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EXECVTNE SUMMARY 

This document is the Technical Note on the project titled “A Study of Toxic 
Emissions from a Coal-Fired Power Plant: Niies Station Boiler No. 2”. This study was 
conducted for the U.S. Department of Energy, Pittsburgh Energy Technology Center (DOE- 
PETC), under Contract DE-AC22-93PC93251. The present study was one of a group of 
assessments of toxic emissions from coal-fired power plants, conducted for DOE-PETC 
during 1993. The motivation for those assessments was the mandate in the 1990 Clean Air 
Act Amendments that a study be made of emissions of hazardous air pollutants (HAPS) from 
electrical utilities. The results of this study will be used by the U.S. Environmental 
Protection Agency to evaluate whether regulation of HAPS emissions from utilities is 
warranted. 

This report is organized in two volumes. Volume 1: Samp~mg/Results/SpeciaJ Topics 
describes the sampling effort conducted as the basis for this study, presents the concentration 
data on toxic chemicals in the several power plant streams, and reports the results of 
evaluations and calculations conducted with those data. The Special Topics section of 
Volume 1 reports on issues such as comparison of sampling methods and 
vapor/particle distributions of toxic chemicals. Volume 2: Appendices include field sampling 
data sheets, quality assurance results, and uncertainty calculations. 

This study involved measurements of a variety of toxic chemicals in solid, liquid, and 
gaseous samples from input, output, and process streams at a coal-fired power plant equipped 
with an electrostatic precipitator (ESP). The host plant for this study was the Niles Station 
Boiler No. 2, operated by Ohio Edison, in Niies, Ohio. Niles Boiler No. 2 is equipped with 
four cyclone burners, and bums bituminous coal of nominal sulfur content of 2.7 percent to 
achieve a net generating capacity of 108 MW. Measurements were conducted at Niles Boiler 
No. 2 on July 26-31, 1993. During the measurements, Ohio Edison provided reproducible 
conditions for sampling by maintaining Boiler No. 2 at full load and stable operating 
conditions. 

The chemicals measured at Niles Boiler No. 2 were the following: 

1. Five major and 16 trace elements, including mercury, chromium, cadmium, 
lead, selenium, arsenic, beryllium, and nickel. 

2. Acids and corresponding anions (HCl, HF, chloride, fluoride, phosphate, 
sulfate) . 

3. Ammonia and cyanide. 

4. Elemental carbon. 

5. Radionuclides. 
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6. 

7. 

Volatile organic compounds (VOC). 

Semivolatile compounds (SVOC) including polynuclear aromatic hydrocarbons 
(PAH), and polychlorinated dioxins and furans. 

8. Aldehydes. 

Some or all of these constituents were measured in solid, liquid, and gaseous input 
and output streams of the plant, and in flue gas at key points within the plant. In addition, 
particle size distributions were determined for flue gas particulate matter and for collected 
solid samples such as ESP ash. The measurement data are presented in Volume 1, 
Section 5. 

The measurement data from this study were used to address several objectives: 

1. To assess the emission levels of selected HAPS. 

2. To determine for selected HAPS (a) the removal efficiency of the BSP, (b) 
material balances in individual components of the plant, and (c) material 
balances for the plant as a whole. 

3. To determine the particle size distribution of selected HAPS in the flue gas 
particulate. 

4. To determine the vapor/particle phase distribution of selected HAPS in flue gas 
streams. 

5. To determine the concentrations and vapor@rticle distributions of HAPS, 
under conditions simulating dilution and cooling of the stack plume in the 
atmosphere. 

These objectives were addressed by comparisons and calculations using the HAPS 
concentration data obtained during the field measurements, along with plant characteristics 
and operating data provided by Ohio Mison. The main results of this study in each of these- 
areas are summarized below. 

The emission levels of the measured HAPS were calculated based on the stack gas 
flow rate and the concentrations measured in the stack gas. Not unexpectedly, emission rates 
differed widely among the various types of HAPS. The emission rates, which are reported in 
Volume 1,Section 6.2, are summarixed in Tables Es-1 to ES-g. Emission rates in these 
tables are in units of pounds per lo’* Btu (lb/lo” Btu) except for radionuclides, which are in 
milliCuries per 1012 Btu (mCi/10’2 Btu). Those. tables, and the corresponding tables in 
Section 6.2, include an estimate of the total uncertainty (&) associated with each emission 
factor. The uncertainty values, which are 95 percent confidence intervals, include the effects 
of both precision and bias uncertainties; me emission factors should not be used without 
consideration of the associated uncertainty values. No emission factor is shown for silicon in 
Table Es-1 due to availability of partial data for this element (see Sections 5.1 and 6.2). 
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Removal efficiencies and material balances were calculated for the major and trace 
elements. Removal efficiencies for these elements were calculated for the ESP, and the 
average values (and standard deviations) are summarized in Table E-S-10. Removal 
efficiencies for 15 of the elements exceeded 97 percent, and for 18 of the elements exceeded 
93 percent. However, for mercury and selenium removal efficiencies of 30 and 8 percent, 
respectively, were found. The mercury result is consistent with the volatility of that element. 
The selenium results showed considerable variability, due to the difficulty in sampling and 
analyzing for this element. Removal efficiency results are presented in Volume 1, Section 
6.3. 

Material balances for elements were calculated across both individual plant 
components (Le., the boiler; the ESP) and across the whole plant (i.e., boiler and BP). 
Average mass balance results for the boiler; for the ESP; and for the combination of the 
boiler and ESP are shown in Table ES-11 for each element. Mass balance results (i.e., 
outputs/inputs) were within f 25 percent of balance for the majority of the elements, and 
within + 50 percent for almost all the elements. For instance, for the entire plant 17 of the 
elements considered showed mass balance results between 50 and 150 percent. However, a 
few elements exhibited low or high mass balances in one or more plant components. The 
reasons for the latter results include uncertainties in the measured HAPS concentrations in the 
pertinent streams, and the necessity of making assumptions about the mass flows in some 
streams. The mass balance results are presented in Volume 1, Section 6.1. 

The particle size distribution of elements in flue gas particulate matter was evaluated, 
and is presented as a Special Topic in Volume 1, Section 7.3. That evaluation shows that for 
most elements the great majority of the mass of the element in flue gas particulate occurs in 
the size range greater than 10 micrometers (crm) aerodynamic diameter, which comprises the 
bulk of flue gas particulate. However, for a few elements, notably antimony, arsenic, 
cadmium, molybdenum, and lead, a substantial portion of the total flue gas loading is present 
in the size range less than 5 pm diameter. This effect occurs because the elemental 
composition of flue gas particulate differs among different size ranges. These results indicate 
that the effectiveness of toxic element removal by particulate removal equipment may vary 
from one element to another. 

The vaporlparticle phase distributions of elements; PAHKVOC, and dioxins/furans 
were determined, and are presented as a Special Topic in Volume 1, Section 7.2. That 
evaluation shows that most of the elements measured exist almost entirely in the particle 
phase under all flue gas conditions encountered at Niies Roiier No. 2. However, some 
elements, such as antimony, arsenic, lead, sodium, potassium, and manganese, were found to 
be distributed between the vapor and particle phase. Mercury alone was found almost 
entirely in the vapor phase at both flue gas locations where it was measured. Most PAH and 
SVOC compounds were found largely in the vapor phase, consistent with their volatility and 
the flue gas temperatures. Renzo[a]pyrene and other PAHs having five or more aromatic 
rings in their molecular structure were rarely detected, so no phase distributions could be 
determined for such compounds. The one exception was benzo[e]pyrene, which existed 70 
percent in the particulate phase in stack gas. Relatively few dioxin/furan compounds could 
be detected in flue gas. Those that were detected were present predominantly in the vapor 
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phase, consistent with their volatility. Thus the element, PAIWSVOC, and dioxin/furan data 
appear to provide a coherent and credible picture of the phase distributions of these species 
in the flue gas. 

Simulated plume conditions were achieved using the Plume Simulating Dilution 
Sampler (PSDS) at the Niles stack. The PSDS extracts a flow of hot stack gas, and dilutes 
and cools it with a much larger flow of high purity air. The resulting gas is then sampled 
with the same methods used for the hot flue gas. Comparison of results from measurements 
made on hot stack gas with those made using the PSDS is presented as a Special Topic in 
Volume 1, Section 7.1. On an absolute basis, the concentration measurements made with the 
PSDS generally do not agree closely with those made on the hot gas. However, the PSDS is 
primarily designed to address the relative effects of plume dilution on pollutants, and of 
necessity has certain features which increase the uncertainty of absolute concentration 
measurements. The results in Section 7.1 illustrate the potential utility of the PSDS 
approach, but also indicate that further evaluation is needed of the absolute measurement 
capabilities of that approach. 

Four other special topics were addressed in this study. Fist, measurements of vapor 
phase mercury, arsenic, and selenium in flue gas by EPA Method 29 were compared to 
parallel measurements using the Hazardous Element Sampling Train @EST). The HEST is 
a novel approach that uses carbon-impregnated Nters to collect vapor phase metals. 
Mercury results from the two methods showed excellent agreement. The HEST filters 
showed some degradation due to acid mist formation in sampling at the Boiler No. 2 stack; 
further work on preventing such an effect may be needed. HEST and Method 29 results 
showed poor agreement for arsenic and selenium, probably due to the sensitivity of 
vapor/particle distributions for these species to the temperature during sampling. This result 
indicates further work may be needed to define the range of conditions in which the I-EST 
(and Method 29) are applicable. The HEST/Metlrod 29 comparison is presented in Section 
7.4 of Volume 1. 

In another Special Topic, measurements of VOC in flue gas were made by two 
distinct methods: collection on solid sorbents using a Volatile Organic Sampling Train 
(VOST), and collection of whole flue gas in Summa sampling canisters. Comparison of 
VOC results from the two methods is presented in Section 7.5 of Volume 1. Most VOC 
were below or near the detection limit with both methods. For those VOC that were 
detected, agreement between methods was only within about a factor of four, and no 
consistent bias between methods could be discerned. Based on these- results, it is not 
possible to select one method over the other; further evaluation is needed of methods for 
VOC in flue gas. 

The effect of soot blowing on element concentrations in flue gas is presented as a 
Special Topic in Section 7.6 of Volume 1. This subject was addressed by high volume 
particulate sampling in the stack, both during soot blowing and during normal operations. 
The high volume results showed no substantial differences between element concentrations 
during soot blowing and normal conditions. However, several inconsistencies exist in the 
data. The soot blowing results indicate lower particulate loadings in stack gas than do the 

Vii 



results from normal conditions, contrary to expectations. Also, the high volume sampling in 
both soot blowing and normal conditions indicates much lower concentrations of elements in 
stack gas than do full traversing measurements using EPA Method 29. These inconsistencies 
cast doubt on any comparisons made with the high volume data, and indicate that the issue of 
element emissions during soot blowing must be studied further. 

Finally, the mercury data from each component and sample fraction of the Method 29 
tram are considered separately, rather than collectively, in Section 7.7 of Volume 1. The 
purpose of this Special Topic was to assess the separation of mercury in the components of 
the Method 29 tram. That evaluation showed that nearly all mercury is collected in the 
impinger portion of the Method 29 train, due to the predominance of the vapor form of this 
element in flue gas. The peroxide impinger solutions collected an average of 83 percent of 
the total mercury, and the permanganate impingers @cated downstream in the Method 29 
train) collected an average of 14 percent of the mercury. 

. . . 
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TABLE ES-I. EMISSION FACTORS FOR ELEMENTS (lb110’12 BTU) 

Analvte Emission Factor 

Aluminum 3280 a 
Potassium 2040 a 
Sodium 266 b 
Titanium 23 

Uncertainty 

NC 
NC 
NC 
20 

Antimony ND< 0.36 # 0.06 
Arsenic 42 19 
BlUiUtll 5.4 9.3 
Beryllium 0.19 0.05 
BWOtt NA NA 
Cadmium 0.07 ## 0.16 
Chromium 3.0 1.2 
cdxdt ND< 0.12 % 0.02 
Copper 4.0 2.2 
Lead 1.6 1.2 
MagWX 3.4 3.1 
MUCUfy 14 6.4 
Molybdenum 2.3 1.3 
Nickel 0.55 0.69 
Selenium 62 67 
Vanadium 2.5 0.85 

Uncertainty = 95% confidence limit. 
NA = Not aoaly?.ed. 
ND< = Annlyte twt detected. 
NC = Not calculated. 
# = Average emission factor includes three non-detects out of three measurements. 
## = Average emission factor includes one or hvo non-detects out of three measurements. 
a = Emission factor based 011 one set of measurements due ta outliers. 
b = Emission factor based on hvo sets of meavurements due to outliers. 
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TABLE ES-2. EMISSION FACTORS FOR AMMONIA/CYANIDE (lb/lo’12 BTU) 

Analyte Emission Factor Uncertainty, 

Ammonia 70 ## 298 
Cyanide 180 288 

Unwtainty = 95 5% confidence limit. 
## = Average emission factor includes one or hvo nondetects out of three measurements. 

TABLE ES-3. EMISSION FACTORS FOR ANIONS (lb/lo-U BTU) 

Analyte 

Hydrogen chloride 
Hydrogen Fluoride 

Chloride (Pmticulste) ** 
Fluoride (Pnrticulnte) l * 
Phosphate (Particulate) ** 
Sulfate (Pnrticulnte) ** 

Emission Factor Unceltainty 

132OMJ 25300 
8921 2455 

19 21 
11 18 

111 Y# 215 
12280 4298 

Uncertainty = 95% confidence limit. 
## = Avenge emission factor includes me or hvo mmdetects 0111 of three measuremb. 
** Sampling for anions wps conducted at P single point in the duct; traverses were not made. 
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TABLE W. EhlLWON FACTORS FOR VOC (lb/lo-l2 B-III) 

Allalp Emission Factor U0CC?i-tGlty 

Cbloromethane 
Bromomethane 
Vinyl Chloride 
ChlOKdiXUl~ 
Methylene Chloride 
Acetone 
Carbon Disultide 
l,l-Dichlorwtbene 
l.l-Dichloroetiune 
Tram-1.2-Dichloroethenc 
Chloroform 
1.2-Dicbloroethane 
2-Butanonc 
l.l.l-Trichloroetba 
Carbon Tetrachloride 
Vinyl Acetate 
Bromcdichloromethanc 
1,2-Dichloropropane 
cis-I .3-Dichloropropylene 
Trichloroetbene 
Dibromochlorometbane 
I .1.2-Trichloroethane 
Benzene 
trans-l,3-Dichloropropylene 
2Chloroetbylvinyletber 
Bromoform 
4-Metbyld-Pentanone 
2-Hexanone 
Tetrachloroelbene 
1,1.2.2-Tetrachloroethae 
Toluene 
Chloroberuene 
Etbylbenzeoe 
Styrene 
Xylenes (Total) 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

- ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 
ND< 
ND< 

4.9 nt 10 
6.5 # 6.4 
5.1 # 0.9 
5.1 I 0.9 
NC NC 
NC NC 
5.9 ## 8.0 
5.1 # 0.9 
5.1 # 0.9 
5.1 Y 0.9 
5.1 Y 0.9 
5.1 I 0.9 
5.1 #I 11 
5.1 Y 0.9 
5.1 # 0.9 
5.1 # 0.9 
5.1 # 0.9 
5.1 Y 0.9 
5.1 Y 0.9 
5.1 Y 0.9 
5.1 Y 0.9 
4.9 Y 1.1 
7.9 5.7 
5.1 a 0.9 
5.1 a 0.9 

4.89 x 1.1 
5.0 YX 11 
7.8 I# 23 
3.1 ## 2.6 

5.08 x 0.9 
3.5 I# 7.3 

5.08 X 0.9 
5.08 Y 0.9 
5.08 W 0.9 
5.08 Y 0.9 

Uncertainty = 95% confidence limit. 
ND C = Adyte not detected. 
NC = Not calculated, measurements in field affected by contamination. 
# = Average emission factor includes three non-detects out of three measurements. 
HY = Average emission factor includes one or two noodetects out of three measurements. 
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TABLE ES-S. EMISSION FACTORS FOR PAIUSVOC (IbllO-l2 BTU) 

Adyte Emission Factor Uncertainty 

Bemylchloride 
Acetophenone 
HeXeChloWthPne 
Naphthalene 
Hexachlorobutadiene 
Z-ChlOmpcetophCOOOE 
Z-Methylnaphthalene 
I-Me.thylmphtbaleoe 
Hexacblorocyclopmtadieoe 
Bipheeyl 
Acenaphthyleoe 
2,6-Dioitrotoluene 
Acenaphtbene 
Dibemofimo 
2.4-Dioitrotoluene 
FllloreDs 
Hexachloroheozoe 
Pentacbloropheool 
Pheomthnoe 
Anthlaceoe 
Fluomnthene 
Pyrene 
Benz(a)~thmene 

-Y== 
Beom(b & k)fluonmthew 
Bem(e)pyme 
Beozo(a)pyrene 
lodeno(l,2,3~:.d)pyre 
Dihenz@,h)anthracene 
Beazo(g,h,i)perylene 

ND< 0.0119 # 0.0221 
0.6360 0.7425 

ND< 0.0119 t 0.0221 
0.2153 0.2500 

ND< 0.0119 I 0.0221 
0.2879 0.5166 
0.0375 0.0905 
0.0157 0.0372 

ND< 0.0119 X 0.0221 
0.1257 0.3563 
0.0068 ## 0.0233 
0.5544 0.2437 
0.0265 0.0833 
0.0654 0.1264 
0.0197 ## 0.0266 
0.0313 0.0895 

ND< 0.0119 0.0221 
ND< 0.0119 0.0221 

0.0776 0.1722 
0.0207 0.06% 
0.0270 0.0449 
0.0139 0.0272 
0.0037 an 0.0095 
0.0089 0.0206 
0.0070 # 0.0243 
0.0021 WY 0.0056 

ND< O.w24# 0.0044 
ND< 0.0024 # 0.0044 
ND< 0.0024 W 0.0044 
ND< 0.0024 # O.W44 

Uncataioty = 95% confideace limit. 
ND< = Aenlyte not detected. 
Y = Average emission factor includes three non-detects out of three measoremts. 
#X = Average emission factor iocludea ooe or hvo non-de&& out of three -remeets. 
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TABLE ES-& EMISSION FACTORS FOR ALDEIIYDES (lb/lO’l2 BTU) 

Analyte Emission Factor Uncertainty 

Formaldehyde 3.9 ## 8.7 
Acetaldebyde 89 184 
Acrolein 41 151 
Propiooaldehydc 25 52 

Uncertainty = 95% confidence limit. 
## = Average emission factor iocludes ooe or hvo non-detects out of three maswemeots. 

TABLE ES-7. EMISSION FACTORS FOR RADIONUCLIDES (mCillO’I2 BTU) 

Analyte Emission Factor Uncettainty 

Ph-212 
Th-234 
Pb-210 
Pb-211 
Rn-226 
Rn-228 
Th-229 
Th-230 
U-234 
U-235 

ND< 15 # 21 
ND< 123 # 171 
ND< 161 # 185 
ND< 237 a 361 
ND< 18 X 36 
ND< 48 X 68 
ND< 92 # 123 
ND< 878 X 1009 
ND< 3710 # 5430 
ND< 39 a 59 

Unceriaioty = 95 % confidence limit. 
ND < = Analyte oat detected. 
# = Avenge emission factor includes three non-detects out of three me~suremeots. 

. . . 
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TABLE ES-S. EMISSION FACTORS FOR PARTICULATE MATlXR (lb/IO’ 12 BTUI 

Advte Emission Factor UoC.?&Iity 

Particulate Matter 19600 19800 

Uncertpioty = 95% confidence limit. 

TABLE ES-9. EMISSION FACTORS FOR DIOXINS/FURANS flb/lO-12 BTU) 

AdYt.9 Emission Factor UocertaintyC 

2.3,7.8-TetFPchlorodibenzD-pdioxin 
1.2.3.7,8-Peotachlorodibeampdioxio 
1,2,3,4.7,8-Hexachlorodibenm-pdioxie 
1,2.3,6,7.8-Hexacblorodibmzo-pdioxio 
1,2,3,7,8,9-Hexacblomdihemo-p-dioxin 
1,2,3,4,6.7,8-Heptacblomdibeao-P-dioxin 
Octacldomdiberm-p-dioxin 
2,3,7.8-Tetmchlorcdibuuafunn 
1.2.3,7,8-Peotachlorodi~fur~n 
2.3.4.7.8-PenlnchIori~~~ 
1 9 2 * 3 9 4 9 7,8-Hexachlorodihenrofurpn 
1,2,3,6,7.8-Hexechlorodibeozofi~mo 
1 . 2 * 3 , 7 9 8,9-Hexachlorodibfum 
2,3.4.6,7,8-HexPEhlorodibcnzafuM 
1,2.3,4,6,7.8-Heptachloro&benxofum 
1,2,3,4,7,8.9-Heptor~i~~~ 
Cktacblorodi~fur 

ND< 2.10E-06 I 
ND< 2.85E-06 X 
ND< 3.39EM X 

2.96E-06 ## 
2.85EM ## 
1.71E-05 
1.89E-05 
4.76EM ## 

ND< 3.40E-06 # 
3.22EG ## 
9.61E-06 X# 
3.84E-05 W 
6.53EM YW 

ND< 2.5OE-M # 
1.72E-05 ## 
3.62E& ## 
1.95E-05 

1.5OE.M 
2.5OEW 
4.98E-06 
8.04EJX 
8.64E-06 
4.31805 
7.46E-05 
l.ZOEM 
5.25E-06 
5.64E-06 
3.17E-05 
9.918-06 
1.35E-05 
2.498-05 
4.98Ea5 
8.66806 
2.43E-05 

Uncertainty = 95% confidence limit. 
ND < = Aoalyte oat detected. 
# = Average emission factor includes three non-detects out of three measwements. 
## = Average emission factor includes one or two nondetects out of three measurements. 
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TABLE ES-lo. AVERAGE ESP REMOVAL EFFICIENCIES FOR ELEMENTS (Percent) 

Analyte 

Aluminum 

Potassium 

Silicon 

Sodium 

Titanium 

Average Removal Standard 
Efficiency Deviation 

97.11 0.24 

93.37 1.01 

96.65 ## 1.03 

93.71 8.12 

99.73 0.06 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

WF 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

99.80 # 0.10 

97.41 0.44 

99.34 0.43 

99.56 0.10 

NA NA 

97.11 ## 3.22 

99.20 0.02 

99.95 # 0.01 

99.32 0.19 

99.72 0.13 

98.98 0.37 

29.92 6.59 

98.09 0.08 

99.88 0.06 

7.60 35.77 

Vanadium 99.56 

# Calculation includes three non-detects out of three measurements. 
## Calculation includes one or two non-detects out of three measurements. 
NA = Not analyzed. 

0.11 
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TABLE ES-1 1. AVERAGE MASS BALANCE RESULTS FOR ELEMENTS IN 
MLFS UNIT NO. 2 AND IN PLANT COMPONENTS (Percent) 

Average Mass Balance (Std. Dev.) 

Analyte Boiler ESP Entire Plant 

Aluminum 

Potassium 

Silicon 

Sodium 

Titanium 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

96.7 (1.4) 

98.5 (7.4) 

96.7 (1.6) 

82.7 (29.2) 

93.1 (1.2) 

79.7 (37.2) # 

63.7 (13.4) 

123.4 (3.8) 

92.6 (7.5) 

NA 

181.3 (11.7) # 

103.4 (2.6) 

96.2 (7.3) 

87.0 (7.8) 

63.6 (17.1) 

114.7 (10.2) 

125.3 (36.3) ## 

73.1 (8.1) # 

100.7 (8.7) 

43.7 (5.0) # 

91.4 (5.5) 

99.7 (9.0) 96.7 (1.9) 

82.9 (1.7) 95.5 (7.2) 

147.8 (45.8) 99.5 (1.5) 

63.8 (39.1) ## 63.5 (10.4) 

87.5 (15.9) 91.4 (1.2) 

67.3 (38.8) # 

81.4 (10.6) 

94.9 (9.2) 

82.4 (1.2) 

NA 

57.9 (3.5) # 

74.5 (2.9) 

79.3 (7.6) # 

76.6 (2.2) 

82.3 (5.0) 

81.8 (8.8) 

72.1 (6.2) 

132.5 (16.1) # 

73.8 (2.0) 

112.4 (30.6) ## 

77.1 (3.4) 

47.6 (9.1) # 

52.7 (12.6) 

122.6 (3.1) 

87.8 (7.0) 

NA 

163.9 (7.0) # 

96.1 (2.4) 

91.8 (7.2) # 

75.4 (7.4) 

53.6 (15.7) 

111.8 (8.9) 

90.2 (26.3) ## 

83.3 (5.7) i# 

93.1 (8.8) 

48.2 (14.1) # 

85.6 (6.1) 

# Calculation includes three non-detects out of three measurements. 
## Calculation includes one or two non-detects out of three measurements. 
NA = Not analyxed. 
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RECOMMENDATIONS 

The experience gained in studying emissions of hazardous air pollutants (HAPS) from 

the Niles Boiler No. 2 led to the following recommendations for future studies at similar 

power plants utilizing a cyclone boiler and an electrostatic precipitator (ESP): 

(1) Nonrepresentative Flue Gas Sampling 

The coarse size characteristics and consequent settling of the particulate matter 
in the flue gas upstream of the ESP made it impossible to collect a flue gas 
particulate sample that represented the material collected in the entire ESP. 
Battelle recommends that in similar circumstances a better sampling location 
should be found if possible (Le., a vertical rather than a horizontal duct), or 
that the ash mass balance calculations should be modified as in this study to 
take into account the effects of nonrepresentative sampling. 

(2) Extractive Sampling with Cyclones 

Flue gas sampling at the ESP inlet employed glass cyclones located outside the 
duct to determine the particle sixe distribution of flue gas particulate matter. 
Because of the coarse size characteristics of the particulate matter, most of the 
particulate mass was collected in the sampling probe and flexible line, 
upstream of the cyclones. As a result, little size distribution information was 
obtained. Although such extractive sampling has provided reasonable size 
distribution data in instances where flue gas particulate is relatively fine, 
BatteBe recommends that in-stack cyclones be used instead in sampling at 
plants that exhibit a coarse particulate size distribution. 

(3) Hazardous Element Sampling Train 

The HEST sampler shows promise for measurement of mercury in flue gas, 
but comparisons of arsenic and selenium results from HEST to those from 
EPA Method 29 do not show good agreement. The sensitivity of As and Se 
vapor/ particle distributions to temperature, and the differences in sampling 
conditions between the HE-ST and Method 29 procedures may be the cause of 
the latter difference. Batmile recommends comparison of data from this study 
with other HEST data sets, followed by further evaluation of the HEST 
method. 

(4) Plume Simulating Dilution Sampler ’ 

a. Many HAPS could not be measured using the PSDS in one day of 
sampling, because their concentrations in the diluted flue gas were 
below their detection limits for a single day of sampling. Battelle 



recommends that results of this project be combined with experience in 
using the PSDS to measure HAPS generated in a laboratory-scale 
combustion facility (with higher concentrations of HAPS), to design a 
power plant study specifically tailored to evaluating the efficacy of the 
PSDS for measuring HAPS emitted from power plants. Significantly 
longer sampling times will likely be required. 

b. Because the flow rate of diluted flue gas to be passed through an 
adsorbent material or impinger solution cannot be as large as that 
passed through the filter in the PSDS, the detection limits of vapor- and 
solid-phase substances differ greatly. Special consideration should be 
given to collecting diluted vapor samples in parallel to lower the 
detection limit for vapor species to an acceptable level. 

(5) Collection of Volatile Organic Compounds 

a. Battelle recommends that an investigation be made of the variability in 
results of measurements by both the canister method of collecting and 
analyzing VOC and the volatile organic sampling tram (VOST) method. 
The use- of internal standards spiked on the Tenax adsorbent or into the 
evacuated canister prior to sampling would aid in determining if 
reactions are occurring with the VOCs following sample collection. 
Battelle recommends that a continuous (or near continuous) instrument 
for monitoring one or more of the VOCs be used to assess fluctuation 
of VOC concentrations in flue gas. For example, an automated gas 
chromatograph with a photoionization or mass selective detector could 
provide data on one or two key VOC at intervals of 30 minutes or less. 

b. Dichloromethane and acetone, used as solvents for other sampling, 
were found in both the VOST and canister samples. Battelle 
recommends that VOC sampling apparatus be kept away from these 
compounds if either is to be measured. The need for measuring (e.g.) 
dichloromethane must be balanced against the cost and extra effort to 
ensure that the VOC samples are not contaminated by this solvent in 
the field. 

05) Soot Blowing 

The efforts made in this study to determine the effect of soot blowing on 
element concentrations in flue gas were inconclusive. Batmlle recommends 
that further measurements be made, preferably using traversing sampling with 
EPA Method 29 for metals, to address this issue. 

. . . 
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(7) Sample Digestion 

For better quantification of major and trace elements in a single sample, 
separate aliquots of the sample should be digested for analysis if possible. 
Separate digestions will allow dilutions typically necessary for accurate 
determination of major elements without affecting detection of trace elements. 

(8) SVOC Sample Treatment 

When sufficient data have been obtained on the vapor/particulate distribution 
of semivolatile organic analytes (PAHISVOC and dioxins/furans) in coal-fired 
emissions, in future work, vapor and solid phase samples for semivolatile 
organic compounds should be combined for analysis as a single sample to 
improve detection limits. 

(9) Boron Analysis 

The use of ELF-resistant instrumentation for element analysis is recommended. 
This type of instrumentation will eliminate the need to complex I-IF-digested 
samples with boric acid, which prevented the determination of boron in some 
samples in this study. 

(10) CO2 and Oxygen 

The oxygen content of flue gas in the stack was calculated in this study based 
on COa measured by the plant. Measurements of both CO, and 0, at all flue 
gas sampling locations may be useful in future studies in evaluating air 
leakage. 

(11) Detection Limits in Coal 

Care should be taken in selecting and applying an appropriate analysis 
technique for determining trace elements in coal to ensure that meaningful 
detection limits are achieved. This is especially critical in determining 
selenium, molybdenum, and cadmium, which were not detected in coal 
analyses performed in this study. If possible, required detection limits needed 
to accurately perform calculations (i.e., mass balances) should be determined 
to enable selection of an appropriate analytical technique. 
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1 .O INTRODUCTION 

The Clean Air Act Amendments (CAAA) of 1990 direct that a study be made of 

emissions of hazardous air pollutants (HAPS) from electric utilities. Results of the study will 

be used by the United States Environmental Protection Agency (EPA) to evaluate whether or 

not regulation of emissions of HAPS from this industrial sector is warranted. If a finding is 

made that regulation is warranted for specific HAPS, rulemaking activities will proceed. In 

addition, control strategies must be developed for those HAPS that are to be regulated. 

This report presents information from a project that is a part of the study identified 

above. This project was conducted for the U.S. Department of Energy’s Pittsburgh Energy 

Technology Center as one of a group of assessments of toxic emissions from coal-fired 

power plants. This project is a “Study of Toxic Emissions from a Coal-Fired Power Plant 

Utilizing a Cyclone Boiler and an ESP System.” The host power plant for this project was 

Ohio Edison’s Niles Station Boiler No. 2. The pollution control technology employed by the 

plant consists of an electrostatic precipitator (ESP). The WSA-SNOX Innovative Clean Coal 

Technology (ICCT) Demonstration Project set up at Boiler No. 2 was shut down for the 

period of the study reported here. 

The objectives of this project are: 

(1) 

(2) 

To collect and analyze representative solid, liquid, and gas samples of 
input and output streams of the power plant for selected hazardous air 
pollutants (HAPS) that are listed in Title III of the 1990 Clean Air Act 
Amendments, and to assess the emission level of these pollutants. 

To determine for selectexJ HAPS (a) the removal efficiencies of 
pollution control subsystems at the power plant, (b) material balances in 
specified process streams, and (c) an overall material balance for the 
power plant. 

(3) To determine the concentration of selected HAPS associated with the 
particulate fraction of the flue gas stream as a function of particle size. 
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(4) To determine the distribution of selected HAPS associated with the vapor and 
particulate phase fractions at sequential points in the flue gas streams while 
assessing the emission levels of these pollutants. 

(5) To determine the concentration of selected HAPS associated with the vapor and 
particulate phase fractions under simulated plume conditions at the power plant 
while assessing the emission level of these pollutants. 

1.1.1 Obiectives of DOE and EPA 

The U.S. DOE will use the results of this project in its Flue Gas Cleanup Program to 

provide technology options that will allow for existing and future coal use in a manner that is 

environmentally acceptable. Under this program, control systems are being developed for 

airborne emissions of HAPS from coal-tired power plants. Results of this project along with 

the other projects in the assessment of toxic emissions will provide a database on the efficacy 

of a variety of control systems for HAPS generated by combustion of a variety of coals. 

The U.S. EPA will use the results of this project along with other data to help fulfil 

the mandate in the CAAA for the Utility Toxics Study. Data on emissions along with results 

on removal efficiencies will be used to assess whether or not regulation of HAPS is 

warranted for the electric utility industry. 

1.1.2 Substances Measured 

To meet the objectives of the project, measurements were made of the concentrations 

of a comprehensive set of substances. The analytes that were. measured are listed in Tables 

l-l through l-8. 

Major and trace elements are listed in Table l-l. The major elements were measured 

to provide additional parameters to be used in the material balance calculations. Because 

these elements exist at much higher concentrations in coal and fly ash than do the trace. 

elements that are classified as HAPS, they are expected to have less uncmtainty in their 

determination. Hence they can serve as benchmarks for the material balance calculations of 

trace elements. Five major elements along with sulfur were measured. Sixteen trace 

elements were measured. 
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Other inorganic substances that were measured include the anions chloride, fluoride, 

phosphate, and sulfate. These anions were measured in solid, liquid, and flue gas process 

streams. In addition, ammonia and cyanide were measured in liquid and flue gas process 

streams. Elemental carbon was measured in flue gas streams. The ten radionuclides listed 

in Table l-l were also measured. 

Organic substances that were measured include semivolatile organic compounds 

(SVOC), volatile organic compounds (VOC), and aldehydes. Semivolatile organic 

compounds include polycyclic aromatic hydrocarbons (PAH), other SVOC, and 

polychlorinated dioxins and furans. Table l-2 lists PAH and other SVOC that were 

measured in flue gas and solid process streams. These compounds were measured in both 

the vapor and particle phases of the flue gas streams. Table 1-3 lists PAH and other SVOC 

that were measured in liquid process streams. Dioxins/furans that were measured are listed 

in Table 1-4. These compounds were measured only in selected flue gas streams. 

Volatile organic compounds were measured in both flue gas and liquid process 

streams. Table l-5 contains a list of VOC that were measured in flue gas streams using a 

volatile organic sampling train (VOST). Canisters were used to collect VOC from flue gas 

streams as an alternative collection method for comparison. The compounds measured in 

canister samples are listed in Table l-6. Table l-7 lists VOC measured in liquid process 

streams. 

Measurements were made of four aldehydes in flue gas and liquid process streams. 

These compounds are listed in Table 1-8. 

1.1.3 Tarpet Detection Lll& 

Target detection limits for the substances cited in Section 1.1.2 were developed based 

upon the intended use of the data by the DOE and EPA subject to resource and schedule con- 

straints of the project. Target detection limits account for the planned volume of sample to 

be collected and the analytical detection limit for an analyte in a given quantity of sample. 

The target detection limits for the project are listed in Tables l-9 and l-10. For some of the 

analytes listed in Table 1-9, the analytical method is noted. The right hand column in Table 

l-9 gives the target detection limits in nanograms for each analyte in a sample. Using this 
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information, the target l-10. Target detection these elements were present The greatest challenge collecting sufficient material in turn depended principally streams. The sampling detection limits shown 



. Measuring the distribution of elements and SVOC between the vapor and 
particle phases. 

. Collecting samples using a plume simulating dilution sampler (PSDS) at the 
stack, and comparing the dilute sampling results to hot stack sampling results. 

. Measuring the concentration of elements and selected organic compounds in 
three particle size ranges. 

. Measuring volatile elements (mercury, arsenic, selenium) using a hazardous 
element sampling tram (HBST) for comparison to U.S. EPA Method 29 
measurements. 

. Collecting VOC in canisters to compare results with samples collected with a 
volatile organic sampling tram (VOST). 

. Conducting high-volume tilter sampling in the stack to assess emissions of 
elements during soot blowing relative to those during normal operations. 

. Comparison of mercury results from individual components of the Method 29 
trains, to assess the potential for mercury speciation. 

1.3 Oualitv Assurance Audi& 

A quality assurance program was implemented to evaluate adherence to planned 

sampling and analytical procedures in the project Quality Assurance Project Plan (QAPP). 

Internal audits conducted by Battelle were supplemented by external audits conducted by 

Research Triangle Institute (RTI) under contract to the U.S. EPA. 

J 3 1 Internal Auf&Q . . 

Battelle conducted an internal quality assurance/quality control (QAIQC) program for 

the project that was described in the QAPP. Internal QA/QC was the direct responsibility of 

the field sampling team and laboratory personnel at all levels. Battelle assigned a QA project 

officer to the project. She conducted both field and laboratory audits to document Battelle’s 

adherence to the QAPP. 
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1.3.2 External Audits 

The external QA program included a review of the QAPP for the project by RTI and 

both performance evaluation audits and technical systems audits at the power plant. 

Performance evaluation audits consisted of RTI challenging monitors with calibration gases 

and spiking adsorbent material and filters with analytes. Technical systems audits consisted 

of RTI observing the procedures for sampling and handling samples to evaluate adherence to 

procedures in the QAPP. 

1.4 Proiect Omanization 

Several organizations contributed to the project. An organization chart is shown in 

Figure l-l. BattelIe was the prime contractor and reported to DOE. Battelle worked 

directly with the host utility, Ohio Edison, through a Host Site Agreement. Ohio Edison 

shared in the costs of the project through in-kind support, including modifications of 

sampling locations, provision of on-site utilities, and dedication of plant staff during the 

period of the study. 

The external QA program was conducted by RTI under contract to the U.S. EPA. 

The DOE and EPA coordinated the external audit activities. 

A round robin program for coal analysis was coordinated by Consol, Inc. under 

contract to DOE. For this program, coal samples from eight power plants and a quality 

control sample were sent to Battelle and the other prime contractors in DOE’s program. 

Battelle used a major subcontractor, Chester Environmental, for sampling and some 

analyses. Chester conducted both hot flue gas sampling and sampling using its PSDS. 

Chester analyzed HEST samples for mercury and VOST samples for VOC. Zande Environ- 

mental Services analyxed liquid samples for VOC. Commercial Testing & Engineering 

Company (CTE) generated composite samples from solid process samples and analyxed coal 

samples. Flue gas samples were analyzed for elements by CTE. International Technology 

Corporation provided radionuclide analyses. Element Analysis Corporation analyzed coal 

samples for elements. 
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This report consists of two volumes. Volume 1 consists of Sections 1 through 7; 

Section 1 is this Introduction. The host utility site is described in Section 2, along with plant 

operating parameters during the test. 

In Section 3 the schedule for sampling is summarixed along with information on the 

samples that were collected. Mass balance results for ash content and sulfur content of the 

process streams are presented. Oxygen content of the flue gas at several locations is 

presented to estimate the infiltration of air into the flue gas. Included in Section 3 are 

problems encountered, and solutions or modifications devised to address them. Occurrences 

or problems resulting in deviations from the sampling plant are also noted. 

Section 4 of the report lists the analytical and sample preparation methods used to 

analyze samples. The analytical results are presented in Section 5, in several subsections that 

each focus on a particular class of analytes. 

Section 6 provides analysis and interpretation of the data. These results are presented 

in three ways: (1) material balance calculations for the plant and individual process 

components, (2) emission factors, and (3) calculated removal efficiencies for trace elements 

by control equipment. 

Special topics that were investigated in this study are summa&d in Section 7 of 

Volume 1. Those topics are: 

. Comparison of measurements made in hot stack gas with those made by Plume 
Simulating Dilution Sampling. 

. Distribution of elements and PAHLSVOC between the vapor and particle 
phases. 

. Particle size distribution of elements in flue gas particulate matter. 

‘Study of Toxic Emissions from P Coal-Fired Power Plant Demonstrating the ICCT WSA-SNOX 
Project and P Plant Utiliziq ~11 ESP/Wet FGD System, Management Plan OIJ DOE Contract DE-ACZZ- 
93PC93251, Section 5: Niles Site-Specific Plans. Prepared for DOE-PETC by Battclle, Columbus, Ohio, 
July 17, 1993. 
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. Comparison of measurements of mercury, arsenic, and selenium made by 
Method 29 sampling with those made using a hazardous element sampling train 
V-.--h 

. Comparison of measurements of VOC using VOST and canister methods. 

. Comparison of trace element concentrations in stack gas during normal 
operation and during soot-blowing. 

. Comparison of mercury analytical results for individual components of the 
Method 29 train. 

Volume 2 of this report contains several Appendices. Appendix A shows the process 

data log sheets provided by Niles and Ohio Edison staff during the field study. Appendices 

B, C, and D present QA auditing results, field sampling protocols, and field sampling data 

sheets, respectively. Appendix E presents internal QAlQC results, and Appendix F describes 

the analytical protocols used for sample analysis. Appendix G shows an uncertainty analysis 

used to derive the uncertainty limits for emission factors. 
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TABLE l-l. INORGANIC SUBSTANCES MEASURED IN SOLID, LIQUID, 
AND GAS PROCESS STREAMS 

Maior Elements 

Al, K, Ti, Si, Na 

Trace Elements 

As, Se, Hg, Cd, Cr, MO, B, Sb, Ba, Be, 
Pb, Mn, Ni, V, Cu, Co 

&y&Q 

Cl-, F-, PO,‘, SO,= 

Radionuclides 

QLJ.b2 

NH,, CN-, C 

U*” , u235 -,+29, @30 
pb210. p,,+ pb212 

m234, ~$26, &ZS 
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TABLE l-2. PAH AND OTHER SVOC MEASURED IN FLUE GAS 
AND SOLID PROCESS STREAMS 

Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Biphenyl 
Acenaphthene 
Acenaphthylene 
Phenanthrene 
Anthracene 
Fluorene 
Fluoranthene 
Pyrene 
Benz[a]anthracene 
Chrysene 
Benzo[e]pyrene 
Benzo[a]pyrene 
Benzom and klfluoranthene 
Indeno[l,2,3-c,d]pyrene 
Benzo[g,h,i]perylene 
Dibenm[a,h]anthracene 

Acetophenone 
Benzyl chloride 
2-Chloroacetophenone 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentiadiene 
Hexachloroethane 
Pentachlorophenol 
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TABLE l-3. PAH AND OTHER SVOC MEASURED IN LIQUID PROCESS STREAMS 

Acetophenone 
Biphenyl 
2-Methylphenol 
3-Methylphenol 
4-Methylphenol 
Dibutylphthalate 
4,6-Dinitro-o-cresol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorocyclopentadiene 
Nitrobenzene 
Pentachloronitrobenzene 
Phenol 
2,4,5-Trichlorophenol 
Naphthalene 
Acenaphthene 
Fluorene 
Phenanthrene 
Pyrene 
Chrysene 
Benzo[e]pyrene 
Benzo[g,h,i]perylene 

Bis-(2-ethylhexyl)phthalate 
2-Chloroacetophenone 
Dibenzofuran 
1,2-Dichlorobenzene@) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dinitrophenol 
2,6Dinitrotoluene 
Hexachlorobutadiene 
Hexachloroethane 
4-Nitrophenol 
Pentachlorophenol 
Quinoline 
2,4,6-Trichlorophenol 
2-Methylnaphthalene 
Acenaphthylene 
Fluoranthene 
Anthracene 
Benz[a]antbracene 
Benzo[a]pyrene 
Indeno[l,2,3-cd]pyrene 
Dibenzo[a,h]anthracene 

(a) 2-Methyl-, 3-Methyl-, 4-Methylphenol = o,m,p-Cresol, respectively. 

(b) 1,2-, 1,3-, 1,4-Dichlorobenzene = o,m,p-Dichlorobenzene, respectively. 
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TABLE l-4. DIOXINS AND FURANS MEASURED IN FLUE GAS 
PROCESS STREAMS 

Dioxins 

2,3,7,8-TCDD(“) 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,6,7,8-HpCDD 
OCDD 
Total TCDD 
Total PeCDD 
Total HxCDD 
Total HpCDD 

2,3,7,8-TCDF@) 
1,2,3,7,8-PeCDF 
2 3 9 4 7 8-PeCDF , , , 
1,2,3,4,7,8-HxCDF 
1 2 , 3 6 7 8-HxCDF , , , , 
12 , t 3 I 7 , 8 9 9-HxCDF 
2 3 , 4 6 7 8-HxCDF , f , 9 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 
Total TCDF 
Total PeCDF 
Total HxCDF 
Total HpCDF 

(a) TCDD = tetrachloro-dibenzo-p-dioxin; PeCDD = pentachloro-DD; 
HxCDD = hexachloro-DD; HpCDD = heptachloro-DD; 
OCDD = octachloro-DD. 

@I TCDF = tetrachlomdibenzofuran; PeCDF = pentachloro-DF; 
HxCDF = hexachloro-DF; HpCDF = heptachloro-DF; 
OCDF = octachloro-DF. 
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TABLE l-5. VOC COLLECTED BY VOST FROM FLUE GAS PROCESS STREAMS 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
I,1 -Dichloroethene 
1 , 1-Dichloroethane 
trans-1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
Styrene 

Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1,1 -Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropane 
cis- 1,3-Dichloropropane 
Trichloroethylene 
Chlorobenxene 
Xylenes (Total) 

Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2pentanone 
2-Hexanone 
Tetmchloroethene 
Toluene 
Ethylbenxene 
Hexane 
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TABLE 1-6. VOC COLLECTED IN CANISTERS FROM 
FLUE GAS PROCESS STREAMS 

Dichlorodifluoromethane (Freon-12) 
Methyl chloride 
1,2-Dichloro-1,1,2,2-tetra- 

fluoroethane (Freon- 114) 
Vinyl chloride 
Methyl bromide 
Ethyl chloride 
Trichlorofluoromethane (Freon-l 1) 
1 , 1-Dichloroethene 
Methylene chloride 
3-Chloropropene 
1,1,2-Trichloro-1,2,2-trifluorethane (Freon-113) 
1 , 1-Dichloroethane 
cis- 1,2-Dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 , 1 , 1-Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethylene 

cis-1,3-dichloropropene 
trawl ,3-dichloropropene 
1,1,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-xylene 
Styrene 
1,1,2,2-Tetrachloroethane 
o-xylene 
4-Ethyltoluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 
Benzyl chloride 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
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TABLE l-7. VOC MEASURED IN LIQUID PROCESS STREAMS 

Acrylonitrile 
Benzene 
Bromoform 
Bromomethane 
2-Butanone 
Carbon disulfide 
Carbon tetracbloride 
Chlorobenzene 
Chloroethane 
Chloromethane 
Chloroprene 
Cumene 
1,2-Dibromoethane 
1 , 1-Dichloroethane 
1,2-Dichloroethane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

1,4-Dioxane 
Ethylbenzene 
Iodomethane 
Methyl methacrylate 
4-Methyl-2pentanone 
Methylene chloride 
Styrene 
Toluene 
1 , 1 , 1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethylene 
Vinyl acetate 
Vinyl bromide 
Vinyl chloride 
m+p-Xylene 
o-Xylene 

TABLE 1-8. ALDEHYDES MEASURED IN FLUE GAS 
AND LIQUID PROCESS STREAMS 

Formaldehyde 
Acetaldehyde 

Acrolein 
Propionaldehyde 
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TABLE l-9. TARGET ANALYTICAL DETECTION LIMITS 

Target Analyte 
Estimated Instrument Final Sample Estimated 
Detection Limit, ng/mL Volume, rnL Detection Limit, ng 

Elements@) 
MO (ICP-AES) 
B (ICP-AES) 
Sb (GF-AAS) 
As (GF-AAS) 
Ba (ICP-AES) 
Be (KP-AES) 
Cd (GF-AAS) 
Cr (ICP-AES) 
Pb (GF-AAS) 
Mn (ICP-AES) 
Hg (CV-AAS) 
Ni (ICP-AES) 
Se (GF-AAS) 
V (ICP-AES) 
cu (ICP-AES) 
Co (ICP-AES) 
Volatile Elementscd’ 
As 
Se 
Hi? 
Ammonia 
Cyanide 
Anions 
F- 
cl- 
PO4’ 
SO4’ 
VOC - Liquid Samples 

25@) 
20 
5 
1 
5 
5 
5 
20 
1 
5 

0.5 
20 
2 
10 
10 
15 

1.6 ng/cm2 
1.9 ng/cmZ 
2.5 ng/cm* 

500” 
250c”) 

10(n) 
10 
100 
25 

5-100 PglL of sample 

450, or 25u 11250, or 625cb) 
450, or 25 9000, or 500 
450, or 25 2250, or 125 
450, or 25 450, or 25 
450, or 25 2250, or 125 
450, or 25 2250, or 125 
450, or 25 2250, or 125 
450, or 25 9000, or 500 
450, or 25 450, or 25 
450, or 25 2250, or 125 
450, or 25 225, or 12.5 
450, or 25 9000, or 500 
450, or 25 900, or 50 
450, or 25 4500, or 250 
450, or 25 4500, or 250 
450, or 25 6750, or 375 

16 
19 
25 
225000 
112500 

4500 or 100cb) 
4500 or 100 
45CQO or 1000 
11250 or 250 

ng = nanogram; peg = microgram; L = her; cm = centimeter; pCi = picoCurie; g = grams; 
ppbv = parts per billion by volume. 
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TABLE 1-9. (Continued) 

Target Analyte 
Estimated Instrument Final Sample Estimated 
Detection Limit, ng/mL Volume, mL Detection Limit, ng 

SVOC - Liquid Samples 
SVOUPAH - Gas and 
Solid Samples 
VOC - Canister 
VOC-VOST 
Dioxin/Furan 
TCDDlTCDF 
PeCDD/PeCDF 
HxCDD/HxCDF 
HpCDDlHpCDF 
OCDD/OCDF 
Aldehydes 
Radionuclides 

5-100 PglL of sample 
10-100 0.1-l 

15 

10 0.02 
20 0.02 
20 0.02 
20 0.02 
30 0.02 
6 20 

0.2 pciig 

l-loo 

2 mbv 
25 

0.2 
0.4 
0.4 
0.4 
0.6 
120 

Instrument detection limit is also equal to the detection limit in liquid samples. 
The first number applies to the gas sample, and the second number applies to the solid 
sample. Except as noted, detection limits are the product of the instrument detection 
limit and the final sample volume. 
Acronym within parentheses refers to analysis method for elements: ICP-AES = 
inductively coupled plasma atomic emission spectrometry; GF-AAS = graphite furnace 
atomic absorption spectromehy; and CV-AAS = cold vapor atomic absorption 
spectrometry. 
Samples are analyzed by direct X-ray fluorescence of carbon-impregnated filters. 
Sample volume is not applicable. 
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TABLE l-10. TARGET GASEOUS EMISSION DETECTION LIMITS 

Analytical G.3.5 Emission 
Detection Volume Detection 

Limit (ng) Sampled (Ncm) Limit @glNcm) 
Element 
MO 11250 7.6 1.5 
B go00 1.6 1.2 
Sb 2250 7.6 0.3 
AS 450 7.6 0.06 
Ba 2250 7.6 0.3 
Be 2250 7.6 0.3 
Cd 2250 7.6 0.3 
Cr go00 7.6 1.2 
Pb 450 7.6 0.06 
Mn 2250 7.6 0.3 
Hg 225 7.6 0.03 
Ni go00 7.6 1.2 
Se 900 7.6 0.12 
V 4500 7.6 0.6 
CU 4500 7.6 0.6 
co 6750 7.6 0.9 
Ammonia 225000 0.3 750 
Cyanide 112500 0.59 191 
Anions 
F- 4500 1.5 3 
Cl- 4500 1.5 3 
PO,’ 45000 1.5 30 
so,= 11250 1.5 7.5 
PAH/SVOC(‘) l-loo 7.6 0.1-10(C) 
Dioxins/Furans 
TCDDiTCDF 0.2 7.6 0.03(5) 
PeCDD/PeCDF 0.4 7.6 0.053(C) 
HxCDDlHxCDF 0.4 7.6 0.053’5’ 
HpCDDlHpCDF 0.4 7.6 0.053” 
OCDDIOCDF 0.6 7.6 0.08(c’ 
Aldehydes 120 0.06 2 
VOC - Canister 2 mbv NA@) 6 
voc - vosr 25 0.003-0.018 1.4-8.3 

(a) Calculated target emission detection limit will range from 0.1 to 10 ng/Ncm depending upon 
SVOC compound and matrix. 

