GTerpheoyl 

PAE Organia in Gas Solid Precision - NA 
Accuracv - Sumnw Spike Reooverv 

dlC-Fluorene II dl4-Tsmhenvl 

II 
. _ 

PAE Organica in Gss Solid Prekion - NA 
Phase-APFFkldBhnk AcGuRGy - surm@ue spike Recovery 

PAE On&!anks in GP( Vapcw Prscision - NA 
Phase-FSPFieldBlank Accuracy - Surragptc Spike Recovery 

dlO-Fluorene 

dWTerpheny1 

DioxinrlFurPlrr in APF &II 

3X%-2.X1.8-TCDD 

Precision - NA 
Acwaoy - Surrogate Spike Reawery 

37C14-2,3,7,8-TCDD 

Accuracy - Surrogate Spike Recovery 

I 

“l%%~ 9 3 7 4 . 7 1 8:Pe&DF I 
,.^^~^ . ^ ^ , a ^ _- e-w 

1 
SO-150 75-92 3 0 
50-1x! 113-118 3 0 

So-150 76-97 3 0 
S&150 95-122 3 0 

SO-150 96 1 0 
50-m 115 1 0 

S&150 77 1 0 

A39 50-150 100 1 0 

40-130 34-49 4 2 

40430 1 49-55 1 4 1 0 

40-130 1 IO-98 1 4 I 0 

40-130 1 67-81 1 4 t 0 

25-136 1 73-82 1 4 1 0 

I I I 
40.130 4640 4 0 
40-130 47-59 4 0 
w-130 82-98 4 0 
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Append/x D: Queh’ty Assurence/Ouelily Control Resuks 

Table D-3 (Continued) 

Range of NUmbv 
Objective Recovery Number Outside 

Ms?asuremeti Parameter How Measured (% Red (46 Rpc) Analyzcd Objective 

Dioxh/Furpns in Cyclone Ash Precision - NA 
Awmcy - Surrogate Spike Recovery 

37C14-2,3,7,8-TCDD 40-130 35-53 4 1 

13C12-2,3,4,7,&PeCDF 40-130 44-53 4 0 

13C12-1.2.3.4.7.8-HxCDF 40-130 83-95 4 0 

II 13C12-1 2 3 4 7 8-IkCDD , . . . , 40-130 77-86 4 0 

13C12-1,2,3,4,7,8,9-HpCDF 25-130 78-84 4 0 

Dio~raus in Gas: APF Precision - NA 
Idft Accuracy - Sumgak Spi!ce Recovery 

37C14-2,3,7,8-TCDD 70-130 88-110 3 0 
13C12-2.3.4.7.8-PeCDF 70-130 78-108 3 0 

1 70-130 i 91-127 1 R i 0 11 _ _,-,_, .*_,. _-.--_ I _ _- _ _ _ _-. _ 
I 

L-1.2.3,4.7.8-IixCDD I 1 70-130 1 89-118 I 3 1 0 II 

13C12-1,23,4,7,8,9-HpCDF I 1 70-130 1 60-122 1 3 1 1 

lPre&ioh - NA I I I I II 
outlet * PrwxAD only Accuracy - Surrogate Spike Recovery 

37Cl4-2,3,7,8-TCDD 70-130 74-79 3 0 

13C12-2,X4.7,8-PeCDF 70-130 SO-95 3 0 

13C12-1.2.3.4.7.8~HXCDF 70-130 SO-96 3 0 

13C12-1,2,3,4,7,8-HXCDD 70-130 101-105 3 0 

13C12-1,2,3,4,7,8,9-HpCDF 70130 68-110 3 1 

~iaGpc:Esp . . Precision - NA 
allet Accuncv - Surmnate Srdke Recoverv 

1 70-130 85-88 3 0 

..e-.---,d)-,,)“-.-_ ‘DF 70.130 89-96 3 0 

13C12-1,2,3,4,7,8+ixCDF 70-130 82-108 3 0 

1X12-1 9 2 . 3 v 4 . 7 . 8-HxCDD 70-130 97-m 3 0 

13C12-1.2.3.4.7.8.9-H&DF 70-130 99-110 3 0 

DlximlFur~ in Gas: ES Precision - NA 
0Utk.t Accuracy - Sumo@e Spike Recovery 

3X14-2,3,7&TCDD 70-130 85-89 3 0 

13C12-2 9 3 9 4 , 7 9 8-PeCDF 70-130 90-94 3 0 

13C12-1,2,3.4,7,8-?kCDF 70-130 94-112 3 0 

13C12-1.2,3,4,7,8-HxCDD 70-130 99-105 3 0 
13C12-1.2.3.4.7.8.9~HKDF 70-130 83-112 3 0 
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Appendix D: Quality Assurance/Quality Control Resuks 