@I NA = Not applicable. 
w Detection limits for SVOC and dioxinslfuram are in ng/Ncm. 
ppbv = parts per billion by volume. 
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2.0 SITE DESCRIPTION 

The host site for this study was Ohio Edison’s Niles Station Boiler No. 2. The site is 

described in this section of the report as follows. The configuration of the boiler is described 

followed by a description of the process stream locations at which samples were collected. 

Finally, the expected and actual operating conditions of the boiler during the study are 

summa&red. 

2.1 Plant Confirmratios 

2.1.1 DescriDtion of the PhUt 

Niles Station of Ohio Edison is located in Niles, Ohio, on the bank of the Mahoning 

River. The Niles Boiler No. 2 is a Babcock & Wilcox cyclone boiier burning bituminous 

coal with a net generating capacity of 108 megawatts. The furnace gas temperature at full 

load upstream of the superheater is about 1!3OO”F. The boiler has four cyclone burners, each 

fed by a separate feeder. The Niles Plant uses coal with a low ash fusion temperature to 

allow the majority of the ash to drop out in the furnace cyclone combustors and to avoid 

carry-over into the boiler. The coal is mined in eastern Ohio and western Pennsylvania and 

is received in the respective proportions of about 70/30. Coal mined in Ohio comes 

principally from coal seams Nos. 6 and 7. The Pennsylvania mined coal comes also from 

seams Nos. 6 and 7, and from the Kittanning/Freeport seam. All the coal burned at the plant 

is from spot market purchases which are provided by up to a dozen different suppliers. The 

nominal contents of sulftrr, ash, and heat are 2.7 percent, lo-12 percent, and 12,000 Btullb, 

respectively. The coal is blended in the coal yard at the plant to meet 24-hour and 30-&y 

rolling averages for SO* content of flue gas. The feed rate of crushed coal to the four 

cyclone burners is determined by Ohio Edison from the quantity of coal on the four conveyor 

belts delivering the coal to the burners, along with the speed of travel of the belts. Each belt 

holds approximately 45 kg/m (30 lblft) of coat. The lag time for coal on each of the four 

conveyor belts to reach the cyclone burners and be fired is a few minutes. 

The flue gas leaves the boiler, passes through an air heater, and enters an electrostatic 

precipitator (ESP) with five fields, each with two hoppers. The first row of hoppers is 
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deactivated and acts to passively collect coarse ash leaving the air heater. The fourth row of 

hoppers was also deactivated during this study, but was sampled. The ESP hoppers are 

dumped about every 4 hours; hopper sampling in this study was adapted to that schedule. 

The proportions of ash collected in each row of hoppers were estimated during this study by 

timing of the dumping cycle of the ESP; those results are described in Section 3.3.1. 

Collected ESP ash is transported to a settling pond by a water sluice. The flue gas leaving 

the ESP is vented through a 120-m (393-foot) tall stack. 

It is characteristic of cyclone boilers that a large fraction of the ash from coal 

combustion is collected as bottom ash, and relatively little as fly ash. For Niles Boiler 

No. 2, it is typical that about 85 percent of the total ash is collected as bottom ash and air 

heater ash (of that portion the great majority is bottom ash), and only about 15 percent of the 

total ash is collected in the ESP. The fly ash produced by a cyclone boiler typically is 

relatively coarse and has a larger carbon content than does such ash from other boiler 

designs. The typical average carbon content of the ash collected in the entire ESP is about 

40 percent at Niies Boiler No. 2. The coarse nature of the fly ash is the reason that the row 

1 ESP hoppers are operated as passive (i.e., deenergized) collectors. 

A 35-megawatt equivalent slipstream of flue gas from the N&s Boiler No. 2 is 

normally taken after the air heater and before the ESP to demonstrate the SNOX process. 

This ICCT demonstration is the Wet Gas Sulfuric Acid (WSA)-Selective Catalytic Reduction 

of NO, (SNOX) demonstration by ABB Combustion Engineering. The SNOX process was 

shut down during the sampling period described here so that 100 percent of the Boiler No. 2 

flue gas passed through the ESP before venting through the stack. 

Ammonia is nonnalIy added to the flue gas upstream of the ESP at a rate- of 0.1-0.2 

m3/min (4-6 cubic feet per minute.) to achieve a concentration of about 18 ppm. This is done 

to control acid mist fallout from the stack, and does not appreciably affect FSP performance. 

However, during the course of this project ammonia was not added to the flue gas, to assure 

consistency with separate measurements made at the SNOX process in which ammonia was 

not added. 

Normally, soot blowing occurs once each shift. To accommodate measurements of 

the effect of soot blowing on flue gas element concentrations, Ohio Edison altered the 

schedule for soot blowing during the field study. Soot blowing was conducted over a 2-hour 
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period (approximately 6-8 a.m.) before sampling began each day and again after all sampling 

was completed each day. Soot blowing is conducted automatically using 18 lances 

sequentially, one at a time. Seventeen of the lances are located in the furnace gas convection 

path, and one is located at the top of the air heater. Compressed air is used for soot 

blowing. 

A schematic of the Niles Boiler No. 2 process flow is shown in Figure 2-l. In this 

figure, the sampling locations are indicated, and are numbered as listed in Table 2-1, which 

identifies the sample locations used for this study. For consistency in sample handling, a 

single numbering scheme was applied to three separate field studies conducted by Battelle for 

DOE-PETC, one of which was the Niles Boiier No. 2. Thus (e.g.) location number 1 was 

Boiler Feed Coal for all three field studies. A result of this numbering system was that 

location numbering at the Niies Boiler No. 2 was nonconsecutive, as shown in Table 2-l. 

Figure 2-l and Table 2-l distinguish three types of sampling locations: flue gas/particulate. 

sampling locations, designated G; solid sample collection points, designated S; and liquid 

sample collection points, designated L. 

2.1.2 Continuous Emission Monitoring 

The Nies Station uses a continuous emission monitoring (CEM) system called 

Ecoprobe, which was installed by KVB of Irvine, California. The complete system is 

comprised of two subsystems with one subsystem serving as the primary measurement system 

and the other as the secondary system. Sulfur dioxide is measured with a Teco 43H pulsed 

fluorescence analyxer. Nitrogen oxides are measured with a Teco 42 chemiluminescence 

monitor, and carbon dioxide is measured with a Teco 41H gas Nter correlation monitor. 

The flue gas is diluted by a factor of 15O:l before measurement. There are two flow 

monitors for the system. The primary system is a Die&h anubar system, and the secondary 

system is a Parametrics CBM68 system. The CEMs are calibrated once a day automatically. 

The primary system is calibrated between 0630 and 0700, and the secondary system is 

calibrated around noon each day. It was not possible for Research Triangle Institute (WI) to 

conduct a performance audit on these CEMs. Oxygen was measured at the furnace outlet by 
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the plant; calibration of this sensor was conducted once during these measurements. Oxygen 

was not measured at the stack, but was calculated from the CEM stack CC& measurements. 

2.2 Roeess strl?anQ 

Nine flue gas, solid, and liquid process streams were sampled during the study. The 

streams are described below in two parts. 

2.2.1 Flue Gas St- 

At Boiler No. 2, flue gas sampling was conducted outdoors at the ESP inlet (Location 

4, Figure 2-l) and in the stack at the 61-meter (200-ft) level (Locations 5a, 5b). The SNOX 

process was shut down for the week of sampling at Boiler No. 2, so that 100 percent of the 

unit’s flue gas was passing through the ESP. At the ESP inlet (Location 4), only two 3-in.- 

diameter sampling ports were available, one horizontal and one vertical. At that location, 

platform area and the small number of ports made coordination of multiple methods difficult. 

The duct sampled at Location 4 was a horizontal round duct 12 feet in diameter. This 

location was only a few duct diameters downstream of the nearest flow disturbance, which 

was an abrupt change from a square to a round duct. Settling of coarse particles in this duct 

was indicated by a layer of ash in the bottom of the duct, which was encountered during the 

vertical traverse in initial gas velocity measurements. The presence of this ash required that 

vertical traverses be stopped short of the last several inches of the duct diameter, to avoid 

clogging the sampling nozzle. 

Flue gas sampling in the stack was conducted from two levels of platforms in the 

annular space between the outer stack and the two inner flues. This location provided ample 

room, and a total of eight ports (four at 90 degrees apart at each of two levels). This 

location was at least eight flue diameters above the nearest upstream flow disturbance, which 

was the entrance duct for flue gas from the ESP. Sampling at this location was conducted 

both by conventional hot stack methods (Location 5a) and by Plume Simulating Dilution 

Sampling (PSDS) (Location 5b). The latter approach involves diluting a flow of stack gas 
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with clean air to simulate dilution in the atmosphere. Measurements made with the PSDS 

are reported as a Special Topic in Section 7.1. 

Table 2-2 summarizes the flue gas characteristics at Locations 4 and 5a on each of the 

sampling days at Niles Boiler No. 2. This table indicates consistent flue gas characteristics 

at both Locations 4 and 5a. The average flue gas flow rates measured at Locations 4 and 5a 

agreed within less than 4 percent when calculated at actual oxygen content. However, when 

normalized to 3 percent oxygen, the Location 5a flows are substantially lower than those at 

Location 4. This suggests an error in flow measurement at one or the other location. The 

measurements at Location 5a are considered more accurate, due to the close upstream flow 

disturbance at Location 4. Flue gas oxygen values are higher at Location 5a than at Location 

4; comparisons of various oxygen measurements at the plant are presented in Section 3.3.3. 

The flue gas particle loading data in Table 2-2 indicate an average HSP removal efficiency 

for particulate of about 98.5 percent, a reasonable value. The particle loading and moisture 

data at Location 4 show significant variation. Review of flue gas sampling records, coal 

composition, and plant operating data has not disclosed any underlying cause for the 

variations observed, nor any indication that phmt operations were anything other than 

normal. 

2.2.2 Solid and Liauid St- 

Solid process samples collected included boiler feed coal (Location l), bottom ash 

(Location 2), air heater ash (Location 3), and ESP ash (Location 8). Niles staff collected the 

boiler feed coal by taking qual quantities of coal every half hour during each day’s 

measurements from each of the four coal feeders on Boiler No. 2. The collected portions 

were then composited by ASTM methods, and a single composite sample of about 3 kg was 

provided to Battelle. Bottom ash samples were collected three times a day by Niles staff 

from two hoppers located below the boiler. Air heater ash was collected from two hoppers 

located below the air heater three times a day. The ESP ash was collected from ten hoppers 

(five rows of 2 each). Hoppers in rows 1, 2, and 3 were sampled twice a day while hoppers 

in rows 4 and 5 were sampled once a day. 
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Liquid process samples collected included river make-up water (Location 9) and pond 

water (Location 10). River water samples were collected once a day from the river behind 

the plant. Pond water was collected from the outflow of one of the holding ponds located 

across the road from the plant. One sample of coal pile runoff (Location 13) was collected 

during the study. 

2.3 Plant Owratine Conditions 

The design of the sampling at Boiler No. 2 was based in part on the expected 

operating conditions of the unit. These conditions are summarized in this section followed 

by a report of the actual condition that were encountered. The last part of this section 

provides plots of plant operating conditions as a function of time during each sampling day. 

2.3.1 Nominal Conditiomy 

As a result of consultation with Nlles Station staff and review of information about 

the plant before the field study, expected plant operating conditions and allowable ranges of 

those conditions were established. Table 2-3 lists those operating conditions. 

Actual Owratiw Conditions 2.3.2 

An effort was made to compile information on all pertinent plant operating data listed 

in Table 4.5 of the Statement of Work for this project. Data on operating parameters 

measured during the study are presented below. Some operating parameters are not routinely 

measured, but are reported in the plant description in Section 2.1.1. Examples of such data 

include furnace gas temperature; feeder-to-furnace lag time; ESP dumping procedures; and 

soot blowing procedures. Some operating conditions, including air feed rate and stack CO 

content, are not measured and cannot be reported. 

In order to document operating conditions at Niles Boiler No. 2, a variety of data 

were collected Instantaneous plant process data were collected approximately hourly by 

plant staff on data sheets provided by Battelle. In addition, hourly average stack COs values 
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and 6-minute average opacity data were obtained from plant records. Copies of the Battelle 

process data sheets are contained in Appendix A. 

Table 2-4 presents average values, ranges, and standard deviations for actual plant 

operating conditions on each test day for Niies Boiler No. 2. The operating conditions that 

are reported are: 

Coal feed rate, klblhr 
Gross load, MW 
Steam generation rate, klblhr 
Drum steam pressure, psi gauge 
Steam temperature, superheater outlet, “F 
Steam temperature, reheater outlet, “F 
Excess Oa at the furnace outlet, wet basis, percent 
CGs at the stack (hourly average), wet basis, percent 
SOs emissions, lb/lo6 Btu 
NO, emissions, lb/lo6 Btu 
Opacity, percent 
Barometric pressure, inches of Hg. 

Only the data for the actual daily test periods were used in calculating daily average values 

for plant operating conditions. 

The daily average coal feed rate ranged from 89.6 to 96.7 klblhr, a range of 7.6 

percent of the average coal feed rate. The gmss daily average load ranged from 116.6 to 

117.5 MW, a range of 0.8 percent of the actual load. The daily average steam generation 

rate ranged from 109-111 kg/s (863 to 881 klblhr), a range of 2.1 percent of the actual steam 

generation rate. 

Steam temperatures and pressure were very stable throughout the study. Drum steam 

pressure daily averages ranged from 1528 to 1536 psig, a range of only 0.5 percent of the 

daily values. Steam temperature at the superheater outlet showed essentially no variation, 

and daily average steam temperature at the reheater outlet varied from 982 to 991’F, a range 

of 0.6 percent of the absolute temperature. 

The daily average excess oxygen readings at the furnace outlet ranged from 1.29 to 

2.07 percent, a range of 46 percent of the excess oxygen. Although these values are lower 

than were initially expected (Table 2-3), Ohio Edison staff reported that these values are 

within their normal range of firing conditions and that there is appreciable variation in 

furnace Gs levels from one operator to another. Ohio Edison staff also reported recalibrating 
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the furnace 0, sensor near the end of this sampling period, and finding that it read 0.5 

percent too low. Thus the difference between expected and actual oxygen levels was not in 

fact as large as first indicated. The conclusion reached is that NiIes Boiler No. 2 operated 

normally but that the expected range of furnace oxygen values may have been set slightly 

higher than is typical for the Niles plant. 

The daily average COa readings from the CEM system at the stack ranged from 13.47 

to 13.81 percent, a range of 2.5 percent of the COs value. 

The daily average SQa emissions based on CBM data at the stack ranged from 2.22 to 

2.65 lb/lo6 Btu (0.95-1.14 glMJ), a range of 15 percent of the average SO, emissions value. 

The daily average NO, emissions ranged from 1.29 to 1.38 lb/lo6 Btu (0.55 to 0.59 g/UT), a 

range of 6.7 percent of the average NO, emissions value. 

The daily average opacity based on 6-minute average values ranged from 3.0 to 3.5 

percent, a range qual to 16 percent of the overall daily average opacity value. Barometric 

pressure varied gradually from day to day; good weather conditions predominated throughout 

the study. 

Comparing the data reported in Table 2-4 to the expected operating conditions given 

in Table 2-3 shows that for most parameters the expected values were achieved. The furnace 

oxygen data shown in Table 2-4 are generally lower than the expected range shown in Table 

2-3. However, this difference is partially resolved by the finding that the plant Os sensor 

read low, as noted above. In addition, plant personnel have indicated that the measured 

furnace 0s data are in line with normal plant practice. Thus, ail indications are that Boiler 

No. 2,operated in a stable and normal manner throughout this study. 

The operating parameters of the BSP are shown in ‘Tables 2-5 through 2-8, which list 

values of the primary current (amperes), primary voltage (volts), secondary current 

(milliamperes), and secondary voltage (kilovolts), respectively, for each bus (i.e., hopper) in 

each field (i.e., row of hoppers). Bach of these tables shows the average and standard 

deviation of these parameters, for each field on each sampling day. The averages and 

standard deviations were calculated from values of the four parameters recorded by plant 

personnel every hour during flue gas sampling on each of the 6 test days. Copies of the log 

sheets on which these. data were recorded are included in Appendix A of this report. No 

data are shown for hopper rows 1 and 4, since these were deactivated during this study. 
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Reading across each row of Tables 2-5 through 2-8 indicates the day-to-day variability in 

ESP conditions. AR ESP parameters exhibited good stability during the study. 

A final example of plant operating conditions is shown in Table 2-9, which presents 

coal analysis data provided by the plant for the 6 study days. These data were obtained on 

coal samples from bunkers at the plant, and represent the composition of coal burned about 

one day after sampling. This fact is footnoted in Table 2-9. The data in the table illustrate 

that the coal supplied to Boiler No. 2 was reasonably uniform throughout the present study. 

In particular, Table 2-9 indicates no unusual characteristics of the coal burned on July 31 

(i.e., the coal sampled on July 30) that would have caused the relatively low particulate 

loading measured at Location 4 on July 31 (Table 2-2). A comparison of the data in Table 

2-9 to corresponding data for the period June 30-July 24, 1993, also confirmed that the 

characteristics of coal burned during this study were typical of the coal routinely supplied to 

Boiler No. 2. Note that the coal analyses shown in Table 2-9 were not used in mass balance 

calculations; results from analysis of coal samples taken directly from the coal feeders on 

each sampling day were used for that purpose. 

The only problems encountered in plant operation at Niles were in operation of the 

coal feeders. As Table 2-3 shows, operation with all four feeders and cyclone burners was 

required for the sampling effort. This requirement arises because load could drop 

substantially if one feeder failed. As a result, alJ flue gas sampling was stopped whenever a 

feeder was out of service. The most common feeder failure was breakage of a shear pin. 

This occurred a few times during the study, but resulted in sampling interruptions of no more 

than 15 minutes at a time. Thus this problem caused no deviation from the planned 

sampling. A list of the shear pin occurrences is provided in Section 3.1.3 of this report. 

2.3.3 Process Trends GI-s~D& 

Figures 2-2 through 2-11 are plots of key operating conditions shown in Table 2-4 

against time of day on each test day. When plant staff recorded data for periods longer than 

the actual sampling period (e.g., generally data was recorded from 7:00 am while sampling 

began about 9:00 or 10:00 am), all of the data are shown on the plots. Figures 2-2 through 

2-11 each show values of plant operating conditions for three of the six test days. The 
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grouping of days is based on the fact that on July 26, 28, and 30 primarily organic 

constituents of the flue gas were measured, and on July 27, 29, and 31 primarily inorganic 

constituents were measured. Further detail on the sampling schedule is presented in Section 

3.1 of this report. Figures 2-2 and 2-3 show hourly values of coal feed rate; Figures 2-4 and 

2-5 show megawatt load and steam flow rate; Figures 2-6 and 2-7 show excess oxygen at the 

furnace and COs at the stack; Figures 2-8 and 2-9 show SOs and NO, emission rates; and 

Figures 2-10 and 2-11 show hourly average opacity data. As can be seen from Figures 2-2 

to 2-11 and the low values for the standard deviations for operating conditions reported in 

Table 2-4 (with the exception of the oxygen value at the furnace outlet), Niies Boiler No. 2 

was operated at nearly constant conditions for the period of the test. 
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TABLE 2-l. IDENTIFICATION OF SAMPLING POINTS 

Location(‘) Description 
Niles 

Boiler No. 2 

1 Boiler feed coal S 

2 Bottom ash S 

3 Air heater ash S 

4 ESP inlet G 

5 ESP outlet G 

8 ESP ash S 

9 Make-up water L 

10 Outlet of pond L 

13 Coal pile runoff L 

See Figure 2-I for locations in the process streams at Niles Boiler No. 2. 
S = solid stream, G = flue gas stream, L = liquid stream. 
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TABLE 2-2. FLUE GAS CHARACTERISTICS AT SAMPLING LOCATIONS 

Flue Gas Characteristics 

Particle 
Location’/ Temp. Pressure Percent Percent Loading Duct Flow Duct Flow 
Test Day (“F) (in Hg) Moisture Oxygen (mg/Ncm)b (Ncm/miQb (Ncm/min) 

Location 4 

7126193 310 

7127193 301 

7128193 282 

7129193 292 

7130193 296 

713 1193 282 

Location 5a 

7126193 294 

7127193 294 

7128193 292 

7129193 293 

7130193 286 

713 l/93 291 

0.05 8.4 4.0 6,007 6,363 

0.05 14.4 4.1 2,239 6,103 6,503 

0.05 11.8 4.4 6,365 6,905 

0.05 12.3 4.0 2,583 6,074 6,434 

0.05 9.3 4.1 6,225 6,633 

0.05 7.9 4.4 1,581 6,562 7,118 

-0.07 9.2 7.5 4,763 6,362 

-0.07 9.2 6.0 43.4 5,316 6,386 

-0.09 9.1 7.0 5,038 6,488 

-0.08 9.4 6.5 19.4 5,093 6,331 

-0.09 8.4 6.0 5,373 6,454 

-0.08 9.4 6.5 34.3 5,120 6,365 

(a) Location 4 = ESP inlet; 5a = ESP outlet (stack). 
(b) Normalized to 3 percent Oa in flue gas. 
(c) Flow rate at actual Oz content (i.e., not normalized to 3 percent O& 
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TABLE 2-3. EXPECTED OPERATING CONDITIONS AND P ERhIITTED DEVIATION 

Parameter@) 
Nominal Allowable 
Expected Value Raw 

Boiler Operating Conditions 
coal 
Load, h4W (gross) 
Cyclones in operation 
Flue gas oxygen monitor readings, percent 
Steam temperature at superheater outlet, “F 
Steam temperature at reheater outlet, OF 
Drum steam pressure, psig 
Throttle steam flow, lblhr 

Preheater dumping 
ESP dumping 

Constant source, if possible 
115 110-115 
4 4 
2.5-3.0 1.8-3.0 
1000 980-1010 
1000 950-1010 
1470 1460-1480 
850,000- 800,000- 
900,ooo l,CW~ 
Arranged schedule 
Arranged schedule 

Emissions 
Stack opacity, Qmin. average, percent 
Stack SOa, ppm 
Stack NO,, ppm 

3-10 <20 
1900 1800-2200 
600-650 500-810 

950 “F = 783 K 
980 “F = 800 K 
1,000 “F = 811 K 
1,010 “F = 816 K 
1,460 psig = 1.01 x IO’ kPa 
1,470 psig = 1.01 x 10’ kPa 
1,480 psig = 1.02 x 10’ kPa 
800,000 lblhr = 101 kgls 
850,000 lblhr = 107 kgls 
900,000 lblhr = 114 kg/s 
1,000,000 lblhr = 126 kg/s 
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TABLE 2-4. ACTUAL PLANT OPERATING CONDJTIONS 
DURING SAMPLING 

Date Average Raw Standard Deviation 

Coal Feed Bate, klblhr 

July 26, 1993 89.6 
July 27, 1993 91.5 
July 28, 1993 93.8 
July 29, 1993 94.2 
July 30, 1993 94.4 
July 31, 1993 96.7 

Gross Load, hfW 

July 26, 1993 116.7 
July 27, 1993 116.6 
July 28, 1993 117.1 
July 29, 1993 116.6 
July 30, 1993 116.7 
July 31, 1993 117.5 

Steam Generation Rate, klblhr 

July 26, 1993 877 
July 27, 1993 877 
July 28, 1993 881 
July 29, 1993 866 
July 30, 1993 863 
July 31, 1993 870 

Drum Steam Pressure, psig 

July 26, 1993 1536 
July 27, 1993 1534 
July 28, 1993 1535 
July 29, 1993 1534 
July 30, 1993 1533 
July 31, 1993 1528 

Steam Temperature, Superheater Outlet, 

July 26, 1993 1000 
July 27, 1993 1000 
July 28, 1993 1000 
July 29, 1993 1000 
July 30, 1993 1000 
July 31, 1993 1000 

88.4-90.1 0.6 
89.7-93.5 1.5 
91.5-95.9 1.6 
92.6-96.6 1.3 
93.4-95.2 0.6 
95.2-98.1 1.1 

116-117 0.5 
116-117 0.2 
116-118 0.7 
116-117 0.5 
116117 0.5 
117-118 0.6 

874-881 2 
875-879 1 
868-886 5 
862-868 2 
859-865 2 
866-875 3 

1535-1537 1.0 
1532-1537 1.4 
1533-1537 1.1 
1532-1535 1.0 
1529-1535 2.1 
1500-1536 11.9 

“F 

1000-1001 
1000-1000 
999-1001 
999-1001 
999-1000 
999-1001 

0.5 
0.0 
0.5 
0.6 
0.5 
0.5 
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TABLE 2-4. (Continued) 

Date Average Range Standard Deviation 

Steam Temperature Reheater Outlet, “F 

July 26, 1993 982 977-987 
July 27, 1993 986 981-990 
July 28, 1993 988 979-995 
July 29, 1993 988 986-993 
July 30, 1993 991 986-995 
July 31, 1993 989 983-996 

Excess 0s at Furnace Outlet, percent@) (wet basis) 

July 26, 1993 1.29 1.18-1.54 
July 27, 1993 1.65 1.34-2.18 
July 28, 1993 1.65 1.34-1.83 
July 29, 1993 1.72 1.42-1.96 
July 30, 1993 2.07 1.82-2.17 
July 31, 1993 1.90 1.76-2.06 

CO* at Stack, percent (wet basis) 

July 26, 1993 13.81 13.74-13.92 
July 27, 1993 13.64 13.49-13.75 
July 28, 1993 13.57 13.43-13.77 
July 29, 1993 13.45 13.37-13.52 
July 30, 1993 13.45 13.35-13.75 
July 31, 1993 13.65 13.55-13.89 

SOs Emissions, lb/lo6 Btu 

July 26, 1993 2.22 2.05-2.31 
July 27, 1993 2.56 2.23-2.78 
July 28, 1993 2.62 2.49-2.74 
July 29, 1993 2.48 2.20-2.71 
July 30, 1993 2.65 2.59-2.82 
July 31, 1993 2.38 2.30-2.43 

NO= Emissions, lb/lo6 Btu 

July 26, 1993 1.29 1.25-1.39 
July 27, 1993 1.38 1.33-1.45 
July 28, 1993 1.32 1.25-1.37 
July 29, 1993 1.31 1.29-1.34 
July 30, 1993 1.33 1.24-1.40 

4.1 
2.9 
5.8 
2.6 
3.0 
4.6 

0.13 
0.23 
0.16 
0.21 
0.13 
0.11 

0.11 
0.09 
0.13 
0.05 
0.15 
0.11 

0.09 
0.22 
0.09 
0.17 
0.08 
0.05 

0.05 
0.04 
0.04 
0.02 
0.06 

July 31, 1993 1.37 1.29-1.46 0.06 
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TABLE 2-4. (Continued) 

Date Average Range Standard Deviation 

Opacity, percent 

July 26, 1993 3.1 
July 27, 1993 3.2 
July 28, 1993 3.0 
July 29, 1993 3.2 
July 30, 1993 3.5 
July 31, 1993 3.3 

Barometric Pressure, in. Hg 

July 26, 1993 29.00 
July 27, 1993 28.83 
July 28, 1993 28.81 
July 29, 1993 28.77 
July 30, 1993 28.79 
July 31, 1993 28.93 

2.8-3.7 0.2 
2.8-3.9 0.2 
2.6-6.7 0.4 
3.0-3.7 0.2 
3.2-3.9 0.2 
2.9-3.8 0.2 

-(b) __ 

28.82-28.84 0.01 
28.78-28.84 0.04 
28.76-28.77 0.01 
28.77-28.80 0.02 
28.92-28.93 0.01 

(4 
@I 

Values not corrected for 0.5 percent offset in furnace 4 sensor. 
No variation. 
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TABLE 2-9. RESULTS OF ANALYSIS OF BUNKER COAL SAMPLES 

July 25, 1993 6.91 11.52 2.58 11,964 
July 26, 1993 4.47 10.67 2.68 12,504 
July 27, 1993 4.57 11.15 2.74 12,397 
July 28, 1993 5.36 11.77 2.57 12,139 
July 29, 1993 6.39 11.32 2.51 12,031 
July 30, 1993 6.92 11.21 2.40 12,068 

Coal Analysis - As Received 

Moisture Ash 
(percent) (percent) 

Sulfur 
(percent) 

Heat Value 
(Btullb) 

(a) Coal in bunker is burned about 1 day after sample is collected. Thus data shown 
represent coal burned on study days of July 26-31, 1993. 
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3.0 SAMPLING 

The sampling activities at Boiler No. 2 are summarized in this section in three parts. 

First the schedule for sampling is summarized. Then the types and numbers of samples that 

were collected are reviewed. Finally, data on mass flows of ash and sulfur are presented. 

3.1 Field Schedule 

3.1.1 Overall Schedule 

The overall schedule of the field effort at Niles Boiler No. 2 is illustrated in Table 

3-1, which lists the dates and activities for the entire period that project staff were on site. 

As Table 3-l indicates and as noted in Section 2, the actual sampling days at Boiler No. 2 

were July 26-31. That 6-day period consisted of three 2-day sampling sets. Within each 2- 

day set, flue gas sampling on the first day was devoted to measurement of organic con- 

stituents, and on the second day to measurement of inorganic constituents. At Niles Boiier 

No. 2 the “organic” days were July 26, 28, and 30; the “inorganic” days were July 27, 29, 

and 31. 

Details on the types of sampling conducted and the number of samples obtained are 

presented in the next section of this report. The collection of process (i.e., solid and liquid) 

samples did not vary from day to day, but the analyses subsequently conducted on those 

samples did vary. Process samples collected on “organic” days were analyzed for organic 

constituents, those collected on “inorganic” days were analyzed for inorganic constituents. 

3.1.2 Dab Schedule 

On each organic sampling day, sampling was conducted for semivolatile organic 

compounds (SVOC) for approximately 6 hours while traversing the duct. Three canister 

samples were collected for volatile organic compounds (VOC) at each flue gas location for 

about 30 minutes each. A set of three volatile organic sampling train (VOST) samples was 

also collected in parallel with the canister collections, for 5, 10, and 30 minutes. An 

impinger train was used to collect samples for aldehydes for 1 hour. 
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On the inorganic days, sampling was conducted for both gas and solid phase elements 

for approximately 6 hours while traversing the duct. In the same time period, a hazardous 

element sampling train (I-EST) was used to collect vapor phase arsenic, selenium, and 

mercury over a 4-hour period by a carbon impregnated f&er. Meanwhile at another port 

three impinger trains were used consecutively to collect acid gases/anions, ammonia, and 

cyanide. Cascade impactors were run on the inorganic sampling days at Locations 5a and 

5b. High-volume sampling was conducted on the inorganic days during soot blowing, and 

again later in the day after soot blowing, at Location 5a only. 

The sampling plan described planned daily sampling schedules that were coordinated 

among all the sampling locations, so that flue gas methods were conducted simultaneously at 

all locations. In practice, strict coordination of sampling methods in the field is difficult, 

because of the different constraints in sampling at different locations, difficulties in 

communications, and the need to conduct multiple sampling methods at each site 

simultaneously. Nevertheless, reasonable coordination of flue gas methods was achieved at 

Niles Boiler No. 2. Figures 3-la to 3-lf show the actual schedules of sampling on the six 

sampling days at Boiler No. 2. The daily schedules are arranged chronologically, i.e., 

Figures 3-la to 3-lf correspond to sampling days July 26-31, respectively. 

The corresponding daily schedules of solid/liquid sample collection are shown in 

Figures 3-2a through 3-2f, which illustrate July 26-31, respectively. Boiler feed coal was 

collected throughout the period of flue gas sampling on each sampling day, as indicated in 

the figures. FSP ash, air heater ash, and bottom ash hoppers were all emptied on the 

morning of each sampling day before sampling began. Thus the ash samples from each 

sampling day represent ash collected in the hoppers over at most a few hours during the 

sampling period. 

3.1.3 Deviations and Modifications to Schedule 

The start of sampling at Niles Boiler No. 2 on July 26 was delayed somewhat, while 

Ohio Edison staff finished preparations of that site. Battelle staff requested that flanges be 

prepared to allow proper mating of the sampling probes to the ports at Location 4 and that 

accumulated solids be cleaned out of those ports. Those operations were completed the 
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morning of July 26; sampling started about noon that day. No deviations from the sampling 

plan occurred as a result of this delay. 

Small interruptions in sampling occurred due to breakage of shear pins on the feeders 

of Boiler No. 2. Because loss of a feeder due to a broken shear pin affects plant load and 

operating conditions, sampling was stopped when a pm was sheared and was resumed once 

plant conditions were restabilized; i.e., about 5 minutes after the pin was replaced and the 

feeder brought back on line. Such interruptions were of little real consequence since they 

typically lasted no more than 10 minutes. Table 3-2 summarizes the shear pin occurrences 

during sampling at Niles. 

3.2 Samnks Collected 

3.2 1 T VDH and Numbers of Sample . 

The primary kinds of substances that were measured in various flue gas, solid, and 

liquid samples from Boiler No. 2 are summarized in Table 3-3. The substances measured 

are shown, along with indications of the sample matrices from which samples were collected. 

More detail on the sampling and analysis conducted is given in Table 3-4, which shows the 

constituents measured in samples from the Boiler No. 2 field effort. In Table 3-4, flue gas 

locations are distinguished from solid and liquid sampling locations. All locations are 

numbered as indicated in Figure 2-l and Table 2-1. 

The methods used to collect samples from flue gas streams at Boiler No. 2 are 

summarized in Table 3-5. Size-fractionated particle samples were collected in the Multi- 

Metals and Modified Method 5 trains at Location 4. Glass cyclones with designed 

aerodynamic particle diameter cut points of 10 pm and 5 pm were fabricated for this project 

and were used ahead of the filter in each of these sampling trains at Location 4. The 

cyclones were used in an extractive mode, i.e., outside of the duct. A flexible, heated 

Teflon line of smooth inner bore connected the sampling probe to the cyclones, which were 

installed in the heated filter box of the sampling trains. The effect of this approach on 

determining particle size distributions is discussed in Section 5.11 of this report. 
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The daily sampling schedule on both organic and inorganic days was essentially the 

same at all flue gas locations. Thus the numbers of samples collected at each site were 

nominally the same. The actual numbers of samples of various types taken at Boiler No. 2 

flue gas locations are shown in Table 3-6. 

The number of solid/liquid samples c~lleeted on each sampling day are shown in 

Table 3-7. The number of samples of ESP ash and air heater ash varied somewhat from day 

to day depending on the availability of samples from the various hoppers. These variations 

are noted as deviations from the sampling plan, in Section 3.2.4. 

3.2.1.1 Flue Gas Streams. Flue gas sampling at Boiler No. 2 took place at two 

parts of the plant, the ESP inlet (Location 4) and ESP outlet in the stack (Locations 5a and 

5b). Location 5a consisted of hot flue gas sampling from the stack, and Location 5b con- 

sisted of sampling with Chester Environmental’s Plume Simulating Dilution Sampler (PSDS). 

For this project PSDS sampling involved withdrawing hot flue gas at about 0.35 dry standard 

liters per second (0.75 dscfm), diluting by a factor of 25 to 30 with an oxygen/nitrogen 

mixture, and then sampling with the various collection trams. The O-JN, mixture was at a 

ratio of 21:79 to simulate pure air. The same measurements were made at Location 5b by 

PSDS as in the flue gas itself at Location 5a, however, the PSDS is an isokinetic non- 

traversing method. Comparisons of hot and dilute (i.e., PSDS) sampling results from the 

stack are reported in Section 7.1. Particle sixe distributions were measured at Locations 5a 

and 5b by cascade impactors. In addition, Table 3-4 shows that elements originating in the 

stack gas from soot blowing were measured at Location 5a only. This measurement 

consisted of a 2-hour high-volume filter run during soot blowing at Boiler No. 2 (typically 

starting about 6 a.m.), followed by a second such sample later in the day when soot blowing 

was not being conducted. 

3.2.1.2 Solid and Liauid St-. Solid and liquid sample collection at Niles 

Boiler No. 2 (Table 3-4) was quite extensive. Boiler feed coal (Location 1) was collected 

and composited by OE personnel as described in Section 2.2.2. Bottom ash samples 

(Location 2) were collected three times daily by Niles Station personnel from one of the 

sluice tanks at the bottom of Boiler No. 2. Air heater ash (Location 3) was collected from 
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each of two hoppers three times each day by a combination of Battelle and Niles staff. The 

collection of ESP ash (Location 8) was done by BattelIe staff from all five hopper rows (ten 

hoppers total). Samples were collected twice each day from rows l-3, and once each day 

from rows 4 and 5. Make-up water (Location 9) and pond outlet water (Location 10) were 

collected once each day by Battelle staff. One sample of coal pile runoff (Location 13) was 

collected on July 29. 

3.X! Comoositiw Procedura 

Solid samples were obtained at Niles Boiler No. 2 in multiple collections during each 

sampling day, as described above. The purpose of this approach was to obtain samples 

representative of the range of plant operating conditions that occurred during each sampling 

day. The multiple samples collected at each solid sampling location on each day were then 

composited into a single daily sample. Portions of the resulting daily composite samples 

were then distributed to the various analytical laboratories as needed. 

Solid samples were taken at four locations for Boiler No. 2: boiler feed coal 

(Location l), bottom ash (Location 2), air heater ash (Location 3), and electrostatic 

precipitator ash (Location 8). Cornpositing of a day’s samples taken at Locations 1, 2, and 3 

was accomplished by taking equal amounts from the samples taken during that day. For 

Location 8 (the electrostatic precipitator) daily composites were made for each row of the 

ESP by taking equal amounts from each of the samples taken from that row during the day. 

The number of samples taken from any row during the day ranged from one to four. In the 

former case there was no compositing; the single sample was divided into portions for 

analysis as far as the available amount would go. 

With the exception of the boiler feed coal samples (Location l), all compositing was 

done by the Commercial Testing and Engineering Company (CTE) in Conneaut, Ohio. The 

boiler feed coal samples were collected during the period of sampling on each study day by 

Ohio Edison personnel under the direction of Battelle staff. Ohio Edison personnel used 

standard ASTM procedures to compile a composite sample of about 3 kg, and provided that 

composite to Battelle. Distribution of the feed coal for analysis was then done by Battelle 

personnel in Columbus, Ohio. 
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Battelle prepared a set of instructions, in the form of tables, for the compositing and 

apportioning of the samples. These instructions are shown in Table 3-8. Each page of Table 

3-8 addresses a different type of solid sample, beginning with the boiler feed coal, then 

proceeding through Locations 2, 3, and 8 in order. Shown in these tables are the sample 

identification, dates, and sample apportioning procedures. 

During the compositing the system for identifying the samples was altered, and a 

composite sample ID was established. Those composite IDS are shown in Table 3-8. The 

date was kept, although in a slightly different format; however, the sampling site number 

was replaced with a term descriptive of the source of the sample. Examples of the two sets 

of IDS are shown in Table 3-9. 

Solid samples taken on organic days were analysed for SVOC. Thus only two 

portions were made from the samples on these days -- one for the SVOC analysis and the 

other for an archive. On the inorganic days four to six portions were made from the 

composites. Analyses for metals were required for the samples taken from each of the 

sampling sites. Most of these analyses were performed by CTB at its laboratory in Denver 

(CTE-Denver). Metals analysis for the coal samples was shared by CI’B-Denver (beryllium 

and boron) and Element Analysis Corporation @A) (the remaining metals). Analyses 

covering ultimate/proximate, moisture, heat, carbon, sulfur, and particle size were performed 

by the Conneaut laboratory of CTE. Analyses for chlorine, fluorine, phosphate, and sulfate 

were performed by Battelle’s Columbus Operations (BCO). The International Technology 

(IT) Corporation ran the radiological (BAD) analysis of the samples for gamma-emitting 

isotopes. Sample portions analyxed by each of these laboratories are indicated in Table 3-8. 

In general, a portion of sample overly sufficient for each analysis was taken from the 

composite. If the composite contained only a limited amount of material, the amounts 

allocated for analysis were cut down to the minimum amounts required. If there was 

insufficient material for even the minimum requirements, then radionuclide analysis and 

particle size determination, in that order, were dropped from the analysis schedule. 
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3.2.3 Number of Analvses 

The number and type of analyses conducted on the collected gas, solid, and liquid 

samples are listed in Table 3-10 according to sampling location and sampling method. The 

number of samples collected is provided for reference and discrepancies between number of 

samples collected and number of samples analyzed is noted as appropriate. 

3.2.4 Problems and Deviations in Sampling 

No deviations from the sampling plan occurred in the scheduling of flue gas sampling 

at Boiler No. 2. Minor deviations occurred in the collection of solid and liquid samples, and 

in some analyses. The specific deviations were: 

(1) 

(2) 

(3) 

(4) 

(5) 

July 26 - No E-SP ash sample was obtained from Hopper l-l during the first 
collection of the day due to problems with the extraction tool. Also no ESP 
ash sample was collected from row 4, and from one hopper in row 5 during 
the second collection period due to lack of material in the hoppers. No air 
heater ash sample was collected from Hopper 3 due to plugging of the exit 
port during the fist collection period. 

July 27 - No ESP ash sample was obtained from Hopper I-1,during the second 
collection period due to plugging of the exit port. Also sample was obtained 
from row 5 hoppers but not from row 4 hoppers. No air heater ash sample 
was obtained from Hopper 4 due to plugging of the exit port during the fust 
collection period. 

July 28 - No ESP ash samples were collected from Hoppers 4-2, 5-1, and 5-2 
due to lack of material during the second collection period. No air heater ash 
sample was collected from Hopper 4 due to plugging of the exit port during 
the first sampling period. 

July 29 - No ESP ash samples were collected from Hoppers 4- 1, 4-2, 5- 1, and 
5-2 due to lack of material during the second collection period. Air heater ash 
was collected during only two time periods due to the short run day. No air 
heater ash samples ‘could be collected from Hopper 4. 

July 30 - No ESP ash sample was collected from Hopper 4-2 due to lack of 
material during the second sampling period. Air heater ash was collected 
during only two time periods due to the short run day. 
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(6) July 31 - No precipitator ash sample was collected from Hopper 4-2 due to 
lack of material during the second sampling period. Economizer ash was 
collected during only two time periods due to the short run day. 

(7) The PSDS used a single 20-cm x 25-cm (8-m x 10-m.) filter upstream of all 
the sampling trains at Location 5b. The low particulate loadings on those 
filters limited the chemical analyses that could be done on the collected 
particulate. As a result, PSDS filters from the inorganic sampling days were 
analyzed for elements and anions, but not for carbon and radionuclides as had 
been planned. 

03) Although one sample of coat pile runoff was collected, no analyses were 
conducted on it since- the sampling personnel questioned the representativeness 
of the sample obtained. This deviation has no effect on calculated mass 
balances or on any other aspect of the study. 

(9) Analyses for silicon and boron could not be conducted on flue gas particulate 
samples collected in the cyclones or on the filter. Silicon analysis was 
conducted on the particulate collected in the Teflon sampling line upstream of 
the cyclones (i.e, the probe wash particulate). The impact of this deviation on 
mass balances for these elements is noted in Section 6.1. 

(10) Boiler feed coal samples were provided by Niles Station personnel in poly- 
ethylene bags, rather than in polyethylene bottles as stated in the Sampling 
Plan. 

(11) The plan assumed that a single sample would be collected of each liquid 
stream once each day. In practice, for the purposes of various analyses, 
multiple containers of each liquid sample were collected simultaneously. At 
each liquid sample location, the following samples were collected: 

1 - 4-liter bottle for SVOC analysis (organic days only) 
1 - 40-mL vial for anions analysis (inorganic days only) 
4 - 500~mL bottles for elements, NH,, and CN analysis 
3 - VOA vials for VOC analysis. 

(12) Because of interference from SOs and water, chromatographic analysis of can- 
ister samples could not be done for six early-eluting VOC. The six VOC for 
which analyses could not be done are the first six listed in the left column of 
Table 1-6. In addition, hexane was not analyzed in the VOST samples 
(Table l-5). 
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3.3 Mass Flows 

3.3.1 Ash Mass Balance 

Using the data produced by the sampling at Niles Boiler No. 2, ash mass balances 

were performed on the boiler, the ESP, and the combined boiler and ESP. Separate mass 

balances were calculated for each of the three inorganic sampling days. 

AssumDtiom. In performing these calculations, the following assumptions were 

made: 

General: 

. It was assumed that the coal fired during each day of the test was of uniform 
composition. 

. It was assumed that the boiler was operating at constant conditions. This 
assumption is supported by the plant process data which verify that the plant 
operated at as nearly constant conditions as practical. 

. For each test day, it was assumed that samples collected from flue gas streams 
at any specific time were representative of the flue gas stream being sampled 
at all times. Thus, only one metals/particulate sample was collected over 
several hours at each location on each test day, and those samples were 
assumed to be representative of conditions throughout the day. Considering 
the stability of the fuel and the boiler operating conditions, this assumption is 
reasonable. Also, considering the cost of collecting all samples 
simultaneously, and the fact that different samples require different sampling 
periods, this assumption was necessary. 

. For each test day, it was assumed that samples collected from solid and liquid 
process streams at any specific time were representative of the process stream 
being sampled at all times. Thus, only a few process samples were collected 
each test day from each process stream, and these samples were assumed to be 
representative of conditions throughout the day. Considering the stability of 
the fuel and the boiler operating conditions, this assumption is reasonable. 
Also, considering the cost of collecting all samples simultaneously, and more 
frequently, this assumption was necessary. 

. It was assumed that samples collected from both the flue gas streams and the 
process streams were representative of the stream from which they were 
sampled. In some cases there is reason to doubt this assumption. For 
example, particulate samples collected from flue gas flowing in a horizontal 
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duct where large particles are present (as at Location 4) may not contain a 
representative fraction of the large particles. The ash deposits found in the 
bottom of the duct at Location 4a (see Section 2.2.1) show that particle settling 
is significant at that location. However, when the only available sampling site 
is in a horizontal duct, sampling must be done there. 

Boiler ash balance: 

. The plant system provides no practical means for measuring the flow of 
materials exiting the boiler as bottom ash and as air heater hopper ash. 
Knowing that the material flow into and out of the boiler must be in balance, it 
was assumed that the combined flow rates of materials exiting the furnace as 
bottom ash and air heater hopper ash was equal to the difference between (1) 
the ash entering the furnace with the coal and (2) the particulate exiting the 
boiler. 

. Based on generally accepted industry estimates for cyclone fired wet-bottom 
boilers, the quantity of ash exiting the boiler as bottom ash was assumed to 
account for 95 percent of the combined flow of bottom ash and air heater 
hopper ash. 

. Based on generally accepted industry estimates for cyclone-fned wet-bottom 
boilers, the quantity of ash exiting the boiler as air heater hopper ash was 
assumed to account for 5 percent of the combined flow of bottom ash and air 
heater hopper ash. 

JT.SP ash balance: 

. The plant system provides no practical means for measuring the flow of 
material exiting the ESP as collected fly ash. Knowing that the material flow 
into and out of the ESP must be in balance, it was assumed that the total flow 
rate of the material from the ESP hoppers was equal to the difference between 
(1) the particulate entering the ESP with the flue gas and (2) the particulate 
exiting the ESP with the flue gas. 

. The distribution of fly ash catch among the various ESP hopper fields was 
assumed to be proportional to the time required to dump the hoppers. Hopper 
dumping times were recorded for four different hopper dumping cycles on two 
different days during this study, and the percentage of time required to dump 
hoppers from each row was determined. Then, the average percentage time 
was determined for the four sets of data. The average values were used in 
compositing the ash samples collected from the various hoppers. The 
compositing was done mathematically using results from separate analyses of 
the samples from each hopper. Based on the timing data, it was determined 
that the sample proportions from each row of hoppers were. 35.05, 40.93, 
14.96, 5.39, and 3.67 percent, respectively. 
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Based on these assumptions, ash mass balances were calculated as shown in Figure 

3-3, which illustrates the average ash flows and mass balance from the 3 inorganic days. It 

can be seen from this figure that the ash balance for the ESP does not show closure. The 

total of ash exiting the ESP as fly ash and as ash in the ESP catch equals only about 68 

percent of the ash entering the ESP. The cause of this imbalance was traced to the 

difference between the measured carbon content of flue gas particulate at the ESP inlet (i.e., 

4.3 percent) and that of the ESP catch (i.e., weighted average 35 percent) (see Section 5.9). 

Obviously, 35 percent carbon ash cannot be captured from a stream containing 4.3 percent 

carbon ash. Nevertheless, as noted in Section 5.9, the 35 percent average carbon value for 

the ESP catch is close to the typical value of 40 percent carbon reported by the plant staff. 

In an effort to understand these data, an analysis was made of the fraction of the coal 

ash and of the ash flow at Location 4 that is accounted for by the five major ash elements 

sampled. Table 3-11 shows the results of this analysis for coal ash and for the average of the 

Location 4 samples. From Table 3-11 it can be seen that over 75 percent of the ash in the 

coal (i.e., 750,000 rg/g) is accounted for by the oxides of the five major elements measured. 

Conversely, only about 50 percent of the ash in the particulate collected at Location 4 is 

accounted for by the five major elements, even after correcting for the 4.3 percent carbon 

content of the collected particulate. However, if the carbon content of the particulate passing 

Location 4 were higher, the five major element oxides would account for a higher percentage 

of the ash sampled at that point. (The ash is determined as particulate minus carbon, so a 

larger carbon value results in a lower ash value.) Assuming a 35 percent carbon content of 

the particulate at Location 4, as measured in the ESP catch (see Section 5-9, Table 5-56), the 

rive major element oxides would account for 74 percent (744,000 pglg) of the ash sampled at 

that location. Tbis value agrees closely with that expected based on the major element 

oxides in coal ash, and strongly indicates that a 35 percent carbon content should be 

characteristic of Location 4 fly ash. 

An important point is that although particulate for elemental analysis was collected at 

the ESP inlet (Location 4) by full isokinetic traversing, the particulate sample used for 

carbon content determination was collected at a single point near the top of the duct. 

Considerable stratification of the particulate occurred at that location, as noted in Section 

2.2.1. Thus the sample used for carbon content determination at Location 4 likely did not 
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represent the bulk particulate passing that location and entering the ESP. This supposition is 

supported not only by the ash major element data shown in Table 3-11, but also by com- 

parisons of minor element data and carbon content for bottom ash, air heater ash, ESP catch, 

and flue gas particulate in Sections 5.1 and 5.9 of this report. Based on these several lines 

of argument, a value of 35 percent carbon was assumed for particulate at the ESP inlet, 

rather than the measured value of 4.3 percent. The 35 percent value was used in all element 

mass balance calculations presented in Section 6. Mass balance results for ash are presented 

in this section based on both the measured 4.3 percent and the assumed 35 percent carbon 

content, for comparison. 

Ash Mass Balance Cm. Tables 3-12 and 3-13 show the mass balance 

calculation spreadsheets for ash for the three inorganic test days. The comments column for 

each table gives details regarding the calculations. 

Table 3-12 shows the emissions calculations for particulate matter; results calculated 

in this table served as input to the overall ash mass balance calculation shown in Table 3-13. 

Note that in these tables M-l, M-2, M-3 refer to the three days of inorganic measurements 

(i.e., the three inorganic sampling days). 

Table 3-13 shows the mass balance calculations for ash for the three inorganic test 

days. Separate calculations are shown for the boiler, the ESP, and the combined boiler and 

ESP. Results from the mass balance calculation shown in this table served as input for the 

element mass balance calculations shown in Section 6. Tables 3-14 and 3-15 show the values 

of major stream flows at Niles Boiler No. 2 that factor into the mass balance calculations. 

Table 3-14 shows stream flow values for the three inorganic sampling days, i.e., the days for 

which mass balance calculations were done. Table 3-15 shows similar information for the 

organic sampling days. Values for several streams are missing in Table 3-15, because 

particulate loading in flue gas was not determined on the organic sampling days. 

Ash Mass Balance Red&. Tables 3-16 and 3-17 summarize the ash mass balance 

results, based on the measured (4.3 percent) and assumed (35 percent) carbon content of ash 

at the ESP inlet, respectively. Figure 3-4 also depicts the average revised ash mass balance, 

using the assumed 35 percent carbon value. Thus Table 3-17 and Figure 3-4 are directly 
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comparable to Table 3-16 and Figure 3-3, respectively. In both cases, the ash mass balance 

for the boiler is 100 percent; this result was forced by the assumptions noted above, and 

should not be taken as an indicator of the quality of the measurements. Comparison of the 

two tables shows that assumption of a reasonable 35 percent carbon content for ash at the 

ESP inlet greatly improves the mass balances for the ESP. As noted above, this assumed 

carbon content was used in all element mass balance calculations presented in Section 6. 

3.3.2 Sulfur Mass Balance 

Sulfur mass balances were performed on the boiler, the ESP, and the combined boiler 

and ESP. Separate mass balances were calculated for each test run and for the average of 

the three runs. 

ksumDtioD$ Assumptions necessary for calculating the sulfur mass balance were 

identical to those required for the ash mass balance (Section 3.3.1). However, in addition it 

was assumed that: 

. The plant process data for emissions of SOs were used as the measure of the 
gaseous SO, emissions from the boiler and the stack. Since there was no SOs 
removal system on this unit, this is a suitable assumption. 

$dfur Mass Balance Calculations. Table 3-18 shows the mass balance calculations 

~for sulfur for the three inorganic sampling days. The comments column at the right of the 

table gives details regarding the calculations. Assumptions regarding the bottom ash and air 

heater hopper ash flows have little effect on these results. 

Sulfur I@&&&nce Results. Table 3-19 summarixes the mass balance results for 

sulfur. It can be seen that a close sulfur balance was not achieved for the boiler and for the 

overall unit. Review of the coal analysis data from the Niles plant suggests that the 

calculated imbalances may originate with the plant process data used as the basis for SO, 

calculations. Firing 2.5 percent sulfur, 12,200 Btu/lb coal should produce about 4.1 lb of 

SO* per 106 Btu, not the approximately 2.5 lb/lo6 Btu reported for SOs by the plant CEM 
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instrumentation. A later check with plant personnel showed no SO,, values officially reported 

for the test period. This suggests that utility personnel concluded that SOa values measured 

during the test period were erroneous. 

3.3.3 Flue Gas Ox- 

Table 3-20 gives the daily average flue gas Os levels at the furnace outlet (ahead of 

the air heater) and in the stack for the three runs for which coal analyses were available. 

The 0, values at the furnace outlet are from plant instrumentation, corrected for 

recalibration. The 0, values (wet basis) for the stack were calculated from the daily average 

COs values (wet basis) measured at the stack. Also shown in Table 3-20 are the daily 

average total air values corresponding to the listed 0, values. 

These data suggest that the total air increased by about 10 percent as the flue gas 

passed through the air heater and the ESP. Although the Niles plant has tubular air heaters, 

plant staff reported that they suspect that there are holes (and thus air leakage) in the air 

heater. Thus, the 10 percent air leakage across the air heater and the ESP appears 

believable. 

Table 3-21 compares the plant-based 0, data to Os values reported from the flue gas 

particulate sampling, both on a dry basis. The data for the furnace exit location as measured 

by plant instrumentation and for the ESP inlet (Location 4) as measured for the particulate 

sampling show, as expected, that there was significant air leakage at the air heater (which 

was between these two locations). However, the 0, data from the sampling at the ESP inlet 

and at the stack also suggest that there was some leakage across the ESP. Given the near- 

neutral flue gas static pressures at the ESP inlet (Location 4) and the slightly negative static 

pressures at the stack (Location 5a) shown in Table 2-2, air leakage across the ESP is 

possible. 

There was some initial concern regarding the difference between the Os value 

calculated from plant CO, data and the Os value measured at the stack sampling position. 

However, as noted elsewhere, plant SO* data for the sampling period are suspect, and COs 

analyses are determined from the same system. A later inquiry into plant COs values for 

full-load operation produced an answer of 11.4 to 11.5 percent. The Os value calculated 
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from this CO2 level is about 6.3 percent, which is in the range of the Oz values measured 

during the test. If the stack Oz value was close to 6 percent, as this suggests, then a greater 

air leakage would be inferred relative to that indicated in Table 3-20, i.e., a stack Oz value 

of 6 percent would imply roughly 20 percent total air leakage, rather than the 10 percent 

indicated in Table 3-20. 
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TABLE 3-6. NUMBER OF SAMPLES AT 
FLUE GAS SAMPLING LOCATIONS 

Location 

Run Type 4 Sa 5b”’ 

Organic 
Modified Method 5 
VOC: canisterstb) 
voc: VO.wb) 
Aldehydes 

Inorganic 
Multi-Metals Train 
HEST Sampler 
Anion Train 
Ammonia 
Cyanide 
Carbon 
Radionuclides 

Elements - Soot Blowing 

Particle Size Distribution 3 

All samples collected using Plume Simulating Dilution Sampler (PSDS). 
Each canister run used three canisters; each VOST run used three sets of VOST 
cartridges. 
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TABLE 3-7. NUMBER OF SOLID/LIQUID SAMPLES COLLECTED 

Location # 7126193 7127193 7128193 7129193 7130193 713 II93 

1 Boiler Feed Coal(“) 1 1 1 1 1 1 

2 Bottom Ash 6 6 6 6 6 6 

3 Air heater Ash 5 5 5 2 4 4 

8 ESP Ash 12 13 13 I2 15 15 

9 River Water 1 1 1 1 1 1 

10 Pond Water 1 1 1 1 1 1 

13 Coal Pile Runoff 0 0 0 1 0 0 

(a) One daily composite sample provided by plant personnel. 
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TABLE 3-8. SAMPLE COMPOSITING AND SPLITTING SCHEDULE (BY DAY) 

Acronvms and AhhreviPtions used in Table 3-g: 
AIRHEAT - sample of air heater ash; Archive - remainder of sample after compositing and nliquotting have 
been done; B - analysis for boron; Be - analysis for beryllium; BOFED and BOFEED - boiler feed coal sample; 
BOlT - bottom ash sample; C - analysis for cabon; CL/F/PO,(SO,) - analysis for chloride, fluoride. phosphate 
(and sulfate): ESP - electrostatic precipitator; ESP ASH - sample of fly ash from electrostatic precipitators; 
ESPl(2.3.4.5) - sample from row l(2.3.4.5) of the electrostatic precipitator; HASH - sample of air heater ash; 
HEAT - analysis of coal for Btullh; INORG - inorganic sampling day; IL - July; Metals - annlyw for major 
and trace elements; MOIST - moisture analysis; ORG - organic sampling day; PRS - process solid sample; 
RAD - radiological analysis by gamma scan; Size - analysis of sample for particle size distribution; SVOC - 
analysis for semivolatile organic compounds; ULTUPROX - ultimate/proximate analysis. 
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TABLE 3-8. (Continued) 

n BOTTOM ASH n 
IIIGer/ I 1 Smde t COtUd~ I Ihfiuhuml Allawn II 

SplllpleI ~~<&e Mgti I nie I lu&d”ri I Cmnmsite IO1 sdiu I sdit wt. I ldoAtarv II 
N-2-~Rs-726 ) 3,, 130 BO’IT llul 26, 1993 E& mxwm from each umplc ~JL2693BO7T lSVOC 1208 IBCO 

I *,,A,< I I I I I Archive I IRCO 
It 

#,,_,_ I , I t-..---_- 6 ,--- 
I ?,Ils~ IOPG I I I I I II 

/I 4/1115 1 I I I I I I 
411440 

I PllRO I I I I I I I I 

WI630 (OR0 I I I 
1 41112s 1 I 
I 411445 I I I I 

t MI . . 
1 311740 (MOROI I c 128 I= 
I 4/1lJO I I I 1 FKXA’O4ISO4 P IBCO 

N-2.PRS-730 BOTT lul30, 1993 SVOC 20 8 BCO 

31135.5 Archive BCO 

30730 OR0 

411210 

I I I I 
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TABLE 3-8. (Continued) 

1 4/20@3 1 I I I I 
N-3-PRS-727 1 3/13CQ ~AJRJiEAT[Jd 27. 1993 lEqu.1 *ma”“” fmm)JL2793HASH ~Mc~.ls bog pzrE-omr 

I I I uch vmplc I I I I 
311750 I RAO )6Wp IiT 

I 312100 IINORG I I Ic 125. ICE I 
P 

411750 I FICUFC4ISO4 25 p Bco 

4izloa Archive EC0 
N-3.PRS-728 3/13W AJRJEAT Jul28, ,993 E.w., amm”u. fmm~JUU893HASH SVOC 2on BCG 

c.Eh vmple c.Eh vmple 

311700 311700 Archive Archive BCO BCO 

3izloo ORG 3izloo ORG 

4117w 4117w 

4i2lOO ) I I I I I 
N-3-P&729 311300 AIRHEAT Jul29, 1993 Equal ~txwu from JU993HASH MeYr 208 cTE-oe”“er 

ush ~mde 

II . . . I I 
N 3 J’RS 731 1 WI255 IAIRHEATIJuI 31. 1993 fnxdJI3193HASH IMcul. l20r 
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TABLE 3-8. (Continued) 

FSP FLY ASH 
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TABLE 3-8. (Continued) 

snmple ROW Wl. Of DMY Millimu A4y?iug 
DW Row/Time Camp. Row camp. CompmiteID @Jib Splil WI. Lahormoq 

I Jul 29. 1993 ~1-111300 lRow I ESPlEqqud .ma”“u from ushlJL2993ESPO ~Mcul. IZOE IcTE-Lk”“e, 

MpleW Mati 
-8.PR.-729 ESP AS, 

,NORG 

-8.PRS-730 F.SP A% 
ORG 

-8.PRS-731 ESP Ad, 

-t 

INORG 

1-211300 of four “mpkl RAD lomg IT 
1-111600 C 2-58 CTE 
I-2/16@, F/CI/FW/SO4 20 g BCO 

Size 200~ CTE 
Archive BCO 

2-111300 Row 2 ESP Equal amounu fmm ush JL2993ESP2 Meuli 20s CTE-Denvet 
2-2/1300 of twr “mpk. RAD IcaOS II 
2-lIl6M C 2-5x CTE 
2.20600 FICWO4/SO4 20 g RCO 

sii 2cnp cm 
Archive RCO 

3-111300 Row 3 ESP E.,wl .mo”c4. fmm ueh JL2993ESP3 Meta,. 2OP crEDc”“e, 
3.2/1300 of fw, “m&l RAD IOOOp II 
3-111600 C 25s CTE 
3.211600 FIcl,m4/so4 20 p BCO 

sii 2oop CrE 
Archive BCO 

“I 30. 1993 I-,,1300 Row I !BP Eqwl amwnu from each JUW3ESPI SVOC 20 D BCO 
l-2/1300 of farr UrnpIe‘ Archive BCG 
l-l/1620 

3-26 



TABLE 3-9. EXAMPLE-S OF SAMPLE AND COMPOSITE IDS 

Description of Sample 

Coal Feed into Boiler 

Bottom Ash 

Air Heater Ash 

ESP Ash 

Composite ID made up of 
Example of Sample ID the corresponding samples 

N-l-PRS-727 JL2793BOFED 

N-2-PRS-727 JL2793BOTT 

N-3-PRS-727 JL2793HASH 

N-8-PRS-727 JL2793ESPl 
(Hopper 8-l-l) 
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TABLE 3-11. ANALYSIS OFMAJORELEME~ (I~MP~~ITI~NOF~OALASH 
AND OF FLY ASH COLLECTED AT THE ESP INLET (LOCATION 4) 

coal 
Element, Oxide, 

g/g in coal(*) j&g/g in Coal@) 
Oxide, 

pg/g in Ash@) 

Aluminum 14,067 26,580 239,888 
Silicon 24,567 52,558 474,347 
Sodium 300 404 3,650 
Potassium 2,067 2,490 22,472 
Titanium 800 1,334 12,044 

Total 752,400 

Oxide in Sample 
Element, Oxide, Adjusted for 4.3% 

Fly Ash, Location 4 pg/g in Sample(d) pg/g in Sample@) Carbon in Sample, pg/g(‘) 

Aluminum 72,386 136,773 142,919 
Silicon 143,203 306,363 320,127 
Sodium 5,237 7,059 7,377 
Potassium 19,813 23,867 24,939 
Titanium 5,747 9,586 10,017 

Total 483,648 505,379 

(a) Based on average coal analysis data; Section 5.1.2. 
(b) Assumes most common oxide, e.g., AlaOs for Al. 
(c) Based on average ash content of coal; Section 5.10. 
(d) Based on particulate composition data; Section 5.1.1. 
(e) Based on average carbon content; Section 5.9. 
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TABLE 3-14. MAJOR STREAM FLOWS FOR INORGANIC SAMPLING DAYS 

Stream Units July 27 
Date 

July 29 July 31 

coal feed 
Bottom ash(‘) 
Air heater ash@) 
Flue gas flow at ESP inlet 
Flue gas flow at ESP outlet 
Particulate at ESP inlet 
Particulate at ESP outlet 
ESP catchcb’ 

lb/hr 91,500 94,200 96,700 
lb/hr 8,526 8,837 9,317 
lblhr 1,874 1,830 1,777 

Ncmlmin 6,103 6,074 6,562 
Ncmknin 5,316 5,093 5,120 

lb/hr 1,808 2,075 1,372 
lb/l-u 31 13 23 
lb/hr 1,778 2.063 1.350 

(a) Estimated total material flow at these locations. 
@) By difference. 

TABLE 3-15. MAJOR STREAM FLOWS FOR ORGANIC SAMPLING DAYS 

Stream Units July 26 
Date 

July 28 July 30 

coal feed 
Bottom ash 
Air heater ash 
Flue gas flow at ESP inlet 
Flue gas flow at ESP outlet 
Particulate at ESP inlet 
Particulate at ESP outlet 
ESP catch 

Ib/hr 
lb/hr 
lb/hr 

Ncmlmin 
Ncmlmin 

lb/hr 
lb/hr 
lblhr 

89,600 
NC 
NC 

6,007 
4,763 
NM 
NM 
NC 

93,800 
NC 
NC 

6,365 
5,038 
NM 
NM 
NC 

94,400 
NC 
NC 

6,225 
5,373 
NM 
NM 
NC 

NM = Not measured. 
NC = Not calculable because particulate sampling was not conducted. 
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TABLE 3-16. ASH MASS BALANCE RESULTS (percent) BASED ON 
4 PERCENT CARBON IN PARTICULATE AT THE ESP INLET 

l/21/93 l/29/93 7131193 Average 

Boiler 100 100 100 100 

EsP@) 68.3 67.7 68.6 68.2 

Boiler & ESP 94.6 94.0 96.1 94.9 

(a) See text for discussion of these results. 

TABLE 3-17. ASH MASS BALANCE RESULTS (percent) BASED ON ASSUMED 
35 PERCENT CARBON IN PARTICULATE AT THE BSP INLET 

7127193 7129193 713 1193 Aveme 

Boiler 100 100 

ESP@) 101 100 

Boiler & ESP 100 100 

(a) See text for discussion of these results. 

100 100 

101 101 

100 100 
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TABLE 3-19. SULFUR MASS BALANCE RESULTS (percent) 

II27193 7129193 7131193 Averaee 

Boiler 61.7 57.7 57.4 58.9 

ESP loo.2 loo.4 100.0 loo.2 

Boiler & ESP 61.8 57.9 57.4 59.0 

TABLE 3-20. FLUE GAS OXYGEN RESULTS 

July 27, 1993 July 29, 1993 July 31, 1993 

Measured Oa value at furnace 2.15 2.22 2.40 
outlet, wet basis, percent(*) 

Calculated Oa value at stactib), 3.60 3.84 3.59 
wet basis, percent 

Total air at furnace outlet, percent 112 113 114 

Total air at stack, percent 123 124 123 

Change in total air across ESP, 11 11 9 
percent 

Air leakage as a percentage of 10 10 8 
total air at furnace outlet, percent 

(a) These values include an increase of 0.5 percent Oa as correction for plant 
recalibration of sensor (see Section 2.3.2). 

(b) Based on COa content in the stack. 
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TABLE 3-21. COMPARISON OF FLUE GAS OXYGEN VALUES 
(Values in percent, dry basis) 

July 27, 1993 July 29, 1993 July 31, 1993 

Measured Oz value at furnace outlet, 2.35 2.43 2.62 
plant instrumentation(a) 

Oz value at ESP inlet from particulate 4.1 4.0 4.4 
sampling 

Calculated 0, value at stack(*) 3.93 4.18 3.91 

0, value at stack from particulate 6.0 6.5 6.5 
sampling 

(a) Calculated from 0, on wet basis in Table 3-20. 
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STACK 
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1O.l kg/hr 
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COAL- BOILER * ESP c3 
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I 
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(8,360 lb&w-) (440 lb) 
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r/hr 200 kn/hr 
fhr) 

Figure 3-3. Schematic of average ash flows and mass balance, based 
on 4 percent carbon in particulate at the ESP inlet. 
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STACK 
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COAL BOILER ESP c3 
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p”‘ 

514 k&hr 
(10,474 b/hr) uJ33 lb/hr> 

I 
BOTTOM AIR PREHEATER 
ASH HOPPER ASH 

4,024 kolhr 2l2 kg/hr 
(3,873 lb/h?9 (467 lb/hr) 

ESP CATCH 

Figure 3-4. Schematic of revised average ash flows and mass balance, based 
on assumed 35 percent carbon in particulate at the ESP inlet. 
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4.0 SAMPLE ANALYSIS 

4.1 Analvtical Meth& 

A summary of the sample preparation procedures and analytical techniques used to 

analyze the gas, solid, and liquid samples collected on this project are listed in Table 4-1 

along with the identity of the laboratory conducting the analyses. Specific details of the 

analytical procedures are provided in the Analytical Plan* prepared for this study. Any 

deviations from the analytical procedures cited in the Analytical Plan are described in 

Appendix F, and QA/QC data associated with the analyses are summarked in Appendix E. 

Requirements for the preservation and storage of samples after collection are detailed in 

Table C-2, Appendix C. 

‘Study of Toxic Emissions from a Coal-Fired Power Plant Demonstrating the ICCT WSA- 
SNOX Project and a Plant Utilizing an ESP/wet FGD System, Mnnagement Plan on DOE 
Contract DEAC22-93PC93251, Section 5: Niles Site-Specific Plans. Prepared for DOEPETC 
by Bottelle, Columbus, Ohio, July 17, 1993. 
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5.0 ANALYTICAL RESULTS 

Analytical results are presented in Section 5. Analytical data were reduced 

according to specifications provided by DOE. These specifications are reproduced exactly 

below (with Battelle interpretation in italics): 

“TREATMENT OF NON-DETECTS, VALUES OUTSIDE OF 
THE CALIBRATION RANGE AND BLANKS 

Treatment of non-detects (analytical results for which the concentration of 
the species of interest is below the detection limit of the method) and blank 
values is of critical importance m this program because detectton levels and 
blank concentrations are often on the same order of magnitude as sample 
values. When the results are then used for risk assessments or policy 
decisions, treatment of the data becomes important. This discussion 
describes how blank and non-detect values are to be treated in 
presenting/developing reported results. 

Non-Detecti 

The discussion presented below ex 
emission values are to be calcula teEi 

lains how averages, sums, and reported 
for all species given various 

combinations of detected and non-detected values. 

All values detected. The arithmetic average or sum is taken, as 
appropriate. No special techniques required. 

All values below the detection hit. For individual test runs or 
species, the data are to be reported as “ND < (detection limit).” For 
cases where all three runs (or multiple species are below the detection 
limit, the average is re i 
detectton limit of the tr 

rted as non-detected ess than the average 
ree runs (species). 

Some values are detected and some are non-detects. As an 
approximation, half of the detection limit for nondetect values and the 
actual value for detects will be used to determine reported values. As an 

an average for three test runs with results of 10, 8, 
e 7. As an example for summin (such as for 

species values of 50, N8 <landND<2 
to provide a value of 50 + .5 + 1 or 51.5. In 

reporting these types of sums or averages no ” < * sign is used. 
exception to this rule occurs when the avera 

The only 

highest detection limit of the non-detected v 
e (or sum IS less than the 

il ues. In t/us case the 
averages or sums is reported as “ND < the highest detection ‘limit ” For 
example, 5, ND < 4 and ND < 3 woul 6 be reported as “ND < 45 

This approach is also used to obtain test train totals which r 
analyses of se epuired 
volatile, ta? 

arate fractions for each individual run. Specs ically, the 
me s, and anion test train totals for each run are obtamed by 

addition of test train fractions which were anal-y-red separately. 

Fractions from the volatile test train included separate analyses of the tenax 
and tenax/charcoal tubes for each sample period. Separate analyses were 
conducted on the filterable and gaseous test train components for both the 
metals and anion test trains. 
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Detection limit ratio. These methods of treatin 
in some loss of information in going from raw if 

the data may result 
ata to final values. 

Specifically, what is often lost is the amount of a final emission value 
that is attributable to detection limits and the amount that is 
attributable to measured, values. In order to quantify and present this 
information all results in this report are presented along with the 
“Detection Limit Component Ratio,” (or. Ratio) which is calculated as 
the ratio of the contribution of detection limit values to a final 
emission result. 

For example a set of three,values,of 16, ND < 6 and ND < 5 should be 
reprted as ? with a detection hunt ratto of 26% $(3+2.5)/(16+3+2.5)), 
w ile a set of values of 12 ND < 6 and 9 shoul be reported as 8, with 
a detection limit ratio of 13 %. The different ratios provide insight as to 
the extent something is “really there ” and hopeful1 
better information to those making decisions on ns 3 

can help provide 
and policy issues. 

Values Outside the Calibram 

Blank Value 

The level and treatment of blank values is important in interpreting data, 
since in some cases s 
higher than blanks. ??h 

ies are detected but not at levels sigmticantly 
n 

emissions, but rather 
test methods used in 

ese cases measured values may not represent 
method. However, most of the 
no allow subtrachon of blanks 

or arc silent on how to treat 

When a method does not specify how the sample will be blank corrected, 
the appropriate blank train values should be subtracted. Laboratory and 
site/reagent blanks will be analyzed and the results evaluated for 
identification of contamination. 
the data will be flagged b 

If a sample compound is blank corrected 
If the value is blank corrected below 

the detection limit it shou 
A “C” flag indicates that the blan 

rted as “ND < (detection limit) BC.” 
value was greater than the sampled 

value. In no case should the blank corrected values be reported below the 
method detection limit. q 

Gas samples and train blanks were corrected for field reagent blanks, where 

available. After field reagent blank corrections, samples were corrected for train blanks. 

These blank corrections are designated in footnotes to the Section 5 tables rather than 

flagged with a “B” as indicated in the above DOE specifications. Any additional flags used 

to qualify the analytical data are included as appropriate in the Section 5 tables with defining 

footnotes in each table where used. The spreadsheet program used to prepare the Section 5 
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tables does not allow ready control of significant figures. As a result, the reader is 

requested to be tolerant of excessive significant figures in some values. 

Averages were calculated for the three samples collected at a single location on 

each of the three sampling days (i.e., inorganic or organic). Specifications provided by 

DOE, as reproduced above, were used to calculate averages. A standard deviation (SD) was 

calculated for the three sampling days using a sample population (i.e., using N-l in the 

denominator). It must be noted that results from the three individual measurements shown 

in Section 5 tables were used to conduct three separate calculations of mass balances, 

removal efficiencies, and power plant emissions, in Section 6. The average result of those 

three separate calculations was then calculated. The average concentrations shown in 

Section 5 were not used in such calculations. 

It should be noted that DL Ratio values were calculated and are shown in subse- 

quent tables Q& when a detected value is shown for the average, I&II when the average is a 

non-detect value. In other words, an average value which is itself a non-detect (i.e., 

ND < ), whether based entirely or partially on individual non-detect values, is not shown 

with an associated DL Ratio value. This approach eliminates unnecessary repetition of high 

DL Ratio values for results which are already indicated as non-detect values. 

In parts of Section 5 blank values for anaIytes in flue gas are. shown, in units of 

(e.g.) pg/dscm. The blank results shown were calculated from blank samples using a 

representative or average sampled flue gas volume; as such they are for illustration only. 

Blank subtraction from actual samples was always done by subtracting the mass of analyte in 

the blank, then dividing by the sampled flue gas volume appropriate for each sample. 

In a few instances, individual measured values were found which appeared to be 

outliers. Those values are footnoted in the Section 5 data tables, and are excluded from the 

calculation of mass balances, removal efficiencies, and emission factors. Average values for 

the accepted data were substituted in place of the outliers in such calculations. Where 

pertinent, the reasons for considering individual values as outliers are noted. 

Finally, one exception was made to the use. of half the detection limit value for non- 

detects. When calculating the emission factor for a species for which all three values are 

non-detects, the non-detect values, rather than half those values, were used. This approach 

avoids underestimating both the magnitude and the uncertainty of the emissions. 
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5.1 Elements 

5.1.1 Elements in Flue Gas Samples 

Tables 5-l through 5-5 show the concentrations of elements measured in flue gas 

samples from Locations 4 and 5a at Niles Boiler No. 2. Tables 5-l and 5-3 show the 

element concentrations in flue gas particulate matter from Locations 4 and 5a, respectively, 

in units of micrograms per gram of collected particulate @g/g). Tables 5-2 and 5-4 show 

the w (i.e., particle ulus vaoor) element concentrations in flue gas at Locations 4 and 5a, 

respectively, in units of micrograms of analyte per normal cubic meter of flue gas 

(pglNm3). Thus the concentrations in Tables 5-2 and 5-4 include the particulate element 

data in Tables 5-l and 5-3, reckoned relative to flue gas volume rather than to particulate 

mass. Note that silicon was determined only in the probe rinse particulate+ which comprised 

about 59 percent of the total particulate catch at the ESP inlet (Location 4), and 92 percent 

at the ESP outlet (Location 5a). 

Table 5-5 shows train blank values representative of elements in flue gas, and 

reported in pglNm3 units. 

Ahuninum, sodium, and potassium values in flue gas showed a large degree of 

variability, attributable in part to high blank values, possibly due to fder contamination 

(see footnote to Table S-5). Such falter contamination is not unexpected, even with 

quartz falters as used in this study (see, e.g., Berg et al., &QQS. Environs, Vol. 27A, p. 

2435, 1993). Subtraction of large blank values for these elements led to substantial 

uncertainty in the flue gas concentrations, particularly at Location Sa where particulate 

loading was low, and filter blank values were consequently more important. Outlier 

values are noted in Tables S-3 and S-4 for these three elements, and arise primarily 

from the blank values noted above. The exception is the sodium value in Table 5-3 

from 7/27, which appears to be from sample contamination. Emission factor tables 

elsewhere in this report are also footnoted to indicate the exclusion of outlier data at 

the stack (Location Sa). 
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TABLE 5-1. ELEMENTS IN PARTICULATE MATTER FROM ESP INLET (LOCATION 4) (&g) 

Adyte N-l-MUM-727 N-4-MUM-729 N-4-MUM-73 1 AVERAGE DLRATIO SD 

Aluminum 72295 63016 81847 72386 9416 
Potassium 19812 18255 21371 19813 1558 
Silicon 149309 98146 182156 143203 42337 
Sodium 5150 7740 2821 5237 2461 
Titanium 6274 4.476 6491 5747 1106 

Antimony 

Arsenic 

Beryllium 
Cadmium 

Chromium 
Cobalt 

tipper 
Lead 
MEtflgPnSE 

Mel-cury 
Molybdenum 

Nickel 

Selenium 

Vanadium 

39.5 48.9 53.1 47 7.0 
1223 876 1118 1072 178 
527 482 611 540 66 

28.8 25.7 29.8 28 2.2 
1.61 1.81 1.77 1.7 0.11 
247 232 270 249 19 

67.9 63.3 85.7 72 12 
374 376 431 394 32 
40.5 391 405 400 8 
207 193 245 215 27 

0.809 0.772 0.764 0.78 0.024 
84.5 69.0 76.7 77 7.7 
265 _ 294 319 293 27 

42.0 31.1 38.9 37 5.6 
370 356 429 385 39 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

Samples corrected for train blank. 
Silicon value refers to probe rinse only. 
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TABLE 5-2. ELEMENTS IN GAS SAMPLES FROM ESP INLET (LOCATION 4) (Irg/Nm^3) 

Analyte N4MUM-727 N-&MUM-729 N-4-MUM-731 AVERAGE DLRATlO SD 

Aluminum 161715 163287 129293 151432 19189 
Potassium 45943 47645 33760 42449 7573 
Silicon 184110 150409 187281 173933 20434 
Sodium 11731 21666 4491 12629 8622 
Titanium 14034 11550 10254 11946 1921 

Antimony 88.6 127 242 152 80 
AIX.IliC 2772 2264 1786 2274 493 
Barium 1179 1244 966 1129 I46 
Beryllium 64.6 66.3 47.1 59 II 
Boron NA NA NA NA NA 
Cadmium 3.64 4.71 2.84 3.7 0.94 
CbIOUliUUl 552 599 426 526 89 
Cobalt 152 163 135 150 14 

COPP= 837 972 683 831 145 
Lead 906 1010 639 852 191 
Manganese 473 507 410 463 49 
MOICUIY 31.7 28.4 24.9 28 3.4 
Molybdenum 189 179 122 163 36 
Nickel 594 757 504 618 129 
Selenium 102 91.7 80.2 91 11 
Vanadium 829 918 678 808 121 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
NA = Not analyzed. 
Samples comcted for train blank. 
Silicon not determined in cyclones and filter. 
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TABLE 5-3. ELEMENTS IN PARTICULATE hIAlTER FROM ESP OUTLET (L.OCATION 58) h/g) 

Analyte N-5a-MUM-727 N-5a-MUM-729 N-5a-MUM-731 AVERAGE DLBATIO SD 

Aluminum 
Potassium 
Silicon 
Sodium 
Titanium 

Arsenic - 
Barium 
Beryllium 
Cadmium 
Chromium 

cobalt 

Copper 
Lead 
Mangame. 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

ND< 

ND< 

ND< 

27763 
19409 ND< 

173007 
37390 # ND< 

797 

15.3 
1746 

185 
5.33 
2.76 
90.0 

5.51 
132 

55.3 
61.0 
2.15 
87.9 
27.7 
2817 
85.7 

ND< 

ND< 

ND< 

ND< 

749 # 634 Y 
86.2 X 616 # 

28491 70589 
2654 1510 
1473 1010 

34.5 
3045 

237 
12.8 
6.00 
268 

12.0 
265 

85.5 
92.9 
1.03 
214 

45.0 
2004 

206 

ND< 

ND< 

ND< 

20.1 
1966 

175, 
7.99 
6.21 
111 

7.05 
183 

94.5 
54.0 

0.614 
75.3 
11.9 
2968 

142 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND< is detection limit. 
NC = Not c.niculnted. 
# = Outlier value. not used in calculations. 
Samples comcted for train blank. 
Silicon value refers to probe rinse only. 

ND< 

ND< 

ND< 

ND< 

ND< 

27763 NC 
19409 NC 
90696 74326 
2654 NC 
1093 345 

23 10 
2252 695 

199 34 
8.7 3.8 
6.0 2.5 
156 98 

8.2 3.4 
193 67 
78 21 
69 21 
1.0 1.0 
126 77 
28 17 

25% 518 
144 60 

5-7 



TABLE S-4. ELEMENTS IN GAS SAMPLES FROM ESP OUTLET (LOCATION 5a) (Irg/Nm*3) 

Atdyte N-5a-MUM-727 N-5a-MUM-729 N-5a-MUM-731 AVERAGE DLRATIO SD 

Alutium 
Potassium 

Silicon 
Sodium 

Titanium 

5238 14.6 # 

3257 ND< 1.45 # 

9529 5363 

7604 # ND< 51.3 

51.2 

Antimony ND< 0.59 

Arsenic 19.4 

Barium 15.4 

&ryllium 0.31 

Bomn NA 

Cadmium ND< 0.10 
ChtIlillm 4.92 

Cobalt ND< 0.20 

Copper 7.18 

Lead 2.62 

MZlIlglnC?SC 7.66 

MMCtIty 27.4 

Molybdenum 4.09 

Nickel 1.32 

Selenium 136 

Vanadium 3.74 

28.6 

90.7 # 

12s x 
6101 

891 
36.2 

5238 NC 
3257 NC 
6997 2223 
458 3% NC 

39 11.5 

ND< 0.60 ND< 0.61 ND< 0.60 0.0 
59.6 70.3 70 9.9 
4.63 6.45 8.8 5.8 
0.28 0.33 0.31 0.0 
NA NA NA NA 

ND< 0.10 0.24 ND< 0.10 0.11 
5.89 4.37 5.1 0.77 

ND< 0.19 ND< 0.20 ND< 0.20 0.0 
5.37 6.83 6.7 1.2 
1.89 3.47 2.7 0.79 
4.09 5.07 5.6 1.8 
21.2 23.2 24 3.1 
4.27 2.87 3.7 0.76 
0.93 0.47 0.90 0.43 
56.1 113 102 41 
4.02 4.88 4.2 0.59 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND< = Not detected, valti following ND< is detection limit. 
NA = Not malyzcd. 
NC = Not calculated. 

# = Outlier value, not used in calculations. 
Samples corrected for train blank. 
Silicon not determined in cyclones and filter. 
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TABLE S-5. ELEMENTS IN BLANK GAS SAMPLES (Ilg/Nm’3) 

TRAIN BLANK 

Amlyte N-5a-MUM-726 

Aluminum 7862 
Potassium 4753 
Silicon 11674 

Sodium 11600 

Titanium 23.9 

Antimony 

Arsenic 
Barium 
Beryllium 

Bomn 
Cadmium 
CbIOlDiUlll 
Cobalt 

COPP= 
Lead 

MW&4lh% 
M.%CUly 

Molybdenum 
Nickel 

selenium 
Vanadium 

ND< 0.689 

2.69 
12.8 

ND< 0.114 

NA 
ND< 0.114 

ND< 0.114 

ND< 0.228 
0.464 

2.64 

2.55 
ND< 0.028 

3.01 

3.07 
ND< 0.689 
ND< 0.114 

ND< = Not de&cd, vahe following ND< is detection limit. 

NA = Sample not available, spmplc not analyzed. or data not available. 
Silicon not determined in cyclottes and filter. 
Possible contaminatioo of alumhum, potassium, and sodium in filter analyses. 
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Round-Robin Result Used in 
Average Table 5-6 Result Mass Balance Calculations 

&4ldYk _(ygla. as received) dn'j 

Cadmium ND < 0.3 0.085 
Molybdenum ND<3 4.54 
Selenium ND <0.6 2.56 

In general, the relative percent difference between the average results for detected 

elements in the boiler feed coat presented in Table 5-6 and the average result obtained for 

Niles coal (designated Samples F and 0) by the five laboratories participating in the round- 

robin study was leas than 30 percent. Antimony and nickel were the only two elements with 

relative percent differences above 30 percent, at 56 percent and 38 percent, respectively. 

The average antimony result from the round-robin result (2.1 pglg dry, versus 1.1 pg/g as 

received, in Table 5-6) was therefore used in the mass balance calculation. The average 

nickel result from the round-robin study (28.2 pg/g, dry, versus 18 pg/g, as received, in 

Table 5-6) was m used in the mass balance calculations because the percent relative 

standard deviation of nickel results in he round-robin study was relatively high (average of 

33.1 percent), as was the range of results in comparison to the other elements. This 

suggested that the round-robin result was not more accurate than the result presented in 

Table 5-6. 
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5.1.2 Elements in Solid Samdes 

Tables 5-6 through 5-9 present analytical results for elements in solid samples. All 

results are shown in pg of analyte per gram of sample bglg). Tables 5-6 through 5-9, 

respectively, show data for elements in boiler feed coal (Location l), bottom ash (Location 

2), air heater ash (Location 3), and ESP ash (Location 8). Each table shows results for 

individual daily composite samples, and the average and standard deviation of those results. 

The composite sample identification scheme and compositing procedures are described in 

Section 3.22. Note that the data for ESP ash are presented in five parts, Tables 5-9a 

through 5-9e, corresponding to ash samples from BSP hopper rows 1 through 5, 

respectively. 

Comparison of the elemental composition of air heater ash (Table 5-8) to that of the 

various ESP ash samples (Table 5-9) shows that the air heater ash composition closely 

resembles that of the ESP row 1 ash (Table 5-9a), but differs markedly from that of ash 

from later rows of the ESP (Tables 5-9b-e). The ash from the later ESP rows closely 

resembles flue gas particulate from Location 4 (Table 5-l) in elemental composition. These 

factors confirm the conclusion reached in Section 3.3.1, that the Location 4 particulate 

samples may represent the fine particulate collected in later rows of the ESP, but they are 

not comparable to the coarse ash collected passively in the deactivated hoppers of row 1 of 

the ESP. (See also Section 5.9, Carbon Analyses.) 

One outlier in the solid sample element data is the value of 27,000 cg/g for 

sodium in bottom ash on 7/29 (Table S-7). That value differs widely from all other 

sodium data in all types of solid samples. No cause has been identified for that extreme 

outlier. 

Results from the coal analysis round-robin study coordinated by Consol, Inc. for 

DOE/PETC are presented in Appendix B Auditing of this report, For the elements not 

detected in boiler feed coal (Table 5-6), results from the round-robin study were used 

instead in mass balance calculations presented later in this report. The round-robin results 

that were adopted include the following: 
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TABLE 5-6. ELEMENTS IN BOILER FEED COAL (LOCATION 1) f&g) 

Adyte JL2793-BOFED JL.2993-BOFED JIJ193-BOFED AVERAGE DLRATIO SD 

Silk00 

Sodium 

Titanium 

Arsenic 

Barium 
Beryllium 

Jkxcm 

chromium 

Cobalt 

CQPpcI 
Lxd 
MWlgWSe 

MCICUry 
Molybdenum 

Nickel 

Selenium 
Vanadium 

14003 13900 14300 14067 
2100 2000 2100 2067 

24500 24300 24900 24567 
300 300 300 300 
800 800 800 so0 

20s 
58 

306 
0 

0 

0.8 1.5 1.1 1.1 0.35 
33 32 35 33 1.5 
54 55 56 55 1.0 
1.7 2.3 1.8 1.9 0.32 
72 76 67 72 4.5 

ND< 0.3 ND< 0.3 ND< 0.3 ND< 0.3 0 
15 17 16 16 1.0 

5.4 8.0 5.5 6.3 1.5 
14 15 15 15 0.58 
11 14 14 13 1.7 
25 27 24 25 1.5 

0.19 0.17 0.27 0.21 0.053 
3.9 ND< 3 ND< 3 ND< 3 1.4 
17 22 16 18 3.2 

ND< 0.6 ND< 0.6 ND< 0.6 ND< 0.6 0 
26 29 29 28 1.7 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND c: = Not dctsted, value following ND< is detection limit. 
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TABLE 5-7. ELEMENTS IN BOTTOM ASH (LOCATION 2) f&p) 

Amlyte JL2793-B0l-I’ JL2993-BOTT lU193-BOTI’ AVERAGE DL RATIO SD 

Alumbum 121000 

Potassium 16300 

Silicon 222500 

Sodium 1600 

Titanium 6400 

Arsenic 

Barium 

Beryllium 
Boron 

Cadmium 
Chromium 

Cobalt 
copper 

Lead 

MmgUlleSe 

MC.fCU~ 
Molybdenum 
Nickel 

Selenium 

ND< 

ND< 

ND< 

ND< 

4 

5.1 
560 

11 
120 

2 
110 
43 

41 

5.5 

240 

0.02 

30 

110 
4 

160 

ND< 

ND< 

ND< 
ND< 

ND< 

123600 124900 123167 1986 
17700 16500 16833 757 

225100 226400 224667 1986 
27000 # loo0 1300 NC 
6400 6400 6400 0 

4 ND< 4 ND< 4 0 
6 8.2 6.4 1.6 

600 620 593 191 
14 13 13 I.5 

140 80 113 31 
2 ND< 2 ND< 2 0 

130 120 120 10 
57 40 47 9.1 
58 56 52 9.3 

5.8 4.7 5.3 0.57 
260 270 257 15 

0.02 ND< 0.02 ND< 0.02 0.0058 
30 ND< 30 ND< 30 0 

150 130 130 20 
4 ND< 4 ND< 4 0 

210 190 187 25 

DL Ratio = Detection limit ratio. 
SD = Staudard deviation. 

ND< = Not detected, value following ND< is detection limit. 
NC = Not calculated. 

# = Outlier value, not used in calculations. 
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TABLE 5-8. ELEMENTS LN AIR HEATER ASH (LOCATION 3) f&g) 

Adytc JL2793-HASH X2993-HASH Jl3 193-HASH AVERAGE DLRATIO SD 

Potassium 
Silicon 

Sodium 
Titanium 

Antimony 

Arsenic 

BtiUtU 
Beryllium 
Ekron 

Cadmium 
Cbmmium 

Cobalt 

Copper 
Lead 

MWlgilllCSe 

MCXCUry 
Molybdenum 

Nickel 

30800 32600 35000 32800 2107 
3200 3800 4200 3733 503 

50000 51700 55300 52333 2706 

ND< 3 ND< 4 ND< 2 

25 24 44 
82 98 120 

2.8 2.7 3.5 
100 80 loo 

ND< 1.5 ND< 2 ND< 1.5 
27 30 37 

12 19 12 
25 34 39 

9.8 7.6 7.6 
31 36 35 

0.03 0.04 0.04 
ND< 30 ND< 30 ND< 20 

28 - 43 36 

4.3 ND< 4 ND< 4 

1000 
1900 

900 
1900 

ND< 

ND< 

833 208 
1833 115 

3 1.0 
31 11 

100 19 
3 0.44 

93 12 
2 0.29 

31 5.1 
14 4.0 
33 7.1 

8.3 1.3 
34 2.6 

0.037 0.0058 

ND< 27 5.8 

36 7.5 
ND< 4.0 1.3 

Vanadium 39 42 59 47 11 

DL Ratio = D&&ion limit ratio. 
SD = Standard deviation. 

ND< = Not detected, value following ND< is de&&n limit. 
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TABLE 5-9a. ELEMENTS IN ESP ASH ROW 1 (LOCATION 8) h/g) 

Adyte n-2793-ESPI JL2993-EsPl X3193-ESPl AVERAGE DLRA-IIO SD 

Aluminum 25600 

Potassium 2800 
Silicon 40100 

Sodium 500 
Titanium 1400 

25800 28500 26633 1620 
2600 3300 2900 361 

38ooo 43200 40433 2616 
500 600 533 58 

1400 1600 1467 115 

Antimony ND< 4 ND< 4 ND< 3 

Arsenic 149 153 160 

Barium 78 80 120 

Beryllium 2.8 2.9 4.7 

Boron 160 69 170 

Cadmium ND< 2.0 ND< 2.0 ND< 1.5 

Cbmmium 35 27 38 
Cobalt 6.8 10 15 

Copper 25 25 40 
Lead 19 170 22 
MZMgmeSC 44 30 42 
MCICUry 0.29 0.23 0.34 

Molybdenum ND< 30 _ ND< 30 ND< 20 
Nickel 19 37 48 
Selenium 11 7.9 6.3 
Vanadium 39 40 60 

ND< 

ND< 

ND< 

3.7 0.58 
154 5.6 
93 24 

3.5 1.1 
133 56 
1.8 0.29 
33 5.7 
11 4.1 
30 8.7 
70 86 
39 7.6 

0.29 0.055 
27 5.8 
35 15 

8.4 2.4 
46 12 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND< = Not detected, value following ND< is detection limit. 
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TABLE 5-9b. ELEMENTS IN ESP ASH ROW 2 (LOCATION 8) kg/g) 

Adyte .lL2793-ESPZ JL2993-ESP2 Jl3193-Esrz AVERAGE DLRATIO SD 

Alumimm 95000 

Potassium 22Mx) 

Silicon 162000 

Sodium 3500 

Titanium 6700 

85200 95200 91800 5717 
18300 20700 20333 1877 

143ca 156400 153800 9763 
3300 3400 3400 100 
5900 6600 6400 436 

Antimony 50 45 43 46 3.6 
.4rsenic 1140 870 860 957 159 
Barium 680 550 640 623 67 
Beryllium 33 26 32 30 3.8 
Boron 640 680 640 653 23 
Cadmium ND< 2 ND< 2 ND< 2 ND< 2 0 
Chromium 240 210 240 230 17 
Cobalt 82 63 80 75 10 

Copper 360 360 440 387 46 
Lead 438 340 390 389 49 
MUgWlCSC 240 190 240 223 29 
Mercury 0.32 0.4 0.36 0.36 0.040 
Molybdenum 110 80 150 113 35 
Nickel 280 270 310 287 21 
Selenium 5.8 ND< 4 ND< 4 ND< 4 2.2 
Vanadium 360 350 410 373 32 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

ND< = Not detected, value following ND< in detection limit. 
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TABLE 5-9~. ELEMENTS IN ESP ASH ROW 3 (LOCATION 8) (j&g) 

Adyte JL2793-Esp3 X2993-EW.3 Jul93-JzsF.3 AVERAGE DLRATIO SD 

Alumhum 

Potassium 
Silicon 

Sodium 
Titanium 

101100 99300 101800 100733 1290 
25200 24900 25700 25267 404 

173Otm 167300 170800 170367 2875 
4600 4500 4300 4461 153 
7400 7700 7500 7533 153 

Antimony 70 75 70 72 2.9 
Arsenic 1650 1414 1415 1493 136 
Barium m 900 820 873 46 
Beryllium 40 39 38 39 1.0 
BOPXI 830 990 900 907 80 
Cadmium ND< 2 ND< 2 ND< 2 ND< 2 0 
CbIOtlliUUl 3cKl 320 310 310 10 
Cobalt 91 97 96 95 3.2 
copper 450 530 560 513 57 
Lead 595 520 560 558 38 
MGUl@JlCSC 270 330 280 293 32 
MePXfy 0.13 0.15 0.15 0.14 0.012 
Molybdenum 180 190 170 180 10 
Nickel 320 350 380 350 30 
Selenium 7.9 24 7.0 13 9.6 
Vanadium 450 510 530 497 42 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND< = Not detected, value following ND< is detection limit. 
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TABLE 59d. ELEMENTS IN ESP ASH ROW 4 (LOCATION 8) (w/g) 

Amlyte JIJl93EsP4 

Aluminum 96500 
Potassium 26OcM 
Silicon 159800 
Sodium 4300 
Titanium 7800 

Antimony 81 
Arsenic 1830 
Barium 910 
Beryllium 40 
Boron 1100 
Cadmium ND< 2 
Chromium 360 
Cob& % 
Copper 640 
Lead 670 
Mmgmcse 380 
MeWIry 0.08 
Molybdenum 230 
Nickel 410 
Selenium 22 
Vanadium 600 

ND< = Not detected, value following ND< is detectiott limit. 
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TABLE 5-9e. ELEMENTS IN ESP ASH ROW 5 (LOCATION 8) @g/g) 

Analyte JL2793-ESP5 Jl3 193-ESPS AVERAGE DLRATIO SD 

Aluminum 91300 

Potassium 26900 

Silicon 160100 

Sodium 4200 

Titanium 7300 

Antimony 

Arsenic 
Barium 
Beryllium 

Boron 

Cadmium 
Chromium 

Cobalt 

copper 

Lead 
Manganese 

MCXttly 
Molybdenum 

Nickel 
Selenium 

Vanadium 

ND< 

100 116 
2140 2443 
1190 1210 

44 48 
1160 1470 

2 ND< 2 ND< 
350 420 
100 100 
560 760 

692 787 
280 300 

0.14 0.02 
250 330 
350 420 

23 40 
550 670 

88300 89800 2121 
27500 27200 424 

153200 156650 4819 

4500 4350 212 
7700 7500 283 

108 

2292 
1200 

46 
1315 

2 
385 

loo 
660 

740 
290 

0.08 

290 
385 

32 
610 

11 

214 

14 
2.8 

219 

0 
49 

0 

141 

67 

14 

0.085 
57 

49 
12 

85 

DL Ratio = Detection limit ratio. 
SD = Standard de&ion. 
ND< = Not detected, value following ND< is detection limit. 
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5 1 3 . . Elements in Liauid Sam~lw 

Tables 5-10 through 5-13 show the analytical results for elements in liquid samples. 