Table D-3 (Continued) 

13C12-1,2,3,4.7,8-HxCDF 70-130 92 1 0 

13C12-1,2,3,4,7,8-HxCDD 70-130 105 1 0 

13C12-1,2,3,4,7,8,9-HpCDF 70-130 96 1 0 

Diim in Gas: FSP Precision - NA 
Feld Blank Accuracy - Surrogate Spike Recovery 

37C14-2.3.7.8-TCDD 70-130 85 1 0 

13C12-2 9 3 9 4 9 7 . 8-PeCDF 70-130 90 1 0 

13C12-1 , 2 * 3 , 4 9 7 . 8-HxCDF 70-130 109 1 0 

13C12-1 7 2 . 3 , 4 3 7 * 8-HxCDD 70-130 99 1 0 

13C12-1,25,4.7.8.9-HpCDF 70-130 93 1 0 

NA = Not p~plicable. 
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Appendix E: Process Data Trend Plots 
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Appendix E: Process Data Trend Plots 
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Appendix E: Process Data Trend Plots 
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APPENDIX F: FIELD SAMPLING EQUIPMENT 
CALIBRATION RECORDS AND FIELD DATA SHEETS 

On file at Radian Corporation. 
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APPENDIX G: UNCERTAINTY FORMULAS 
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nppendix G: Uncertainty Fomwlas 

An error propagation analysis was performed on calculated results to determine the contribu- 

tion of process, sampling, and analytical variability, and measurement bias, to the overall 

uncertainty in the result. This uncertainty was determined by propagating the bias and 

precision error of individual parameters through the calculation of the results. This uncer- 
tainty does not represent the total uncertainty in the result since many important bias errors 

are unknown and have been assigned a value of zero for this analysis. Also, this uncertainty 

is only for the period of time that the measurementswere taken. 

This method is based on ANWASME PTC 19.1-1985, “Measurement Uncertainty.” 

Nomenclature 

r= 

s, = 

ei = 

i$i = 

vi = 

v, = 

s, = 

6, = 

t = 

u, = 

Ni = 

Calculated result; 

Sample standard deviation of parameter i; 

Sensitivity of the result to parameter i; 

Bias error estimate for parameter i; 

Degrees of freedom in parameter i; 

Degrees of freedom in result; 

Precision component of result uncertainty; 

Bias component of result uncertainty; 

Student “t” factor (two-tailed distribution at 95 % confidence); 

Uncertainty in r; and 

Number of measurements of parameter i. 

For a result, r, the uncertainty in r is calculated as: 
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IJ, = \Ip: 

appendix G: Uncertainty Formulas 

(eq. 1) 

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

calculation. 

(es. 2) 

s, = 
‘1 

fi pi * +;,’ 
i=l 

b-l. 3) 

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

method: 

q = -$ 

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

e. = r<pj + APJ - r(ps I APi 

(eq. 4) 

Equation 5 was applied to the calculations in this report. The perturbation selected for each 

parameter was the larger of the normal&d standard deviation, Sg, or the bias, & 

The standard deviation of the average for each parameter is calculated as: 
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Appendix G: Unceriaiity Formulas 

The degrees of freedom for each parameter is found from 

vi - N,-1 

(eq. 6) 

@I. 7) 

and the degrees of freedom for the result is found by weighing the sensitivity and precision 

error in each parameter. 

v* = s: (es. 8) 

The student “t” in Equation 1 is associated with the degrees of freedom in the result. 

The precision error terms are easily generated from the collected data. The bias error terms 

are more difficult to quantify. The following conventions were used for this report: 

l 5%biasoncoalandashflowrates. 

l No bias in gas flow rates. 

l No bias in analytical results if the result is greater than the detection limit. One-half of 
the detection limit is used for both the parameter value and its bias in calculations if the 
result is below the detection limit. 

Assignment of the flow rate bias values is based on engineering judgment. No bias is 
assigned to the analytical results (above the detection limit) or gas flow rate since a good 

estimate for magnitude of these terms is unknown. These bias terms may be very large 
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Appendix G: Uncer-tainfy Formulas 

(relative to the mean values of the parameters) and may represent a large amount of 

unaccounted uncertainty in each result. Analytical bias near the instrument detection limit 

may be especially large. The uncertainty values calculated for this report are, therefore, 

subject to these limitations. 

The calculations assume that the population distribution of each measurement is normal and 

that the samples collected reflect the true population. Also, the uncertainty calculated is only 
for the average value over the sampling period. The uncertainty does not represent long- 

term process variations. In other words, the calculated uncertainty does not include a term 

to reflect the fact that the sampled system may not have been operating (and emitting) at 

conditions equivalent to the average conditions for that system over a longer period. 

Accounting for long-term system variability will require repeati sampling trips to the same 

location. 
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