All results are reported in milligrams per lite-r of sample (mg/L). Results are shown for 

make-up water (Location 9), and pond outlet water (Location lo), in that order. For each 

type of sample, an even-numbered table (e.g., 5-10) shows total element results, and an 

odd-numbered table (e.g., 5-11) shows dissolved element results. Each table shows the 

individual sample results as well as the average and standard deviation. Comparison of the 

two sample sets shows that most element concentrations are higher in pond outlet water than 

in the river water used for plant make-up. This is as expected since the pond outlet water 

has been used to sluice ESP ash and other solids into the pond. 
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TABLE 5-10. TOTAL ELEMENTS IN MAKE-UP WATER (LOCATION 9) (mg/L) 

Amlyte N-9-PRL-727 N-9-P&729 N-9-PRL-73 1 AVERAGE DL RATlO SD 

Silicon 

Sodium 

Titanium 

0.584 1.36 0.693 0.88 0.42 

3.26 3.02 3.88 3.4 0.44 

3.80 7.15 4.35 5.1 1.8 
21.5 23.6 25.5 24 2.0 

0.014 0.042 0.015 0.024 0.016 

Antimony ND< 0.02 

Arsenic 0.029 
Barium 0.029 

Beryllium ND< 0.005 

Boron 0.19 

Cadmium ND< 0.005 

Cbmmium ND< 0.005 

Cobalt ND< 0.010 

CoPPer 0.006 

L.ad ND< 0.02 
Manganese 0.159 

MWCtlIy ND< O.ooO2 
Molybdenum ND< 0.05 

Nickel ND< 0.010 
Selenium ND< 0.02 
Vanadium ND< 0.005 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

0.02 

0.020 
0.224 

0.005 

0.13 

0.005 
0.028 

0.010 

0.011 
0.02 

0.262 

0.0002 
0.05 

0.145 

0.02 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

0.02 

0.020 
0.037 

0.005 
0.07 

0.005 

0.005 

0.010 
0.007 

0.02 

0.210 
0.0002 

0.05 

0.010 
0.02 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

0.02 

0.020 
0.097 

0.005 

0.13 

0.005 

0.011 
0.010 

0.0080 

0.02 
0.21 

o.OcQ2 
0.050 

0.052 

0.02 

ND< 0.005 ND< 0.005 ND< 0.005 

0 
0.00% 

0.11 
0 

0.060 

0.0014 
15% 0.015 

0 

0.0026 
0 

0.052 

0 
0.017 

6% 0.081 

0 

0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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TABLE 5-11. DL%OLVED ELEMENTS IN wK%uP WATER (LOCATION 9) (IIIgn) 

Amlyte N-9-PRL-727 N-9-PRL-729 N-9-PRL-73 1 AVERAGE DL RATlO SD 

Aluminum 

Potassium 
Silicon 

Sodium 

Titanium 

Arslmic 

Barium 

Beryllium 
BOFXI 

Cadmium 

Cbmmium 

Cobalt 
Copper 

Lead 

MUtlgUtCW 

MCPZUly 
Molybdenum 

Nickel 
Selenium 

0.07 0.18 0.18 0.14 
3.54 2.50 4.07 3.37 
3.74 3.86 4.40 4.00 

25.8 26.1 25.3 26 
ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 

ND< 0.04 

ND< 0.04 
0.20 

ND< 0.01 
0.94 

ND< 0.01 
ND< 0.01 

ND< 0.02 
ND< 0.01 

ND< 0.04 

ND< 0.01 

ND< 0.02 
ND< 0.10 

ND< 0.02 
ND< 0.04 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

0.04 ND< 0.04 ND< 0.04 

0.04 ND< 0.04 ND< 0.04 
0.20 0.16 0.18 
0.01 ND< 0.01 ND< 0.01 
0.93 0.74 0.87 
0.01 ND< 0.01 ND< 0.01 
0.01 ND< 0.01 ND< 0.01 
0.02 ND< 0.02 ND< 0.02 
0.01 ND< 0.01 ND< 0.01 
0.04 ND< 0.04 ND< 0.04 
0.01 ND< 0.01 ND< 0.01 
0.02 ND< 0.02 ND< 0.02 
0.10 ND< 0.10 ND< 0.10 
0.02 ND< 0.02 ND< 0.02 
0.04 ND< 0.04 ND< 0.04 

0.06 

0.80 
0.35 

0.40 

0.00 

0.00 

0.00 
0.02 

0.00 

0.12 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

Vanadium ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 0.00 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 

5-22 



TABLE 5-12. TOTAL ELEMENTS IN OUTLET OF POND (LOCATION 10) (me/L) 

Amlyte N-lo-PRL-727 N-lo-PRL-729 N-IO-Pm-731 AVERAGE DL RATIO SD 

Aluminum 
Potassium 
Silicon 

Sodium 

Titanium 

2.14 

10.8 

4.20 
58.6 

0.017 

Antimony ND< 0.02 

Arsenic 0.07 

Barium 0.109 

Beryllium ND< 0.005 

BOfOtl 0.83 

Cadmium 0.006 

Chromium 0.011 

cobalt 0.013 

CoPPer 0.114 

Lead ND< 0.02 

Mmgmcsc 0.256 

M.XCll~ ND< 0.0002 

Molybdenum ND< 0.05 

Nickel 0.042 
Selenium ND< 0.02 

Vanadium ND< 0.005 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

2.13 30.8 12 
13.6 17.3 14 
4.40 12.5 7.0 

72.4 88.5 73 
0.005 0.257 0.092 

0.02 ND< 0.02 ND< 0.02 
0.04 0.61 0.24 

0.140 0.1% 0.15 
0.005 0.036 0.014 

0.97 1.15 0.98 
0.005 0.014 0.0075 
0.011 0.338 0.12 
0.022 0.047 0.027 
O.lb4 1.42 0.57 

0.02 0.20 0.07 
0.931 0.922 0.70 

O.WO2 ND< O.WO2 ND< O.ooO2 
0.05 ND< 0.05 ND< 0.05 

0.078 0.242 0.12 
0.02 ND< 0.02 ND< 0.02 

0.005 0.082 0.029 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

1% 

12% 

11% 

9% 

6% 

17 

3.3 
4.7 

15 
0.14 

0 

0.32 
0.044 

0.019 

0.16 

0.0059 
0.19 

0.018 
0.74 

0.11 
0.39 

0 
0.029 

0.11 
0.0058 

0.046 
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TABLE S-13. DISSOLVED ELEMENTS IN OUTLET OF POND (LOCATION IO) (mg/L) 

Adyte N-IO-P&727 N-lo-PRL-729 N-lo-PRL-731 AVERAGE DL RATlO SD 

Silicon 
Sodium 

Titanium 

Arsenic 

Barium 

Beryllium 

Bomn 

Cadmium 

Cobalt 

Copper 
Lead 
Manganese 

MClZU~ 
Molybdenum 

Nickel 
Selenium 

0.17 0.26 0.22 0.22 0.05 
9.48 10.5 9.47 9.8 0.59 
4.36 4.56 3.89 4.3 0.34 
53.3 64.3 67.9 62 7.6 

ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 0.00 

ND< 0.04 ND< 0.04 ND< 0.04 ND< 0.04 
ND< 0.04 ND< 0.04 ND< 0.04 ND< 0.04 

0.12 0.04 0.07 0.08 
ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 

1.48 1.56 1.86 1.63 
ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 
ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 
ND< 0.02 ND< 0.02 ND< 0.02 ND< 0.02 
ND< 0.01 ND< 0.01 ND< 0.01 ND< 0.01 
ND< 0.04 ND< 0.04 ND< 0.04 ND< 0.04 

0.19 0.73 ND< 0.24 0.35 11% 
ND< 0.02 ND< 0.02 ND< 0.02 ND< 0.02 
ND< 0.10 ND< 0.10 ND< 0.10 ND< 0.10 
ND< 0.02 ND< 0.02 ND< 0.03 ND< 0.02 
ND< 0.04 ND< 0.04 ND< 0.04 ND< 0.04 

Vanadium ND< 0.01 0.01 ND< 0.01 ND< 0.01 

0.00 

0.00 

0.04 

0.00 

0.20 

0.00 
0.00 

0.00 
0.00 

0.00 
0.33 

0.00 
0.00 
0.00 

0.00 

0.01 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not de&&d, value following ND< is detection limit. 
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5.2 Ammonia and Cvanide 

5.2.1 Ammonia and Cvanide in Flue Gas Sam&s 

Tables 5-14 through 5-16 show ammonia (NH,) and cyanide (CN) results from flue 

gas samples from Locations 4 and 5a, and from blank samples, respectively. These two 

species were measured in the gas phase only. In Tables 5-14 through 5-16, all results are 

shown in micrograms of analyte per normal cubic meter of flue gas @g/Nm3). Individual 

sample results, and the average and standard deviation, are shown. 

Large variability was found in both NH, and CN levels in flue gas. As a result, it 

is not possible to reach a conclusion about removal of these species in the ESP. 
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TABLE 5-14. AMMONLWCYANIDE IN GAS SAMPLES FROM ESP INLET (LOCATION 4) (Ilg/h’m^3) 

N-4-NH4-727 N4NH4-729 N-4-NH4-73 1 

Adyte N-4-CN-727 N4-CN-729 N-t-CN-73 1 AVERAGE DLRATIO SD 

Ammonia 79.1 122 52.0 84 35 
Cyanide 173 151 710 345 317 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
sample re.wlts conected for train blank 

TABLE 5-15. AMMONIA/CYANIDE IN GAS SAMPLES FROM ESP OUTLET (LOCATION 51) (w/Nm*J) 

N-Sa-NH4-727 N-Sa-NW-729 N-5r-NW-731 

Adyte N-5a-CN-721 N-Sa-CN-729 N-Sr-CN-731 AVERAGE DLRATIO SD 

Ammonia ND< 1.15 352 ND< 1.21 118 OR 203 
Cyanide 115 280 513 303 200 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND < = Not detected. value following ND < is detection limit. 
Sample results corrected for train blank. 
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TABLE 5-16. AMMONIA/CYANIDE IN BLANK GAS SAMPLES (Irg/Nm’3) 

TRAIN BLANK 

N-5a-NH4-725 

Adyte N-5a-CN-725 

Ammonia ND< 1.30 
Cyanide 3.87 

ND< = Not detected, value following ND< is detection limit. 

Sample results corrected for field reagent blank. 
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5.2 2 Amm . n oma a d Cvanide in Liauid Samples , 

Tables 5-17 and 5-18 show ammonia and cyanide results for samples of make-up 

water (Location 9), and pond outlet water (Location lo), respectively. All results are in 

micrograms of analyte per milliliter of sample ~glml). Tables 5-17 and 5-18 show 

individual sample results, plus the average and standard deviation. Ammonia was elevated 

in pond outlet water by over a factor of ten, relative to its concentrations in makeup water. 

Cyanide was only detected in one sample, and shows no difference between the two water 

streams. 

5-28 



TABLE S-17. AMMONIA/CYANIDE IN MAKE-UP WATER (LOCATION 9) (Icglml) 

Adyte N-9-PRL-727 N-9-PRL-729 N-9-PRL-73 1 AVERAGE DLFUTIO SD 

Ammonia 0.109 0.893 0.597 0.53 0.40 
Cyanide 0.080 ND< 0.020 ND< 0.020 0.033 20% 0.040 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

TABLE 5-18. AMMONIA/CYANIDE IN OUTLET OF POND (LOCATION IO) (w/ml) 

Adyte N-IO-PRL-727 N-IO-PI&729 N-10-PRL-731 AVERAGE DLRATIO SD 

Ammonia 9.03 10.1 7.97 9.0 1.0 
Cyanide ND< 0.02 ND< 0.02 ND< 0.02 ND< 0.02 0 

DL Ratio = Det&ion limit’mtio. 
SD = Standard deviation. 
ND< = Not de&ted, value following ND< is detection limit. 
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5.3 Anions 

5 .l Ani .3 

Tables 5-19 through 5-21 show analytical results for gaseous (HCl, HF) and 

particulate (chloride, fluoride, phosphate, sulfate) species in flue gas streams. Results 

shown in Tables 5-19 to 5-21 include individual samples, average, and standard deviation, 

for samples from Locations 4 and 5a, and from blank samples, respectively. In Tables 5-19 

to 5-21, all results are in micrograms per normal cubic meter of flue gas @g/Nm3). 

Tables 5-19 and 5-20 indicate that the great majority of the chloride and fluoride 

.present in flue gas was in the form of the gaseous acids, HCl and HP. The HCl and HF . 
concentrations in the two tables indicate that the ESP is completely ineffective at removing 

HCl and HF from the flue gas. 

Considering the particulate concentrations in Tables 5-19 and 5-20, removal of 

particulate chloride, fluoride, and sulfate by the ESP is apparently reasonably efficient. 

Removal efficiencies of 95.0 percent, 95.1 percent, and 76.8 percent for chloride, fluoride, 

and sulfate, respectively, can be derived based on the average values for these species. The 

lower removal efficiency for sulfate relative to the other two species may indicate that 

sulfate is present in smaller particles than are chloride and fluoride. Interestingly, phosphate 

levels appear to increase across the ESP, though all the phosphate levels shown are quite 

low. 
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TABLE S-19. ANIONS IN GAS SAMPLES FROM ESP JNLET (LOCATION 4) (&h’m’3) 

Amlyte N-4-FCL-727 N4FCL-729 N-4-FCL-73 1 AVERAGE DLRATIO SD 

Hydrogen Chloride 193740 178585 191525 187950 8186 

Hydrogen Fluoride 9408 9951 11495 10287 1082 

Chloride 280 978.7 617 626 349 

Fluoride 229 355 569 385 172 

Phosphate 3.77 6.74 10.88 7.1 3.6 

Sulfate 88389 95325 80128 87947 7608 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
Sample results corrected for train blank. 

TABLE S-20. ANIONS IN GAS SAMPLES FROM ESP OUTLET (LOCATION 5~) @g/Nm*J) 

Adyte N-5a-FCL-727 N-5n-FCL-729 N-Sa-FCL-731 AVERAGE DLRATTO SD 

Hydrogen Chloride 221302 218101 218635 219346 1715 

Hydrogen Fluoride 12767 15731 16095 14864 1826 

Chloride 
Fluoride 

Phosphate 
Sulfate 

14.1 39.3 ‘lo.2 31 15 

8.27 15.9 32.1 19 12.2 

ND< 39.0 249 293 187 3% 147 

21325 17800 22037 20388 2269 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 
Sample results conrckd for train blank. 
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TABLE S-21. ANIONS IN BLANK GAS SAMPLES (W/Nm’3) 

TBAlN BLANK 

Adyte N-Sa-FCL-125 

Hydrogen Chloride 26.9 

Hydrogen Fluoride 4.83 

Chloride 

Fluoride 

Phosphate 

Sulfate 

4.89 

0.550 

ND< 1.83 

26.6 

ND< = Not detected, value following ND< is detcctioa limit. 
Sample results comcted for field reagent blank. 
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5.3.2 Anions in Solid Sam&s 

Tables 5-22 through 5-25 present analytical results for anionic species (chloride, 

fluoride, phosphate, sulfate) in samples of boiler feed coal (Location l), bottom ash 

(Location 2), air heater ash (Location 3), and ESP ash (Location 8), respectively. All 

results are in micrograms of analyte per gram of sample @g/g). Shown are results for 

individual daily composite samples, as well as the average and standard deviation of those 

results. The composite sample identification numbers, and the procedures for preparing 

composite samples, are described in Section 3.2.2. Table 5-22 shows anions in boiler feed 

coat, and lists both &&J fluoride and chloride (average values from the coal analysis round 

robin, Appendix B) and g&& fluoride and chloride (from aqueous extraction of pulverized 

coal). The total anion results are on a dry basis, whereas all other results in Tables 5-22 

through 5-25 are on an as-received basis. Note that Table 5-25, parts a through e, show 

results for composite samples from rows 1 through 5 of the ESP, respectively. 

Some interesting trends are evident in these data, in progressing along the flow path 

from the boiler to the air heater and through the successive ESP rows. For example, 

chloride predominates over fluoride in coal (Table 5-22), bottom ash (Table 5-23), air heater 

ash (Table 5-24), and in row 1 ESP ash (Table 5-25a). However, the chloride and fluoride 

concentrations generally increase in ash from successive ESP hopper rows, and the 

proportions change. ESP row 3 ash (Table 5-25~) contains about 3 times as much fluoride 

as chloride and for row 5 ash (Table 5-25e) the two species are about equal in 

concentration. These variations are probably due to the chemical forms and particle sixes in 

which these species are present. Sulfate content increases uniformly in successive samples 

from air heater ash (Table 5-24) through ESP row 5 ash (Table 5-25e), probably due to the 

increasing proportion of fine sulfate-containing particles collected in these successive ash 

fractions. Phosphate was detected at significant levels only in row 5 ESP ash (Table 5-25e). 
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Amlytc JL2793BOFED JL2993BOFED JL3 193BOFED AVERAGE DLRATIO SD 

Fluoride (soluble) 0.909 0.804 1.37 1.0 0.30 
Fluoride (total) * 81 
Chloride (soluble) 3.37 4.92 3.28 3.9 0.92 
Chloride (total) * 1400 
PhOSph~k ND< 1.00 ND< 1.00 ND< 1.00 ND< 1.0 0 
Sulfate NA NA NA 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
NA = Sample not available, sample not analy?.ed, or data not available. 
* Total fluoride and chloride r*rults in wengca for Nilea coal (samples P and 0) 

from five lahorntories in the call analysis round robin. Total fluoride md chloride 
arc cm a dry basis. all others are u received. “Soluble” chloride and fluoride are 
from aqueous extraction of pulverised coal, which provides an incanplete measurement. 

TABLES-23. ANIONSmBO~OMASIi~OCATIONZ)(W/p) 

Adyte JL2793BO’IT JL2993BO’f-f JW193BGlT AVERAGE DLBAlTO SD 

Fluoride ND< 0.100 ND< 0.100 ND< 0.100 ND< 0.10 0 
Chloride 3.74 3.59 2.74 3.4 0.54 
Phosphate ND< 0.500 ND< O.SOO ND< 0.500 ND< 0.50 0 
Sulfate 38.7 50.5 22.8 37 14 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
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TABLE 5-24. ANIONS IN AIR HEATER ASH (LOCATION 3) oCg/g) 

Adyte JL2793HASH JL2993HASH JlJl93HASH AVERAGE DLRAllO SD 

Fluoride 0.7% 1.18 1.50 1.2 0.35 
Chloride 11.9 15.9 14.6 14 2.0 
Phosphate 2.16 0.486 ND< 0.500 1.0 9% 1.0 
Sulfate 1040 972 1460 1157 264 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

TABLE S-2%. ANIONS IN ESP ASH ROW 1 (LOCATION 8) (rep/g) 

Aadyte JL2793ESPl JL2993EsPl JIJ193ESPl AVERAGE DL RATIO SD 

Fluoride 1.65 2.68 11.0 5.1 5.1 
Chloride 14.3 20.9 24.0 20 5.0 
Phosphate ND< 1.00 ND< 1.00 ND< 1.00 ND< 1.0 0 
Sulfate 5460 5340 7440 6080 1179 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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TABLE .5-2Jb. ANIONS IN ESP ASH ROW 2 (LOCATION 8) t&g) 

Aaalyte JL2793ESF-2 JL2993ESP2 JI.3193ESP.I AVERAGE DLRA’I-IO SD 

Fluoride 19.2 13.1 17.9 17 3.2 
Chloride 23.4 21.7 2.0 16 12 
Phosphnte ND< 5.00 ND< 5.00 ND< 5.00 ND< 5.0 0 
Sulfate 35600 35600 39900 37033 2483 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

TABLE 5-25~. ANIONS IN ESP ASH ROW 3 (LOCATION 8) (w/g) 

Adyte JL2793ESP3 JL2993EsF-3 m193EsF3 AVERAGE DLRATIO SD 

Fluoride 48.2 61.8 49.7 53 7.5 
Chloride 9.78 24.7 20.0 18 1.6 
Phosphate ND< 5.00 ND< 5.00 ND< 5.00 ND< 5.0 0 
Sulfate 606im 71700 63600 65300 5742 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is deteetiw limit. 
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TABLE 5-25d.ANIONSIN ESPASHROW~(LOCATION~)~JI~/~) 

Aaalyte JL3193ESP4 

Fluoride 84.8 
Chloride 42.9 
Phosphate ND< 5.00 
Sulfate 98700 

ND < = Not detected, value following ND< is detection limit. 

Adytc JL2793EsPS JI3193ESP5 AVERAGE DLRATIO SD 

Fluoride 50.7 90.1 70 28 
Chloride 70.2 79.7 75 6.7 
Phosphate 64.8 91.2 78 19 
Sulfate 161000 17m 165500 6364 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
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5.3. Ani ens in Liauid Sam&s 3 

Tables 5-26 and 5-27 present analytical results for anions (chloride, fluoride, 

phosphate, sulfate) in samples of make-up water (Location 9), and pond outlet water 

(Location lo), respectively. All results are in micrograms of analyte per milliliter of sample 

@g/ml). For make-up water (Table 5-26) and pond outlet water (Table 5-27), individual 

sample results are shown along with the average and standard deviation of those results. 

The only significant difference in the two types of water samples is in the sulfate 

content. Sulfate concentrations in pond outlet water (Table 5-27) are about five times higher 

than in make-up water (Table 5-26). 
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TABLE S-26. ANIONS IN MAKE-UP WATER (LOCATION 9) hglml) 

Aaalyte N-9-PRL-727 N-9-PRL-729 N-9-PRL-73 1 AVERAGE DLRATIO SD 

Chloride 40.5 33.9 39.1 38 3.6 
Fluoride 0.290 0.360 0.308 0.32 0.036 
Phosphate 0.202 0.395 ND< 0.800 ND< 0.80 0.11 
Sulfste 54.0 49.4 66.6 57 a.9 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection knit. 

TABLE S-27. ANIONS IN OUTLET OF POND (LOCATION 10) Gcglml) 

Amlyte N-10-P&727 N-IO-PRL-729 N-IO-PRL-731 AVERAGE DLRATIO SD 

Chloride 41.1 39.3 40.1 40 0.90 
Fluoride 0.363 0.357 0.514 0.41 0.089 
Phosphate ND< 0.200 ND< 0.200 ND< 0.800 ND< 0.40 0.35 
Sulfate 224 322 310 285 53 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected. v& following ND < is detection limit. 
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5.4 Volatile Oreaoic Comuounds CVOC) 

5.4.1 VOC in Flue Gas Sam& 

Tables 5-28 through 5-30 present analytical results for VOC in flue gas samples 

from Locations 4 and 5a, and for blank gas samples, respectively. These results are from 

VOST sampling for VOC; data from VOC sampling by canisters is presented as a special 

topic in Section 7.5. In Tables 5-28 through 5-30, each table shows results in micrograms 

of analyte per normal cubic meter of flue gas @g/Nm3). Note that each daily VOST sample 

shown is the average of three VOST runs that day, i.e., each day’s VOST sampling 

consisted of triplicate runs. 

Only a few VOC were detected in flue gas samples. Methylene chloride and 

acetone were found in the VOST samples at highest concentrations, but the measured levels 

of these compounds are believed to be. due largely to contamination, not to actual flue gas 

content. Both methylene chloride and acetone were used as solvents for probe rinses in the 

field, and their presence in the VOST samples at high concentrations is likely due to that 

source. Footnotes to the tables indicate that fact. Other VOC detected include 

chloromethane, carbon disultide, 2-butanone, and benzene. The occasional detected values 

for these latter species are not thought to arise from contamination, though breakdown of the 

Tenax sorbent during VOST sampling is always a possibility. In any case, the data do not 

strongly indicate significant concentrations of VOC in flue gas. The detected values are 

sparse, but comparison of Tables 5-28 and 5-29 suggests that VOC in flue gas are 

unaffected by passage through the ESP. 
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TABLE 5-28. VOC IN GAS SAMPLES FROM ESP INLET (LOCATION 4) (rg/Nm-3) 

Analyte N-4-VOS-726 NAVOS-128 N4VOS-730 AVERAGE DLRATIO SD 

Chloromcthane ND< 
Bromomcthane ND< 
Vinyl Chloride ND< 
CldOrocthanC ND< 
Methylene Chloride* 
Acetone* 
Carbon Disultide 
1 ,l-Dichlomethene 
I,l-Dichlorcetbane ND< 
Trans-I ,2-Dichloroethcoe ND< 
chlorofomI ND< 
1,,2-Dichlorocthaoe ND< 
2.Butanone 
1 , 1 , 1 -Trichlorceh~~e ND< 
Carbon Tetrachloride ND< 
Vinyl Acetate ND< 
Bmmcdichlommehane ND< 
1.2-Dichloropmpans ND< 
cis-1,3-Dichlompropylcw ND< 
TriCblOPXthl~ ND< 
Dibromochlommethne. ND< 
111 .ZTrichloroethr.ne ND< 
&tuene 
trans-1.3-Dicbloropro~~1~ ND < . _. 
2-Chloroelhylvinyle 
Bmmoform 
4-Methyl-2-Pentanone 
2-Hexaaone 
T&UChl0rathcnc 
1,1,2,2-Tctmchlorcehu~ 
TOlUWIe 
ChtOXlbcIEEtt~ 
EthylbeUZeIE 
Styrene 
Xylened (Total) 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
105 39.3 
678 27.6 

5.13 ND< 9.51 
50.2 ND< 5.54 
2.13 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
13.8 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
8.66 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
6.96 ND< 9.51 
4.83 ND< 5.54 
8.66 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.83 ND< 5.54 
4.52 ND< 9.51 
4.83 ND< 5.54 
a.65 ND< 5.54 
4.83 ND< 5.54 
a.66 ND< 5.54 

ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 

142 95 52 
8.38 238 381 
8.41 ND< 9.5 2.0 

ND< 5.16 19 10% 27 
ND< 5.16 ND< 4.3 1.9 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 8.2 28% 6.4 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 6.5 1.9 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 

7.69 ND< 9.5 I.5 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 6.5 1.9 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 0.95 ND< 6.4 2.2 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 5.2 0.35 
ND< 4.92 ND< 6.3 2.8 
ND< 8.95 ND< 6.4 2.2 
ND< 5.16 ND< 6.5 1.9 
ND< 5.16 ND< 5.2 0.35 
ND< 5.16 ND< 6.5 1.9 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 
l Murured values are affected by use of the chemicals 1~1 aolventa in the field study. 
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TABLE 5-29. VOC IN GAS SAMF-LES FROM ESP OUTLET (LOCATION Sa) (renum-3) 

Adyie N-SrrVOS-726 N-Sa-VOS-728 N-Sa-VOS-730 AVERAGE DL RATIO SD 

Cbhomctbane 
Bmmomethane 
Vinyl Chloride 
CldOIOdL~e 
Methylene Chloride* 
Acetone’ 
Carbon Disulfide 
1.1~Dichlorccthene 
1 ,I-Dichloroethne 
Tratts-1,2-Dichloroethene 
Cllhofoml 
1,2-Dicbhoethane 
2-BUt.WlOCiC 
1 , 1 , 1-Ttichlometbane 
Carbon Tetrr+&lotide 
Vinyl Acetate 
Bromodichloromethtte 
1.2~Dicldoropropmle 
cu-l,3-Dichlorop~pylanc 
TIiCllhG+thttC 
Dibromocldorometltane 
1,1,2-Tticltloroethlme 
BetWIt.? 
trans-1,3-Dichloropropylens 
2-Cblorccthylvinyleter 
Bromofotm 
4-Methyl-2-Pentcutone 
2.Hexattone 
Tetrschloroetheos 
1,1.2,2-Tetnchlorwthute 
T0lWXle 
ChlOW&~~tt~ 
Ethylbenrsne 
StyNtO 
Xylenes (Total) 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
N-DC 
ND< 
NIX 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 

16.5 
8.89 
8.89 
8.89 
50.0 
36.5 
9.01 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
8.89 
10.3 
8.89 
8.89 
8.89 
8.89 
8.89 
7.38 
8.89 
11.7 
8.89 
8.89 
8.89 
8.89 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
N-DC 
N-DC 
ND< 
N-I< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
N-DC 

ND< 
ND< 
ND< 
ND< 
ND< 
N-DC 
ND< 

8.83 
16.07 
8.83 
8.83 
35.9 
17.8 
10.4 
8.83 
8.83 
8.83 
8.83 
8.83 
17.4 
8.83 
8.83 
8.83 
8.83 
8.83 
8.83 
8.83 
8.83 
1.85 
17.6 
8.83 
8.83 
7.85 
17.0 
31.1 
8.83 
8.83 
7.85 
8.83 
8.83 
8.83 
8.83 

DL Ratio = Detection limit Nio. 
SD = Standard devintion. 
ND < = Not detecti, vhe following ND < is detection limit. 
Sample results corrected for train bhtk. 
* Measured values are affected by we of thew chemic~ LI mlv 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
NBC 
ND< 
ND< 
ND< 
ND< 
ND< 

7.85 ND< 8.8 
7.85 ND< 11 
7.85 ND< 8.5 
7.85 ND< 8.5 
16.0 34 
71.4 42 
14.5 9.8 
7.85 ND< 8.5 
7.85 ND< 8.S 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 8.9 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.2 
11.7 13 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.2 
7.85 ND< 8.9 
7.85 13 
7.85 ND< 8.8 
7.85 ND< 8.5 
4.19 N-DC 7.9 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.85 ND< 8.5 
7.05 ND< 8.5 

field study. 

15% 

32% 

21% 

7.1 
4.5 

0.58 
0.58 
17.1 
27.2 
5.0 

0.58 
0.58 
0.58 
0.58 
0.58 

7.6 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.60 
3.9 

0.58 
0.58 
0.60 
7.4 
lb 

1.9 
0.58 
5.1 

0.58 
0.58 
0.58 
0.58 
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TABLE S-30. VOC IN BLANK GAS SAMPLES (IrglNm.3) 

Chloromethme 
B10Ul0tIl&iUle 
Vinyl Chloride 
chlomethane 
Methylenc Chloride* 
Acetone’ 
Carbon Disulfide 
1 , 1-Dicblomethene 
1,l -Dichlomethane 
Tram-1,2-Dicblomethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 , 111 -Tricblorocthane 
Carbon Tetrachhide 
Vinyl Acetate 
Bromodichlommethane 
1,2-Dichlompmpatte 
cis-1,3-Dichlompmpylene 
TriChh.Xttle~~ 
Dibmmochlommethne 
1.1 ,t-Trichlorocthane 
BCIlZ,XC 
tram-1,3-Dicbhopmpylene 
2-Chlomethylvinylethcr 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexaoonc 
Tetmchlomethcne 
1,1,2,2-Tetrachlomethane 
T0lWle 
ChlOrObC~C 
Ethylbelllene 
Stptt.5 
Xylenes tpal) 

ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 

22.4 
24.3 

ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 
ND< 3.21 

ND< = Not detected, value following ND< is detection limit. 
Sample rcsulb not conected for train blank values. 
Assumes gas sample vohme of .0079 Nm^3. 
* Blank valuea an affected by the use of these chemicals as solvents in the field study. 
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$4.2 VOC in Liauid SaIDOk 

Tables 5-31 through 5-33 present analytical results for VOC in make-up water 

(Location 9), pond outlet water (Location lo), and blank samples, respectively. All results 

are in micrograms of analyte per liter of sample @g/L). Tables 5-31 and 5-32 show results 

for individual samples, and the average and standard deviation of those results. None of the 

target VOC were detected in any of the water samples. 
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TABLE S-31. VOC LN MAKE-LX WATER (LOCATION 9) hg/L) 

Amlyte N-9-PRL-726 N-9-H&728 N-9-H&730 AVERAGE DL RATlO SD 

Acrylonitrile ND< 10 

BCCIZIIC ND< 5 

Bromomethane ND< 5 

Bromoform ND< 5 

2-Butanone ND< 50 

Carbon disulfide ND< 10 
Carbon tetrachhide ND< 5 

Cldorobenzcne ND< 5 

ChlO~oCthSllC ND< 5 

CillO~ttleth~~ ND< 5 

ChkJmprene ND< 5 

CUtNte ND< 5 

1,2-Dibromoetbane ND< 5 

1, I-Dicblomctbtme ND< 5 
1,2-Dicbhathane ND< 5 

cis-1,3-Dichlompmpylene ND< 5 
tmns-1,3-Dicblompropylene ND< 5 

1,4-Dioxane ND< 50 

Ethylbenzcne ND< 5 

Iodometbane ND< 5 
Methylene chloride ND< 5 

Methyl methacrylate ND< 10 
4-Methyl-2-pentanone ND< 10 
StyTGll.2 ND< 5 

T0lltetle ND< 5 
l,l,l-Tricbloroetbae ND< 5 
l,l.2-Trichloroethat1c ND< 5 
Tricbloroetbylene ND< 5 
Vinyl acetate ND< 10 
Vinyl bromide ND< 5 
Vinyl &hide ND< 5 
o-Xylenc ND< 5 
m+p-Xylene ND< 10 

ND< 10 

ND< 5 

ND< 5 

ND< 5 
ND< 50 

ND< 10 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 50 
ND< 5 
ND< 5 

ND< 5 

ND< 10 
ND< 10 

ND< 5 
ND< 5 

ND< 5 
ND< 5 
ND< 5 
ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 10 

ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 50 
ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 50 
ND< 5 
ND< 5 
ND< 5 

ND< 10 
ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 10 

ND< 10 

ND< 5 
ND< 5 

ND< 5 

ND< 50 

ND< 10 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 50 
ND< 5 

ND< 5 
ND< 5 

ND< 10 

ND< 10 
ND< 5 

ND< 5 
ND< 5 
ND< 5 

ND< 5 
ND< 10 
ND< 5 
ND< 5 
ND< 5 

ND< 10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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TABLE S-32. VOC IN OUTLET OF POND (-LOCATION 10) h/L) 

Analyte N-10-PRL-726 N-lO-PRL-728 N-lo-PRL-730 AVERAGE DL RATIO SD 

AC~lOlilrilt? ND< 10 

Benzene ND< 5 
Bromomethane ND< 5 

Bmmoform ND< 5 

2-Butanone ND< 50 

Carboa disulfide ND< 10 
Carbon tetmcbloride ND< 5 

chlorobcttmne ND< 5 

CltlOroCth~e ND< 5 
chlommcthme ND< 5 
chhoprene ND< 5 

Cumene ND< 5 
I ,ZDibmmocthe ND< 5 

1.1 -Dicblorc&arte ND< 5 

1,2-Dichlomcthme ND< 5 

cis-1,3-Dichlompmpylene ND< 5 
trawl ,3-Dichlompmpylene ND< 5 

1 +Dioxane ND< 50 
Ethylbenzene ND< 5 
Iodomctblltle ND< 5 
Methyhe chloride ND< 5 
Methyl metbaaylate ND< 10 
4-Methyl-2-pente ND< 10 
Styi-C.tle ND< 5 
T0lWJle ND< 5 

l.l.l-Trichhoet ND< 5 
1,1,2-Ttichhoethane ND< 5 

Trichlomethylene ND< 5 
Vinyl acetate ND< 10 
Vinyl bromide ND< 5 
Vinyl chloride ND< 5 
o-Xylem ND< 5 
m+p-Xylene ND< 10 

ND< 10 

ND< 5 
ND< 5 
ND< 5 

ND< 50 

ND< 10 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 50 
ND< 5 

ND< 5 
ND< 5 

ND< 10 
ND< 10 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 10 

ND< 5 
ND< 5 
ND< 5 
ND< 10 

DL Ratio = Detection limit ratio. 
SD = Standud deviation. 
ND< = No1 detected, value following ND< is detection limit. 
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ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 50 
ND< 10 
ND< 5 
ND< 5 

ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 5 
ND< 50 
ND< 5 

ND< 5 
ND< 5 
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ND< 
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ND< 
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ND< 
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0 
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TABLE 5-33. VOC IN LIQUID BLANK SAMPLES hi+) 

Adyte TRIP BLANK FIELD BLANK 

Acrylonitrile 

Betlzene 
Bmmomethane 

Bromoform 

2-Butanone 

Carbon disullide 
Carbon tetmcbhide 

chlorobenzcne 
ChhOethtC 

Chlommctbme 
Chloroprene 

CltItiette 

I ,ZDibmmoethe 

I, I-Dichloroethane 
1,2-Dichlomethane 
cis-I ,3-Dichloropmpylcne 

trans-l,3-Dicblompmpylene 

1,4-Dioxane 
Ethylbenzene 

Icdomethane 
Metbylene chloride 
Methyl metbacrylate 

4-Methyl-2-pentatone 

StyIlXle 
TOlUCcle 

1, I, I-Trichlomethane 
I, 1,2-Tricblorccthane 

Trichlorc&ylene 
Vinyl acetate 

Vinyl bromide 
Vinyl chloride 

o-Xylene 
m+p-Xylene 

ND< 10 

ND< 5 

ND< 5 

ND< 5 

ND< 50 

ND< 10 
ND< 5 

ND< 5 
ND< 5 

ND< S 

ND< 5 
ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 
ND< 50 
ND< 5 

ND< 5 
ND< 5 
ND< 10 

ND< 10 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 10 

ND< 5 
ND< 5 
ND< 5 

ND< 10 

ND< IO 

ND< 5 
ND< 5 

ND< 5 

ND< 50 

ND< IO 
ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 
ND< 5 

ND< 5 

ND< 5 

ND< 50 
ND< 5 
ND< 5 
ND< 5 

ND< 10 

ND< IO 

ND< 5 
ND< 5 

ND< 5 
ND< 5 

ND< 5 
ND< 10 
ND< 5 
ND< 5 
ND< 5 
ND< 10 

ND< = Not detected. value following ND< is detection limit. 
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5.5 PAHISVOC 

$5.1 PAWSVOC in Flue Gas Samdq 

Tables 5-34 through 5-36 show results for PAHISVOC in flue gas samples from 

Locations 4 and 5a, and in blank samples, respectively. Individual results plus the average 

and standard deviation are shown. In Tables 5-34 to 5-36, the results are presented in 

nanograms of analyte per normal cubic meter of flue gas (ng/Nm3). 

Several PAHEWOC were detected at both sampling locations. For most 

compounds detected, concentrations at Location 5a are lower than or about equal to those at 

Location 4. This result indicates partial to no removal of these compounds in the ESP, 

consistent with the predominance of these compounds in the vapor phase (see Section 7.2). 

Those PAH expected to be predominantly in the particle phase were generally not detected, 

so no conclusion can be reached about removal in the JZSP. However, for a few SVOC 

compounds (e.g., acetophenone and 2,6-dimtrotoluene) concentrations increased between 

Location 4 (Table 5-34) and Location 5a (Table 5-35). This result suggests that production 

of these compounds may be occurring in the hot flue gas. An alternative explanation for the 

presence of acetophenone and 2,6dinitrotoluene is degradation or contamination of the 

sampling materials, since both compounds were found in the tram blank (Table 5-36). 

However, these compounds were also found in solid samples (see Section 5.5.2), for which 

such issues are not pertinent. Furthermore, laboratory method blanks did not show these 

compounds. Thus there is strong evidence that these SVOC were present in the flue gas. 
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TABLE 5-34. PAWSVOC LN GAS SAMPLES FROM ESP INLET (LOCATION 4) (@&n-3) 

N-GMMS- N+MM5- N-4-MMS- 

Analyte F+X-726 FfX-720 F+X-730 AVERAGE DLRATlO SD 

Benzylcbloride 
Acetophenonc 

HCXddOXMhllC 

Napbtbalene 

Hexacblorobutadicne 
2-Chloroacetophenone 

2-Metbylnaphtbalwre 
1 -Metbylnapbtbalenc 

Hexachlorocyclopentadiene 

Bipbcoyl 

Acenapbtbyle~~e 
2,6-Dinitrotoluene 

ACCDaphthCIlC 

Dibenzotiran 
2,4aiitrotoluene 

nuome 
H~xnchl0~be~~ 
Peatacblorophenol 

Pbennathrcne 
Amhracene 
Fluonothcae 

PyretIc 

Benz(a)aothraccne 
ChIpIN 

Beam@ & k)fluonmtbene 

Benzn(e)pyrene 

B-=4+w= 
Indeno(l,2,3s,d)pyrene 

Dibenz(a.b)aathmcene 
Bcnro(g,h,i)perylene 

ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 
672 43.4 71.4 262 355 

ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 
224 10.5 15.0 83 122 

ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 
103 130 440 224 188 

57.4 32.5 49.3 46 13 
29.9 14.1 13.9 19 9.2 

ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 
249 304 87.8 214 112 

4.95 18.7 46.9 24 21 
111 115 45.8 91 39 

22.1 43.4 83.0 49 31 
416 757 135 436 312 

46.6 77.1 43.5 56 19 
148 252 27.9 143 112 

ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 
ND< 8.70 ND< 12.7 ND< 13.0 ND< 11 2.4 

374 602 121 366 241 
34.4 36.3 29.6 33 3.4 
91.2 106 49.1 82 29 
23.7 31.5 11.1 22 10 
6.49 37.1 95.5 46 45 
31.2 60.8 84.6 59 27 
5.65 8.88 3.63 6.1 2.6 

ND< 1.74 ND< 2.54 ND< 2.61 ND< 2.3 0.48 
ND< 1.74 ND< 2.54 ND< 2.61 ND< 2.3 0.48 
ND< 1.74 ND< 2.54 ND< 2.61 ND< 2.3 0.48 
ND< 1.74 ND< 2.54 ND< 2.61 ND< 2.3 0.48 
ND< 1.74 ND< 2.54 ND< 2.61 ND< 2.3 0.48 

DL Ratio = Detection limit ratio. 
SD = Stmxlard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 
The spotted F+X data (nglNm”3) wtre the sum of the corrected filter data and the corrected XAD-2 data. 
The corrected filter and XAD-2 data were obtained by dividing the corrected total amount (ng) with the 

cornspondiig sample volume (Nm-3). 
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TABLE 5-35. PAWSVOC IN GAS SAMPLES FROM ESP OUTLET (LOCATION 91) (ng/Nm’3) 

Adyte 

N-Sa-MMS- N-b-MMS- N-Sa-MMS- 
F+X-126 F+-X-728 F+X-730 AVERAGE DLRA’lIO SD 

Benzylchloride ND< 29.4 ND< 28.8 

Acetophenone 1518 1223 

Hexacblorcethane ND< 29.4 ND< 28.8 

Naphthalene 526 39s 

Hexachlorobutadiene ND< 29.4 ND< 28.8 
2-Chloroacetophenone 792 588 

2-Methylnaphthalene 136 37.3 

1 -Metbylnaphthalene 56.2 17.4 

Hcxachlomcyclopentadiene ND< 29.4 ND< 28.8 
Biphenyl 102 494 

Accnaphthylene 30.3 ND< 5.75 
2.6-Diitrotoluene 113s as1 
Acenaphthcne 111 22.9 

Dibenzofuran 212 IS.2 

2,4-Diitmtoluenc 51.0 ND< 28.8 

nuonne 125 21.2 

Hexachlombenzene ND< 29.4 m-c 28.8 

Pentachlorophenol ND< 29.4 ND< 28.8 

Phenanthrene 261 93.1 

Anthlncene 91.0 12.0 

Fluoranthene 79.2 42.1 
Pyrcne 42.8 23.7 
Benz(a)aothmcene 13.9 ND< 5.15 
Cixyscne 31.8 a.04 
&nzd@ & k)fluomthene 31.5 ND< 5.15 
Benz.o(e)pyrene 7.90 ND< 5.75 
Benzo(a)pyreoc ND< 5.88 ND< 5.75 
lndeno(1,2.3-c,d)pyrene ND< 5.88 ND< 5.75 
Dibenz(a.h)antbracene ND< 5.88 ND< 5.15 
Benz&,h.i)perylenc ND< 5.88 ND< 5.75 

ND< 2.60 ND< 20 
493 E 1078 

ND< 2.M) ND< 24l 
174 E 365 

ND< 2.60 ND< 20 
92.7 491 

18.4 64 

6.78 27 

ND< 2.60 ND< 20 
44.7 213 

1.58 ND< 5.8 
a08 E 931 

2.29 45 
46.0 111 
33.6 ND< 29 
13.8 53 

ND< 2.60 ND< 20 
ND< 2.M) ND< 20 

36.4 132 
3.28 35 

16.5 46 
4.17 24 
1.97 6.2 
5.74 IS 
1.79 ND< 5.8 

ND< 0.520 ND< 5.8 

ND< 0.520 ND< 4.1 
ND< 0.520 ND< 4.1 

ND< 0.520 ND< 4.1 
ND< 0.520 ND< 4.1 

15% 

IS 
528 

1s 
178 

1s 
360 

63 

26 

1s 
245 

lb 
178 
58 
a9 
ia 
62 

IS 

IS 

120 
48 

32 
19 

6.6 

14 
17 

3.9 

3.1 
3.1 

3.1 
3.1 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND< = Not detected. value following ND< is detection limit. 
Sample results comcted for train blank. 
The reported F+X daCi (ng/Nm-3) werz the sum of tbe corrected filter d& md tbe corru%ed XADJ da&. 
The conccted filter aad XAD-2 &ta were obtied by dividing the corrected toti amount (ng) with the 

corrcspondiig sample volume (Nm^3). 
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TABLE 5-36. PAWSVOC IN BLANK GAS SAMPLES bgNm’3) 

TRAIN BLANK 
N-Sa-MMS- N-Sa-MMS- N-Sa-MMS- 

Amlytc F-725 x-725 F+X-725 

Benzylchloridc 
Acetophenone 
Hexachloroethane 
Naphthalene 
Hexachlombutadiene 
2-Chkmacetophenone 
2-Methyloaphthaienc 
1-Methylnaphthalene 
Hexachlomcyclopentadicne 
Biphenyl 
Acenaphthylene 
2,b-Diitrotoluene 
Acenaphthenc 
Dibenmfuran 
2,CDiitr0t01uene 
FlUOE%E 
Hexachlombmzene 
Pentachlomphenol 
Phenanthrene 
‘4!Jthraccne 
Fluoraothene 
Pyrene 
BCtlZ@)~lhracCItC 
Chlysene 
Ben.m@ & k)fluomthene 
Benzo(e)pyrene 
Benm(a)pynne 
indeno(l,2,3-c:.d)pyrtne 
Dibenz(a,h)anthracene 
Benm(g,h,i)perylcne 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

2.80 ND< 2.80 
25.3 111 
2.80 ND< 2.80 
3.29 123 
2.80 ND< 2.80 
2.80 51.4 
2.75 6.38 
1.28 2.91 
2.80 ND< 2.80 
0.84 1.51 
0.56 O.bO 
35.2 21.8 
I.46 4.08 
2.80 4.51 
2.80 ND< 2.80 
2.11 4.00 
2.80 ND< 2.80 
2.80 ND< 2.80 
7.28 17.6 
0.56 I.60 
2.32 1.92 
0.86 2.83 
0.56 ND< 0.56 
0.56 1.02 
0.63 0.93 
0.56 ND< 0.56 
0.56 ND< 0.56 
0.56 ND< 0.56 
0.56 ND< 0.56 
0.56 ND< 0.56 

ND< 2.80 
136 

ND< 2.80 
126 

ND< 2.80 
52.8 
9.12 
4.20 

ND< 2.80 
2.36 
0.88 
57.0 
5.54 
5.91 

ND< 2.80 
6.11 

ND< 2.80 
ND< 2.80 

24.9 
1.88 
10.2 
3.68 

ND< 0.56 
1.59 
1.57 

ND< 0.56 
ND< 0.56 
ND< 0.56 
ND< 0.56 
ND< 0.56 

ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for field reagent blank. 
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5.5.2 PAHLSVOC in Solid Sam&s 

Tables 5-37 through 5-39 show PAH/SVOC results in samples of bottom ash 

(Location 2), air heater ash (Location 3), and ESP ash (Location 8), respectively. All 

results are in nanograms of analyte per gram of sample (nglg). Note that Table 5-39 

consists of five parts (a-e), corresponding to samples from ESP hopper rows 1 through 5, 

respectively. 

Most of the PAH/SVOC were detected in at least some of the solid samples. Most 

of the detected species were present at average levels of about 1 nglg or less. Of the few 

species present at higher levels, 2,6diitrotoluene and biphenyl were the most prevalent, 

especially in the ESP ash (Table 5-39). Considerable variability was observed in 

PAH/SVOC concentrations. Laboratory method blanks for PAHLWOC were clean, 

indicating that the presence of 2,6-dinitrotoluene and other compounds was not due to 

contamination. 
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TABLE S-37. PAWSVOC IN BOTTOM ASH (L.OCATION 2) (t&a) 

Amlyte JL2693BOTT JL2893BOT.r IWO93BOT? AVERAGE DLRATIO SD 

Bemylchloride ND< 0.25 ND< 0.25 
Acetophenone 0.369 1.00 
Hexachlorcethme ND< 0.25 ND< 0.25 
Naphthelenc 3.16 1.68 
Hexachlorobutadiene ND< 0.25 ND< 0.25 
2-Chlomcctophenonc ND< 0.25 ND< 0.25 
2-Mcthylnaphthalenc 4.05 2.19 
1-Methylmphthalene 3.05 1.19 
Hexachlorocyclopeotadiene ND< 0.25 NDC 0.25 
Biphenyl 1.00 0.251 
Acco~phthylenc 0.192 0.0910 
2.6-Dinitrotoluene 13.5 5.63 
Aceoaphthenc 0.544 0.325 
Dibenmfum 1.58 1.23 
2.4-Ditrotoluene ND< 0.25 ND< 0.25 
FlUOlWE 1.24 1.34 
HtX~ChlO~ObelUCll~ ND< 0.25 ND< 0.25 
Penmchlomphenol ND< 0.25 ND< 0.25 
Phenmthrene 3.95 2.01 
Antbracenc 0.856 0.451 
FlllO~thCOe 1.14 0.921 
Fyi-me 0.928 0.665 
BcIlz(a)snthracene 0.791 0.428 
chlysl?ne I .oa 0.531 
Beox@ & k)fluomthene 0.855 0.606 
Belm(e)pyreac 0.572 0.415 
Ekllm(a)pyrene 0.740 0.398 
Indeoa(l.2,3-c,d)pyrrne 0.401 0.272 
Dibcnz(a,h)anthmcene 0.302 0.165 
&nzo(g,h,i)pqlme 1 .os 0.606 

DL Ratio = Detection limit ntio. 
SD = Standard deviation. 
ND C = Not detected, value following ND< is detection limit 

ND< 0.25 
0.424 

ND< 0.25 
5.38 

ND< 0.25 
ND< 0.25 

8.55 
6.58 

ND< 0.25 
2.u) 

0.367 
5.09 

0.685 
3.30 

ND< 0.25 
3.05 

ND< 0.25 
ND< 0.2s 

9.06 
1.90 
3.39 
2.82 
2.10 
2.68 
2.66 
1.72 
2. lb 
1.45 
1.08 
3.15 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

0.25 0 
0.60 0.35 
0.25 0 

3.4 1.9 
0.25 0 
0.25 0 

4.9 3.3 
3.6 2.7 

0.25 0 
1.2 0.98 

0.22 0.14 
8.1 4.1 

0.52 0.18 
2.0 1.1 

0.25 0 
1.9 1.0 

0.25 0 
0.25 0 

5.0 3.6 
1.1 0.75 
1.8 1.4 
1.5 1.2 
1.1 0.88 
1.4 1.1 
1.4 1.1 

0.90 0.71 
1.1 0.94 

0.71 0.65 
0.52 0.49 

1.6 1.4 
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TABLE 538. PAWSVOC IN ALR HEATER ASH (LOCATION 3) (nglg) 

Aaalyte JLZb93HASH JL2893HASH JUO93HASH AVERAGE DLRATIO SD 

Benzylchloride ND< 0.25 ND< 0.50 
Acetophenone 1.21 1.98 
HeXe&lOK&h~e ND< 0.25 ND< 0.50 
Naphtbalenc 4.89 IS.7 
Hexacblombutedicne ND< 0.25 ND< 0.50 
2-Chlomacetophenone ND< 0.25 ND< 0.50 
2-Methylnaphthalenc 1.08 1.96 
I-Methylnnphthaleae 0.545 1.11 
Hexachlorwyclopentadiene ND< 0.25 ND< 0.50 
Biphenyl 2.23 14.9 
Acenaphthylenc 0.0530 0.299 
2,b-Diitrotoluene 9.13 34.8 
Acenaphthene 0.205 0.643 
Dibenzofuran 0.5% 2. lb 
2,CDiitrotoluene ND< 0.25 ND< 0.50 
FlIk3lTIIe 1.02 5.29 
HeX&llOKk~Iie ND< 0.25 ND< 0.50 
Pencachiorophenol ND< 0.25 ND< 0.50 
Phenanthrene 0.539 3.19 
Aatluaceae 0.0860 0.514 
Fluoranthene 0.347 1.77 
Pynne 0.182 0.768 
Bea.z(ajaathracmc ND< 0.050 0.123 
ChrySene 0.072 0.177 
Bmw@ % k)tluoraathene 0.085 0.143 
Berlm(e)pyrene ND< 0.050 ND< 0.10 
Benm(a)pyrenc ND< 0.050 ND< 0.10 
Indeno(l,2,3s,d)pyrene ND< 0.050 ND< 0.10 
Dibenz(e,h)anthmccne ND< 0.054 ND< 0.10 
Benzo(g,h.i)perylene ND< 0.050 0.105 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value followioa ND < is detection limit. 

ND< 0.25 
0.989 

ND< 0.25 
6.20 

ND< 0.25 
ND< 0.25 

1.01 
0.511 

ND< 0.25 
5.34 

0.0770 
a.31 

0.348 
1.02 

ND< 0.25 
1.33 

ND< 0.25 
ND< 0.25 

0.821 
o.la3 
0.412 
0.223 

ND< 0.050 
0.0830 
0.072o 

0.105 
0.0880 
O.Ob40 

ND< 0.050 
0.192 

ND< 0.33 
1.4 

ND< 0.33 
8.9 

ND< 0.33 
ND< 0.33 

1.3 
0.72 

ND< 0.33 
7.5 

0.14 
I7 

0.40 
1.3 

ND< 0.33 
2.5 

ND< 0.33 
ND< 0.33 

1.5 
0.26 
0.84 
0.39 

0.058 
0.11 
0.10 

ND< 0.10 
ND< 0.10 
ND< 0.10 
ND< 0.067 

0.11 

29% 

8% 

0.14 
0.52 
0.14 

5.9 
0. I4 
0.14 
0.53 
0.34 
0. I4 

6.6 
0.14 

IS 
0.22 
0.81 
0.14 

2.4 
0. I4 
0.14 

1.5 
0.22 
0.80 
0.33 

0.057 
0.058 
0.038 
0.041 
0.032 
0.020 
0.029 
0.084 
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TABLE 5-3911. PAWSVDC IN ESP ASH ROW 1 (L.OCATION 8) (n&g) 

Adyt.2 JL2693ESPl JL2893ESPl JuO93EsPl AVERAGE DLRATIO SD 

Benzylclhide ND< 0.25 
Acetopbenone 0.592 
HeXXhlOPX.tbMl? ND< 0.25 
Napbtbalene 2.28 
Hexacbiorobutadiene ND< 0.25 
2-Cbloroacetopbenone ND< 0.25 
Z-Metbylmpbtbalene 1.37 
I-Metbylnapbtbalene 0.636 
Hexachlorocyclopentiene ND< 0.25 
Bipbenyl 0.610 
Acenapbtbylene ND< 0.05 
2,6-Diitrotoluene 2n.5 
Acenapbtbene 0.253 
Dibenmfurm 0.598 
2,4-Dinitrotoluenc ND< 0.25 
FlUOlY?IK 2.88 
H~X~ChlOKhCIlZ.CllC ND< 0.25 
Pentacblompbenol ND< 0.25 
Pbenantbrene 0.725 
Antbracene 0.147 
Fluormtbene 0.350 
Pyrcnc 0.1% 
Benz(a)mtbmene ND< 0.05 
ChrySHlC 0.080 
Beam@ & k)fluorantbme 0.096 
Bem(e)pynne ND< 0.05 
Benm(a)pyrene ND< 0.05 
Indeno( I ,2,3-c,d)pyrene 0.06 
Dibenz(a,b)sntbmcene ND< 0.05 
Benza(g,b.i)perylene ND< 0.05 

ND< 0.25 
1.07 

ND< 0.25 
2.70 

ND< 0.25 
ND< 0.25 

1.25 
0.546 

ND< 0.25 
5.70 

0.0810 
4.30 

0.211 
0.723 

ND< 0.25 
0.640 

ND< 0.25 
ND< 0.25 

0.939 
0.181 
0.547 
0.322 

0.08 
0.126 
0.147 

0.0660 
0.0870 
0.0550 

ND< 0.05 
0.0540 

DL Ratio = Detection limit.ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

ND< 0.25 
0.341 

ND< 0.25 
1.14 

ND< 0.25 
ND< 0.25 

0.788 
0.291 

ND< 0.25 
1.01 

0.0740 
7.36 

0.334 
0.678 

ND< 0.25 
1.19 

ND< 0.25 
ND< 0.25 

0.%7 
0.153 
0.553 
0.190 

ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 

0.0880 
ND< 0.05 

ND< 0.25 
0.67 

ND< 0.25 
2.0 

ND< 0.25 
ND< 0.25 

1.1 
0.49 

ND< 0.25 
2.4 

0.060 
11 

0.27 
0.67 

ND< 0.25 
1.6 

ND< 0.25 
ND< 0.25 

0.88 
0.16 
0.48 
0.24 

ND< 0.05 
0.077 
0.089 

ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 

14% 

11% 
9% 

0 
0.37 

0 
0.81 

0 
0 

0.31 
0.18 

0 
2.8 

0.031 
8.6 

0.063 
0.063 

0 
1.2 

0 
0 

0.13 
0.018 
0.12 

0.075 
0.029 
0.05 1 
0.061 
0.024 
0.036 
0.020 
0.036 
0.017 
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TABLE 5-39b. PAWSVOC IN ESP ASH ROW 2 (LOCATION 8) (r&/g) 

Amlyte JL2693ESP2 JL2893ESP2 mo93ESP2 AVERAGE DLRATlO SD 

Bemylcbloride ND< 0.50 ND< 0.25 ND< 0.25 
Acetopbenooe 2.68 1.12 1.06 
Hexachloroetbane ND< 0.50 ND< 0.25 ND< 0.25 
Napbtbalene 3.91 1.71 3.19 
HexacbJorobutadiene ND< 0.50 ND< 0.25 ND< 0.25 
2-Chloroacetopbcnone ND< 0.50 ND< 0.25 ND< 0.25 
2-Metbyhspbtbalene 3.86 0.917 1.69 
1-Metbylnapbtbaleoe 2.09 0.543 0.98 
Hexacblorocyclopentadime ND< 0.50 ND< 0.25 ND< 0.25 
Bipbenyl 2.39 84.4 15.2 
Accnapbtbylene 0.29 0.12 0.08 
2.6~Diitrotoluene 28.9 1.22 3.23 
Acenapbtbene 0.78 0.253 0.305 
Dibcnzofum 2.62 2.05 1.80 
2,4-Diitmtoluene ND< 0.50 ND< 0.25 ND< 0.25 
Fluorene 1.94 0.917 1.22 
Hcxacblorobcnzene ND< 0.50 ND< 0.25 ND< 0.25 
Peotacbloropbenol ND< 0.50 ND< 0.25 ND< 0.25 
Pbenantbme 4.83 1.55 0.809 
Antbracene 0.553 0.204 0.118 
Ruomtbene 1.84 0.545 0.500 
Pyrenc 0.989 0.210 0.189 
Benz(a)mtbmene 0.273 ND< 0.05 ND< 0.05 
ChrySeOC 0.240 0.0650 0.05 
Berm@ & k)fluormtbenc 0.350 0.080 ND< 0.05 
Bemo(e)pymne ND< 0.10 ND< 0.05 ND< 0.05 
Benm(a)pymne 0.136 ND< 0.05 ND< 0.05 
lndeno( 1.2,3-c,d)pyme ND< 0.10 ND< 0.05 ND< 0.05 
Dibenz@,b)aotbmcene 0.143 ND< 0.05 ND< 0.05 
Benm(g,b.i)perylene ND< 0.10 ND< 0.05 ND< 0.05 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

0.33 0.14 
1.6 0.92 

0.33 0.14 
2.9 1.1 

0.33 0.14 
0.33 0.14 

2.2 1.5 
1.2 0.80 

0.33 0.14 
34 44 

0.16 0.11 
11 15 

0.45 0.29 
2.2 0.42 

0.33 0.14 
1.4 0.53 

0.33 0.14 
0.33 0.14 

2.4 2.1 
0.29 0.23 
0.96 0.76 
0.46 0.46 
0.11 15% 0.14 
0.12 0.10 
0.15 5% 0.17 

0.067 0.029 
0.062 27% 0.064 
0.067 0.029 
0.064 26% 0.068 
0.067 0.029 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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TABLE 5-39~. PAIUSVOC IN ESP ASH ROW 3 (LOCATION 8) (np/g) 

Analp JlJ693ESP3 JL.2893ESP3 JI3093ESP3 AVERAGE DLRATIO SD 

Benzylcbloridc 
Acctophenone 
Hexachloroetbme 
Nnpbtbalene 
Hcxacbkmbutadiene 
2-Cbloroacetopbenone 
2-Metbyhapbtbalene 
1-Metbyhapbtbalene 
Hexacbhocyclopentadiene 
Bipbenyl 
Acenapbtbylene 
2.6-Diitrotoluene 
Acenapbtbcne 
Dibenzofum 
2,4-Diitrotoluenc 
Fluorene 
Hcxacblorobemene 
Pentacbhopbcnol 
Pbcnantbrene 
Antbracene 
Fluomtbene 
Pynne 
Bem(a)mtbracene 
CbIpXe 

&nm@ & k)fluordbene 
Benm(e)pyrene 
Bem(a)pyrenc 
lndeno(l.2,3-c,d)pyre 
Dibenr(a,b)antbracene 
Benm(g,b,i)perylene 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

0.25 ND< 0.50 
0.736 2.34 

0.25 ND< 0.50 
1.31 8.82 
0.25 ND< 0.50 
0.25 ND< 0.50 
1.03 10.8 

0.531 8.87 
0.25 ND< 0.50 
37.3 243 

0.166 1.43 
1.54 84.8 

0.218 3.27 
1.90 ND< 0.50 
0.25 ND< 0.50 

0.701 5.50 
0.25 ND< 0.50 
0.25 ND< 0.50 
1.72 7.04 

0.225 2.24 
0.455 4.85 
0.173 2.16 

0.05 0.424 
0.0540 0.553 

0.05 0.592 
0.05 0.108 
0.05 0.234 
0.05 0.116 
0.05 ND< 0.10 
0.05 0.125 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

ND< 0.25 ND< 0.33 
0.402 1.2 

ND< 0.25 ND< 0.33 
1.29 3.8 

ND< 0.25 ND< 0.33 
ND< 0.25 ND< 0.33 

1.32 4.4 
0.955 3.5 

ND< 0.25 ND< 0.33 
40.2 107 

0.349 0.65 
3.79 30 

0.529 1.3 
3.32 1.8 

ND< 0.25 ND< 0.33 
0.890 2.4 

ND< 0.25 ND< 0.33 
ND< 0.25 ND< 0.33 

2.22 3.7 
0.300 0.92 

1.13 2.1 
0.318 0.88 

ND< 0.05 0.16 
0.144 0.25 

ND< 0.05 0.21 
ND< 0.05 0.053 

0.0550 0.10 
ND< 0.05 0.055 
ND< 0.05 ND< 0.067 
ND< 0.05 0.058 

5% 

11% 

8% 
32% 
8% 

30% 

29% 

0.14 
1.0 

0.14 
4.3 

0.14 
0.14 

5.6 
4.7 

0.14 
118 

0.68 
47 
1.7 
1.5 

0.14 
2.7 

0.14 
0.14 

2.9 
1.1 
2.4 
1.1 

0.23 
0.27 
0.33 

0.048 
0.11 

0.053 
0.029 
0.058 

5-57 



TABLE 539d. PAWSVOC IN ESP ASH ROW 4 UKZATION 8) hg/g) 

Amlyte JL2893ESP4 K3093ESP4 AVERAGE DLRATlO SD 

Bemylcbloride ND< 0.25 ND< 0.55 
Acetopbenooe 0.873 1.65 
HeXdlQ~O~th~G ND< 0.25 ND< 0.55 
Napbtbalene 2.49 1.74 
Hexacblorobutadiene ND< 0.25 ND< 0.55 
2Xbloroacetopbenone ND< 0.25 ND< 0.55 
2-Metbyhapbtbalene 3.74 2.67 
1-Metbylnapbtbalene 1.88 1.01 
Hexachlorocyclopentiene ND< 0.25 ND< 0.55 
Bipbenyl 0.605 1.11 
Acenapbtbylenc 0.121 0.226 
2,6-Diitrotolueoe 5.78 88.0 
Acenapbtbenc 0.392 0.832 
Dibenzofunm 1.69 1.98 
2.CDinitrotoluene ND< 0.25 ND< 0.55 
FlUC-Iene 1.59 2.53 
Hexacblorobetueoe ND< 0.25 ND< 0.55 
Pentacbloropbenol ND< 0.25 ND< 0.55 
Pbcnmthrene 2.11 2.99 
Arltbmcene 0.241 0.437 
Fluomtbene 0.541 1.28 
Pynoe 0.252 0.686 
Benz(a)mtbracene ND< 0.05 ND< 0.11 
cbryscne ND< 0.05 0.369 
Benz+ & k)fluomtbene ND< 0.05 0.111 
Bem(e)pynac ND< 0.05 ND< 0.11 
Berm(a)pyrene ND< 0.05 ND< 0.11 
lndeno(l,2,3-c,d)pyrene ND< 0.05 ND< 0.11 
Dibenz(a,b)ahraceahrPcene ND< 0.05 ND< 0.11 
Benm(g,b,i)perylene ND< 0.05 ND< 0.11 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

0.40 0.21 
1.3 0.55 

0.40 0.21 
2.1 0.53 

0.40 0.21 
0.40 0.21 

3.2 0.76 
1.4 0.62 

0.40 0.21 
0.86 0.36 
0.17 0.074 

47 58 
0.61 0.31 

1.8 0.21 
0.40 0.21 

2.1 0.66 
0.40 0.21 
0.40 0.21 

2.6 0.62 
0.34 0.14 
0.91 0.52 
0.47 0.3 1 
0.08 0.042 

0.197 6% 0.24 
0.068 18% 0.061 
0.08 0.042 
0.08 0.042 
0.08 0.042 
0.08 0.042 
0.08 0.042 

5-58 



TABLE 5-39e. PAH/SVOC IN ESP ASH ROW 5 (LOCATION 8) (nglg) 

halyte JL2693ESPS JIJO93ESP5 AVERAGE DLRATIO SD 

Benzylcbhide 
Acetopbenone 
HeX&llOrOetb~e 
Napbtbalene 
Hexacblorobutadiene 
2-cblomacetopbenone 
2-Metbyhpbtbalene 
1-Metbyhpbtbalene 
Hexachlorocyclopcntiene 
Bipbenyl 
Acenapbtbylene 
2,6-Diitrotoluene 
Acenapbthene 
Dibenzofurnn 
2,CDiitmtoluene 
Fluorene 
Hexacblorobenzcnc 
Pentacbloropbenol 
Pbeoantixene 
Atttbracene 
Fluorantbene 
Pyrene 
Benz(a)antbracenc 
ChryS.CIlC 
Benz+ & k)fluorantbcne 
Benzo(c)pyrene 
Ben?.+)pyrcne 
lndeno(l,2,3-c,d)pyrene 
Dibcnz(a.b)antbracene 
Bcnzo(g,b,i)pcrylenc 

ND< 0.25 
0.937 

ND< 0.25 
1.45 

ND< 0.25 
ND< 0.25 

1.49 
0.723 

ND< 0.25 
3.32 

0.129 
1.83 

0.168 
1.21 

ND< 0.25 
0.776 

ND< 0.25 
ND< 0.25 

2.22 
0.338 
0.738 
0.4% 

0.0670 
0.165 

0.0540 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

0.47 ND< 0.36 0.16 
2.20 1.6 0.89 
0.47 ND< 0.36 0.16 
2.51 2.0 0.75 
0.47 ND< .0.36 0.16 
0.47 ND< 0.36 0.16 
2.24 1.9 0.53 
1.18 0.95 0.32 
0.47 ND< 0.36 0.16 

0.637 2.0 1.9 
0.204 0.17 0.053 

69.3 36 48 
0.758 0.46 0.42 

1.23 1.2 0.016 
16.6 8.4 1% 12 
2.51 1.6 1.2 
0.47 ND< 0.36 0.16 
0.47 ND< 0.36 0.16 
4.62 3.4 1.7 

0.718 0.53 0.27 
1.72 1.2 0.69 

0.863 0.68 0.26 
0.138 0.10 0.050 
0.408 0.29 0.17 
0.216 0.14 0.11 
0.118 0.072 17% 0.066 
0.094 ND< 0.072 0.031 
0.162 0.094 13% 0.10 
0.097 ND< 0.074 0.033 
0.134 0.080 16% 0.077 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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55.3 PAHlSVOC in Liauid Samola 

Tables 5-40 through 5-42 present analytical results for PAH/SVOC in samples of 

make-up water (Location 9), pond outlet water (Location lo), and blank samples, 

respectively. All results are in micrograms of analyte per liter of sample @g/L). In Tables 

5-40 and 5-41, individual samples are shown along with the average and standard deviation. 

Di-n-butyl phthalate was the only PAHISVOC detected in the water samples. 
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TABLE S-40. PAJUSVGC IN MAKEUP WATER (LOCATlON 9) f&L) 

Analp N3-PRL 726 NJ-PRL 728 N-PPRL 730 AVERAGE DL RATIO SD 

Phe”OI 

I .3-Diohlombenzcne 

1 .&Dictdombenrcne 

I .ZDichlambenzcne 

3-Mcthylphenol 

2.Methylphenol 

4-Methylphenol 

Acaophcnonc 

H0XUZh!.XC&hanC 

NkldXXUC~ 

Naphthalene 

Hexachlombutzdieno 

QuinoIine 

2-Chiomacaophenone 

2-Mcthyhqhthalene 

Hexachlwxyclopentadiem 

2.4.6-Trichlomphenol 

2.4.5-Trichlomphenol 

Biphenyl 

AEcnqhthylcrte 

Aosnephthena 

2,bDinitqhsnol 

4-Nitqhcnol 

Dibenrofuran 

2,4-Dinitmtoluene 

2.6-Di1rotoluene 
Fl”0mna 

4.6-DinitrwZ-methylphenol 

Hcxachlombenzene 

P~“tachhXUdtmbsIU~“.Z 

Pentaohlomphenol 

Phenanthrene 

AIdhracene 

Di-c-butylphthalatc 

Fluomnthene 

Pymle 

Bemz(a)anthrsoene 

Bis(2cthylhexyl)phthate 

ChrysCllC 

Betlzo(e)pyrc”c 

Bcnzo(a)pynne 

Indcno(l.2.3s,d)pyrene 

Dibenr(a,h)e.nthmcene 

&nz~,h,i)perylcm 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND<- 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

9 
IO 
IO 
10 
IO 
IO 
IO 
IO 
IO 
10 

IO 

10 

10 

10 

50 

IO 

10 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< 9 

ND< IO 

ND< LO 

ND< IO 

ND< LO 

ND< 10 

ND< IO 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 50 

ND< IO 

ND< 10 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 9 

ND< 10 

ND< IO 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< 50 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

8 J 7 J 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< 10 ND< 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< IO ND< 

IO ND< IO ND< 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

ND< = NM detected. value following ND< ia deteotion limit. 

J = Concentration d&ted bslow calibration mnge. 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

2 J 

10 ND< 

IO ND< 

IO ND< 

IO ND< 

10 ND< 

IO ND< 

IO ND< 

IO ND< 

10 ND< 

10 ND< 

10 

IO 

IO 

IO 

10 

10 

10 

9 
IO 
IO 
IO 
IO 
IO 
10 
10 

10 

10 

IO 

IO 

IO 

IO 

50 

IO 

10 

IO 

IO 

IO 

10 

IO 

IO 

IO 

10 

10 

6 
IO 
IO 
IO 
IO 
10 
IO 
IO 
IO 
IO 
IO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE S-41. PAHBVOC IN OUTLET OF POND (LOCATION 10) b/L) 

Amlyte N-IOPRL 726 N-IC-PIU 728 N-IO-PRL 730 AVERAGE DL RATIO SD 

Phenol 

I .3-Dichloroknwnc; 

I .4-Dichlon+enzcne 

I .Z-Diohlombenwne 

3-Methylphenol 

2.Methylphenol 

4-Methylphenol 

Acctophcnone 

H~X&%l0VZ&WJW 

Nitrobcnrcne 

Naphthalsnc 

Hcxe.chlombutadism 

Quinolinc 

2-Chlormcetophenone 

2-Methylnaphthalcne 

Hcxachlomcyclopentadiene 

2.46Trichlorophsnol 

ZCS-Ttichlorophenol 

Biphcnyl 

Accnapkhylsnc 

AEcnaphthcnc 

2.4-Diitrophanol 

4-Nitrophcnol 

Dibenzofuran 

2,4-Dinitrotoluene 

2.wxnitm(oluene 

Fluarcnc 

4,6DinittwZ-mathylphcnoi 

Hcxachlombenrene 

Pcntachloqhenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalete 

Fluomnthenc 

Pymc 

&m(*)~hraune 

Bis(2-cthylhcxyl)phthate 

ChryMflO 

Bcnro(*)pyre”c 

Bcnzo@)pyrene 

Indeno(l.2.3-c.d)py~nc 

Dibenz(a.h)enthrawnc 

Bwtig.h,i)pwlens 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 9 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 50 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

II 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< 9 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< SO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 
ND< IO 

4 
ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

DL Ratio = Detection limit 

SD = Standard deviation. 

ND < = Not detected, value following ND < ia detection limit 

J = Canocntmtion dctsoted below calibration range. 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 9 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 50 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

J I 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

I 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

9 
IO 

IO 

IO 

10 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

50 

IO 

IO 

IO 

10 

10 

IO 

IO 

10 

IO 

IO 

IO 

5 

IO 

10 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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TABLE 5.42. PAHISVOC IN LIQUfD BLANK SAMPLES h/L) 

Adyte 

FIELD BLANK TRIP BLANK METHOD BLANK METHOD BLANK 

N-9-PI&730 N-PPBL-730 07/30/93(a) 08/04/93(-D) 

Phenol ND< 10 

I .3-Dichlorobsmcne ND< IO 

I +Dichlot&enrcne ND< IO 

I .2-Dichlombemene ND< 10 

3-Methylphenol ND< 10 

2.Methylphenol ND< 10 

4-Methylphenol ND< 10 

Acetophenonc ND< 9 

H~X&dOXCthane ND< IO 

Nit,,,benzcnc ND< IO 

Naphthaicnc ND< IO 

Hcxachlorobutadiene ND< IO 

Quinoline ND< IO 

2-Chlomaoetophenone ND< IO 

2-Methylnqhthalcne ND< 10 

Hcxachlonryclopentadiene ND< 10 

2.4.6Trichlomphenol ND< IO 

2,4,5-Trichlorophenol ND< IO 

Biphenyl ND< IO 

Acenaphthylene ND< IO 

Acenaphthcne ND< IO 

2.kDinitqhenol ND< 50 

4-Nitrophenol ND< 10 

Dibeluofwan ND< 10 

2,4-Dinitmolucne ND< IO 

2.6-Dinitmoluene ND< IO 

Fluonne ND< IO 

4.6-DinitnrZ-methylphenol ND< IO 

Hexechlombenzene ND< IO 

Pe”tP.chlomnittu~nz.enc ND< IO 

Pcntacbloqhenol ND< IO 

Phenanthrene ND< IO 

Anthtacew ND< 10 

Di-n-butylphthakte ND< IO 
Fluamnthene ND< IO 

F-yrens ND< IO 
&m(a)mthrace”c ND< IO 

Bis@-ethylhexyl)phth ND< IO 

ChrysCnC ND< IO 

Benzo(e)pytene ND< IO 

Benzo(a)pyrcne ND< IO 

Indcno(l,2,3s.d)pyrcm ND< IO 
Dibenr(a.h)enthrwene ND< IO 

Benzdg,h.i)peylene ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< 9 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 50 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< = NO detaed, udue folkwing ND< is deteotion Limit. 

(a) = blank corndata with all -726 Br -7Z8 samples. 

(b) = blank corrclatca with alI -730 aamploa. 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

IO 

IO 

IO 

10 

IO 

IO 

LO 

9 

IO 

10 

IO 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

50 

10 

IO 

IO 

IO 

IO 

10 

IO 

IO 

IO 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 9 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< 50 

ND< 10 

ND< IO 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< 10 

ND< 10 

ND< IO 

ND< IO 

ND< 10 

ND< IO 

ND< IO 
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5.6 DioxinslFura~ 

Dioxins and furans were measured only in flue gas samples at Location 5a. Results 

for dioxins/furans at Location 5a are shown in Table 5-43, and from blank samples in 

Table 5-44. These results are in picograms per normal cubic meter of flue gas @g/Nms). 

Shown for Location 5a are individual sample results, plus the average and standard deviation 

of those results. 

Several individual dioxinlfuran isomers and most congener classes were detected in 

flue gas at Location 5a. Measured concentrations were highest in the frst sampling run, on 

June 26. The individual isomers present at highest concentrations included 1,2,3,4,6,7,8- 

HpCDD, OCDD, 1,2,3,4,6,7,8-HpCDF, and OCDF. The furan congener classes were 

generally present at higher concentrations than were the dioxin congener classes, with the 

exception of total HpCDD. 
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TABLE S-43. DIOXJNSlFURANS IN GAS SAMPLES FROM ESP OUTLET (LOCATION 5a) (pgflr(m.3) 

Amlyte N-Sa-MMS-726* N-Sn-MM5-728 N-5a-MMS-730 AVERAGE DL RATIO SD 

2.3,7,8-Tetrachlorodibenzo-p-dioxin ND< 
1,2,3.7,8-Pentachlorodibe~-p-dioxin ND< 
1,2,3.4,7,8-Hexa&lomdibenm-p-dioxin ND< 
1,2,3,6.7,8-Hexachlorodibcnzo-pdio~ 
1,2,3,7,8,9-Hcxachlor~i~~-pdio~ 
1.2,3,4,6,7.8-Heptachhoditazo-p-dioxin 
Octachhodibenm-pdioxin 
2,3,7,8-TetrachlomdibenzofuraD 
1,2,3,7,8-Pentachlorodibcn+ofunn ND< 
2,3.4,7,8-Pentachlorodibenzofuran ND< 
1,2.3,4,7,8-Hexnchlorodibcnzofuran 
1,2,3,6.7,8-Hexachlorodibenzofuran 
1.2,3,7.8.9-Hexachlo~i~~~~ 
2,3,4,6,7.8-Hexachlorodibenzofuran ND< 
1.2.3,4.6,7,8-Heptachlorodibenrofuran 
1,2.3,4,7,8,9-Heptachlorodibcnrofuran 
Cktachhodibenzofun 

Total Tetmcbhrodibenzo-p-dioxin 
Total Peotachlorcdibenzo-p-dioxin 
Total Hexachlomdibcnm-pdioxin 
Total Heptacblorcdibenzo-p-dioxin 
Total Tctracblorodibe~fur 
TotaJ Pentacbhodibenzohr 
Total Hexachlomdibenzofur 
Total Heptacblorodibc~furan 

4.77 ND< 2.89 ND< 2.94 ND< 3.5 
6.87 ND< 3.90 ND< 3.62 ND< 4.8 
9.79 ND< 4.08 ND< 3.37 ND< 5.7 
11.5 J ND< 3.80 ND< 3.42 5.0 
11.8 J ND< 2.34 ND< 3.20 4.9 
63.7 9.74 J 13.5 J 29 
92.2 K 1.9 K 3.2 K 32 
17.8 3.63 J ND< 5.85 8.1 
9.85 ND< 2.75 ND< 4.60 ND< 5.7 
18.6 ND< 3.04 5.36 J ND< 19 
41.9 ND< 5.25 ND< 9.43 16 
14.5 J ND< 3.77 ND< 6.41 ND< 5.0 
21.6 J ND< 7.13 7.87 J 11 
6.06 ND< 2.64 ND< 3.89 ND< 4.2 
69.2 11.4 J ND< 14.3 29 
13.1 J ND< 4.62 ND< 5.98 ND< 6.1 
52.5 J 20.5 J 25.8 J 33 

21.8 ND< 2.89 13.4 12 
9.46 ND< 3.90 ND< 3.62 4.4 
49.6 ND< 4.08 ND< 3.42 18 
102 15.1 18.7 45 

81.6 2.18 ND< 5.85 29 
81.3 ND< 3.04 10.4 33 
107 ND< 7.13 5.29 39 

89.2 5.25 ND< 14.3 34 

24% 
19% 

12% 

15% 

11% 

8% 

4% 
28% 
7% 

3% 
2% 
3% 
7% 

1.1 
1.8 
3.5 
5.6 
6.0 
30 
52 

8.4 
3.7 
2.8 
22 

6.9 
9.4 
1.7 
35 

6.1 
17 

10 
4.4 
28 
49 
46 
47 
59 
48 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 
Total sample non detect values are the avenge detection limit from the XAD and Filter fractions. 
Total sample values from XAD and filter fractions containing one bit and one non detect were calculated as : hit + (non detect/Z). 
Total congener class rcsults do not include my contribution from non detects. Detection limits are considered to be the same 

as for 2.3.7,s~substituted isomers. 
J = Concentration detected below calibration range. 
K = total value in tbe calibration range. but individual values from the XAD or filter fraction or both were below the 

calibration range. 
Method Blank values are average of the Filter Method Blank and XAD Method Blank results. 
Continuing calibration response factor for 23478-PeCDF-13C12 slightly below 30% from initial calibration at end of analysis 

day for N-5a-MMS-725 and N-Sa-MMS-726 filters. 
Continuing calibration response factor for 1234678-HpCDF-13Cl2 slightly above 30% hum i&ill calibration at end of analysis 

day for N-5a-MMS-728 and N-5a-MMS-730 filters. 
* = several isotope ratios in the continuing calibration were slightly out of tbe theoretical range ott tbc day thcsc samples 

were analyzed. 
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TABLE 54. DlOXINSlFURANS IN BLANK GAS SAMPLES (pg/Nm^3) 

5a TRAIN 
BLANK* 

AndYlC N-Sa-MM-725 

2.3,7,8-Tetracbhodibenm-p-dioxin ND< 3.07 
1.2,3.7.8-Pentacblorodibenro-p-dioxia ND< 3.52 
1,2,3,4,7,8-Hexachlorodibcnzo-pdioxin ND< 3.92 
1.2,3,6,7,8-Hexachlorodibenzo-p-dioxin ND< 3.48 
1,2,3.7,8,9-Hexnchlorodibcnzo-p-dioxin ND< 4.56 
1,2,3,4,6,7,8-Heptachlorcdibenzo-p-dioxin ND< 10.6 
Octactdorodibcnzo-p-dioxin 74.7 K 
2,3,7.8-Tetmcbloradibe~furan ND< 2.24 
1,2,3,7,8-Pentpchlor~i~~~~ ND< 3.47 
2.3,4,7,8-Pentachlorodibenzofuran ND< 4.19 
1,2.3,4.7,8-Hexnchlo~i~~~~ ND< 3.93 
1,2,3,6,7,8-Hex~hlor~i~~~ ND< 3.55 
1,2,3,7,8,9-Hexrchlorodibenzofursn ND< 6.83 
2.3.4,6.7,8-Hexrchlorodibc~furan ND< 3.60 
1,2,3,4,6,7,8-Hep~hlorodibenzofunn ND< 17.9 
1.2.3.4,7,8,9-Heptachlomdibenz.ofuran ND< 5.46 
Octachlorodibcnmf ND< 11.8 

Total Tetracblomdibcnzo-p-dioxin 
Total Pentachiomdibcnro-p-dioxin 
Total Hexachkrcdibcnm-p-dioxin 
Total Heptachlomdibenzo-p-dioxin 
Total TetmchlomdibenAinan 
Total Pentachlomdibenzofur 
Total Hexachlomditcn.mfur 
Total Heptachlorodibenzofuran 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Total sample noa detect values arc the average detection limit from the XAD md Filter fractions. 
Total sample valuw from XAD and filter fractions containing one hit and one non detect were calculated as : 

hit + (non detect/t). 
Total congcnot class results do not include my contribution from non detects. Detection limits are considered to be the s 

as for 2,3,7,8-substituted isomers. 
K = total value in the calibration range, but individual values from the XAD or filter fraction or both were below the 

calibration range. 
Method Blank vahes are average of the Filter Method Blank and XAD Method Blank results. 
Continuing calibration response factor for 23478-PeCDF-13C12 slightly below 30% fmm initial calibration at end of 

analysis day for N-5a-MMS-725 and N-5%MMS-726 filters. 
Continuing calibration response factor for 1234678-HpCDF-13C12 slightly above 30% from initial calibration at end of 

analysis day for N-5a-MMS-728 and N-Sa-MMS-730 filters. 
* = several isotope ratios in the continuing calibration were slightly out of the thcontiul range on the day theac samples 

were amlyzed. 
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5.7 Aldehvdes 

5.7.1 A1dehvde.s in Flue Gas Samoles 

Tables 5-45 through 5-47 show analytical results for aldehydes in flue gas samples 

from Locations 4 and 5a, and in blank samples, respectively. For each set of samples, 

results are shown in micrograms of analyte per normal cubic meter of flue gas @g/Nm3). 

Results for Locations 4 and 5a include individual sample results plus the average and 

standard deviation of those results. 

All four target aldehydes were detected in at least some samples. Acetaldehyde was 

present at concentrations higher than those of the other three aldehydes. The most striking 

feature of the aldehyde results is that much higher aldehyde levels were measured at 

Location 5a (Table 5-46) than at the upstream Location 4 (Table 5-45). Concentrations at 

both locations are quite variable, however the increase in aldehyde concentrations at 

Location 5a relative to Location 4 suggests that formation of these compounds in the hot flue 

gas may be occurring. 
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TABLE 5-45. ALDEHYDES IN GAS SAMPLES FROM ESP INLET ROCATION 4) &g/Nm’3) 

Analyte N4ALD-726 N-t-ALD-728 N-4-ALD-730 AVERAGE DLRATIO SD 

Formaldehyde 1.53 J 3.91 ND< 2.29 ND< 2.3 1.5 
Acetaldehyde 6.71 7.59 ND< 2.29 5.1 7% 3.5 
Acrolein ND< 2.27 ND< 2.33 ND< 2.29 ND< 2.3 0.0 
Propionaldebydc 3.39 2.50 ND< 2.29 2.3 16% 1.1 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 
Sample results corrected for train blank. 
J = Concentration detected below calibration range. 
The DNPH solution for sample N4ALD-730 was light in color when received. 

TABLE S-46. ALDEHYDES IN GAS SAMPLES FROM ESP OUTLET (LOCATION Sa) (IrglNm’3) 

Analyte N-Sa-ALD-726 N-Sa-ALD-728 N-Sa-ALD-730 AVERAGE DLRATlO SD 

Formaldehyde 13.3 5.54 ND< 2.58 6.7 6% 6.1 
Acetaldehyde 120 292 43.8 152 127 
AC~lCiIl 6.87 189 11.5 69 104 
Propionaldebyde 53.9 70.8 1.73 J 42 36 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 
Sample results corrected for tnia blank. 
J = Concentration detected below calibration range. 
The DNPH solution for samplea N-SA-ALD-728 and N-SA-AID-730 was ligbt in calor when received 
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TABLE S-47. ALDEHYDES IN BLANK GAS SAMPLES bgINm.3) 

TRAIN BLANK DNPH BLANK ACETONITRILE BLANK 
Amlyte N-Sa-ALD-725 N4ALDRB N4ALDRB 

Formaldehyde ND< 2.54 ND< 2.54 ND< 2.54 
Acetaldehyde 1.67 J ND< 2.54 ND< 2.54 
Acmlein ND< 2.54 ND< 2.54 ND< 2.54 
Propionaldehyde ND< 2.54 ND< 2.54 ND< 2.54 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detscted, value following ND< is detection limit. 
Sample results corrected for field reagent blank. 
J = Concentration detected below calibration range. 
The gas volume used for calculating the blank valuea wlls 0.0472 dscm. 
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57.2 Aldehvdes in Liouid Sam~lq 

Tables 5-48 and 5-49 show analytical results for aldehydes in samples of make-up 

water (Location 9) and pond outlet water (Location lo), respectively. Individual sample 

results, as well as the average and standard deviation, are shown. All results are in 

micrograms per liter of sample @g/L). Only formaldehyde was detected, and only in 

samples of the pond outlet water. 
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TABLE 544. ALDEHYDES IN MAKE-UP WATER (LOCATION 9) &g/L) 

Adyte N-9-PRL-726 

Formaldehyde ND< 6.00 
Acetaldehyde ND< 6.00 
Acmlcin ND< 6.00 
Propionaldehyde ND< 6.00 

N-9-PRL-728 

ND< 6.00 
ND< 6.00 
ND< 6.00 
ND< 6.00 

N-9-PRL-730 

ND< 6.00 
ND< 6.00 
ND< 6.00 
ND< 6.00 

AVERAGE DLRA’lTO SD 

ND< 6.0 0.0 
ND< 6.0 0.0 
ND< 6.0 0.0 
ND< 6.0 0.0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit, 

TABLE 5-49. ALDEHYDES IN OUTLET OF FOND (LOCATION 10) f&L) 

Amlyte N-lo-PRL-726 N-lo-P-728 N-IO-Pm-730 AVERAGE DLRATlO SD 

Formaldehyde 11.0 3.12 J 9.38 7.8 4.2 
Acetaldehyde ND< 6.00 ND< 6.00 ND< 6.00 ND< 6.0 0 
Acmlein ND< 6.00 ND< 6.00 ND< 6.00 ND< 6.0 0 
Pmpionaldehyde ND< 6.00 ND< 6.00 ND< 6.00 ND< 6.0 0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit, 
J = Concentration detected below calibration range. 
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. 8 Radionuclidq 

Tables 5-50 through 5-52 show analytical results for radionuclides in flue gas 

particulate samples. These results are from analysis of particulate filter samples collected 

during the full duration of the ammonia and cyanide sampling runs. Tables 5-50 through 

5-52 present results from Locations 4 and 5a, and from a blank sample, respectively. For 

the data from Locations 4 and 5a, individual samples and the average and standard deviation 

are shown. For each of the three sets of samples (4, 5a, blank) results are shown in pico- 

Curies per normal cubic meter of flue gas @Ci/Nm3). 

Only Th-234, Pb-210, and U-235 wen detected, each in a single sample from 

Location 4 (Table 5-50). No radionuclides were detected in samples from Location 5a 

(Table 5-51). 
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TABLE S-50. BADIONUCLIDES IN GAS SAMPLES FROM ESP INLET (LOCATION 4) (pWNm’3) 

Analyte N-4-NH4CN-727 N-4-NH4CN-729 N+NH4CN-731 AVERAGE DLRATIO SD 

Pb-212 
Th-234 
Pb-210 
Pb-211 
Ra-226 
Ra-228 
X1-229 
‘h-230 
U-234 
U-235 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

36 
539 
568 
671 

41 
152 
310 

3098 
12390 

119 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

43 ND< 3.5 ND< 38 
381 ND< 324 ND< 381 
423 ND< 548 ND< 568 
737 ND< 673 ND< 694 
428 ND< 70 ND< 180 
117 ND< 152 ND< 140 
309 ND< 242 ND< 287 

2854 ND< 2740 ND< 2897 
12606 ND< 11459 ND< 12152 

95 ND< 130 ND< 130 

4.3 
210 

84 
38 

216 
21 
39 

183 
610 

19 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 
Sample results cornted for train blank. 

TABLE 5-51. RADIONUCLIDES IN GAS SAMPLES FROM ESP OUTLET (LOCATION 5a) (pCi/Nm^J) 

Adyte N-5a-NH4CN-727 N-Sa-NH4CN-729 N-Sa-NH4CN-731 AVERAGE DLRATIO SD 

Pb-212 ND< 85 
n-234 ND< 712 
Pb-210 ND< 854 
Pb-211 ND< 1423 
Ra-226 ND< 123 
Ra-228 ND< 280 
‘II-229 ND< 522 
Th-230 ND< 4744 
U-234 ND< 21824 
U-235 ND< 232 

ND< 38 
ND< 299 
ND< 359 
ND< 538 
ND< 40 
ND< 120 
ND< 199 
ND< 2391 
ND< 7769 
ND< 80 

ND< 36 
ND< 322 
ND< 544 
ND< 604 
ND< 36 
ND< 121 
ND< 282 
ND< 2416 
ND< 10671 
ND< 111 

ND< 53 28 
ND< 444 232 
ND< 585 250 
ND< 855 493 
ND< 66 49 
ND< 173 92 
ND< 334 168 
ND< 3184 1352 
ND< 13421 7420 
ND< 141 81 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 
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TABLE S-52. RADIONUCLIDES IN BLANK GAS SAMPLES (pCilNm’3) 

TRAIN BLANK 
Amlyte N-Sa-NH4CN-725 

Pb-212 ND< 37.3 
l-b-234 ND< 373 
Pb-210 ND< 439 
Pb-211 ND< 593 
Ra-226 ND< 52.7 
Ra-228 ND< 136 
m-229 ND< 263 
Th-230 ND< 2854 
U-234 ND< 9878 
U-235 ND< 108 

ND< = Not detected, vah following ND< is detection limit. 
Sample results come&d for field reagent blank. 
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5.8.2 Radionuclides in Solid Samule 

Tables 5-53 through 5-55 show results for radionuclides in daily composite samples 

of boiler feed coal (Location l), bottom ash (Location 2), and air heater ash (Location 3), 

respectively. The composite sample identification scheme and cornpositing procedures are 

presented in Section 3.2.2. In these tables, alI results are shown in pica-Curies per gram .of 

sample @A/g). Individual sample results are shown, as welI as the average and standard 

deviation of those results, for boiler feed coal and bottom ash. One sample of air heater ash 

was analyzed, as shown in Table 5-55. Insufficient sample was available to conduct 

radionuclide analysis on ESP ash, or on air heater ash except for the one sample shown. 

In coal (Table 5-53), Th-234 and Pb-210 were the principal radionuclides detected. 

In bottom ash, Pb-210 was not detected, but Th-234 was the principal radionuclide found, 

with Pb-212, Ra-226, and Ra-228 also found in all samples at similar levels (Table 5-54). 

Th-234 was also the radionuclide found at highest levels in air heater ash (Table 5-55), with 

Ra-226, Pb-210, Ra-228, and Pb-212 also present. 
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TABLE5-53. RADIONUCLIDESINBOILERFEEDCOAL (LOCATIONl)(pCi/g) 

Amlyte JL~~~~-BOFED JL2993-BOFED JL3193-BOFED AVERAGE DLRATIO SD 

Pb-210 2.21 1.59 1.38 1.7 0.43 
Pb-212 0.330 0.383 0.332 0.35 0.030 
Ra-226 0.477 0.543 0.453 0.49 0.047 
Ra-228 ND< 0.470 0.265 ND< 0.330 ND< 0.47 0.051 
Th-234 2.33 2.95 3.03 2.8 0.38 
Pb-2 11 ND< 1.60 ND< 1.40 ND< 1.40 ND< 1.5 0.12 
Th-229 ND< 0.580 ND< 0.580 ND< 0.570 ND< 0.58 0.0058 
n-230 ND< 5.20 ND< 6.90 ND< 6.50 ND< 6.2 0.89 
U-234 ND< 19.0 ND< 23.0 ND< 23.0 ND< 22 2.3 
U-235 ND< 0.220 ND< 0.220 ND< 0.230 ND< 0.22 0.0058 

DL Ratio = Detection limit ntio. 
SD = Stmdmi deviation. 
ND< = Not detcctai, value following ND< is detstion limit. 

TABLE 5-54. RADIONUCLIDES IN BO’ITOM ASH (LOCATION 2) (pCi/g) 

Amlyte JL2793-BOTT JL2993-BOTT JL3193-BO’IT AVERAGE DLRARO SD 

Pb-210 
Pb-212 
Ra-226 
Ra-228 
‘h-234 
Pb-2 I 1 
n-229 
Th-230 
U-234 
U-235 

ND< 0.810 0.630 
1.85 2.06 
2.62 3.36 
1.87 2.04 
3.02 3.81 

ND< 1.10 ND< 1.20 
ND< 0.530 ND< 0.610 
ND< 5.80 7.40 

16.3 ND< 21.0 
0.210 ND< 0.22O 

1.18 
2.38 
3.27 
1.94 
3.52 

ND< 1.40 
ND< 0.600 
ND< 6.70 

30.7 
0.220 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

ND< 0.81 0.40 
2.1 0.27 
3.1 0.40 
2.0 0.085 
3.5 0.40 

ND< 1.2 0. IS 
ND< 0.58 0.044 
ND< 6.7 2.5 
ND< 21 10 
ND< 0.22 0.061 
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TABLE S-5.5. RADIONUCLIDES IN AIR HEATER ASH (LOCATION 3) (pCi/g) 

Adyte JL3 193-HASH 

Pb-210 
Pb-212 
Ra-226 
Ra-228 
Th-234 
Pb-211 
Th-229 
Th-230 
U-234 
U-235 

0.884 
0.810 

1.53 
0.888 

1.77 
ND< 1.60 
ND< 0.760 
ND< 8.10 
ND< 35.0 
ND< 0.520 

ND< = Not detected, value following ND< is detection limit. 
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5.9 Carbon Analvs@ 

Table 5-56 shows the results of analyses for carbon in composite daily samples of 

bottom ash (Location 2), air heater ash (Location 3), and ESP fly ash (Location 8). For the 

ESP ash, results are shown for samples from hopper rows 1 through 5. The average value 

for carbon in the total ESP catch is also shown in Table 5-56. That value is a weighted 

average based on the results from each row, using the time required for dumping the 

hoppers in each row as the weighting factor. All results are in percent carbon by weight on 

a dry basis, and results are shown for individual samples, as well as the average and 

standard deviation of those results. The composite sample identification scheme and 

compositing procedures are presented in Section 3.2.2. 

Table 5-57 shows the results for carbon in flue gas particulate samples, collected 

during the full duration of the single-point, isokinetic ammonia and cyanide runs on a given 

sampling day. Results are shown for both Locations 4 and 5a. The results in Table 5-57 

are the percent of carbon in flue gas particulate on a dry weight basis. 

The data shown in Tables 5-56 and 5-57 have been discussed in Section 3.3.1, in 

the context of the comparability of flue gas particulate and ESP ash. It is clear from 

comparison of the data in these tables that the carbon content of air heater ash and ESP 

row 1 ash are very similar to each other, but distinctly different from the carbon content of 

ESP rows 2-5 ash or Location 4 (ESP inlet) particulate. This latter difference is apparently 

due to the presence of coarse particles in the duct at Location 4, which are colIected in the 

ESP row 1 hoppers but which were not adequately sampled by the single-point sampling 

used to determine the carbon content of particulate at Location 4. Consideration of other 

factors as well, such as the elemental composition of these solid samples, has led to use of 

an ESP-average carbon value of about 35 percent to represent Location 4 particulate in mass 

balance calculations. The basis and impact of adopting this carbon content value for 

Location 4 particulate are presented in Section 3.3.1. The measured carbon content values 

from Location 4 are footnoted in Table 5-57 to indicate that the single-point sampling did 

not properly represent the coarse bulk particulate in the duct at that location. 
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TABLE S-56. CARBON IN BOTTOM ASH, AIR PREHEATER ASH, AND ESP ASH (% BY WEIGHT, DRY BASIS) 

Amlyte JL2793 IL2993 JI3193 AVERAGE DLRATIO SD 

Bottom Ash 0.16 0.4 0.1 0.22 0.16 
Air Pre-heater Ash 76.1 74.7 72.4 74 1.8 
ESP Fly Ash: Row 1 79.6 80.2 77.5 79 1.4 
ESP Fly Ash: Row 2 14.7 18.2 13.4 15 2.5 
ESP Fly Ash: Row 3 6.06 5.94 5.59 5.9 0.24 
ESP Fly Ash: Row 4 NA NA 3.27 NA NA 
ESP Fly Ash: Row 5 1.89 NA 1.88 1.9 0.0071 
Calculated ESP Average* 35.1 36.1 33.7 35 1.5 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
NA = Sample not available, sample not analyzed, or data not available. 
* Weighted average carbon content of entire ESP catch. 

TABLE 5-57. CARBON IN FLUE GAS PARTICULATE SAMPLES (56 dry) 

Location 7127 7129 7131 AVERAGE DLRATIO SD 

4’ 4.1 6.06 2.64 4.3 1.7 
5a 0.19 0.05 0.05 0.097 0.081 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
* Carbon content determined by single-point iwkinetic sampling is not representative 

of coarse. stratified particulate in the duct. Weighted avenge carbon content for 
ESP ash of about 35 pacent was rssumed ta represent Location 4 particulate in 
mass balance calculations (see Section 3.3.1). 
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5.10 Ultimate/Proximate and Related Solid SamDIe Analvse 

Table 5-58 shows the results of ultimate/proximate analyses of daily composite 

samples of boiler feed coal (Location 1). Results for individual samples are shown, along 

with the average and standard deviation. The units of the analytical results are shown in the 

table. 

Table 5-59 shows results for moisture in boiler feed coal, in percent by weight. 

The individual results, average, and standard deviation are shown, 

Inspection of Tables 5-58 and 5-59 shows that the composition of the coal was 

reasonably uniform. The results shown here for percent ash, percent sulfur, percent 

moisture, and heat content in Btu/lb are all in good agreement with the corresponding values 

for bunker coal samples in Table 2-9. 
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TABLE S-58. ULTIMATE/PROXIMATE RESULTS FOR BOILER FEED COAL (L4XAIlON 1) 

Analyte JL2793BOFED JL2993BOFBD JL3193BOFED AVERAGE DL RATlO SD 

Pmximatc Adyria (as received), percent 
Moisture 5.66 6.33 7.65 6.5 1.0 
Ash 11.1 11.2 11.1 11 0.10 
volatik malt.3 34.5 34.9 33.6 34 0.64 
Fixed Carbon (dim * 48.7 41.6 47.1 48 0.64 
SUlfW 2.59 2.65 2.51 2.6 0.07 

Ultimate Analysis (dry). percent 
carban 72.0 72.0 71.7 72 0.18 
Hydrogen 4.83 4.8 4.75 4.8 0.04 
Nitrogen 1.46 1.49 1.51 1.5 0.03 
SUlfW 2.75 2.83 2.72 2.8 0.06 
Ash 11.7 12.0 12.0 12 0.14 
Oxygen (diff) * 7.23 6.88 7.34 7.2 0.24 

Heating Value. Blullb 
As received 12269 12108 11892 12090 la9 
W 13005 12926 12877 12936 65 
MAF 14735 14687 14631 14684 52 

DL Ratio = Defection limit ratio. - 
SD = Standard dexiation. 
MAF = Moisturn and ash free. 
l diff = Calculated by difference. 

TABLE S-59. MOISTURE IN BOILER FEED COAL (percent) 

Analyte JL2793-BOFED JL29!33-BOFED JL3193-BOFED AVERAGE DLRATIO SD 

Moisture 5.66 6.33 7.65 6.5 1.0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
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Particulate size distribution was determined for two different sample types: ESP 

ash, and flue gas particulate collected at Locations 4 and 5a. These results are shown in 

Tables 5-60 to 5-62. 

Table 5-60 shows the size distribution results for ESP ash from hopper rows 1, 2, 

and 3. This table shows the cumulative percent of sample mass retained in successively 

smaller size stages. As was discussed in Section 3.3.1, ash from ESP row 1 was much 

coarser than ash from subsequent rows. As a result, row 1 ash was sized using a different 

technique than those used for rows 2 and 3 ash. As indicated in Table 5-60, row 1 ESP ash 

was sized using a series of standard sieves; the sieve opening sizes are listed below for each 

of the sieve designations in Table 5-60: 

Sieve No. 16 Opening Size 1,180 pm 
20 850 pm 
30 @own 
40 425 pm 
50 300 pm 
70 212 pm 

100 150 pm 
140 106 pm 
200 75 pm 
325 45 pm 

Ash from rows 2 and 3 of the ESP was sized using two different techniques, screening for 

the larger particle sizes, and a Coulter counter for the finer sixes. The cut sizes for each 

stage of these two techniques are shown in Table 5-60, in pm. Note that the screens 

provide a geometric siring of the particles, whereas the Coulter counter is based on a 

volumetric measurement of particle size. 

Table 5-60 shows that the ESP row 1 ash exhibited a mass median diameter of 

about 850 pm (i.e., about 50 percent of the mass was retained by a number 20 sieve), and 

nearly all the mass was in particles greater than 75 pm in diameter (i.e., retained by a 

number 200 sieve). Row 2 and row 3 ESP ash was much finer. For row 2 ash, only 

15 percent of the mass, on average, was in particles larger than 75 pm, and the mass 

median volumetric diameter from the Coulter counter was about 12 pm. About 59 percent 
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of the mass of row 2 ash was in particles larger than 10 pm volumetric diameter, and about 

7 percent was in particles smaller than 5 pm volumetric diameter. For row 3 ash, only 

3.6 percent of the mass was in particles larger than 75 pm, and the mass median volumetric 

diameter was about 9 pm. Approximately 47 percent of the mass of row 3 ash was in 

particles larger than 10 pm volumetric diameter, and about 13 percent was in particles 

smaller than 5 pm volumetric diameter. The differences in particle size distribution in these 

samples parallel the differences noted previously in elemental composition (Section 5.1.2) 

and carbon content (Section 5.9). 

The particle size distribution of flue gas particulate was determined in two ways. 

Two glass cyclones were used with the Multi-Metals (Method 29) and Modified Method 5 

trams at Location 4, and a cascade impactor was used at Location 5a. The glass cyclones 

were designed for this study, and were installed in the heated ftlter box of the train during 

sampling. The designed aerodynamic cut points of the cyclones were 10 pm and 5 pm; 

insufficient time was available to test the cut points before the study. A Teflon flex line 

connected the sampling probe to the cyclones, as described in Section 3.2.1. The impactor 

used at Location 5a was a Pilat Mark III Source Test cascade impactor with glass tiber 

impaction stages and backup tilter. The glass fiber material was Reeve Angel 934H, this 

material is reported to minimize weight gain from SO#O, adsorption. 

Table 5-61 shows the particle size distribution data from Location 4, the ESP inlet. 

Because the cyclones were used outside the duct, the probe wash particulate catch is 

included in Table 5-61. As this table shows, the probe and flexible line collected the 

majority of particulate in the metals sampling at Location 4. About 20 percent of the 

particulate mass was collected in the coarse cyclone (> 10 pm), and about an equal amount 

was collected on the Nter (< 5 pm size). Very little of the particulate was collected in the 

tine cyclone (5-10 pm range). Loss of particles in the probe is likely to be most important 

for the largest particles, but the sizes of particles collected in this fraction must be 

considered as unknown. Thus the data in Table 5-61 suggest that the great majority (ca. 75 

percent) of the flue gas particulate mass at Location 4 is in particles greater than 10 pm 

aerodynamic diameter, but with considerable uncertainty. Only about 20 percent of the 

particulate mass at this location is in particles smaller than 5 pm aerodynamic diameter. 
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In principle, the particulate size distribution of ESP ash should be comparable to 

that of the particulate at the ESP inlet. For reasons discussed in Section 3.3.1, it is certain 

that the flue gas particulate collected at Location 4 was not representative of all the material 

collected in the ESP. In addition, it is clear that the extractive sampling with cyclones did 

not provide fully valid size distribution information at the ESP inlet (Table 5-61). It can be 

concluded, however, that the flue gas particulate collected at Location 4 (Table 5-61) is 

much closer to the ESP rows 2 and 3 ash, in terms of fraction of mass > 10 pm and fraction 

of mass <5 pm, than it is to the ESP row 1 ash. This conclusion is consistent with 

comparison of elemental composition (Section 5.1.2) and carbon content (Section 5.9). 

Table 5-62 shows the particle sixe distribution results from cascade impactor runs at 

Location 5a. Shown in this table are the impactor stage designation, the corresponding 

aerodynamic cut size @s,J, the percent mass retained in that stage, and the cumulative 

percent mass through successive stages. Table 5-62 shows that the impactor cut sixes were 

consistent over all three runs, and that the flue gas particulate slxe distribution was 

determined with good precision. The particulate at Location 5a exhibited a mass median 

aerodynamic diameter of just over 2 pm, based on the average mass results in Table 5-62. 

The mass at particle sixes below 2 pm was relatively evenly distributed among the impactor 

stages. The finest size range (C 0.20 am) contained an average 15 percent of the particle 

mass. This is a surprisingly large mass fraction for such fine particles, and likely results in 

part from the condensation of sulfuric acid in the sampling process. The possibility of this 

effect is discussed further in Section 7.1, in the context of impactor results from cooled, 

diluted stack gas at Location 5b. 
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6.0 DATA ANALYSIS AND INTERPRETATION 

6.1 Element Mass Balances 

Figures 6-l and 6-2 show the boundaries for the mass balance calculations and the 

plant components included in the calculations, as follows: 

Figure 6-1. Mass balances on each of the boiler and ESP 
Figure 6-2. Mass balance on the combined boiler and ESP. 

6.1.1 lati 

Assumptions necessary for calculating the element mass balances were identical to 

those required for the ash mass balances (Section 3.3.1), including the assumption of 35 

percent carbon content in particulate at the ESP inlet. However, in addition it was assumed 

that: 

. When “less than” values were reported for element analyses, a value equal to 
one-half of the detection limit was used in the element mass balance 
calculations. 

. For antimony, cadmium, molybdenum, and selenium, the average results from 
the round-robin analyses of the coal were used for mass balance calculations 
(see Section B-6 in Appendix B). 

. For aluminum, potassium, and sodium, certain outhers in the analytical data 
were replaced with the average of the remaining values (see Section 5.1). 

Table 6-l shows an example spreadsheet, illustrating the mass balance calculations for 

one of the 21 elements of interest, aluminum. A mass balance for each of the elements was 

performed in the same way, using a separate but identical spreadsheet for each element. 

Separate mass balance calculations are shown for the boiler, the ESP, and the combined 

boiler and FISP. The comments column at the right of Table 6-l gives details regarding the 

calculations. 
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5.1.2 Element Mass Balance Results 

Figures 6-3 through 6-23 show the average mass flows and results of the mass 

balances for each element in graphical form. Table 6-2 lists the results of the mass balance 

calculations for the 21 elements of interest. Separate mass balance results are shown for the 

boiler, the ESP, and the combined boiler and ESP. The three individual daily results are 

shown, along with the average and standard deviation of those results. The following 

paragraphs summarize the results for each element. Note that shaded areas of Table 6-2 and 

subsequent tables indicate results calculated on the basis of one or more non-detect values. 

Also, a few results are excluded from calculations of average values, because they result 

from marked outhers or suspect values in the analytical data. Such instances are noted in the 

subsequent paragraphs. 

Aluminum. The ahrminum content of the three streams exiting the boiler equalled 95 

to 98 percent (average 97 percent) of the measured aluminum content of the coal being fired 

in the boiler. 

The aluminum content of the two streams exiting the ESP equalled 91 to 109 percent 

(average 100 percent) of the aluminum content of the flue gas stream entering the FSP. 

Considering the boiler and the ESP together, the aluminum content of the four 

streams exiting the unit equalled 95 to 99 percent (average 97 percent) of the aluminum 

content of the coal tired in the boiler. 

Two outlier values for aluminum, in particulate at the ESP outlet on July 29 and 

July 31, were excluded from the calculations. Those values were replaced with the 

corresponding value from July 27 (see Section 5.1.1). 

Potassium. The potassium content of the three streams exiting the boiler equalled 94 

to 107 percent (average 99 percent) of the measured potassium content of the coat being tired 

in the boiler. 

The potassium content of the two streams exiting the ESP equalled 81 to 84 percent 

(average 83 percent) of the potassium content of the flue gas stream entering the ESP. 
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Considering the boiler and the ESP together, the potassium content of the four 

streams exiting the unit equakd 91 to 104 percent (average 96 percent) of the potassium 

content of the coal fued in the boiler. 

Two outlier values for potassium, in particulate at the E.SP outlet on July 29 and July 

31, were excluded from the calculations. Those values were replaced with the corresponding 

value from July 27 (see Section 5.1.1). 

The titanium content of the three streams exiting the boiler equakd 92 to Titanium. 

94 percent (average 93 percent) of the measured titanium content of the coal being tired in 

the boiler. 

The titanium content of the two streams exiting the ESP equalled 78 to 106 percent 

(average 88 percent) of the titanium content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the titanium content of the four streams 

exiting the unit equalled 90 to 93 percent (average 91 percent) of the titanium content of the 

coal fired in the boiler. 

m. A complete mass balance could not be performed for silicon because some 

components of the sampling trains (the cyclone and the filter catch) were not analyxed for 

silicon. A mass balance.was performed using the available data, which account for most of 

the particulate silicon (Section 5.1.1). 

The silicon content of the bottom ash and preheater hopper ash exiting the boiler and 

of that portion of the sampling train that was analyxed for silicon equaJled 95 to 98 percent 

(average 97 percent) of the measured silicon content of the coal being fired in the boiler. 

Based on the portions of the sampling tram that were analyxed for silicon, the silicon 

content of the two streams exiting the ESP equalled 101 to 193 percent (average 148 percent) 

of the silicon content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the silicon content of the four streams 

exiting the unit equalled 99 to 101 percent (average 100 percent) of the silicon content of the 

coat fired in the boiler. Although some portions of the sampling trams were not analyzed for 

silicon, the amount of error for the entire unit is small because only a tiny fraction (e.g., 0.5 

percent) of the silicon would be expected to exit the ESP as fly ash. 
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Sodium. The sodium content of the three streams exiting the boiler equakd 51 to 

109 percent (average 83 percent) of the measured sodium content of the coal being tired in 

the boiler. The analytical result for sodium in bottom ash on 7/29/93 (Table 5-7) is far out 

of line with the other results. For this reason, the 7/29/93 bottom ash sodium was not used 

and the average bottom ash analyses of the other two tests was used in mass balance 

calculations. 

The sodium content of the two streams exiting the ESP equalled 31 to 107 percent 

(average 64 percent) of the sodium content of the flue gas stream entering the BP. The 

variable analytical results for sodium, discussed in Section 5.1.1, led to the observed 

variability in mass balances. One outher, for sodium in flue gas at the ESP outlet on 7/27, 

was excluded and replaced with the average from the other two days. 

Considering the boiler and the ESP together, the sodium content of the four streams 

exiting the unit equahed 52 to 72 percent (average 64 percent) of the sodium content of the 

coal tired in the boiler. In addition to the bottom-ash value noted above, one other outlier 

for sodium was excluded from the calculations, that being the high sodium value in 

particulate at the ESP outlet on July 27 (Section 5.1.1). 

Mercury. The mercury content of the three streams exiting the boiler equalled 83 to 

149 percent (average 125 percent) of the measured mercury content of the coal being fired in 

the boiler. 

The mercury content of the two streams exiting the ESP equalled 65 to 77 percent 

(average 72 percent) of the mercury content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the mercury content of the four streams 

exiting the unit eqralled 62 to 114 percent (average 90 percent) of the mercury content of the 

coal tired in the boiler. 

Selenium. The selenium content of the three streams exiting the boiler equalled 40 to 

49 percent (average 44 percent) of the measured selenium content of the coat being tired in 

the boiler. This result is based on Se data from the round-robin coal analysis. 

The selenium content of the two streams exiting the ESP equalled 78 to 137 percent 

(average 112 percent) of the selenium content of the flue gas stream entering the ESP. 
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Considering the boiler and the ESP together, the selenium content of the four streams 

exiting the unit equalled 35 to 63 percent (average 48 percent) of the selenium content of the 

coal tired in the boiler. 

The arsenic content of the three streams exiting the boiler equalled 50 to 77 Arsenic. 

percent (average 64 percent) of the measured arsenic content of the coal being fired in the 

boiler. 

The arsenic content of the two streams exiting the ESP equalled 74 to 93 percent 

(average 81 percent) of the arsenic content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the arsenic content of the four streams 

exiting the unit equalled 38 to 60 percent (average 53 percent) of the arsenic content of the 

coal tired in the boiler. 

Cadmium. The cadmium content of the three streams exiting the boiler equalled 172 

to 194 percent (average 181 percent) of the measured cadmium content of the coal being 

fired in the boiler. This result is based on the Cd results from the round-robin coal analysis. 

The cadmium content of the two streams exiting the ESP equalled 55 to 62 percent 

(average 58 percent) of the cadmium content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the cadmium content of the four streams 

exiting the unit equalled 158 to 172 percent (average 164 percent) of the cadmium content of 

the coal fired in the boiler. 

Chromium. The chromium content of the three streams exiting the boiler equalled 

100 to 105 percent (average 103 percent) of the measured chromium content of the coal 

being tired in the boiler. 

The chromium content of the two streams exiting the ESP equalled 71 to 77 percent 

(average 75 percent) of the chromium content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the chromium content of the four 

streams exiting the unit eqmlled 94 to 98 percent (average 96 percent) of the chromium 

content of the coal fired in the boiler. 
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Molvbdenum. The molybdenum content of the three streams exiting the boiler 

equalled 64 to 79 percent (average 73 percent) of the measured molybdenum content of the 

coal being fired in the boiler. This result is based on the round-robin coal analysis. 

The molybdenum content of the two streams exiting the ESP equalled 117 to 149 

percent (average 132 percent) of the molybdenum content of the flue gas stream entering the 

BP. 

Considering the boiler and the ESP together, the molybdenum content of the four 

streams exiting the unit equalled 77 to 87 percent (average 83 percent) of the molybdenum 

content of the coal fired in the boiler. 

a. A mass balance could not be performed for boron because the flue gas 

sampling trams were not analyzed for boron. 

Antimony. The antimony content of the three streams exiting the boiler equalled 51 

to 122 percent (average 80 percent) of the measured antimony content of the coal being fired 

in the boiler. This result is based on Sb results from the round-robin coal analysis. 

The antimony content of the two streams exiting the ESP equalled 24 to 99 percent 

(average 67 percent) of the antimony content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the antimony content of the four streams 

exiting the unit equalled 37 to 55 percent (average 48 percent) of the antimony content of the 

coal fired in the boiler. 

All the antimony results included at least one non-detect value in their calculation. 

Barium. The barium content of the three streams exiting the boiler equalled 119 to 

126 percent (average 123 percent) of the measured barium content of the coal being tired in 

the boiler. 

The barium content of the two streams exiting the ESP equalled 84 to 101 percent 

(average 95 percent) of the barium content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the barium content of the four streams 

exiting the unit equalled 119 to 125 percent (average 123 percent) of the barium content of 

the coal tired in the boiler. 
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Bervllium. The beryllium content of the three streams exiting the boiler equalled 84 

to 97 percent (average 93 percent) of the measured beryllium content of the coal being fired 

in the boiler. 

The beryllium content of the two streams exiting the ESP equalled 81 to 83 percent 

(average 82 percent) of the beryllium content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the beryllium content of the four streams 

exiting the unit equahed 80 to 92 percent (average 88 percent) of the beryllium content of the 

coal fired in the boiler. 

&z& The lead content of the three streams exiting the boiler equalled 45 to 79 

percent (average 64 percent) of the measured lead content of the coal being tired in the 

boiler. 

The lead content of the two streams exiting the ESP equalled 77 to 87 percent 

(average 82 percent) of the lead content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the lead content of the four streams 

exiting the unit equalled 36 to 66 percent (average 54 percent) of the lead content of the coal 

tired in the boiler. 

Mm=. The manganese content of the three streams exiting the boiler equalled 

109 to 126 percent (average 115 percent) of the measured manganese content of the coal 

being tired in the boiler. 

The manganese content of the two streams exiting the ESP equalled 72 to 87 percent 

(average 82 percent) of the manganese content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the manganese content of the four 

streams exiting the unit equalled 107 to 122 percent (average 112 percent) of the manganese 

content of the coal fired in the boiler. 

m. The nickel content of the three streams exiting the boiler equalled 94 to 111 

percent (average 101 percent) of the measured nickel content of the coal being fired in the 

boiler. 
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The nickel content of the two streams exiting the ESP equalled 72 to 76 percent 

(average 74 percent) of the nickel content of the flue gas stream entering the ESP. 

Considering the boiler and the FSP together, the nickel content of the four streams 

exiting the unit equalled 87 to 103 percent (average 93 percent) of the nickel content of the 

coal fired in the boiler. 

Vanadium. The vanadium content of the three streams exiting the boiler equalled 88 

to 98 percent (average 91 percent) of the measured vanadium content of the coal being fired 

in the boiler. 

The vanadium content of the two streams exiting the ESP equalled 75 to 81 percent 

(average 77 percent) of the vanadium content of the flue gas stream entering the BP. 

Considering the boiler and the ESP together, the vanadium content of the four streams 

exiting the unit equalled 82 to 93 percent (average 86 percent) of the vanadium content of the 

coal fired in the boiler. 

The copper content of the three streams exiting the boiler equalled 82 to 96 Conoer. 

percent (average 87 percent) of the measured copper content of the coal being fired in the 

boiler. 

The copper content of the two streams exiting the ESP equalled 74 to 78 percent 

(average 77 percent) of the copper content of the flue gas stream entering the ESP. 

Considering the boiler and the ESP together, the copper content of the four streams 

exiting the unit equalled 70 to 84 percent (average 75 percent) of the copper content of the 

coal tired in the’boiler. 

Q&g&. The cobalt content of the three streams exiting the boiler equalled 89 to 104 

percent (average 96 percent) of the measured cobalt content of the coal being fired in the 

boiler. 

The cobalt content of the two streams exiting the ESP equalled 71 to 85 percent 

(average 79 percent) of the cobalt content of the flue gas stream entering the ESP. 
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Considering the boiler and the ESP together, the cobalt content of the four streams 

exiting the unit equalled 86 to 100 percent (average 92 percent) of the cobalt content of the 

coal fired in the boiler. 

6.1.3 Discussion of Element Mass Balance Results 

Tables 6-3 through 6-5 report the mass balance results in a way that is more useful, 

by organizing results according to the units of the plant. Tables 6-3 to 6-5 show results for 

the boiler; the FSP; and the boiler plus BP, respectively. Part a of the tables reports the 

mass balance results in order based on the ratio of the output to the input. For convenience, 

Part b of each table also presents the same results in alphabetical order for the elements. 

Tables 6-3a and 3b show the mass balances for the boiler. The average mass balance 

for all elements was 95.4 percent; for the five major elements it was 93.5 percent. It can be 

seen that balances within k50 percent (based on average values) were achieved for 18 of the 

20 elements and that balances within +30 percent were achieved for 16 of the elements. For 

one element (selenium), the quantity of the element found in the exit streams was less than 

half that reported entering the boiler and for two elements (lead and arsenic) less than hvo- 

thirds of the element contained in the coal was found in streams exiting the boiler. The fact 

that reasonably good mass balances were achieved for 16 of the elements suggests that 

sampling and flow measurement procedures were satisfactory, and that assumptions used in 

the calculations were reasonable. This leaves recovery of the element from the sample 

stream, and analytical problems associated with the low concentrations of the elements, as 

the most likely causes of poor mass balance results. For all five of the major elements 

(aluminum, potassium, silicon, sodium, and titanium), the balance for the boiler was within 

+O/-20 percent. 

Tables 6-4a and 4b show the mass balances for the ESP. The average mass balance 

for all elements was 86.4 percent; for the five major elements it was 96.3 percent. It can be 

seen that balances within _+50 percent (based on average values) were achieved for all 20 of 

the elements and that balances within 230 percent were achieved for 15 of the elements. 

Three of the five major elements (aluminum, potassium, and titanium) produced mass 

balances within +O/-20 percent. 
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Tables 6-5a and 5b show the mass balances for the combined boiler and the ESP. 

The average mass balance for all elements was 87.5 percent, for the five major elements it 

was 89.3 percent. Conducting a mass balance for this combination of devices eliminates the 

effect of any sampling problems at the exit of the boiler (entrance to the ESP) because this 

stream drops out of the calculation. It can be seen that balances within k50 percent were 

achieved for 18 of the 20 elements and the balances were within k30 percent for 14 of the 

elements. Four of the five major elements produced mass balances within +O/-15 percent. 

Results for the combined boiler and ESP (Table 6-5) tended to parallel the results for 

the boiler alone (Table 6-3). That is, for the same three elements (lead, selenium, and 

arsenic), less than 70 percent of the material reported going into the boiler was found in the 

exit streams, and for the same element (cadmium), the quantity of the element found in the 

exit streams was appreciably more than that reported entering the boiler. 

In general, the mass balance results show good accounting for nearly all elements in 

the plant streams. However, it was noted that the mass balance values for the boiler and for 

the combined boiler and E8P tended to be lower for some @ut not all) of the more volatile 

elements, especially selenium, arsenic, sodium, and lead. This may suggest a problem with 

capturing or recovering the vapor phase component of these elements. 

4.2 Emission Factor Determinations 

6.2.1 Emission Factor Calculations 

Emission factors (E) were calculated as follows: 

E, lb/lO’* Btu = Loading. uelNcm x stack eas flow rate. Ncmlmin x 60 min/hr 
1,000,000 pglg x 453.6 g/lb x Firing rate, 10” Btu/hr 

and 

E, ~g,uT = Loadina. ue/Ncm x stack eas flow rate. Ncm/min x 60 minlhr 
Firing rate, h4Jlhr 

where the firing rate in h4J/hr equals the tiring rate in 10” Btu/hr times 1.055 x 109. 
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In these equations, the term loading means the concentration in flue gas of an analyte 

or of particulate matter. Radionuclide emission factors were calculated from concentration 

data in pCi/Ncm, producing E values in pCi/MJ and mCi/lO’* Btu. 

An example emission factor calculation is shown below, indicating both the 

calculation procedure and the location of the primary data within this report. This example 

calculation is for aluminum on July 27, 1993. 

Example: 

Aluminum loading in stack gas = 5,238 pg/Ncm (Table 5-4, page 5-8) 

Stack gas flow rate = 5,316 Ncm/min (Table 2-2, page 2-12) 

Coal feed rate = 91,500 lblhr (Table 2-4, page 2-14) 

Firing rate = 91,500 Ib/hr x 12,269 Btu/lb (Table 5-58, p. 5-81) 

= 1.123 x lo9 Btu/hr 

= 1.123 x 10” (10” Btulhr). 

Therefore the aluminum EF is 

EF= 5.238 mx 
1 x 106 rg/g x 453.6 g/lb x 1.123 x 10e3 (lo’* Btu/hr) 

EF = 3,280 lb/lO’* Btu 

This result can be found at the top of the first data column in Table 6-6, which shows 

emission factors for elements. The same emission rate can be calculated in )rg/tnI by 

converting the firing rate to MJlhr, i.e. 

Firing rate = 1.123 x 10” (1.055 x 109) 

= 1.184 x 106 MJlhr 

Then 

EF = 5.238 min/hr 
1.184 x lo6 MJ/hr 

EF = 1,410 &MT 

6-11 



This value can be found at the top of the first data column in Table 6-7. 

6.2.2 Emission Factor Results 

Tables 6-6 through 6-23 present the emission factor results for alI analytes, calculated 

as described above. Individual sample results are shown, along with the average of the three 

individual results. In each of these tables, the emission factors are shown with associated 

total uncertainty (TV) values. The TU values, which are 95 percent confidence intervals, 

indicate the total + contribution of precision and bias effects, as described in Appendix G. 

The emission factors should not be used without consideration of their associated TII values. 

When an average emission factor in Tables 6-6 through 6-23 is the result of three values g!j 

of which are based on non-detect8 at the NiIes stack, then in that case only the full value of 

the detection limits is used to calculate emission factors. In all other cases, i.e., with a 

mixture of detect and non-detect values, one-half the detection limit is used in calculations. 

The latter cases are denoted by an asterisk (*) and a footnote in the tables. 

6.3 Removal Efficiencies 

4.3.1 Removal Eftkiencv Calculatiorq 

Removal efficiencies were calculated for each element, for each inorganic run. 

Calculations were made only for the ESP, as the only emission control device at Niles Boiler 

No. 2. The calculation for removal efficiency (RR) in the ESP was: 

RE, percent = MFR. ESP inlet - MFR. ESP outlet) x 1OQ 
MFR. ESP inlet 

The term MFR means the mass flow rate of an analyte in lb/hr. A sample calculation of 

ESP removal efficiency for aluminum is included in the sample mass balance calculation 

shown in Table 6-l. 
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6.3.2 Removal Efficiencv Results 

Table 6-24 presents the ESP removal efficiencies for each of the elements. Table 

6-24a presents the results in order of removal efficiency of the elements, and Table 6-24b 

presents the same results in alphabetical order by element. 

Table 6-24 shows that average removal efficiencies in the ESP for 10 of the 20 

elements were greater than 99 percent, removal efficiencies for 12 of the 20 elements were 

greater than 98 percent, and removal efficiencies for 18 of the 20 elements were greater than 

90 percent, Only mercury and selenium gave low removal efficiencies, 30 and 8 percent, 

respectively. The results for mercury were similar across the three test days, and the low 

removal efficiency is consistent with the predominance of vapor over particulate-phase 

mercury (see Section 7.2). No removal efficiency could be calculated for boron, due to lack 

of measurements of this element in flue gas particulate. In general, these results are 

consistent with the expected and measured ESP removal efficiency for flue gas particulate 

matter (see Section 2.2.1). and with the known volatility of certain elements (e.g., mercury). 

Note that the removal efficiency calculations exclude a few outliers for individual elements in 

particulate at the ESP outlet on 7/27/93 (sodium), 7/29/93 (aiuminum and potassium), and 

7/31/93 (aluminum and potassium), as described in Section 5.1.1. 
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TABLE 6-2. MASS BALANCE RESULTS FOR METALS (percent)“) 

Element l/27/93 7129193 
Standard 

l/31193 Average Deviation 

iluminum 

Boiler 

ESP 

Boiler & ESP 

?otassium 

Boiler 
ESP 

Boiler & ESP 

l%nium 

Boiler 

ESP 

Boiler & ESP 

Silicon 

Boiler 

ESP 

Boiler & ESP 

Sodium 

Boiler 

ESP 

Boiler & ESP 

Mercury 

Boiler 

ESP 

Boiler & ESP 
Selenium 

Boiler 

ESP 

Boiler & ESP 
Arsenic 

Boiler 

ESP 
Boiler & ESP 

95.2 98.0 96.8 96.7 1.4 

100.2 108.4 90.5 99.1 9.0 

95.3 98.8 96.0 96.1 1.9 

94.1 107.0 93.8 98.5 1.4 

83.6 84.2 81.0 82.9 1.7 

91.6 103.8 91.1 95.5 7.2 

94.4 92.0 

19.3 105.9 

91.2 92.7 

92.9 93.1 

77.5 87.5 

90.4 91.4 

1.2 

15.9 

1.2 

95.4 96.3 98.4 96.7 1.6 

149.0 192.9 101.3 141.8 45.8 

98.7 101.2 98.5 99.5 1.5 

88.3 

53.7 

72.3 

148.8 

76.8 

114.5 

~~~~~~~~~~~~~~~,~,~~,~~~~~~~~~~~~~~~~~~~~ 
::::::~::::::::::~:::~:::~::::::i:~:~:~~::ri::::::::::::::,~,:.:,:,:,:.:,:,:.:,:.~.:,~.;:.:.:...::,:,:.:~:,;~.,~;,~~~~, ,;~,~,~,,,~,~, ,.,. ;z ,........., ~.~ ..,.. ~... ,~,~.~,~ ..,.I..,.I,... :.,..,..,...., 

65.1 14.6 72.1 6.2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

77.1 63.6 50.4 63.7 13.4 

77.4 93.4 73.5 81.4 10.6 

60.4 59.6 38.2 52.1 12.6 
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TABLE 6-2. (Continued) 

Element 1127193 Average 
Standard 
Deviation 

Cadmium 

Boiler 
ESP 

Boiler & ESP 

Chromium 

Boiler 

ESP 

Boiler & ESP 

Molybdenum 

Boiler 

ESP 

Boiler & ESP 

Boron 

Boiler 

ESP 

Boiler & ESP 

Antimony 

Boiler 

ESP 

Boiler & ESP 

Barium 

Boiler 

ESP 

Boiler & BSP 
Beryllium 

Boiler 

ESP 

Boiler & ESP 
Lead 

Boiler 
ESP 

Boiler & ESP 

104.5 105.2 100.4 103.4 2.6 

15.7 76.6 11.2 74.5 2.9 

96.6 98.2 93.5 96.1 2.4 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

119.0 125.1 126.1 123.4 3.8 

100.8 99.6 84.3 94.9 9.2 

119.1 125.0 123.1 122.6 3.1 

97.2 84.0 96.6 92.6 7.5 

83.1 83.0 81.1 82.4 1.2 

91.5 79.8 92.2 87.8 7.0 

79.1 66.4 45.2 63.6 17.1 

82.1 87.4 77.4 82.3 5.0 

66.1 58.7 35.9 53.6 15.7 
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TABLE 6-2. (Continued) 

Standard 
Element 7127193 7129193 7131193 Average Deviation 

Manganese 
Boiler 108.1 108.9 126.4 114.7 10.2 

ESP 81.4 86.2 71.7 81.8 8.8 

Boiler & ESP 106.6 106.7 122.1 111.8 8.9 

Nickel 
Boiler 94.4 97.1 110.7 100.7 8.7 

ESP 76.0 72.0 73.5 73.8 2.0 

Boiler & ESP 81.1 88.9 103.2 93.1 8.8 

Vanadium 

Boiler 88.5 97.8 87.8 91.4 5.5 

ESP 75.1 81.0 75.2 77.1 3.4 

Boiler & ESP 81.5 92.6 82.6 85.6 6.1 

Copper 

Boiler 83.7 95.9 81.6 87.0 1.8 

ESP 14.1 18.2 77.5 76.6 2.2 

Boiler & ESP 70.0 83.9 72.4 75.4 7.4 

Cobalt 

Boiler 103.6 88.9 96.1 96.2 7.3 

ESP 

Boiler & ESP 

(a) Shaded values indicate at least one nondetect value was used in calculating the result. 

NA = Not analyzed. 
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TABLE 6-3a. MASS BALANCE RESULTS FOR BOILER, BY PERCENTAGE IN BALANCE(‘) 

Element l/21/93 l/29/93 7131193 Average 
Standard 
Deviation 

Boron 

Selenium 

Lead 

Arsenic 

Molybdenum 

Antimony 

Sodium 

Copper 

Vanadium 

Beryllium 

Titanium 

Cobalt 

Aluminum 

Silicon 

Potassium 

Nickel 

Chromium 

Manganese 

Barium 

Mercury 

NA NA NA NA NA 
~~~~~~~~~,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~3:: :.: :.:.:~:.:.:.:.:.:~:.:.:.:.:~::.:.:.:.:i:.:.i:.:.:.:.:.:.:~.:.:.:.:.:.:.:.:.:~:.:.:.:.:.:.:.:.:~.:.:.::~~:::~:~:::~::~~~~~:~:::~~::~::.~~~:~:~~~:~~~~;::~:~::::.~:~:::~~~::~:::~:.::::~:~:.:~:.:~::~~:.:.:.:.:.:.j:,:.:~ :.. :,:.:.:.:. LI;,~.:.:.:.: ,:.:.l:.:~: :.:: :~:.~: 

79.1 66.4 45.2 63.6 17.1 

77.1 63.6 50.4 63.7 13.4 
.:::.:~.~:.:..,:.: ~~ ,.., .~. I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

':~::~~~~~-:~~~~::':'~~~~:.-i'-;..:.~~:~.~.~.~.~,~.~::.~:.~.::.:.'i:,~::,:,:.:.:,:.:.:...: ,.,. :,.~..::~:::::: :::::::::::::;:.:::::,:::::, .A......~.. s%:.:.:&.:.:~::.: .,.I... i . . ..t :.:~::::~:::::::i:l:i::.i:~.i:::~:~:::::::::.i(:li-:::::~:~:::~~,~:.:~:~:,:~:~~~~ /: __::~:::::l_j:~:::~,/, ,,,,,,, ,,,,,' .i,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
'.'.',... '~.~~~...~.:.:"'.'~'.'.'~'."'-'r~.:~~:.:.:~::..:.::.i:.:.;.il :.:~:,:.:.:,:./:.:.:.:,:.:,:.:,:.:.::.:.:.:,:.:.:.:.: .,.,.,. :.s:T ..I..... :.:.:p.:> ..,.~i.~.... I . ,.. i ../.~.... ~,~ .,.* .,... . ..,.. ~...~ ., ,........,,....,,.,.,. ~...~ ,.....,.....j.,. !,'...:::::::::::,::::_::~__::,.~ 

88.3 108.7 51.1 82.1 29.2 

83.7 95.9 81.6 87.0 7.8 

88.5 97.8 87.8 91.4 5.5 

97.2 84.0 96.6 92.6 7.5 

94.4 92.0 92.9 93.1 1.2 

103.6 88.9 96.1 96.2 1.3 

95.2 98.0 96.8 96.7 1.4 

95.4 96.3 98.4 96.1 1.6 

94.1 107.0 93.8 98.5 1.4 

94.4 97.1 110.7 100.7 8.7 

104.5 105.2 100.4 103.4 2.6 

108.7 108.9 126.4 114.7 10.2 

119.0 125.1 126.1 123.4 3.8 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NA = Not analyzed. 
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TABLE 6-3b. MASS BALANCE m3ur.Ts FOR BOILER, ALPHABETICALLY@ 

Standard 
Element 7127193 7129193 713 1193 Average Deviation 

Aluminum 95.2 98.0 96.8 96.1 1.4 

Antimony :;i,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Arsenic 77.1 63.6 50.4 63.7 13.4 

Barium 119.0 125.1 126.1 123.4 3.8 

Beryllium 97.2 84.0 96.6 92.6 1.5 

Boron NA NA NA NA NA 

Cadmium 

Chromium 104.5 105.2 loo.4 103.4 2.6 

Cobalt 103.6 88.9 96.1 96.2 1.3 

Copper 83.7 95.9 81.6 81.0 7.8 

Lead 19.1 66.4 45.2 63.6 17.1 

Manganese 108.1 108.9 126.4 114.7 10.2 

Mercury 

Molybdenum 

Nickel 94.4 97.1 110.7 loo.1 8.1 

Potassium 94.1 107.0 93.8 98.5 1.4 

Selenium ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Silicon 95.4 96.3 98.4 96.7 1.6 

Sodium 88.3 108.7 51.1 82.1 29.2 

Titanium 94.4 92.0 92.9 93.1 1.2 

Vanadium 88.5 97.8 87.8 91.4 5.5 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NA = Not analyzed. 
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TABLE 6-4a. MASS BALANCE RESULTS FOR ESP, BY PERCENTAGE 1N BALANCE(‘) 

Element 7121193 1129193 7131193 Average 
Standard 
Deviation 

Boron 

Cadmium 

Sodium 

Antimony 

Mercury 

Nickel 

Chromium 

Copper 

Vanadium 

Cobalt 

Arsenic 

Manganese 

Lead 

Beryllium 

Potassium 

Titanium 

Barium 

Aluminum 

Selenium 

Molybdenum 

NA NA NA NA NA 

16.8 65.1 74.6 72.1 6.2 

76.0 72.0 73.5 13.8 2.0 

75.7 76.6 71.2 74.5 2.9 

74.1 78.2 17.5 16.6 2.2 

75.1 81.0 75.2 17.1 3.4 
,~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~X~:::a...:.,:-;i::::~:.:.:~::::~~.:.~:~~~::.~~.:~~~.:.:.:~.~:.:~~.:~.:.:.:.:.:.:,:.:,:.;:.~:.:~.:,~.:~.~~~~.:.:~.;.~~,:,:.:.:.:.:.;.:~:.:.~.:.:.~,:.:~,:~.:,:,:.:,:.:.:.:~.~,:.:,:.:.:.:.~.:,:...:.:.: :.;.:::: .,,,,,. :,:.~,.:.:.,,~.,.: ,,.:, :.:~::.,.: :/.;,:.~.; ,:.:: :~ :,., :,..f..:.:.,,.: 

77.4 93.4 73.5 81.4 10.6 

87.4 86.2 71.7 81.8 8.8 

82.1 87.4 17.4 82.3 5.0 

83.1 83.0 81.1 82.4 1.2 

83.6 84.2 81.0 82.9 1.7 

19.3 105.9 71.5 87.5 15.9 

100.8 99.6 84.3 94.9 9.2 

100.2 108.4 90.5 99.7 9.0 

Silicon 149.0 192.9 101.3 141.8 45.8 

(a) Shaded values indicate at least one nondetect value was used in calculating the result. 

NA = Not analysed. 
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TABLE 6-4b. MASS BALANCE RESULTS FOR ELECTROSTATIC PRECIPITATOR, 
ALPHABETICALLY”) 

Element 1127193 7129193 1131193 Averaee 
Standard 
Deviation 1 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Sodium 

Titanium 

Vanadium 

loo.2 108.4 90.5 99.7 9.0 
:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~:.~~:~~~~~.~~~~~.,:,.i~~r::i:~::~~.~.:.~.~~:~.:~~~~.~~~~?~:::.:::.:.~~:::.:.::~:.: ..,, ::.,:t ,..,. ~,..~.~l;..?i,.~~.~.:~..i.~;.,~~~:.~~~~,~~~.~;~:i //... ;.:,;.;,.:c .~;;_;_~,;;;i,il,,_ ._ ,_ /_., ,; .,.,, ~, )i ;, ~;; ~;;; 

71.4 93.4 73.5 81.4 10.6 

100.8 99.6 84.3 94.9 9.2 

83.1 83.0 81.1 82.4 1.2 

NA NA NA NA NA 
,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

15.7 76.6 11.2 74.5 2.9 

14.1 78.2 11.5 76.6 2.2 

82.1 87.4 11.4 82.3 5.0 

81.4 86.2 11.1 81.8 8.8 

16.8 65.1 74.6 12.1 6.2 

16.0 12.0 13.5 13.8 2.0 

83.6 84.2 81.0 82.9 1.7 
136,6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

149.0 192.9 101.3 141.8 45.8 

79.3 105.9 77.5 87.5 15.9 

75.1 81.0 15.2 17.1 3.4 

(a) Shaded values indicate at least one nondetect value was used in calculating the result 

NA = Not anaiyzed. 
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TABLE 6-5a. MASS BALANCE RESULTS FOR BOILER & ESP. BY PERCENTAGE 
IN BALANCE(‘) 

Element 7i27l93 7l29l93 713 II93 Average 
Standard 

Deviation 

Boron 

Antimony 

Selenium 

Arsenic 

Lead 

Sodium 

Copper 

Molybdenum 

Vanadium 

Beryllium 

Mercury 

Titanium 

Cobalt 

Nickel 

Potassium 

Chromium 

Aluminum 

Silicon 

Manganese 

Barium 

Cadmium 

NA NA NA NA NA 

38.2 52.7 

66.1 58.7 35.9 53.6 15.7 
52.0 ~~~~~~~~~~~~~~ 

70.0 83.9 72.4 75.4 1.4 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i:*.:.:.:.:::.:.: .,.,,., by :’ .:..:.~: A . . . . . ‘:.:I:.::*:?:::.:.:;*. ,,...,...,. ,,.,.: . . *.>.<..y,:.;: I /.j.....,.. h[ . . . . . . . . . . . . . . . . __..,.,............. I.,. .,., .,. .,.,,_, .,. .~. ,,,, ~,,,~ ~~, ,~, ~..;.~,r ,... :i~,~::i.: ~, ,; 

81.5 92.6 82.6 85.6 6.1 

91.5 79.8 92.2 87.8 7.0 

114.5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

91.2 92.7 90.4 91.4 1.2 
;:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :/.: ..:. :.:.:.: .,,. ,y,<,y j~~~~~~~~~~~~:~:.~~~~~,--::.:, -..~.>,: .,.,., ::,< *. .~‘“i~.:.:~~~~~~~8::::i’ii::.:.~.:::;~:.:.::~~~.~~~~~~~.:~~~:,:.: ,,...,../. Z..~. .~ ,,,~ ,,,, ,~ ;,_ ,,, ,/.,...,...... i.,~ .,..,,,..,..,., .,..,........,..,. ,, ,~. 

87.1 88.9 103.2 93.1 8.8 

91.6 103.8 91.1 95.5 7.2 

96.6 98.2 93.5 %.I 2.9 

95.3 98.8 96.0 96.1 1.9 

98.7 101.2 98.5 99.5 1.5 

106.6 106.7 122.1 111.8 8.9 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NA = Not analysed. 
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TABLE 6-5b. MASS BALANCE RESULTS FOR BOILER & ESP, ALPHABETICALLY@) 

Element l/27/93 II29193 
Standard 

7131193 Average Deviation 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Sodium 

Titanium 

Vanadium 

95.3 98.8 96.0 96.1 1.9 

60.4 59.6 38.2 52.7 12.6 

119.1 125.0 123.7 122.6 3.1 

91.5 79.8 92.2 87.8 7.0 

NA NA NA NA NA 

96.6 98.2 93.5 96.1 2.9 

70.0 83.9 72.4 75.4 7.4 

66.1 58.7 35.9 53.6 15.7 

106.6 106.7 122.1 111.8 8.9 

87.1 88.9 103.2 93.1 8.8 

91.6 103.8 91.1 95.5 7.2 

98.7 101.2 98.5 99.5 1.5 
72.3 ~~.~~~~~~~~ 52.0 i~~~~~~~~~~~~~~~~~~~~~~~ 

91.2 92.7 90.4 91.4 1.2 

81.5 92.6 82.6 85.6 6.1 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NA = Not analyzed. 
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TABLE 645. EMISSION FACTORS FOR ELEMENTS (lbllO’l2 BTUI 

Aoalyte N-.%-MUM-727 N-Ss-MUM-729 N-5a-MUM-731 AVERAGE 7-u 

Aluminum 3280 
Potassium 2040 
Sodium n 
Titanium 32.1 

Antimony 
Arsenic 
BWiUOl 
Beryllium 
Bomn 
Cadmium 
Chromium 
cobalt 
copper 
Lead 
hfmgmese 
M.%UlY 

NIX 0.371 ND< 0.355 ND< 0.361 ND< 0.36 0.06 
49.7 35.2 41.4 42 19 
9.69 2.73 3.79 5.4 9.3 

0.194 0.165 0.196 0.19 0.05 
NA NA NA NA NA 

ND< 0.032 * ND< 0.028 * 0.141 0.07 ## 0.16 
3.08 3.48 2.58 3.0 1.2 

ND< 0.121 ND< 0.110 NO< 0.118 ND< 0.12 0.02 
4.87 3.17 4.02 4.0 2.2 
1.65 1.12 2.04 1.6 1.2 
4.80 2.42 2.99 3.4 3.1 
17. I 12.5 13.7 14 6.4 
2.56 2.52 1.69 2.3 1.3 

0.824 0.551 0.275 0.55 0.69 
85.6 33.1 66.4 62 67 
2.34 2.37 2.88 2.5 0.85 

Nick1 
Selenium 
Vanadium 

Y # 
N x 

ND< 15.1 * 52s 
16.9 21.4 

3280 NC 
2040 NC 

266 WH NC 
23 20 

TU = Total uncertainty (95% confideace limit). 
NA = Not pnnlyzed. 
ND < = Analyte not detected. 
NC = Not calculated. 
* = Emission factor calculated using one half of the detection limit. 
# = Gutlin data (see section 5). not used in calculation. 
#X = Avenge emission factor includes one or hvo nondetects out of three measurements. 
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TABLE 6-7. EMISSION FACTORS FOR ELEMENTS f&MJ) 

Atlalyte N-5a-MUM-727 N-Sa-MUM-729 N-5n-MUM-731 AVERAGE l-u 

Aluminum 1410 a a 1410 NC 
Potassium 877 # # 877 NC 
Sodium # ND< 6.50 l 226 114 It NC 
Titanium 13.8 7.25 9.19 10 8.5 

Antimony 
Arsenic 
Barium 
Beryllium 
BOIOU 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
h4HCUl-y 
Molybdenum 
Nickel 
S&XliUtO 

ND< 0.160 ND< 0.153 ND< 0.154 
21.4 15.1 17.8 
4.17 1.18 1.63 

0.083 0.071 0.084 
NA NA NA 

ND< 0.014 l ND< 0.012 l 0.061 
1.33 1.50 1.11 

ND< 0.052 ND< 0.047 ND< O.OSl 
2.09 1.36 1.73 

0.708 0.481 0.878 
2.06 1.04 1.28 
7.36 5.39 5.88 
1.10 1.08 0.726 

0.354 0.237 0.118 
36.8 14.2 28.5 
1.01 1.02 1.24 

ND< 0.16 0.03 
18 8.3 

2.3 4.0 
0.08 0.02 
NA NA 

0.03 M 0.07 
1.3 0.53 

ND< 0.05 0.01 
1.7 0.95 

0.69 0.51 
1.5 1.3 
6.2 2.7 
1.0 0.55 

0.24 0.29 
21 29 
1.1 0.36 

TU = Total uncertainty (95% confidence limit). 
NA = Not annlyzed. 
ND < = Analyte not detected. 
NC = Not calculated. 
* = Emission factor calculated using one half of the detection limit. 
I = Gutlier data (see section 5). not used in calculation. 
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TABLE 6-8. EMISSION FACTORS FOR AMMONIA/CYANIDE (lb/lo% BTU) 

N-5a-NH4-727 N-SIX-NH4-729 N-fa-NH4-73 1 
Analyte N-5a-CN-727 N-Sn-CN-729 N-Ss-CN-73 1 AVERAGE 7-u 

AmmottiP ND< 0.359 * 208 ND< 0.356 * 70 I# 298 
Cyanide 72.1 165 302 180 288 

TU = Total uncertainty (95% cmfideme. limit). 
ND c = halyte not detected. 
* = Emission factor calculated using one half of the de&&m limit. 
## = Avenge emission factor includes one or hvo non~ts out of three nsaswemeats. 

TABLE 6-9. EMISSION FACTORS FOR AMMONIAICYAh’lDE (pg/MJ) 

N-Sa-NFM-721 N-5a-NH4-729 N-5~NH4-73 1 
Analyte N-5&N-127 N-Sr-CN-729 N-Sa-CN-131 AVERAGE TU 

Amwmin ND< 0.154 l 89.5 ND< 0.153 l 30 XR 128 
Cyanide 31.0 71.0 130 71 124 

TU = Total uncertainty (95% confidence limit). 
ND < = Analyte not detected. 
l = Emission factor ulculated using one half of the detection limit. 
## = Average emission factor includes me or two non-detects out of the snesure~llts. 
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TABLE 6-10. EMISSION FACTORS FOR ANIONS (IbllO’l2 BTU) 

Analyte N-Sa-FCL-727 N-Sa-FCL-729 N-Sa-FCL-73 1 AVERAGE Tu 

Hydrogen Chloride 138600 128800 128800 132ooO 25300 
Hydrogen Fluoride 799s 9290 9479 8921 2455 

Chloride (Particulate) l * 8.85 23.2 23.6 19 21 
Fluoride (Particulate) ** 5.18 9.41 18.9 11 18 
Phosphate (Particulate) ** ND< 12.2 * 147 173 Ill ## 21s 
Sulfate (Particulate) ** 13360 10510 12980 12280 4298 

l-U = Total tuxert&ty (95% confidence limit). 
ND< = Analyte not detected. 
* = Emission factor calculated using one half of the detection limit. 
## = Average emission factor includes ODC or hvo non-detects out of three measurements. 
** Sampling for anions WBS conducted at P single point in the duct; traverses were. not made. 

TABLE 6-11. EMISSION FACTORS FOR ANIONS &@MJ) 

Analyte N-5a-FCL-727 N-Ss-FCL-729 N-Sa-FCL-731 AVERAGE Tu 

Hydrogen Chloride 595% 55383 55365 56781 10863 
Hydrogen Fluoride 3438 3995 4076 3836 1056 

Chloride (Particulate) ** 3.81 10.0 10.2 8.0 9.1 
Fluoride (Particulate) ** 2.23 4.05 8.13 4.8 7.5 
Phosphate (particulate) ** ND < 5.25 l 63.2 74.3 48 WX 92 
Sulfate (Particulate) ** 5743 4520 5.580 5281 1848 

TU = Total uxertainty (95% confidence. limit). 
ND < = Annlyte not detected. 
l = Emission factor calculated using one half of the detection limit. 
#W = Average emission factor includes one or hvo non-detects out of three measurements. 
l * Sampling for anions was conducted at P single point in tbc duct; traversea were not made. 
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TABLE 612. EMISSION FACXURS MR VOC Ob/10’12 BTU) 

Amete N-Sa-VOS-726 N-Sa-VOS-728 N-Sa-VOS-730 AVERAGE TU 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 
Metbylene Chloride 

AC*tOOe 

Carbon Disulfide 

1.1 -Dichloroetbene 
l.l-Dichloroetbane 

Trans-1,2-Dichlorad~ene 

Chloroform 

1.2-Dicblorcetba~e 
2-Butanone 

l,l,l-Trichloroetba 

Carbon Tetrachloride 

Vinyl Acetate 
Bromodichloromethane 

1,2-Dichloropropane 
cia-1.3-Dichloropropyleoe 

Trichloroetbene 

Dibromochlorometbane 

1 , 1 .2-Trichloroethane 

BeUZeDe 

9.60 ND< 2.59 l ND< 2.44 l 4.9 NH 
ND< 5.17 

ND< 5.17 

ND< 5.17 

NC 

NC 

ND< 2.62 * 
ND< 5.17 

ND< 5.17 

ND< 5.17 

NDC 5.17 

ND< 5.17 
ND< 2.58 l 

ND< 5.17 

ND< 5.17 

ND< 5.17 
ND< 5.17 

ND< 5.17 

ND< 5.17 
ND< 5.17 

ND< 5.17 

ND< 5.17 
5.97 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

N-l< 

ND< 
ND< 

ND< 

ND< 

ND< 

9.44 

5.19 

5.19 

NC 
NC 

6.14 

5.19 

5.19 

5.19 

5.19 

5.19 
10.21 

5.19 

5.19 

5.19 
5.19 

5.19 

5.19 
5.19 

5.19 

4.61 
10.36 

trans-1.3-Dichloropropylene ND< 5.17 ND< 5.19 

2Chloroethylvinylether 

Bromoform 
4-Methyl-t-Pentanone 

2-Hexanone 
Tetrachloroethenc 

1,1,2.2-Tetrachloroetane 

TOhen* 
Cblorobeoreoe 

Etbylberuene 

styrene 
Xyleoes (Totd) 

ND< 5.17 ND< 5.19 

ND< 5.17 ND< 4.61 
ND< 2.58 * 9.96 

ND< 2.58 ’ 18.3 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 

4.88 ND< 6.5 

4.88 ND< 5.1 

4.88 ND< 5.1 
NC NC 

NC NC 

9.05 5.9 YH 
4.88 ND< 5.1 

4.88 ND< 5.1 

4.88 ND< 5.1 

4.88 ND< 5.1 

4.88 ND< 5.1 

2.44 l 5.1 RX 
4.88 ND< 5.1 

4.88 ND< 5.1 

4.88 ND< 5.1 
4.88 ND< 5.1 

4.88 ND< 5.1 

4.88 ND< 5.1 
4.88 ND< 5.1 

4.88 ND< 5.1 
4.88 ND< 4.9 

7.28 7.9 

4.88 ND< 5.1 

4.88 ND< 5.1 
4.88 ND< 4.9 

2.44 * 5.0 HH 
2.44 ’ 7.8 HH 

4.29 ND< 2.59 l ND< 2.44 l 3.1 rr 
ND< 5.17 ND< 5.19 ND< 4.88 ND< 5.1 

6.80 ND< 2.31 ’ ND< 1.30 l 3.5 YH 
ND< 5.17 ND< 5.19 ND< 4.88 ND< 5.1 
ND< 5.17 ND< 5.19 ND< 4.88 ND< 5.1 

ND< 5.17 ND< 5.19 ND< 4.88 ND< 5.1 
ND< 5.17 ND< 5.19 ND< 4.88 ND< 5.1 

10 

6.4 

0.9 

0.9 

NC 

NC 

8.0 

0.9 
0.9 

0.9 

0.9 

0.9 

11 
0.9 

0.9 

0.9 

0.9 
0.9 

0.9 

0.9 
0.9 

1.1 
5.7 

0.9 

0.9 

1.1 

I1 
23 

2.6 
0.9 

7.3 

0.9 
0.9 

0.9 

0.9 

TU = Total uncertainty (95% confidence limit). 
ND< = Amlyte mt detected. 

NC = Not calculated, measurements in field affected by contamination. 
l = Emission factor calculated using one half of (he detection limit. 

YY = Average emission factor includes one or two non-detects out of three measurements 
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TABLE 6-13. EMISSION FACTORS FOR VOC t&MJl 

Analyte N-5a-VOS-726 N-Sa-VOS-728 N-5a-VOS-730 AVERAGE TIJ 

Ctdoromethme 
Bromometbane 
Vinyl Chloride 
Cbhoethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1.1 -Dicb.loroetbene 
1, I-Dichloroetbaae 
Trans.-1.2-Dicblometbet~e 
cblorofoml 
1,2-Dicbloroetbane 
2-Butanone 
1 , 1.1 -Tticblorcethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodicbloromethane 
1,2-Dicbloropropane 
cis-1.3-Dichlompmpylcnc 
Tricbkme.tbeae 
Dibmmccblommethane 
1.1,2-Tricbloroetba 
BetlZ4Xle 

4.13 ND< 1.12 + ND< 1.05 * 2.1 ## 4.4 
ND< 2.22 ND< 4.06 ND< 2.10 ND< 2.8 2.8 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 

NC NC 
NC NC 

ND< 1.13 * 2.64 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 1.11 * 4.39 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND-C 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 2.23 
ND< 2.22 ND< 1.98 

2.57 4.46 
trans-l,3-Dichloropmpylene ND< 2.22 ND< 2.23 
2-Cbloroethylvinyletber ND< 2.22 ND< 2.23 
Bromoform ND< 2.22 ND< 1.98 
4-Methyl-2-Pentanone ND< 1.11 * 4.29 
2-Hexanone ND< 1.11 + 7.86 

ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 

NC NC 
NC NC 

3.90 2.6 ## 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 1.05 * 2.2 ## 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.1 

3.13 3.4 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.2 
ND< 2.10 ND< 2.1 
ND< 1.05 * 2.1 WR 
ND< 1.05 * 3.3 X# 

0.40 
0.40 
NC 
NC 
3.5 

0.40 
0.40 
0.40 
0.40 
0.40 

4.8 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.45 

2.5 
0.40 
0.40 
0.45 

4.6 
9.7 

Tetrachlometbene 1.85 ND< 1.12 * ND< 1.05 * 1.3 ## 1.1 
1,1.2,2-Tetrachk.mctbanc ND< 2.22 ND< 2.23 ND< 2.10 ND< 2.2 0.40 
Toluene 2.93 ND< 0.99 * ND< 0.56 * 1.5 ## 3.1 
ChIorobmzene ND< 2.22 ND< 2.23 ND< 2.10 ND< 2.2 0.40 
Ethylbenzene ND< 2.22 ND< 2.23 ND< 2.10 ND< 2.2 0.40 
Styrene ND< 2.22 ND< 2.23 ND< 2.10 ND< 2.2 0.40 
Xylems (Total) ND< 2.22 ND< 2.23 ND< 2.10 ND< 2.2 0.40 

TU = Total uxertainty (95 % contidemx limit). 
ND < = Analyte not detected. 
NC = Not calculsted, tneasuremertts in field affected by contamination. 

* = Emission factor calculated using one baIf of the detection limit. 

## = Average emission factor includes one or hvo non-detects out of three. measurements. 
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TABLE 614. RMISSION FACTORS FOR PARSVOC (lb/lo’12 B’lV 

N-5&ltd- N-Sd4M- N-Sa-MM- 

AdYte F+X-726 F+X-728 F+X-730 AVERAGE TIJ 

Beazylchloride ND< 0.0171 

Acetopbenone 0.8829 
Hexacbloroetl~ane ND< 0.0171 

Napbtbalene 0.3056 

Hexachlorobutadiene ND< 0.0171 

2Chloroacetopbenone 0.4607 

2-Methylnaphtbalene 0.0791 

I-Metbylnqhtbalene 0.0327 
Hexacblorocyclopeotadiene ND< 0.0171 

Biphenyl 0.0590 

Acenapbtbylene 0.0176 
2,6-Dinitrotoluene 0.6602 

Acenapbtbcne 0.0646 
Dihenzofuran 0.1234 
2,CDinitrotoluenc 0.02% 

nuorene 0.0729 

Hexachlorohenzene ND< 0.0171 

Pentachlorophenol ND< 0.0171 

Pbenanthrene 0.1554 
Anthraceoe 0.0529 
nuoraathene 0.0461 
Pyrene 0.0249 
Benr(a)ardbr&xne 0.0081 
Chrysene 0.0185 

Benz@ & k)fluonurtbene 0.0183 

Benw(e)pyret~e 0.0046 
Benro(a)pyreoe ND< 0.0034 
lndeno(l,2,3s,d)pyrene ND< 0.0034 
Dibcnr(a,b)antbracene ND< 0.0034 
BenMg,b,i)perylenc ND< 0.0034 

ND< 0.0169 

0.7183 
ND< 0.0169 

0.2323 
ND< 0.0169 

0.3452 

0.0219 

0.0102 

ND< 0.0169 

0.2904 

ND< 0.0017 l 

0.4998 

0.0135 

0.0442 

ND< 0.0064 * 

0.0125 

ND< 0.0169 
ND< 0.0169 

0.0547 

0.0070 

0.0247 
0.0139 

ND< 0.0017 l 

0.0047 

ND< 0.0017 l 

ND< 0.0017 l 

ND< 0.0034 
ND< 0.0034 

ND< 0.0034 

ND< OM34 

ND< 0.0016 
0.3070 

ND< 0.0016 
0.1080 

ND< 0.0016 

0.0577 

0.01 IS 

0.0042 

ND< 0.0016 

0.0278 

O.WlO 
0.5031 

0.0014 
0.0286 

0.0209 

0.0086 

ND< 0.0016 

ND< O.Wl6 

0.0227 

0.0020 

0.0103 
0.0030 

O.Wl2 
0.0036 

0.001 1 
ND< o.OW2 l 

ND< o.ooo3 

ND< o.Wo3 
ND< 0.0003 

ND< o.ca3 

TU = Total uncertainty (95% confidence limit), 

ND< = Adyte not detected. 
* = Emission factor calculated using one half of the detection limit. 
XI = Average emission factor includes one or two non-detects out of three measurements 

ND< 0.0119 0.0221 

0.6360 0.7425 
ND< 0.0119 0.0221 

0.2153 0.25w 

ND< 0.0119 0.0221 

0.2879 0.5166 

0.0375 0.0905 

0.0157 0.0372 

ND< 0.0119 0.0221 

0.1257 0.3563 

Om68 NY 0.0233 

0.5544 0.2437~ 
0.0265 0.0833 

0.0654 0.1264 
0.0197 YX 0.0266 

0.0313 0.0895 

ND< 0.0119 0.0221 

ND< 0.0119 0.0221 

0.0776 0.1722 

0.0207 0.0696 

0.0270 O.&w9 
0.0139 0.0272 

0.0037 ## 0.0095 

0.0089 0.0206 

0.0070 XI 0.0243 

0.0021 YH 0.0056 

ND< 0.0024 0.W44 
ND< 0.0024 0.0044 
ND< 0.0024 0.0044 

ND< 0.0024 0.0044 
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TABLE 6-15. EMISSION FACKtRS FOR PA.EI/SVGC elm 

N-S*-MM- N-5*-MM- N-5*-MM- 

Adyte F+X-726 F+X-728 F+X-730 AVERAGE TU 

Beozylcbloride 

Acetopbenone 

Hexachloroetbane 
Naphthalene 
Hexacblorobutadieoe 

2Chloraacetopbenone 

2-Metbyloaphthalene 

I-Metbylnaphtbalene 

Hexachlorwyclopentadiene 

Biphenyl 
Acenaphtbylene 
2,6-Dinitrotaluene 

Acenaphtbene 

Dibenzofuran 

2,CDinitrotoluene 

Fluorene 

Hexacblorobetuene 

Pentacblorophenol 

Phenanthrene 
Antbracene 

Ruorrmthene 

Pyrene 

Benr(*)ardbracene 
Chrysene 

lbxw& & k)fluorantbene 

Beozo(e)pyrene 

Benzo(a)pyrene 

Indeno<l,2,3s,d)pyreoe 
Dibau.(a,b)antbraceo 

Benz&b.i)perylene 

ND< 0.0074 

0.3800 

ND< 0.0074 
0.1315 

ND< 0.0074 

0.1983 

0.0341 

0.0141 

ND< 0.0074 

0.0254 
0.0076 

0.2841 
0.0278 

0.0531 

0.0128 

0.0314 

ND< 0.0074 

ND< 0.W74 

0.0669 

0.0228 

_ 0.0198 

0.0107 
0.0035 
0.0080 

0.0079 

O.WZO 

ND< 0.0015 
NIX 0.0015 

ND< 0.0015 

ND< 0.0015 

ND< 0.0073 

0.3092 
ND< 0.0073 

0.1000 

ND< 0.0073 

0.1486 

0.0094 

0.W4-4 
ND< 0.0073 

0.1250 

ND< o.Wo7 l 

0.2151 

0.0058 

0.0190 

ND< 0.0036 l 

0.0054 

ND< 0.0073 

ND< 0.0073 

0.0235 

0.0030 

0.0106 

0.0060 
ND< o.ooo7 l 

o.wzo 
ND< o.Wo7 l 

ND< 0.ooo7* 

ND< O.WlS 

ND< O.WlS 

ND< O.Wl5 

ND< O.WlS 

ND< o.WO7 

0.1321 
ND< 0.0007 

0.0465 

ND< o.OW7 

0.0248 

0.0049 

O.Wl8 
ND< 0.0007 

0.0120 
O.WQ4 

0.2165 

0.0006 

0.0123 

0.0090 

0.0037 

ND< o.OW7 

ND< o.OW7 

0.0098 
O.OW9 

0.0044 

0.0013 
0.0005 

O.WlS 

o.ooo5 

ND< O.WOl l 

ND< 0.0001 

ND< O.OWl 

ND< O.WOl 

ND< 0.0001 

TU = Total uncertainty (95% confidence limit). 

ND C = Analyte not detected. 
l = Emission factor calculated using one half of tbe detection limit. 
#I = Average emission factor includes one or two nondetezu out of three measurements. 

ND< o.w511 0.0095 

0.27375 0.3196 

ND< o.w511 OXO95 
0.09266 0.1076 

ND< o.w511 0.0095 

0.1239 0.2224 

0.01614 0.0390 

0.00676 0.0160 

ND< 0.00511 0.0095 

0.05411 0.1533 
0.00291 #I O.OlW 

0.23859 0.1049 

0.0114 0.0359 

0.02815 0.0544 

o.w846 XI 0.0114 

0.01348 0.0385 

ND< o.w511 0.0095 

ND< o.w511 0.0095 

0.03339 0.0741 
0.0089 0.0300 

0.01163 0.0193 
0X4X0 0.0117 
O.Wl6 XX 0.0011 

0.0038 0.0089 

o.w30 ## 0.0104 

0.0009 II 0.0024 

ND< O.WlO 0.0019 
ND< O.WlO O.Wl9 

ND< O.WlO O.Wl9 

ND< O.WlO 0.0019 
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TABW, 616. EMISSION FACTORS POR DIOXINS’NRANS ilb/lO’lZ BTUI 

ANIne N.5.-ms-n6 

2.3.7.8.Tcmchlomdibe~~io~ ND< 2.78E-w 
L,2.3,7,8-Pcnusblomdibc~~ioxin ND< 3.PPE-M 
1.2.3,4,?.O-Hou~hIo~i~~~~n ND< 5.69Eo6 
1.2.3,6,7.8-Hexrcbl~i~~io~~ 6.69W6 
1.23,7.8,9-H~shlo~i~~ioxin 6.86E-U 
L.2.3.4,6,1,8~Hrp~chlomdibaaopdiodn 3.70WJ 
Ocu&lomdibenx-pdioxin 5.36E-05 
2.3.7.8-Tcmchlomdibe~~~a 1.03E-05 
1,2.3.7.8-Rrr~shlwodiberaofuM ND< 5.73S-06 
2.3,4.7.8-RnUchlomdi~~~~n ND< 5.42W6 l 

1,2.3.4.7.8-Heruchlomdibe~~nn 2A3W5 
,,2.3,6,7,S-H~uchIo~dibe~~~ 8.42E-Q3 
1.2.3.7.8.9.Heushle~ib~~~~ 1.26W5 
2,3,4.6.7.8-He~chlo~i~~~n ND< 3.5XZ-06 
1,2,3.4,6.7,8-Hcp~che~i~~~~ 4.03W5 
1.2,3,4,7,8.9-Hcpuchlomdiberaofunn 7.63E-06 
Ocuchlomdibowmitnn 3.05W5 

N-5.-hlM5-728 N-5..t&45-730 AVERAGE TV 

ND< I.7OLO6 ND< 1.83S-06 ND< 2.1OE-06 I .5oWs 
ND< 2.29E-M ND< 2.26E-06 ND< 2.!5W6 2.5OE-06 
ND< 2.u)E-a ND< 2.OPE-M ND< 3.3PE-M 4.98u)6 
ND< 1.LIE-L-6 l ND< I.ME-06 l 2.96E-M II 8.04Eio6 
ND< 6.POE-07 l ND< 1.wE-o6* 2.85E-06 II 8.64E-06 

5.m3-06 8.43EJX 1.71W5 4.31E-05 
l.14E-M 2.01W6 1.89M5 7.46W5 
2.14W6 ND< 1.82S-06 l 4.76W6 II ,.ZOWJ 

ND< 1.62E-03 ND< 2.87W6 ND< 3.4OE-06 5.25EJm 
ND< S.POW7 l 3.34W6 3.22503 II 5&E-06 
ND< 1.54W6 l ND< 2.93W6 l 9.6lEM I8 3.17W5 
ND< 1.IIE-M l ND< l.PPEGxS l 3.84S.06 II 9.91W6 
ND< 2.OPI3-06 l 4.PoW’s 6.53W6 II 1.35W5 
ND< 1.55E-M ND< 2.42W6 ND< 2.5OE-C4 2.4PE-C6 

6.7lW6 ND< 4.45&M * 1.72,X75 I# 4.98W5 
ND< 1.36F.JX l ND<. 1.86E-G ’ 3.62E& IX 8.66E-M 

1.2oW5 1.61W5 1.95EJJ5 2.43W5 

TU = Tad unceruiruy (95% conlidencc limit). 
ND < - Analyto r.cS dew&d. 
l - Emiuion fmor calcukd using OID half of the deteclion limit. 
XX 3 Avemfi emiseion fwtor inclttde~ me M two nm-detecu out of dma muuremc*. 

TABLE 617. EMISSION FACTORS MR DIOXlNS’?UUNS b&Ul 

And* NJr-MM5-726 NJrMM5-728 NJ&tM5-730 AVERAGE 7-D 

2,3,7,8-Temcblmdibetrmiwiiixin ND< 1.2OGO6 ND< 7.328-07 ND< 7.8SW7 ND< 9.04W7 6.46W7 
1.2.3.7.8-Plnuchlom~~~~~ ND< I.RE-05 ND< 9.96W7 ND< 9.73w7 ND< I.UE-03 I .MEd6 
r.2.3,4,7,&Hernshloi~~m~n ND< 2.45E-03 ND< I.&X-C6 ND< 9.WW7 ND< 1.466X4 2.14EX6 
1.2.3.6.7,B-Heushl~~~~~ 2.88b-06 ND< 4.82&07 l ND< 4.56B.07 ’ 1.27E-06 II 3.46W6 
1.2,3.7.8.9-Heucbloi~~ie~ 2.95e-06 ND< 2.97W7 l ND)< 4.3OW7 l 1.2x-06 II 3.7x-a 
~J.3.4.6.7.bHlp~chl~i~~~~n 1.59W5 2.46W6 3.6x-06 7.34W6 ,.85W5 
Dcuchkxodikm-p-dioxim 2.31W5 4.91w7 8.65W7 8.14&M 3.2lW5 
2.3,7,8-TetnehlomdibenurfuM 415W6 9.2lE-07 ND< 7.8X-07 l 2.05W6 II 5.I6W6 
1.2.3.7.8-Pt~~~hlo~~~~~ ND< 2.406 ND< 6.97EX7 ND< 1.24W6 ND< 1.46M 2.26W6 
2.3.4,7.8-Ra~chlorodib~~n ND< 2.33E-06 l ND< 3.9JW7 l I .uw6 1.39W6 #I 2.43W6 
L.2.3,4.7,S-Heuchlomdibo~,lu~ 1.05w5 ND< 6.63W7 l ND< 1.26uM l 4.14E-06 II 1.stE-O5 
1.2.3.6.7.8-Heruc~~i~~~~ 3.62FAX ND< 4.78W7 ’ ND< 8.56W7 l 1.656-06 II 4.27E-06 
1.2.3.7.8,PHeuc~i~~~~ 5.422846 ND< 9.OOW7’ 2.1 IE.06 2.SIE-06 11 5.8lM-6 
2,3,4,6,7,8-Hlucbloi~~~~ ND< 1.52u16 ND< 6.6X-07 ND< l.MS-06 ND< 1.08E-06 1.07E-06 
1,2,3,4,6.7,8-Hcpuchlomdibe~~nn 1 .nw5 2.89E-06 ND< 1.92W6 * 7.38E.06 II 2.14W5 
1.2.3.4,7.8.9-HepuchlomdibcraDfunn 3.28W6 ND< 5.SJW7 l ND< 8.01647 * 1.56W6 #I 3.73W6 
OstachlomdibenzAunn 1.31w5 5.17Ea 6.91W6 8.41W6 I .OJW5 

N - Tote, ullcrruincy (95% sml77wc lbnb,. 
ND< - Amlyle ,,a dmcted. 
l I Endsion factor cahuiwd using one half of the detection limit. 
II = Avenpe ctninien fvxor includes ow or RVO ~n-detec~ OUI of three mumt~nte~. 

6-33 



TABLE 6-18. EMISSION FACTORS FOR ALDEHYDES (lb/lo-12 BTU) 

Analyte N-5a-ALD-726 N-Sa-ALD-726 N-Sa-ALD-726 AVERAGE Tu 

Formaldehyde 7.73 3.26 ND< 0.803 * 3.9 ## 8.7 
Acetaldehyde 69.9 171 27.3 89 184 
Acr-olein 3.99 111 7.18 41 151 
Propionaldehyde 31.3 41.6 1 .os 2s 52 

TU = Total utwtainty (95% confidence limit). 
ND < = Amlyte not detected. 
* = Emission factor calculated using me half of the. detection limit. 
D# = Average emission factor includes one or hvo non-detects out of three measurements. 

TABLE 6-19. EMISSION FACTORS FOR ALDEHYDES (Irs/MJ) 

Anslyte N-Sa-ALD-726 N-Sa-ALD-726 N-Sa-ALD-726 AVERAGE Tu 

Formaldehyde 3.32 1.40 ND< 0.345 l 1.7 n 3.8 
Acetaldehyde 30.0 73.7 11.7 38 79 
ACd& 1.72 47.8 3.09 18 65 
Propionaldehyde 13.5 17.9 0.462 11 23 

TU = Total uncertainty (95% confidence limit). 
ND c = Amlyte not detsted. 
* = Emission factor calculated using one half of tbe detection limit. 
## = Average emission factor includes one or hvo non-detects out of t&e measurements. 
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TABLE 6-20. EMISSION FACTORS FOR RADIONIJCLIDES (mCillO’l2 BTU) 

Analyte N-Sa-NH4CN-727 N-Sa-NH4CN-729 N-So-NH4CN-731 AVERAGE Tu 

Pb-212 
Tb-234 
Pb-210 
Pb-211 
h-226 
Ra-228 
Th-229 
Th-230 
U-234 
U-235 

ND< 24.3 
ND< 202 
ND< 243 
ND< 404 
ND< 35.0 
ND< 79.5 
ND< 148 
ND< 1348 
ND< 6199 
ND< 66.0 

ND< 10.1 
ND< 80.0 
ND< 96.0 
ND< 144 
ND< 10.7 
ND< 32.0 
ND< 53.4 
ND< 640 
ND< 2081 
ND< 21.3 

ND< 9.68 
ND< 86.0 
ND< 145 
ND< 161 
ND< 9.68 
ND< 32.3 
ND< 75.3 
ND< 645 
ND< 2850 
ND< 29.6 

ND< 1s 21 
ND< 123 171 
ND< 161 185 
ND< 237 361 
ND< 18 36 
ND< 48 68 
ND< 92 123 
ND< 878 1009 
ND< 3710 5430 
ND< 39 59 

TU = Total uocertaioty (95 % confidence limit). 
ND C = Annlyte not detected. 

TABLE 6-21. EMISSION FACTORS FOR RADIONUCLIDBS (pCi/MI) 

Analyte N-5n-NH4CN-727 N-5n-NH4CN-729 N-5a-NH4CN-731 AVERAGE Tu 

Pb-212 ND< 23.0 ND< 9.61 ND< 9.17 NIX 14 19 
Tb-234 ND< 192 ND< 75.9 ND< 81.6 ND< 116 162 
Pb-210 ND< 230 ND< 91.0 ND< 138 ND< 153 175 
Pb-211 ND< 383 ND< 137 ND< 153 ND< 224 342 
h-226 ND< 33.2 ND< 10.1 ND< 9.17 NL< 17 34 
Ra-228 ND< 75.4 ND< 30.3 ND< 30.6 ND< 45 64 
‘h-229 ND< 140 ND< 50.6 ND< 71.4 ND< 87 117 
Th-230 ND< 1277 ND< 607 ND< 612 ND< 832 957 
U-234 ND< 5875 ND< 1972 ND< 2701 ND< 3516 5147 
U-235 ND< 62.6 ND< 20.2 ND< 28.0 ND< 37 56 

TU = Total uncertainty (95 % confidence limit). 
ND C = Analyte not detected. 
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TABLE 6.22. EMISSION FACTORS FOR PARTICULATE MA’l-l’ER (IbllO’l2 BTU) 

Analyte N-Sa-MUM-727 N-Sa-MUM-729 N&-MUM-731 AVERAGE Tu 

Particulate Matter 27210 11500 20190 19640 19780 

TU I Total umxtainty (95% confidence limit). 

TABLE 6-23. EMISSION FACTORS FOR PARTICULATE MATI’ER t&MJ) 

AMlYte N-SE-MUM-727 N-5a-MUM-729 N-S&KIM-731 AVERAGE Tu 

Pmticulate Matter 11700 4946 8683 8443 8505 

TU = Total uncertainty (95% confidence limit). 
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TABLE 6-24a. ESP REMOVAL EFFICIENCIES BY PERCENTAGE REMOVAL@) 

Element 7/2ll93 

Boron NA 

Selenium (16.25) 

Mercury 25.06 

Potassium 93.82 

l/29/93 

NA 

48.73 

31.42 

94.07 

li31l93 

NA 

(9.68) 

21.28 

92.21 

Average 

NA 

7.60 

29.92 

93.31 

Standard 
Deviation 

NA 

35.11 

6.59 

1.01 

Sodium 

Silicon 95.49 97.01 91.46 96.65 1.03 

Aluminum 97.18 97.31 96.84 97.11 0.24 

Cadmium 

Arsenic 97.50 91.19 96.93 97.41 0.44 

Molybdenum 98.11 97.99 98.15 98.09 0.08 

Manganese 98.59 99.32 99.03 98.98 0.37 

Chromium 99.22 99.17 99.20 99.20 0.02 

Copper 99.19 99.54 99.22 99.32 0.19 

Barium 98.86 99.69 99.48 99.34 0.43 

Beryllium 99.58 99.65 99.45 99.56 0.10 

Vanadium 99.61 99.63 99.44 99.56 0.11 

Lead 99.15 99.84 99.58 99.12 0.13 

Titanium 99.68 99.79 99.12 99.13 0.06 

Nickel 99.81 99.90 99.93 99.88 0.06 

Cobalt 
,,.. .,, ,, ,,,, ,,; (.... I F~,~ . . . . . . . i...~.~,.....,... i ..iEL )( :....:... ~:’ 

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

(a) Shaded values indicate at least one nondetect value was used in calculating the result. 

NA = Not analyzed. 
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TABLE 6-24b. ESP REMOVAL EFFICIENCY, ALPHABETICALLY BY ELEMENT@’ 

Standard 
Element 7/27/93 7129193 7/31/93 Average Deviation 

Aluminum 97.18 97.31 96.84 97.11 0.24 

Antimony 
i~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~:~~,~~~~~~~~~~~~~~~~~~~~,~~~~~~~~ 

Arsenic 97.50 97.79 96.93 97.41 0.44 

Barium 98.86 99.69 99.48 99.34 0.43 

Beryllium 99.58 99.65 99.45 99.56 0.10 

Boron NA NA NA NA NA 

Cadmium 
~~~~~~~~~~~~~~~: g3 ,4o 

Chromium 99.22 99.17 99.20 99.20 0.02 ., 
Cobalt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,,.~, ~~ ,...,.,.,.,.,..,.,.,.,..........,,.,: ,................,.../...;, ~...~ ../../....,....... :.: ~...:,:~:.: . . :.._ ./.,...... :~:.~, ~/:.: ~‘~:.:.: ~, .,.,.... ..,,,..... . . . ~.. 
Copper 99.19 99.54 99.22 99.32 0.19 

Lead 99.75 99.84 99.58 99.72 0.13 

Manganese 98.59 99.32 99.03 98.98 0.37 

Mercury 25.06 37.42 27.28 29.92 6.59 

Molybdenum 98.11 97.99 98.15 98.09 0.08 

Nickel 99.81 99.90 99.93 99.88 0.06 

Potassium 93.82 94.07 92.21 93.37 1.01 

Selenium (16.25) 48.73 (9.68) 7.60 35.77 

Silicon 95.49 97.01 91.46 96.65 1.03 
Sodium 96,71 :~~~~~~~~~ 84*5 1 :~~~~~~~:~~~~~.~~~~~~~~~~~~~~~~~~ 

Titanium 99.68 99.19 99.72 99.73 0.06 

Vanadium 99.61 99.63 99.44 99.56 0.11 

(a) Shaded values indicate at least one nondetect value was used in calculating the result. 

NA = Not analyzed. 
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Figure 6-1. Boundaries for Mass Balance on Boiler and ESP. 
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Figure 6-2. Boundary for Mass Balance on Combined Boiler and E-SP. 
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Figure 6-3. Aluminum Balance for Niles Boiler. 
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Figure 6-4. Antimony Balance for Niles Boiler. 
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Figure 6-5. Arsenic Balance for Niles Boiler. 
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Figure 6-6. Barium Balance for Niles Boiler. 
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Figure 6-7. Beryllium Balance for Niles Boiler. 
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Figure 6-8. Boron Balance for Niles Boiler. 
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Figure 6-9. Cadmium Balance for Niles Boiler. 
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Figure 6-10. Chromium Balance for Niles Boiler. 
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Figure 6-11. Cobalt Balance for Niles Boiler. 
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Figure 6-12. Copper Balance for Niles Boiler. 
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Figure 6-13. Lead Balance for Niles Boiler. 
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Figure 6-14. Manganese Balance for Niles Boiler. 
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Figure 6-15. Mercury Balance for Niles Boiler. 
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Figure 6-16. Molybdenum Balance for Niles Boiler. 
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Figure 6-17. Nickel Balance for Niles Boiler. 
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Figure 6-18. Potassium Balance for Niles Boiler. 
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Figure 6-19. Selenium Balance for Nies Boiier. 
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Figure 6-20. Silicon Balance for Niles Boiler. 
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Figure 6-21. Sodium Balance for Niles Boiler. 
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Figure 6-22. Titanium Balance for Niles Boiler. 
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Figure 6-23. Vanadium Balance for Nfies Boiler. 
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7.0 SPECIAL TOPICS 

This section of the report presents comparison and discussion of various aspects of 

the data, or of comparable data obtained by different methods. Six subjects are presented as 

Special Topics in this section: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Comparison of results obtained on hot stack gas at the Soiler No. 2 stack 
(Location 5a) to those obtained on cooled, diluted stack gas (Location 5b) 
using the Plume Simulating Dilution Sampler @SDS). 

Evaluation of the vapor/particle phase distribution of elements, PAHISVOC, 
and dioxins/furans in flue gas streams. 

Discussion of the distribution of individual elements among various size 
fractions of the particulate matter in flue gas streams. 

Comparison of results for volatile metals in flue gas obtained with the Multi- 
Metals (Method 29) train, to those obtained with the Hazardous Element 
Sampling Train (HEST). 

Comparison of VOC results obtained in flue gas using the Volatile Organic 
Sampling Tram (VOST) to those obtained using Summa canisters. 

Comparison of elemental data from high-volume filters at Location 5a during 
soot-blowing operations to those obtained during normal operations. 

Comparison of mercury results from individual components and sample 
fractions of the Method 29 trains. 
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7.1 Plume Simulating Dilution Samalinz (PSDS) 

7.1.1 Introduction 

Dilution sampling was included in the original scope of work at the stack location for 

the purposes of observing the probable plume effects of dilution and cooling on the stack 

emissions. Condensation and secondary reactions within the plume can cause. the character 

and chemistry of the emission to be quite different at points of exposure than at the stack. 

By comparing the results of simultaneously conducted hot and dilute sampling, insight to 

these differences and their implications regarding air toxics exposures may be gained. 

In this Special Topics section the dilution sampling and analytical methods are 

discussed, and the results presented. Finally, the dilution sampling results are compared with 

the conventional hot stack sampling results from the same location. 

7.1.2 Samoling 

7.1.2.1 Location and Schedule. Both the dilution sampling (location 5b) and 

conventional hot sampling (location 5a) were conducted at the ESP outlet. The sampling 

was performed at the 200 foot level (about mid-elevation) in the stack serving Boiler No. 2. 

The sampling area is on two levels of the annular space between the outer stack wall and 

two stack inner flues, and is accessed by an external elevator. The inner stacks are both of 

brick/mortar construction having an inside diameter of 11.7 feet. 

All hot sampling was conducted through four test ports spaced at 90” intervals on the 

stack circumference. The ports are 3-in. MPT nipples mounted about 36 in. above the floor 

grating. This sampling location meets EPA Reference Method 1 criteria as the ports are 

situated about eight stack diameters above the nearest upstream disturbance and many 

diameters below the exit. Dilution sampling was conducted through a fifth port (3-in. MPT 

nipple) which was on the inner stack wall at 36 in. above the floor grating on a second level 

in the sampling area. The dilution sampler was rigidly coupled to this port and remained 

stationary for all sampling. 
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Two diluent gas tube trailers were located on ground level at the base of the stack. 

Samples and sampling trains were shuttled between the lab and the sampling decks in the 

elevator as required. The diluent gas was delivered from the tube trailers, through a 

pressure regulating manifold mounted at ground level, up to the sampling deck through a 

0.75 in. Teflon line. Communication between ground level and the sampling deck was by 

two-way radio. 

The dilution sampling schedule was virtually identical to the hot stack (5a) sampling 

schedule as described in Section 3.1. The primary difference was with the dilute particulate 

sampling times, which were no less than eight hours each day for both the g-in. x IO-in. 

filter and the cascade impactor. 

7,1.2.2. The following types of sampling were conducted at the dilution 

sampling Location 5b: 

- svoc’ 

PAH/SVOC 

DioxinslFurans 

- voc 

- Aldehydes 

- Elements* 

- Anions* 

- Cyanide 

- Ammonia 

- Particle Mass 

- Particle Size Distribution 

* These substances were measured by methods which distinguish between vapor phase 
and particle phase. 

All of the dilute gas samples were taken with Chester Environmental’s plume simulating 

dilution sampler (PSDS) at the ESP outlet Location Sb as described previously. The 

sampling configuration is shown schematically in Figure 7. l-l. The flue gas sample was 
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removed from the stack through a single port, without traversing (traversing is prohibited by 

the size and configuration of the PSDS and peripherals). After dilution, mixing and aging, 

particle samples were taken onto an g-in. x lo-in. quartz filter for mass and the appropriate 

chemical analyses, and into a cascade impactor for size distribution measurements. Gas 

phase samples were taken from a common gas sampling manifold following the g-in. x lo- 

in. particle filter. 

The major components of the PSDS are the inlet nozzle, transfer tube, mixing and 

aging (dilution) chamber, and the various particle and gas phase sampling apparatus. All of 

the wetted surfaces in the sampler are stainless steel, Teflon or Viton. A brief description 

of these major components and the general operating procedures is provided in the following 

paragraphs. 

Inlet Nozzle. A conventional Method 5 buttonhook sampling nozzle was installed on 

the transfer tube to extract a hot flue gas sample isokinetically. The nozzle was sized on- 

site to match sample flow with stack gas velocity within the targeted range of diluent gas 

rate (- 20-25 scfm) and dilution ratio (- 25-35: 1). 

Transfer Tube. The sample entering the inlet nozzle passes through the transfer tube 

and into the dilution chamber for dilution, aging and collection, along with secondary 

particles formed in the dilution process. The transfer tube is maintained at stack 

temperature to prevent premature condensation. An S-type pitot tube and a thermocouple 

are installed on the transfer tube to monitor stack gas velocity and temperature. The flow 

rate through the transfer tube is established by the difference between the total stack 

pressure at the inlet nozzle and the static pressure in the dilution chamber. This pressure 

difference, monitored with a magnehelic gage installed between the upstream port of the 

pitot and the dilution chamber, is referred to as chamber pressure. The chamber pressure - 

flow relationship is established by calibration of the nozzle/transfer tube assembly as an 

integrated unit. The operating chamber pressure was determined on-site using this 

calibration with the appropriate temperature and pressure corrections for the actual stack 

conditions encountered. 
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Dilution Chamber. The dilution chamber facilitates mixing of the flue gas with 

dilution gas, cooling and aging of this mixture to simulate the dilution processes occurring in 

a piume, and distribution of the aged mixture to the various sampling devices. The chamber 

flows were balanced by throttling the dilution gas (supplied under pressure) as required to 

establish the operating chamber pressure (for the specified flue gas flow rate through the 

transfer tube) while maintaining the necessary sampling device flow rates (withdrawn under 

vacuum). 

The dilution sampler was operated according to Chester Environmental’s PSDS 

Standard Operating Procedure, as modified to accommodate the special requirements of this 

project. The appropriate operating points for balancing source gas and dilution gas flows 

within prescribed targets were established and maintained on-site, using a calculation 

spreadsheet and a portable computer. The spreadsheet contains calibration constants for all 

of the appropriate dilution sampler components (transfer tube/nozzle combinations, flow 

metering orifice) and accepts operator inputs for actual ambient, stack, and sampling 

parameters. At start-up, initial operating points were calculated using inputs estimated from 

prior tests or default values. Over the course of each day’s testing, the spreadsheet was 

updated with actual operating conditions and the appropriate operating points maintained. 

The operating parameters were manually recorded at 15 minute intervals on special field 

data sheets designed for this project. 

Particle Samulin& Dilute particle samples were collected with an g-in. x IO-in. high- 

purity quartz fiber filter and with a Pilat Mark 3 cascade impactor from two parallel circuits 

exiting the dilution chamber. 

In one circuit the impactor was used to collect particles in eight size ranges. Particles 

in each size range were collected on pre-weighed glass fiber substrates for gravimetric (mass 

distribution) analyses. The sample flow was established and maintained at a rate of about 

0.75 cubic feet per minute with a Method 5 type pump and meter box. 

The second circuit was used to provide bulk particulate sample quantities across the 

entire size range. The circuit consisted of an g-in. x lo-in. filter holder containing a pre- 

weighed g-in. x IO-in. high purity quartz filter which was analyzed for mass, elements and 

anions for inorganic days, and for PAHlSVOC and dioxinlfurans for organic days. A dilute 
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sample flow rate of about 15 scfm was maintained by a high-volume centrifugal blower, 

controlled with a Variac. The flow rate was monitored with a calibrated sharp-edged orifice 

installed downstream of the filter. 

Because of the low concentrations after dilution (< 1 mg/m3), particulate samples 

were collected for as long as the dilution sampler was operated on any given sampling day. 

This ranged from 8 - 10 hours, as required to complete the daily sampling schedules. 

Because of the combination of low concentration and low flow rate, the cascade impactor 

was operated for two consecutive days without changing substrates. This provided for three 

runs of 16-20 hour duration. 

Gas Phase Samulina. All of the dilute gas phase samples were taken from a common 

gas sampling manifold installed downstream of the g-in. x IO-in. filter between the metering 

orifice and the blower. Samples were taken for the same analyses as for the hot gas phase 

samples, with equipment and methods of essentially the same description (back-half only). 

The dilute samples were each taken from the manifold through a separate shut-off valve and 

Teflon tube into the appropriate sample collection means. The dilute gas sampling rates 

were generally higher than the corresponding hot sampling rates (except VOST and 

SUMMA), but still within the range of conventional Method 5 equipment (0.8 - 1 scfm). 

However, after accounting for dilution, the actual stack gas volumes sampled by various 

methods were generally lower than those in the hot gas sampling. 

7.1.2.3 Conditions. The dilute gas sampling conditions result from the mixing of the 

source gas with the dilution gas, at a dilution ratio of 25: 1 or more (dilution ratio is defined 

as the volumes of dilution gas per volume of source gas, at wet standard conditions). 

Accordingly, the composition of the dilution gas is of controlling significance. The purpose 

of the dilution gas is to simulate atmospheric plume cooling and condensation, while 

minimizing artifact formation and without adding background contamination. 

The targeted dilute sample gas conditions are near ambient temperatures and < 30 

percent relative humidity, after 2 seconds residence time. These conditions are considered 

appropriate to provide adequate condensation and equilibration of analyte species and to 

minimize artifact formation due to acidic condensate on sample substrates. The residence 
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time is achieved by configuring the dilution chamber. In order to achieve the temperature 

and relative humidity objectives the dilution gas should be delivered at ambient temperature 

(or less) and virtually bone dry, i.e. less than 5 ppm. 

A cryogenically pure mixture of 21 percent oxygen/79 percent nitrogen (by volume) 

was used for the dilution gas. This composition is preferred over 100 percent nitrogen, for 

this project, in order to insure that the formation of specific oxygenated-PAH compounds is 

not inhibited by low oxygen levels within the dilution chamber, relative to the actual 

ambient plume environment. Because both component gases were of cryogenic origin, 

maximum dryness and organic background purity were insured. The dilution gas was 

delivered pre-mixed to the test site in high volume (40,ooO scf) compressed gas tube-nailers. 

A delivery manifold on the trailer provided pressure regulation (25-30 psig) and activated 

carbon filtration of the gas prior to delivery to the sampling location. The gas was delivered 

to the sampling location through Teflon line to a control manifold connected to the inlet of 

the dilution chamber. The control manifold consists of a rate control valve, temperature and 

pressure instrumentation, and final HEPA filtration. 

The targeted dilute gas sampling conditions, and the actual conditions realized for 

each sampling day are shown in Table 7.1-l. 

7.1.3 Analvtical 

The analytical methods and the analytical QA/QC applied to the samples collected 

with’the PSDS were the same as those described in Section 4 for like analytes in flue gas 

samples. The only noteworthy exception is with the range of analyses performed on the 

dilute particulate samples (g-in. x IO-in. filter) collected on inorganic days. The dilute 

particulate samples were not analyzed for carbon or radionuclides. 

7.1.4 Results 

The analytical results for the samples collected with the PSDS are shown in Tables 

7.1-2 through 7.1-10. Each table presents, for each analyte being reported, the results for 

each of three replicate sample runs plus the associated average and standard deviation. The 
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results are presented as “whole train” results without distinction between particulate and 

vapor phases. Section 7.2 presents separate particulate (front half) and vapor phase (back 

half) results for runs which were so configured. All results are corrected for train blanks as 

appropriate. For the purpose of this Special Topic, some of the results in Tables 7.2-2 

through 7.2-10 were calculated differently than were the corresponding results in Section 5. 

Specifically, individual sample fraction results that were below detection limits were set 

equal to zero, in the present evaluation. This procedure applies only to those measurements 

that produced multiple sample fractions from each run, i.e., PAHISVOC, dioxin/furan, and 

trace element sampling methods. For those types of analyses, two sets of results are shown 

here. One set is the PSDS results from Location 5b, calculated as indicated above. The 

other is the hot sampling results from Location 5a, calculated as described above, and shown 

here for direct comparison to the Location 5b results. Data for PAHISVOCs, dioxins/ 

furans, and elements are shown in Tables 7.1-2 through 7.1-7. 

All concentration results, which are reported in units of mass/Ncm, were calculated 

using the source gas volume (Ncm) associated with the actual diluted gas volume which was 

sampled from the PSDS. Therefore, these results can be compared directly with the hot 

sampling results on a concentration basis. 

Data Analvsis 7.1.5 

In the following paragraphs, the dilution sampling results (Location 5b) are compared 

with the hot stack sampling results (Location 5a). The comparisons are made on a 

concentration basis by analyte group. Before proceeding with data comparisons some of the 

constraints of the PSDS methods relative to the conventional reference methods should be 

discussed. 

The current configuration of the PSDS was originally conceived and designed for the 

purpose of developing PM,, source profiles or “fingerprints” to be used in chemical mass 

balance receptor modeling studies, These source measured profiles had to represent the 

source chemistry as it would impact a downwind ambient receptor. Therefore, the PSDS 

was configured for high dilution and residence time and to accept ambient PM,, sampling 
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devices. The result was a large stationary sampler exhibiting the following limitations 

relative to conventional reference methods: 

- Single point versus traversing operation 
- No flow total&r (dry gas meter) is used for source gas flow 
- Sample recoveries are incomplete (no probe or dilution chamber rinse). 

These factors are of little consequence to the original PSDS objective of “relative 

chemistry”, but should be recognixed when comparing results with the more “absolute” 

reference methods. Accordingly, there is more uncertainty with PSDS sample volumes (lo- 

15 percent for individual primary flow measurements, 25-40 percent propagated through 

dilution ratio calculation and secondary flow measurements). Also, concentration 

measurements may be biased low due to unrecovered sample. It is difficult to quantify these 

sample loss effects on a case. by case basis, but it should be noted that PM,, and mercury 

vapor transmission efficiencies have been tested at over 90 percent. 

7.1.5.1 PAWSVOC The PAWSVOC results from Locations 5a and 5b are shown 

in Tables 7. I-2A and -2B, respectively. The comparison of the PAWSVOC results is rather 

curious, as it shows the PSDS (Location 5b) concentrations to be higher than the hot 

concentrations (Location 5a) by a factor of almost 6, as an average across all species 

reported. The total PAIWSVOC concentrations/standard deviations are about 21,430/10,700 

ng/Ncm and 3,690/1340 ng/Ncm for the PSDS and hot stack samples, respectively. These 

concentrations represent total recoveries (particulate plus vapor). Both the hot and PSDS 

profiles are similar in that acetophenone, naphthalene, chloroacetophenone, and 2,6- 

dinitrotoluene are the dominant species. The 3,690 ng/Ncm measured at the hot location is 

within the range of total PAH stack concentrations indicated by previous worklJs3. The 

PSDS concentrations are expected to be enriched in the particulate phase, but this degree of 

total PAH enrichment seems high. Contamination of the PSDS recoveries would cause them 

to be artificially high, but the consistency of the trend from day to day and the similarity of 

the spuciation profiles suggest a more systematic process. Even a propagated error in PSDS 

sample volumes of 40-50 percent would not account for these differences. 

It appears as if the compounds are being formed in the dilution process. Although 

unexpected it is conceivable, particularly among the oxygenated, nitrated, and halogenated 
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compounds. Given the presence of oxides of nitrogen, hydrogen chloride, hydrogen fluoride 

and the addition of excess oxygen, a variety of gas phase and cross-phase reactions may be 

occurring within the dilution chamber. 2,4-Dinitrotoluene is enriched by a factor of 24 over 

the hot samples, and 2-methylnaphthalene and acetophenone by factors of 12 and 11, 

respectively. Still, this degree of enrichment seems quite high for the 3- to 4-second 

residence times realixed in the dilution chamber. 

It should be noted that there is considerable variability in the individual and total 

PAHlSVOC concentrations from day to day at all locations. Standard deviations up to 140 

percent of the three run average occurred, with 75-100 percent not uncommon. 

The most consistent indication across the runs is the phase distribution of the 

recovered compounds. On the average less than 1 percent of the total PAH/SVOC 

recovered from the PSDS samples was in the particulate phase, compared with about 7 

percent for the hot samples (see Section 7.2). This indication is counter to the expectation 

for particle phase enrichment during the dilution and cooling process. Unrecovered particle 

loss to the PSDS nozzle and transfer tube could account for some of this difference, as could 

in-stack stratification of particle loading (PSDS was not traversed). 

7.1.5.2 DioxinslFurans. Dioxin/furan results are shown in Tables 7.1-3A and -3B. 

The dioxin/furan results for both the PSDS and hot samples are dominated by non-detects 

and show considerable variability, particularly the PSDS samples. Accordingly, the real 

value of any comparison is questionable, but some observations may be noteworthy. 

The most significant levels were detected in the first of three samples (day one) from 

both the hot stack and PSDS locations. On that day, the total concentrations for all of the 

detected compounds are about 670 pg/Ncm at the hot stack location and 1650 pg/Ncm at the 

PSDS location. The hot stack total consists of a variety of compounds at concentrations of 

about 10-100 pg/Ncm, while the PSDS total comes from only three compounds at 

concentrations in the range of lOO-loo0 pg/Ncm. The dissimilarity of the two profiles 

suggests that they may not be of common (source) origin, put the effects of low source gas 

sample volume associated with the PSDS vapor (XAD) samples may be the key factor. 

Relative to the hot samples, the low volume associated with the PSDS XAD sample will 

increase source detection limits and magnify any background contamination, in terms of 
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pg/Ncm of source gas. It should also be noted that virtually 100 percent of the compounds 

detected in these first day’s samples were detected in the vapor phase (XAD) samples. 

In the second and third days’ samples the detected compounds are reported at levels 

which are on the same order as the detection limits (- 10-100 pg/Ncm for PSDS samples 

and - l-20 pg/Ncm for hot samples). Also, fewer compounds were detected and the total 

concentrations were considerably lower in the second and third days’ samples than in the 

first day. The only compound appearing above detection level in these PSDS samples was 

octachlorodibenxofur and it appeared only in the particle phase at 13 and 43 pg/Ncm. 

The corresponding concentrations reported for the hot samples were 20.5 pg/Ncm (- 70 

percent particulate) and 16.4 pg/Ncm (100 percent vapor). 

7.1.5.3 Aldehvdw Aldehyde results from Location 5b are shown in Table 7.1-4. 

The aldehyde results show that, on the average, the PSDS samples are enriched in 

formaldehyde (22.7 versus 6.7 rg/Ncm) and depleted in acetaldehyde (18.4 versus 152 

pg/Ncm), relative to samples from Location 5a (see Section 5.7.1). Acrolein and 

propionaldehyde were not detected in any of the PSDS samples, but average 69 and 42 

pg/Ncm, respectively, in the hot samples. From prior similar works, it is expected that the 

PSDS samples would be enriched in all of the aldehyde species, presumably due to their 

formation in the acidic environment within the dilution chamber. It is not clear why these 

results are inconsistent, but variation among samples is considerable with standard deviations 

ranging from about 60-150 percent of the average. 

7.1.5.4 VOC. VOC results from VOST samples at Location 5b are shown in Table 

7.1-5. Only the VOC results from the VOST samples will be considered in this section. 

The SUMMA canister results am compared with the VOST results for all locations in 

Section 7.5. Note that the daily VOST results are the averages of three VOST runs per day, 

and that the VOST results are not blank corrected. 

The only VOC compounds reported above detection limit in both the PSDS and hot 

stack sample sets are chloromethane, methylene chloride, acetone, and carbon disultide. 

Methylene chloride and acetone were used as probe rinse solvents in the field, and their 

presence in VOST samples and blanks is believed to be due to contamination. The 
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corresponding average total VOC concentration bg/Ncm)/standard deviation over all runs 

are about 175/100 for the PSDS samples and 110/63 for the hot stack samples, respectively. 

Excluding methylene chloride and acetone, chloromethane dominates the PSDS total at 78 

rg/Ncm followed by 1, I, I-trichloroethane and carbon disulfide at concentrations of 17 and 

10 pg/Ncm, respectively. The hot samples contain benzene, carbon disulfide, and 2- 

butanone at 13, 10, and 9 gg/Ncm, respectively. 

Carbon disulfide levels in both the PSDS and hot samples are, on the average, equal. 

Chloromethane is enriched in the PSDS samples by a factor of at least 9, and l,l,l- 

trichloroethane by a factor of at least 2, over the hot sample results. Benzene and 2- 

butanone average concentrations in the hot samples are very close to or below the 

corresponding PSDS detection levels. 

Given the variability in the data and the relatively high PSDS detection limits, the hot 

and PSDS results compare reasonably well. However, the reason for consistent enrichment 

of chloromethane in the PSDS samples is not clear. 

7.1.5.5 ElemenQ. The results for the elements are presented in Tables 7.1-6 and 

7.1-7. Because they are inert to chemical change the total concentration of each element is 

expected to be essentially the same in the PSDS and the hot stack samples, excluding any 

sampling or analytical error. Depending on the particulate loading and size distribution in 

the stack, the PSDS samples might be expected to compare low due to unrecoverable 

particle losses in the nozzle and transfer tube. The phase distribution is expected to change 

for the more volatile elements because the PSDS is operated at near ambient temperatures. 

Accordingly, particle phase enrichment is expected for some elements in the PSDS samples. 

Relative to these expectations, the averaged elemental results for most compounds do 

not compare well. For aluminum, barium, beryllium, copper, potassium, selenium, sodium, 

and titanium, the differences between the average PSDS and hot concentrations are within 

one standard deviation. However, variability in the data is considerable with standard 

deviations typically exceeding the average. The average aluminum, potassium, and sodium 

concentrations for the PSDS samples are enriched by factors of 3-100 over the hot stack 

concentrations, and due entirely to very high vapor phase concentrations on the third test 

day. This suggests contamination and calls the data into question. 
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Arsenic, chromium, manganese, copper, and vanadium average levels are depleted in 

the PSDS samples by factors of 0.13, 0.25, 0.08, 0.5, and 0.16, respectively. Lead, 

mercury, and molybdenum concentrations are enriched by factors of 1.6, 1.3, and 6.2, 

respectively. The run-to-run concentrations of all of these elements do not show enough 

variability to account for the average differences and, with the exception of nickel and 

vanadium, the levels measured are consistently above the detection limits. However, lead 

and mercury concentrations are close enough that the differences may be within the normal 

range of sampling and analytical error, particularly considering the uncertainty of mercury 

measurements by Draft Method 29. The reason for depletion/enrichment of these elements 

in the PSDS samples is not clear. 

Particlelvapor phase distribution of the elements are discussed in section 7.2 and the 

results of arsenic, mercury, and selenium vapor phase measurements by the HEST method 

and Method 29 are compared in Section 7.4. 

7.1.5.6 Anions. Anion results from the PSDS sampling are shown in Table 7.1-8. 

The anion results show gas phase hydrogen chloride (HCI) and hydrogen fluoride (HF) and 

particle phase chlorides, fluorides, sulfates, and phosphates. Comparing the average 

concentrations, the PSDS samples are depleted slightly in HCl and HF by factors of 0.89 

and 0.94, respectively, relative to the hot samples (Section 5.3.1). The corresponding 

average concentrations (pg/Ncm)/standard deviations are 195,902/16,931 and 14,014/256 

for HCl and HF respectively, in the PSDS samples and 219,346/1,715 and 14,864/1,826 in 

the hot samples. These vapor phase results compare reasonably well considering the 

variability relative to the differences between the PSDS and hot averages. 

Of the particulate anions, chloride average results are virtually identical (32 gg/Ncm 

PSDS versus 31 pg/Ncm hot). Fluoride, phosphate, and sulfate particulate are depleted in 

the PSDS samples by factors of 0.14, 0.69, and 0.61, respectively. Normally, particulate 

anions are expected to be somewhat enriched during the dilution process, which is not 

evidenced in these results. However, the variability of the hot stack fluoride and phosphate 

measurements is fairly high. Also, unrecovered losses to the PSDS nozzle and probe may 

be a factor, particularly for sulfate as sulfuric acid mist. Given the SO, concentrations 

prevailing in the stack the acid dew point is likely to be relatively high. 
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7.1.5.7 Ammonia and Cvanide. Ammonia and cyanide results from the PSDS are 

shown in Table 7.1-9. Ammonia was detected in only the third of the PSDS samples (N- 

5B-NH4-731) at a concentration of 192 pglNcm, and in the second of the hot stack samples 

(N-5A-NH4-729) at a concentration of 352 pg/Ncm (Section 5.2.1). The corresponding 

averages/standard deviations are 731103 and 118/203, respectively. The cyanide results 

indicate average concentrations(~glNcm)/standard deviations of 190/2 18 for the PSDS 

samples and 303/200 for the hot stack samples. For both analytes the differences between 

the average PSDS and hot stack concentrations fall within the range of variability. 

However, the high degree of variability and uncertainty brings the value of this comparison 

into question. 

The results of the particle size distributions as 7.1.5.8 Particle Size Distribution. 

measured by cascade impactors at the hot stack and the PSDS are shown in Tables 7.1-10A 

and 7. I-IOB, respectively. The indicated average mass median diameters (classic 

aerodynamic Ds,,) are about 2.9 pm for the hot stack and 0.1 pm for the PSDS. A shift 

toward the smaller diameter in the PSDS is expected, due to the loss of some larger particles 

in the PSDS nozzle and transfer tube, plus the enrichment of fine particles due to 

condensation/nucleation processes within the dilution chamber. However, a mass median 

diameter of 0.1 pm appeared too low and called for a closer inspection of the PSDS 

impactor data. 

The majority (75-80 percent) of mass deposited in the PSDS impactor runs was found 

consistently on the backup filters. The corresponding weight gains of these filters (17-26 

mg) were confirmed by a secondary reweighing conducted about two months after the 

original analysis. It was noted that the backup filters were discolored with a brown-orange 

cast which was not apparent on any of the impaction substrates which are of the same 

materials and specification (Reeve-Angel 934AH, glass mat). It appears that the weight gain 

of the filters is real, but the discoloration suggests that it may be due to artifact formation 

within the filter substrate. As to why a similar artifact was not apparent in the impaction 

substrates or in the hot stack impactor runs, the differences in flow configuration (through 

versus across) and operating environment, respectively, are all that can be offered. 
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Another check was made by comparing the total particulate loading indicated by the 

impactor mass with that indicated by the 8-m. x lo-in. filter mass. The average dilution 

chamber particle loading indicated by the impactor weight gains is 1.9 mg/Ncm compared 

with 0.67 mg/Ncm based on the 8-in. x lo-in. weight gains. This further supports the 

artifact theory, as the high-purity quartz 8-in. x lo-in. substrate is relatively inert to gas 

phase reaction. 

Assuming the artifact theory is true, and adjusting the backup filter weight gains to 

bring the impactor based particle loading into agreement with the 8-in. x lo-in. based 

loading, the average dilute mass median diameter increases into the OS-O.6 pm range. 

It should also be noted that the uncertainty of individual impactor stage mass 

measurements is 0.1 mg. The reported weight gains for individual impactor stages varied 

widely from 0.0 to 25.5 mg, and total impactor weight gains range from 4.3 to 73.0 mg. 

Aside from the first stage measurements for the PSDS runs, mass uncertainties are less than 

25 percent. 

7.1.6 Recommendatioq 

To address some of the inherent limitations of the PSDS discussed in the beginning of 

Section 7.1.5 and some of the questions raised in the preceding data analysis, the following 

recommendations are offered regarding design/operating aspects of the PSDS and further 

study: 

. Improve means for source gas and dilute gas sample flow measurement/ 
validation by monitoring source and dilute gas CO, concentrations and by 
using a calibrated positive displacement (Roots) blower for maintaining and 
measuring the total diluted exhaust flow. 

. Modify design to accommodate a glass probe/nozzle assembly and to facilitate 
daily probe/nozzle sample recovery without excessive time and physical 
difficulty. (Note that recovered sample will not have been subjected to the 
dilution process.) 

. Design and conduct further studies on the issue of PAH/SVOC enrichment in 
dilute samples. This enrichment is indicated consistently in both the Coal 
Creek and Niles studies and, if real, could have significant implications 
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regarding the associated emission factors and subsequent risk assessment. 
Elements of study would include: 

Simultaneous hot sampling from the same fixed point in the stack 

Daily filter and XAD method (tram) blanks 

A dilution gas XAD blank 

Field spiking 

Adaptation of ambient XAD sampling equipment to allow a signifi- 
cantly increase sampling in the dilute sampling rate. 

. Consider similar additional study on other reactive species such as 
formaldehyde 

. Analyze. the cascade impactor backup filters from the Niles dilute (5b) location 
by microscopy and, possibly, by XRF and ion chromatography to conBrrn the 
source of the excess mass. 
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TABLE 7.1-U. PAWSVOC IN GAS SAMPLES FROM ESP OUTLET (LOCATION Sa) (ng/Nm^3) 

N-SA-MMS- N-SA-MMS- N-SA-MMS- 
F+X-726 F+x-728 F+X-730 AVERAGE DLRATlO SD 

Benzylchloride 
Aceiophenons 
Hcxachlomethmc 
Naphthalene 
Hcxwhlomhulrtdienc 
2-Chlomawtophcnonc 
2.Mcchylnaphthalcns 
I-MctbylnaphWene 
Hcuchlomcyclopcn~dicnc 
Biphcnyl 
Accnsphlhylene 
2,6-Dinitmtoluenc 
AccnaphLhene 
Dihenwfunn 
2,CDiiitrotolucnc 
Fluomnc 
Hexachhwobenzcnc 
Penuchlomphenol 
Phmanthrsnc 
Anthncenc 
FiUOIW&hC.ll~ 
Pyrene 
Bcnz(a)anlhmccnc 
Chryscns 
Bcnzo(b & k)flwxanthenc 
Bcnzo(e)pyrcns 
Bcnzo(~)pyrenc 
Indeno(l.2.3c.d)pyrcne 
Dibenz(n,h)e.nthncenc 
Bcnul(g,h.i)prylcnc 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

4.92 
1517 
29.4 
526 

29.4 
791 
136 

55.9 
29.4 
102 

30.0 
1134 

111 
212 

51.0 
125 

29.4 
29.4 
267 

91.0 
79.2 
42.8 
13.9 
31.8 
31.5 
7.90 
5.88 
5.88 
5.88 
S.88 

ND< 28.8 ND< 2.60 
1223 492 E 

ND< 2a.a ND< 2.60 ND< 
395 174 e 

ND< 28.8 ND< 2.60 ND< 
5a8 92.7 

37.3 18.2 
17.4 6.52 

ND< 28.8 ND< 2.60 ND< 
494 44.7 

2.42 1.32 
851 807 E 

22.9 2.29 
75.2 46.0 

ND< 28.8 32.3 
21.2 13.8 

ND< 28.8 ND< 2.60 
ND< 2a.a ND< 2.60 

93.1 36.4 
12.0 3.28 
42.1 16.5 
23.7 4.77 

0.687 1.71 
8.04 5.48 
1.25 1.79 

0.623 ND< 0.520 
ND< 5.75 ND< 0.520 
ND< 5.75 ND< 0.520 
ND< 5.75 ND< 0.520 
ND< 5.75 ND< 0.520 

DL Ratio = D&z&on Limit ratio 
SD = Standard deviation. 
ND < = Not d&.ctcd. value following ND < is detection limit. 
E = Concsntmtion detected above ulibntion tangs. 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

6.9 
1077 

20 
365 

20 
490 

64 
27 
20 

213 
11 

930 
45 

111 
33 
53 
20 
20 

132 
35 
46 
24 

5.4 
15 
12 

2.9 
4.1 
4.1 
4.1 
4.1 

72% 

15% 

4% 

6.8 
528 

15 
178 

15 
359 

63 
26 
15 

245 
16 

177 
58 
89 
18 
62 
IS 
15 

120 
48 
32 
19 

7.3 
1.5 
17 

4.3 
3.1 
3.1 
3.1 
3.1 
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TABLE 7.1-28. PAHlSVOC IN DILUTE GAS SAMPLES FROM ESP OUTLET KOCATION 5b) (ngINm’3) 

N-SB-MMS- N-SB-MMS- N-SB-MMS- 

Analytc F+X-726 F+X-728 F+ X-730 AVERAGE DLRATIO SD 

Benzylchloride 
Acaophenonc 
HcxaohlomeIhlnc 
Naphthalenc 
Hcuchlombutadienc 
2-Chloncexophenonc 
1-Mcthylnaphthalene 
2-Mdhylruphtbalene 
Hcxachlomcyclopcntodicne 
Biphenyl 
Acenrphlhylene 
2,bDinitmtolucnc 
Acenaphtbene 
Dibewnfunn 
2,CDiiilmloluenc 
Fluonxc 
Helachlombcnzwc 
Pcntachlomphwwl 
Phcnantirsne 
Anlhmcenc 
Ruonnthcnc 
Pyrens 
Benz(a)nnthraccnc 
Chrysene 
Benzo(b & k)fluonnthene 
Benzo(e)pyrenc 
Bano(a)pyrenc 
lndono(l.2.3c,d)pymnc 
Dibenz(a,h)nntbncenc 
Benzo(g,h,i)pcrylwc 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

120 ND< 62.8 ND< 56.1 
19143 7813 8563 

120 ND< 62.8 ND< 56.1 
2106 608 833 

120 ND< 62.8 ND< 56.1 
8232 3532 Z?6 

972 243 32.6 
663 219 15.7 
120 ND< 62.8 ND< 56.1 
233 162 88.9 

59.2 25.6 ND< 11.2 
1792 257 1423 

109 17.2 0.964 
249 b8.0 4.77 

1517 576 316 
586 207 46.6 
120 ND< 62.8 ND< 56.1 
120 ND< 62.8 ND< 56.1 

1060 472 6.44 
218 103 26.0 
392 91.6 37.4 

86.3 43.4 15.8 
72.0 15.3 2.16 
69.4 35.9 0.463 
109 0.587 ND< 11.2 

0.785 0.504 0.434 
0.657 0.481 ND< 11.2 
0.884 0.618 ND< 11.2 
1.125 0.786 0.420 
0.858 0.523 ND< 11.2 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

80 35 
11840 6336 

80 35 
1182 808 

80 3s 
4164 3792 

416 493 
319 306 

80 35 
161 72 
30 6% 27 

1157 801 
43 58 

117 124 
ao3 632 
280 277 

80 35 
80 35 

513 528 
116 96 
174 191 
49 35 
30 37 
35 34 
38 5% 61 

0.57 0.19 
2.2 83% 2.9 
2.4 79% 2.8 

0.78 0.35 
2.3 80% 2.8 

DL Ratio = Due&on limit ratio. 
SD = Standard deviation. 
ND < = Not d-ted. value following ND < is detection limit 
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TABLE ‘I-14. AIJEHYDES IN DUITE GAS SAMPLES FROM ESP OUTLET (LOCATION 5b) hINrn.3) 

Annlyte N-5%ALD-726 N-SE-ALD-728 N-SB-ALD-730 AVERAGE DLRATlO SD 

Formaldehyde 39.6 15.9 12.6 22.7 14.7 
Acetaldehyde 11.0 12.3 31.8 18.4 11.7 
ACdkl ND< 2.87 ND< 2.76 ND< 2.58 ND< 2.74 0.15 
Propionaldehyde ND< 2.87 ND< 2.76 ND< 2.58 ND< 2.74 0. I5 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
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TABLE ‘1.14. VOC IN DILUTE GAS SAMPLES FROM ESF’ OUTLET OCAT’lON Sb) (re/h’m*3) 

Analyte N-5%VOS-726 N-SB-VOS-728 N-5B-VOS-730 AVERAGE DLRATlO SD 

Cbloromethane 
Bromomethane 
Vinyl Chloride 
CblO~OUtbilBU 
Metbylene Chloride. 
ACUtOIlU 
Carbon Disultidc 
l,l-Dichloroethene 
1 , 1-Dichloratbarke 
Tram-l,2-Dichlorcetbene 
Chloroform 
1.2-Dicbloroetixme 
2-Butanone 
1.1, I -Trichlamtbme 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichlorometbane 
1,2-Dichloropropane 
cis-1,3-Dichloropropanc 
Trichloroetbene 
Dibromc&lorometbane 
1,1,2-Trichloroctbane 
Benreoe 
trans-1,3-Dichloropropane 
2-Chloroethylvinylether 
Bromoform 
4.Methyl-2-Pcntanone 
2-Hexanone 
Tetrachloroetbene 
1,1.2,2-Tetrachloroethane 
T0lllelX 
Chlorobenzene 
Ethylbenzene 
styrene 
Xylenes (TOtal) 

121 
ND< 10.7 
ND< 10.7 
ND< 10.7 

57.2 
38.0 

ND< 18.4 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
NIX 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
tit< 10.7 
ND< 10.7 
No< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 
ND< 10.7 

64.5 
NIX 15.3 
ND< 15.3 
ND< 15.3 

70.2 
11.6 
17.1 

ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 

40.1 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 
ND< 15.3 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. value following ND< is detection limit. 

47.6 78 33 
ND< 15.8 ND< 14 9.0 
ND< 9.77 ND< 12 7.7 
ND< 9.n NDC 12 7.7 

17.9 48 36 
19.7 23 10 

ND< 7.31 ND< 18 9.0 
ND< 9.n rim 12 7.7 
ND< 9.n tax 12 7.7 
ND< 9.n ND< 12 7.7 
ND< 9.n NDC 12 7.7 
ND< 9.77 ND< 12 7.7 
ND< 9.n NDC 12 7.7 
ND< 9.77 17 20% 22 
ND< 9.77 ND< 12 7.7 
ND< 9.77 m-z 12 7.7 
ND< 9.n ND< 12 7.7 
ND< 9.n tax 12 7.7 
ND< 9.n ND< 12 7.7 
ND< 9.n me 12 7.7 
ND< 9.n me 12 7.7 
ND< 9.n rim 12 7.7 
ND< 9.n ND< 12 7.7 
ND< 9.n me 12 7.7 
ND< 9.77 tax 12 7.7 
ND< 9.n me 12 7.7 
ND< 9.77 tax 12 7.7 
ND< 9.n mri< 12 7.7 
ND< 9.n tim 12 7.7 
ND< 9.77 ND< 12 7.7 
ND< 9.n ND< 12 7.7 
ND< 9.77 me 12 7.7 
ND< 9.77 NDC 12 7.7 
ND< 9.n rim 12 7.7 
ND< 9.n rim 12 7.7 
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TABLE 7.1-6. ELEMENTS IN GAS SAMPLES PROM ESP OUTLET (LOCATION Sa) bg/Nm’3) 

Analyte N-Sn-MUM-727 N-Sn-MUM-729 N-5a-MUM-73 I AVERAGE DLRATIO SD 

Aluminum 

Potassium 

Silicon * 

Sodium 

Titanium 

5238 14.6 Y 

3257 ND< 1.45 I 

9529 5363 

7604 R ND< 51.3 

51.2 

Antimony ND< 0.59 

.4rsenic 19.4 

BXillm 15.4 

Beryllium 0.31 

BOKm NA 

Cadmium ND< 0.10 

Chromium 4.92 

Cobalt ND< 0.20 

Copper 7.78 

Lead 2.62 

Matlgatlese 7.66 

MUW~ 27.4 

Molybdenum 4.09 

Nickel 1.32 

Selenium 136 

Vanadium 3.74 

28.6 

90.7 a 

12s Y 

6101 

891 

36.2 

5238 NC 

3257 NC 
6991 2223 

458 3% NC 
39 11.5 

ND< 0.60 ND< 0.61 ND< 0.60 0.0 
59.6 70.3 70 9.9 
4.63 6.45 8.8 5.8 
0.28 0.33 0.31 0.0 

NA NA NA NA 
ND< 0.10 0.24 ND< 0.10 0.11 

5.89 4.31 5.1 0.77 
ND< 0.19 ND< 0.20 ND< 0.20 0.0 

5.37 6.83 6.7 1.2 
1.89 3.47 2.7 0.79 

4.09 5.07 5.6 1.8 

21.2 23.2 24 3.1 
4.27 2.87 3.7 0.76 

0.93 0.47 0.90 0.43 

56.1 113 102 41 
4.02 4.88 4.2 0.59 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

ND< = Not dete+ed. value following ND< is de&&m limit. 

NA = Not ponlyzd. 

NC = Not calculated. 

# = Gutlier value, not used in ulculations. 

Samples corrected for hain blank. 

Silicon not determined in cyclones and filter. 
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TABLE 7.1-7. ELEMENTS IN DILUTE GAS SAMPLES PROM ESP OUTLET (LOCATION Sb) bg/Nm’3) 

Analyte N-Sb-MUM-727 N-5b-MUM-729 N-5b-MUM-73 1 AVERAGE DLRATIO SD 

Alumhum 

Potassium 

Silicon * 

Sodium 

Titanium 

Antimooy 

Arsenic 

Barium 

Beryllium 

BWOn 

Cadmium 

Chromium 

cobdt 

GPlJ= 
Lead 

Maoganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

5.71 ND< 6.32 50679 16895 0% 29258 

24.1 ND< 25.9 40681 13569 0% 23480 

105557 ND< 332 250291 118671 0% 125577 

803 ND< 839 105150 35324 1% 60471 

15.6 15.8 132 55 67 

1.71 ND< 8.18 ND< 1.59 

8.09 9.16 10.0 

0.487 ND< 1.30 66.1 

1.10 ND< 1.17 2.07 

NA NA NA 

1.10 ND< 1.17 ND< 1.09 

1.20 1.65 0.993 

2.20 ND< 2.34 ND< 2.65 

7.98 1.12 1.02 

3.79 4.48 4.72 

0.515 0.407 0.406 

30.2 34.8 31.6 

28.0 18.0 22.4 

2.20 0.204 ND< 2.19 

98.2 27.2 75.0 

0.906 ND< 1.40 1.11 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

7.8 0.30 

9.1 0.97 

22 1% 38 

1.2 0.87 

NA NA 

1.1 0.04 

1.3 0.34 

2.4 0.23 

3.4 4.0 

4.3 0.48 

0.44 0.06 

32 2.4 

23 5.0 

2.2 0.52 

67 36 

1.4 0.21 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

ND < = Not detected. vahe following ND C is detection limit. 

NA = Sample not available. sample not nonlyzed. or data not available. 

l Silicon not determined in filter poltion of samples. 
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TABLE 7.1-g. ANIONS IN DILUTE GAS SAMPLES FROM ESP OUTLET (LOCATION Sb) bg/Nm’3) 

AIldytU N-SB-MUM-727 N-SB-MUM-729 N-S-B-MUM-731 AVERAGE DLRATIO SD 

Hydrogen Chloride 215201 188963 183543 195902 16931 
Hydrogen Fluoride 13771 1428 1 13989 14014 256 

Chloride 28 39 28.7 32 6.0 
Fluoride 2.65 2.96 2.50 2.7 0.24 
PhOsphPte 163 136 82.7 127 41 
Sldfnte 13348 11919 12048 12439 790 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

TABLE 7.1-9. AMMONWCYANIDE IN DILUTE GAS SAMPLES FROM BSP OUTLET (LOCATION Sb) (rdNm-3) 

N-SB-NH4-727 N-SB-NH4-729 N-SB-NH4-731 

Analyte N-SB-CN-721 N-SB-CN-729 N-SB-CN-731 AVERAGE DL RATIO SD 

Ammonia ND< 28.8 ND< 27.0 192 73 13% 103 
Cyanide 92.2 37.5 440 190 218 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

ND< = Not detected, value following ND< is detection limit. 
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TABLE 7.1-10A. CASCADE IMPACTOR DATA TABLE: LOCATION 5a 

Stage No. 

RAPC 

3 

4 

5 

6 

7 

filter 

Rll 

cut point 
D50 pm 

7.82 

3.92 

2.05 

1.16 

0.56 

0.20 

.l 

% Mass 
retained 

13.73 

29.41 

15.69 

11.76 

11.76 

10.78 

6.86 

100 

cut point 
DSO pm 

7.74 

3.87 

2.02 

1.15 

0.55 

0.20 

Run - 2 

% Mass 
retained 

6.63 

33.13 

12.05 

Il.45 

10.84 

8.43 

17.47 

100 

Cut point 
D50 pm 

7.65 

3.83 

1.99 

1.12 

0.54 

0.20 

Run - 3 

TABLE 7.1-1OB. CASCADE IMPACTOR DATA TABLE: LOCATION 5b 

% Mass 
retained 

5.22 

38.06 

10.45 

10.45 

6.72 

7.46 

21.64 

100 

Run - 1 Run - 2 Ru 

Stage No. Cut point 75 Mass cut point %Ma8S Cut point 
D50 pm retained DSO pm retained D50 brn 

INLET 8.19 0.90 8.27 0.32 8.12 

3 3.67 5.88 3.70 3.15 3.64 

4 1.86 1.81 1.88 1.58 1.84 

5 1.04 1.36 1.05 2.84 1.03 

6 0.51 5.88 0.52 4.42 0.50 

7 0.20 7.24 0.20 7.26 0.20 

filter 76.92 80.44 

100 loo 

n- 3 

% Mass 
retained 

0.79 

4.74 

1.58 

2.37 

5.93 

7.51 

77.08 

100 
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7.2 VaoorlParticulate Comoarisons 

7.2.1 Introduction 

This section discusses the distribution of selected chemicals between the vapor and 

particulate phases in flue gas samples collected at various sampling locations at the Niles - 

Boiler No. 2 flowstream. As detailed earlier in this report, samples were collected from 

flue gas streams at the: (1) ESP Inlet - Location 4, (2) ESP Outlet; Hot Flue - Location 5a, 

and (3) ESP Outlet; Dilute Flue - Location 5b. The standard sampling methods used at 

these locations separated the vapor- and particulate-phases of the pollutants present in the 

flue gas streams so as to allow separate analyses of the concentrations in the two phases. 

Vapor- and particulate-phase samples collected from the various sampling locations 

were analyxed individually for the target air toxics within three specific groups of species, 

namely, elements, PAHLWOC, and dioxinslfurans. The results of these analyses are 

presented subsequently in this section. For each group of species, the vapor- and 

particulate-phase concentrations of individual air toxics in the sampled flue gas are 

presented. Concentration data are provided separately for each of the four sampling 

locations. For each group of species, the vapor and particulate-phase concentrations 

measured in blank gas samples and/or method blanks are also presented. 

The phase distribution results obtained are discussed briefly within each group of 

species. Differences in phase distribution of individual air toxics among the various 

sampling locations are examined. The potential for sampling artifacts to arise during the 

separation of the vapor and particulate phases is noted where applicable. 

Samples with different detection limits for vapor- and particulate-phase air toxics 

concentrations are also identified in the discussions presented in this section. Specifically, 

samples collected at Location 5b (PSP outlet; diluted and cooled) using the PSDS suffered 

from the serious problem of widely differing sample collection volumes for the two phases. 

The particulate-phase samples collected at this location had typical flue gas sample volumes 

of -6 Ncm, whereas vapor-phase flue gas sample volumes were -0.2 Ncm. The 

disproportionately different flue gas sample volumes between the particulate and vapor phase 

samples resulted in widely different detection limits. Thus, particulate phase species were 
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detected at Location 5b at much smaller levels and with less uncertainty than the vapor- 

phase species. Comparisons of vapor and particulate-phase compositions at this location are 

therefore skewed by the large differences in the corresponding detection limits. In this 

section, these comparisons are omitted for species present in the vapor phase at levels close 

to the vapor-phase detection limit. Comparisons are only provided for cases where the 

vapor-phase levels were sufficiently high to be detected with a reasonable degree of 

confidence. 

Each subsection also presents a table of the average distribution of individual species 

concentrations between the vapor and particulate phases in the flue gas at the various 

sampling locations. This table provides a summary of the differences in composition of the 

vapor and particulate phases for each group of species. Note that the average phase 

distributions for the various species at each sampling location have been calculated using 

zero values for the non-detected particulate or vapor phase concentrations in individual 

samples. Outliers are also flagged where appropriate in the data tables. 

7.2.2 Elements 

Table 7.2-l shows a summary of the average percentage phase distribution of the 

various elements at each sampling location. The data in Table 7.2-l were derived by 

averaging the phase distributions measured in the sets of three samples collected at each 

location. The vapor- and particulate-phase concentrations (in pg/Ncm) of elements 

determined from flue gas samples are presented in Tables 7.2-2 through 7.2-4. Table 7.2-5 

shows the corresponding vapor- and particulate-phase concentrations of the individual 

elements in train blank samples. 

Tables 7.2-l and 7.2-2 show that at Location 4, the ESP Inlet, all the elements, 

except for mercury, were present almost entirely in the particulate phase, with little 

variability among the three samples (evidenced by the low standard deviations in Table 

7.2-l). The only two elements with > 10 percent of the total concentration present in the 

vapor phase are antimony and selenium. Table 7.2-l and Table 7.2-2 reveal that at 

Location 4, mercury is predominantly (> 94 percent) present in the vapor phase, results 

which are consistent with the vapor pressure characteristics of mercury. 
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The phase distributions of the elements at the sampling location downstream of 

Location 4 are similar to each other in a number of respects. .These absolute vapor and 

particulate phase concentrations at Location 5a and 5b, hot flue and cooled, diluted flue, 

respectively, at the outlet of the ESP are presented in Tables 7.2-3 and 7.2-4. 

At Location 5a and Sb, the particulate phase flue gas concentrations of the various 

elements were significantly lower in magnitude than the corresponding concentrations at 

Location 4. This result is consistent with the operation of the ESP. However, the vapor 

phase concentrations of many elements were similar both at the inlet and outlet of the ESP. 

Consequently, the average percentage phase distributions in Table 7.2-1 for the outlet of the 

ESP show greater fractions of elements in the vapor phase than upstream of the ESP at 

Location 4. Two elements, antimony and cobalt, were not detected in either phase at both 

Locations 5a and 5b. 

Most of the elements continue to remain largely in the particulate phase at both 

Locations 5a and 5b. These elements include arsenic, barium, beryllium, cadmium, 

chromium, copper, lead, molybdenum, nickel, selenium, titanium, and vanadium. These 

results are consistent with the vapor pressure characteristics of these elements. 

For a few elements, the particulate phase concentrations at either Location 5a or 5b 

were below the detection limit in one or more of the three samples at each location, thus 

yielding a predominantly vapor phase percentage distribution. Elements with such a result 

include aluminum, barium, manganese, potassium, and sodium. Again, these phase 

distribution results are a consequence of the removal of particulate matter by the ESP to 

elemental concentration levels below the particulate phase detection limits. 

At Location 5b compared with Location 5a, there is typically greater variability in the 

average percentage phase distribution results for a number of elements, as evidenced by the 

standard deviations in Table 7.2-l. Elements with a significant variability in the average 

phase distributions at Location 5b include arsenic, copper, molybdenum, selenium, and 

titanium. These results are a consequence of the higher particle and vapor phase elemental 

detection limits for samples collected at Location 5b compared with the corresponding 

detection limits for samples collected at Location 5a. Tables 7.2-2 through 7.2-4 show that 

a greater number of elements were not detected at Location 5b, either in the particulate or 
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vapor phase or in both phases, compared with elements in corresponding samples at 

Location 5a. 

In summary, the elements, arsenic, beryllium, chromium, lead, molybdenum, nickel, 

selenium, titanium and vanadium were all present at >70 percent levels in the particulate 

phase at all three sampling locations. 

Mercury remains predominantly in the vapor phase even downstream of the ESP, at 

Locations 5a and 5b. Note that there is very little variability in this predominantly vapor- 

phase distribution at both locations, as indicated by the standard deviations shown for the 

average mercury phase distribution in Table 7.2-l. Overall, these results are consistent with 

the vapor pressure characteristics of mercury. 

7.2.3 PAHISVOC 

Table 7.2-6 shows a summary of the average percentage phase distribution of 

PAHKVOC compounds at each sampling location. The data in Table 7.2-6 were derived by 

averaging the phase distributions measured in the sets of three samples collected at each 

location. The particulate and vapor phase PAHKVOC concentrations (in ng/Ncm) measured 

in individual samples at each location are presented in Tables 7.2-7 through 7.2-9. Results 

from blank samples are shown in Table 7.2-10. Table 7.2-6 provides a convenient means of 

following trends in the phase distribution of individual PAH/SVOC compounds. The 

average phase distribution data in Table 7.2-6 and the individual concentrations shown in 

Table 7.2-7 show that at Location 4 (ESP Inlet), most of the PAHlSVOC species are only in 

the vapor phase. These include compounds such as acetophenone, biphenyl, acenaphthene, 

and dibenzofuran. 

Among the PAH, the three-ring and four-ring compounds are predominantly in the 

vapor phase at Location 4. The 5-ring compounds benzo@ and k)fluoranthene were present 

in both the particulate and vapor phases. No average phase distribution results are shown 

for benzo(a)pyrene, benzo(e)pyrene, and the remainder of the >5-ring PAH compounds in 

Table 7.2-6. Some of these species were detected in one or more of the particulate phase 

samples from Location 4, but none were ever detected in the corresponding vapor phase 

samples. Average phase distribution results are not shown in Table 7.2-6 because the 
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particulate-phase concentrations of these PAH, when detected, were on the order of one- 

tenth of the vapor-phase detection limit. Qualitatively, it may be stated that benzo(e)pyrene, 

benzo(a)pyrene, and the remainder of the r5-ring PAH compounds in Table 7.2-6 were 

only detected in the particulate phase. In general, the phase distributions observed are 

largely consistent with the vapor pressure characteristics of the various PAHlSVOC 

compounds and the - 300 F temperature of the flue gas at this location. 

The PAHlSVOC phase distributions at Locations 5a and 5b, at the outlet of the ESP, 

are shown in Table 7.2-6 (average percent) and Tables 7.2-8 and 7.2-9 (concentrations). 

The average phase distributions at Location 5a, ESP Outlet - hot flue, shown in Table 7.2-6 

are very variable for all detected species, as indicated by the standard deviation values in the 

table. Typically, the standard deviation in the average ph& distribution for detected 

species at Location 5a was between 40-50 percent. This result may be a consequence of 

sample contamination artifacts or other currently unidentified problems with the sampling 

and/or analysis. However, the large variability in the phase distributions for the detected 

species makes it difficult to adequately interpret the results at this location. Table 7.2-8 

does reveal, however, that benzo(a)pyrene, and the remainder of the >5-ring PAH 

compounds were not detected in the vapor or particulate phase in any of the three samples at 

Location 5a. 

At Location 5b, there is considerably less variability in the avetage phase 

distributions, compared with the corresponding results at Location 5a. As expected, a 

number of SVOClPAH species such as acetophenone, naphthalene and dibenzofuran are 

predominantly or exclusively present in the vapor phase. 

Among the PAH, the three-ring and four-ring compounds are predominantly in the 

vapor phase at Location 5b. As was the case for Location 4, no average phase distribution 

results are shown for benzo(a)pyrene, benzo(e)pyrene, and the remainder of the r5-ring 

PAH compounds in Table 7.2-6. Some of these species were detected in one or more of the 

particulate phase samples from Location 5b, but none were ever detected in the 

corresponding vapor phase samples. Average phase distribution results are not shown in 

Table 7.2-6 because the particulate-phase concentrations of these PAH, when detected, were 

on the order of one-tenth of the vapor-phase detection limit. Qualitatively, it may be stated 
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that benzo(e)pyrene, benzo(a)pyrene, and the remainder of the 2 5-ring PAH compounds in 

Table 7.2-6 were only detected in the particulate phase. 

Finally, it must be noted that the reference sampling method (Method 23) utilized for 

this group of species may yield an artifactual bias toward higher vapor-phase concentrations. 

This sampling artifact arises from the possibility of desorption of PAH/SVOC adsorbed on 

the surface of fly-ash collected on the filter, during the course of sampling. The compounds 

desorbed from the particulate matter would then be collected in the XAD resin trap, and 

analyzed as vapor-phase constituents. This desorption artifact is also referred to as “blow- 

off’ in the literature and is commonly observed in ambient air sampling. However, the use 

a heated and temperature-equilibrated filter for source sampling in Method 23 reduces the 

likelihood of desorption-related sampling artifacts. The conclusions derived above regarding 

the phase distribution of PAHISVOC are therefore likely to be largely accurate. 

7.2.4 DioxinslFuranrj 

Table 7.2-l 1 shows a summary of the average percentage phase distribution of 

dioxins/furans at the two locations where sampling for these species was conducted, namely, 

Locations 5a and 5b. The data in Table 7.2-l 1 were derived by averaging the phase 

distributions measured in the sets of three samples collected at each location. The 

particulate and vapor phase dioxinlfuran concentrations (in pg/Ncm) measured in individual 

samples at each location are presented in Tables 7.2-12 and 7.2-13. The corresponding 

concentrations in the blank train samples are shown in Table 7.2-14. 

For this group of air toxics, samples were collected only at two locations: 

(1) ESP Outlet; hot flue - Location 5a, and (2) ESP Outlet; diluted, cooled flue - Location 

5b. The concentrations and average phase distribution data presented for dioxinslfutans in 

the tables include both individual congeners and total congener classes in the upper and 

lower portions of the various tables, respectively. 

Table 7.2-l 1 provides a convenient means of following trends in the phase 

distribution of individual dioxins/furans. The results shown in Table 7.2-l I, combined with 

the concentration data shown in Tables 7.2-12 and 7.2-13, reveal that the vapor and 

particulate-phase concentrations of most dioxin and furan compounds in the flue gas sampled 
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were below the detection limit. A greater number of dioxinlfuran compounds were detected 

at Location 5a than at Location 5b. The latter result is to some extent a consequence of one 

vapor-phase sample (N-5A-MM5-726 in Table 7.2-12) with relatively high concentrations 

for all total congener classes as well as many of the individual congeners. 

At Location 5a, Table 7.2-l 1 shows that most of the detected dioxinslfurans were. 

predominantly present in the vapor phase. A few of the higher chlorinated species, namely, 

heptachlorodibenzo-p-dioxin, heptachlorodibenzofuran, octachlorodibenzo-p-dioxin, and 

octachlorodibenzofuran, had small to appreciable fractions in the particulate phase. This 

result is consistent with typical distributions of the higher chlorinated species between both 

the particulate and vapor phases. The detection limits for vapor and particulate phases were 

similar, to within a factor of five, for most dioxins/furans in the three samples collected at 

Location 5a. Therefore, it may be reasonably concluded that at this location, most dioxins 

and furarts were typically present at less than detectable levels in both phases, and when 

detected were present mostly in the vapor phase. 

At Location 5b, where cooled and diluted flue gas was sampled, very few 

dioxin/furan species were detected in any of the three samples, as shown in Table 7.2-l 1. 

This result is consistent with the higher vapor phase detection limits for these samples 

because of the low sample collection volumes, as discussed in the introduction to this 

section. The few species detected consisted of the higher chlorinated species, which were 

found in both particulate and vapor-phases. A single congener of heptachlorodibenzofuran, 

as well as octachlorodibenzo-p-dioxin and octachlorodibenzofuran were detected in one or 

more of the three samples. 

Although phase distribution results for the detected species are presented in Table 

7.2-l 1 for Location 5b; these results must be interpreted with caution because the samples at 

Location 5b typically had a ten- to fifty-fold higher detection limit for vapor-phase 

concentrations compared with the detection limit for particulate concentrations, The 

detection limits for particulate concentrations in the samples collected at Location 5b were, 

however, very similar to the particulate concentration detection limits for samples collected 

at Location 5a. In the case of the two species that were detected at Location 5b in primarily 

the vapor-phase, namely, heptachlorodibenzofuran and octachlorodibenzo-p-dioxin, it can be 

concluded that these species were present mainly in the vapor-phase even after the flue gas 
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from the ESP is cooled. However, in the case of the third species detected at Location 5b, 

octachlorodibenzofuran, a firm conclusion regarding the phase distribution is not possible. 

The potential for sampling artifacts from the desorption of vapor from particulate 

matter was discussed previously for PAHBVOC. Such sampling artifacts may also arise for 

dioxins and furans. However, as stated previously, the use a heated and temperature- 

equilibrated filter for source sampling in Method 23 reduces the likelihood of desorption- 

related sampling artifacts. The conclusions derived above regarding the phase distribution 

of dioxins and furans are therefore likely to be largely accurate. 
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TABLE 7.2-6. SUMMARY OF AVERAGE PHASE DISTRIBUTIONS OF PAH/SVOC 
AT EACH SAMPLING LOCATION 

I 
- mxntage Phase Distribution; P: Particulate; V: Vapor 1 PI 

II Location 4. Location& i LocstionSb A 

. . . . “._.__.._ -. - ..- -._ 

,hlhene 1 9.6 1 80.2 1 a 
,ofuran 11 6 ) 94 ) 5.4 j 

_____~_,_ . 
me 

“..” 

l?“e i NI 

kJibenzofa.h\anthracene i NI -.--..--\- ._., _..~.._.~~.. 
Benzo(g,h.i)per+ne 
P,V.SD: Averages end standard deviation derived from the three samples et each locetion 
ND: Not detected in at least two of the three samples et this locetion or othafwiss not intepreteble (sea tent) 
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TABLE 7.3-10. VAPOR/l’ARTlCULATE DlSTJUBUTlON FOR PAHlWOC IN BLANK GA.9 SAMPLES (og/Nm’3) 

TRAlN BLANK 
N-Sa-MMS- N-Sa-MMS- N-SPMMS- 

halyte X-725 F-725 F+X-725 

Benzylchhide 
Acelophenone 
Hl%SCIdCJroethnoe 
Naphthnle.ne 
Hexechlombutadiene 
2-ChhopcetOpbCllOO~ 
2-Methyloapbthalene 
I-Methylnaphthalene 
Hexachlorocyclopcntadieoe 
Biphenyl 
Acemphthylene 
2,6-Dinit~tOlWle 
AcmnphthUlC 
Dibeomfom 
2.CDinitro&lumc 
Flll0me 
H~XPcllhJbe~~ 
Pentachlorophenol 
PheDpathnnC 
An-e 
FlUOflUlth~C 
Pyme 
Bem.@)mthrpceoe 
cbryscne 
Benz@ % k)fluormfhene 
Bem(e)pyreae 
Benzo(a)pyme 
lndeoo(l,2.3-z:,d)pyre 
Dibenz@,h)aothnccne 
Benm(g.b,i)peryleoe 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

2.80 
111 

2.80 
123 

2.80 
51.4 
6.38 
2.91 
2.80 
1.51 

0.599 
21.8 
4.08 
4.51 
2.80 
4.00 
2.80 
2.80 
17.6 
1.60 
7.92 
2.83 

0.559 
1.02 

0.934 
0.559 
0.559 
0.559 
0.559 
0.559 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

2.80 ND< 2.80 
25.3 136 
2.80 ND< 2.80 
3.29 126 
2.80 ND< 2.80 
2.80 52.8 
2.75 9.12 
1.28 4.20 
2.80 ND< 2.80 

0.844 2.36 
0.559 0.878 

35.2 57.0 
1.46 5.54 
2.80 5.91 
2.00 ND< 2.80 
2.11 6.11 
2.80 No< 2.80 
2.80 ND< 2.80 
7.28 24.9 

0.559 1.88 
2.32 10.2 

0.855 3.68 
0.559 ND< 0.559 
0.563 1.59 
0.631 1.57 
0.559 ND< 0.559 
0.559 ND< 0.559 
0.559 ND< 0.559 
0.559 ND< 0.559 
0.559 ND< 0.559 

ND < = Nol detected, value fallowing ND < is detection limit. 
Sample results corrected for field reagent blmk. 
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TABLE 7.2-11. SUMMARY OF AVERAGE PHASE DISTRIBUTIONS OF 
DIOXINS/FURANS AT EACH SAMPLING LOCATION 

1 Percentage Phase Distribution; P: Particulate; V: Vapor 
II Location Sr II Location Sb 

SPECIES FSP Out fHotl I FSP Out fDiluted) II 

I I - Ii 

--.--. -- 

r 

-.-I... .-- 
1 0 1 100 j : 1 - II 

- A _-..-- r -.-_ . .__ P 

Total ~~~~*~~piihPn7nxbdiarin I 0 I 100 I 0 I 

Total Pentachlorodibenzc+dioxin 
Total Hexachlomdibn7h-diorin I 0 I 100 I - I 

Total Heptachlorodibenzo-pdioxin I 11 I 89 1 19.1 [ 
Total Tetrachlomdiben?nfll~n 0 100 I 0 Y 

Total Pen!achlorodibenrofuran 1 0 / rrm I n H 

Total Hexachlorodibenzofuran 0 I 100 I 0 y 
Total Heptachlorodibenrofuran I 50 50 I 70.7 1 
p,V,SD: Averages end standard deviation derived from the thres samples et eech location 
- (Particle or Vapor): Not detected in l ll three semples et this location 
- (SD): Detected in only one or two of Me three remples et this location 

I 
a 

- II .- -. -. q .-_ . I 
I I 

0 
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7.3 Particulate Size Distribution of Elements in Flue Gas Streams 

7.3.1 Introduction 

This section discusses the distribution of elemental concentrations among the various 

particulate size fractions collected at Locations 4 and 5a at the Niles - Boiler No.2 

flowstream. Three samples were collected at Locations 4 (ESP Inlet) and 5a (ESP Outlet) 

using a Multi-Metals sampling train. Various particulate size fractions were collected 

separately in the train, using glass cyclones upstream of the particulate filter. The large 

cyclone collected the > 10 pm aerodynamic size particles, the small cyclone collected 

particles in the 5-10 pm aerodynamic size range, and the downstream quartz filter collected 

the <5 pm size fraction. 

The sampling constraints of Locations 4 and 5a necessitated the use of a substantial 

length of heated flexible tubing to connect the sampling probe to the inlet of the large 

cyclone. The particulate fraction collected in this tubing, together with that in the sampling 

probe, were collectively analyzed and are referred to here as the Probe Rinse particulate 

fraction. Due to the length of the tubing and complexity of the flow path, the particulate 

size range collected as the Probe Rinse fraction is difficult to estimate. However, it is 

expected from aerosol dynamics that larger particles would be preferentially removed in the 

probe and tubing compared with smaller aerosols. 

The various particulate fractions collected in the three samples at Location 4 were 

analyzed for elemental concentrations. NO samples were collected in the cyclones at 

Location 5a. The discussions in this section are limited to the particulate size distributions 

at Location 4, because no information is available from the results from Location 5a. 

Table 7.3-l provides the measured particulate-phase elemental concentradons of various 

elements in each of the three known size fractions at Location 4. Note that on average 58.8 

percent of the particulate mass collected at Location 4 was in the Probe Rinse, 19.7 percent 

was in the Large > 10 pm Cyclone, 1.5 percent was in the Small (5-10 pm) Cyclone, and 

20.1 percent was collected on the filter (see Section 5.11). 
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A more informative picture of the particulate size distribution of elemental pollutants 

in the flue gas is provided in Table 7.3-2. This table provides the average percentage 

distributions of elemental flue gas concentrations among the various size fractions at 

Location 4. The data in Table 7.3-2 have been derived by averaging the elemental 

concentrations measured in the respective particulate size fractions in each of the three 

samples collected at this sampling location. Zero values were used in the calculations for 

non-detected particulate fraction concentrations in individual samples. Each entry in Table 

7.3-2 is the average percentage of the total flue gas loading of the indicated elements that is 

contributed by the indicated size fraction of partick~. The sum of the percentages across the 

row for each element equals 100 percent. For example, in Table 7.3-2, aluminum in flue 

gas at Location 4 exists about 20.9 percent in <5 pm particles, 1.6 percent in 5-10 pm 

particles, 6.1 percent in > 10 pm particles, and 71.4 percent in particles collected in the 

probe and flexible tubing. Table 7.3-2 thus provides a perspective on the distribution of 

individual elements among the various particulate fractions in the flue gas stream upstream 

of the ESP. 

Table 7.3-2 shows that at Location 4, the Probe Rinse particulate fraction contained 

the largest proportion of the elemental concentrations for all of the elements, except 

antimony, arsenic, cadmium, molybdenum, and sodium. Except for these latter elements, 

the second-largest proportion of elemental concentrations were typically in the Filter (< 5 

pm range). The Large Cyclone (> 10 pm range) fraction elemental concentrations were 

always smaller than the Probe Rinse and Filter fraction concentrations. The Small Cyclone 

(5-10 pm range) fraction always contained the lowest proportion of elemental concentrations 

for all elements. 

A few elements; namely, antimony, arsenic, molybdenum, and sodium, had >50 

percent of their particulate-phase concentrations in the Filter (< 5 pm fraction). The 

remainder of the elements had typically between 25-45 percent of their particulate- phase 

concentrations in the Filter fraction. Most elements has over 50 percent of their particulate- 

phase concentrations present in the Probe Rinse fraction. Aluminum, barium, beryllium, 

cobalt, manganese, nickel, selenium, and titanium had >60 percent of their particulate- 
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phase concentrations in the Probe rinse fraction. Only lead was present in similar 

proportions in the Filter and Probe Rinse fractions. 

No individual trends in the particulate elemental distributions could be observed for 

any of the elements, either with increasing or decreasing particle size. The high proportions 

of elemental concentrations in the unknown size Probe Rinse fractions makes it difficult to 

identify the existence of any such trends. 

The elemental concentrations in Tables 7.3-l can also be interpreted in terms of the 

elemental contents in each of the various particulate fractions.’ Table 7.3-3 shows the 

average elemental contents in the particulate matter collected in the four parts of the 

sampling train, as well as in the total particulate, at Location 4. The data in Tables 7.3-3 

have been derived by averaging the elemental concentration data (in pglNcm) in the three 

samples at Location 4, multiplying the average concentrations by the average sample volume 

(in Ncm), and dividing by the average particulate mass (in g) collected of each size fraction. 

Thus the entries in Tables 7.3-3 show the elemental composition (in fig/g) of each particle 

size fraction, as well as of the total particulate mass. 

Elemental content results are presented for the Filter, Large and Small Cyclones, and 

Probe Rinse fractions, and for the Total Particulate in Table 7.3-3. Note that there is a 

great degree of variability in elemental contents for many elements in the Small Cyclone 

fraction. This variability is a consequence of the low and variable levels of particulate mass 

collected in this part of the sampling train in the three samples at this location. Results for 

the Small Cyclone fraction must therefore be interpreted with caution. 

The results in Table 7.3-3 show that the elemental contents in the Filter and Probe 

Rinse fractions are quite similar for a few elements. These results are observed for the 

elements aluminum, cobalt, manganese, selenium, and titanium. Many more elements, 

however, have higher elemental contents in the Filter fraction then in the other size 

fractions. Elements with such a result include antimony, arsenic, barium, chromium, 

copper, lead, nickel, and vanadium. 
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The elemental content ratios in the Large Cyclone fractions were generally smaller 

than the corresponding ratios in the Filter and Probe Rinse fractions, a result which is 

consistent with the relatively low percentage of the total particulate elemental concentration 

in the Large Cyclone fraction (see Table 7.3-2), despite the collection of about 20 percent of 

the particulate mass in the Large Cyclone. 

For the majority of the elements, the elemental contents in the total particulate mass 

are about equal to the corresponding elemental contents in the Probe Rinse fraction. 

Notable exceptions are elements such as arsenic, molybdenum, and sodium, which have 

elemental contents in the total particulate mass that are higher than the corresponding 

contents in the Probe Rinse fraction. 

A few elements have elemental contents that increase consistently with decreasing 

particle size, when considering the three size fractions of known particle size, namely, the 

Filter, Small Cyclone, and Large Cyclone fractions. Elements with such a result are 

antimony, barium, chromium, copper, lead, nickel, and vanadium. The variability in 

elemental contents in the Small Cyclone fraction, as discussed previously, does cast some 

doubts on this interpretation of the data. 
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0 7.4 

7.4.1 Introduction 

Volatile trace elements (mercury, selenium, arsenic) were measured at three locations 

in the boiler flue and stack gas using both Chester Environmental’s Hazardous Element 

Sampling Tram (HEST) and EPA’s Draft Method 29 (Method 29). The objective was to 

provide two independent measurements for these elements as well as provide data to 

evaluate the WT. 

7.4.2 Exwrimental 

Method 29: The Method 29 sampling train is illustrated in Figure 7.4-l. This 

sampling train was modified to collect size fractionated particle samples for multimetals 

analysis by adding a multistage-Pyrex impactor inside the heated box preceding the heated 

filter. The vapor phase samples were trapped in the impinger downstream of the quartz 

tiber particle filter. The Method 29 vapor phase results are based on the analysis of the 

impinger solution and the rinse solution of all glass surfaces downstream of the particulate 

quartz tiber filter including the filter support disks. 

Particles were separated from the flue gas with cyclones and a quartz tiber filter. 

Method 29 requires that filtration take place in a box heated to 393 K (248 + 25“F) to 

prevent condensation of moisture. The temperature of the air inside the box, however, is 

not necessarily the temperature of the flue or stack gas at the time of filtration. Flue or 

stack samples that are substantially higher than 248”F, for example, may not reach this 

recommended temperature prior to filtration. This may represent a particular problem with 

vapor phase species such as Se% that can have a dew point in this same temperature range. 

Even if the stack gas temperatures approach the method specific temperature range, the 

particle and vapor phase ratio may not be representative of in situ conditions, if, as is the 

case of Se&, its dew point is likely to be near this temperature range. 
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The Method 29 samples were used to determine both the particle and gas phase 

concentration of elements. As such, collection of Method 29 samples included an isokinetic 

traverse of the stack or flue. 

HEST Method: The HOST is illustrated is Figure 7.4-2. Two versions of this 

sampling train were used. One version, referred to as the low ash HFZST (LAH), was as 

illustrated in Figure 7.4-2 with a quartz ftber filter followed by two carbon impregnated 

filters (CIF), all of which were housed in a Teflon-coated stainless steel cartridge located at 

the end of the probe. In this LAH arrangement, the suspended particles were filtered at flue 

or stack gas temperatures. As such, particle and vapor phases were separated at in situ 

temperatures that accurately represent the process conditions. 

The other HEST arrangement, referred to as the high ash HEST (HAH) was similar 

to the front half of the modified Method 29 with the particle phase being separated from the 

vapor phase with glass cyclones and a quarts tiber filter located outside the stack in a box 

heated to 248 k 24°F. The vapor phase elements were trapped on CIFs much like the 

LAH. The portion of the HAH downstream of the CIFs was similar to the back half of the 

LAH. 

Only single point HEST samples were collected since only the vapor phase was 

determined by this method. 

Plume Simulatinp Dilution Samuler (PSDS). Modified HEST and Method 29 samples 

were collected with the plume simulating dilution sampler. In this case, both the HEST 

cartridge and the Method 29 impingers were located downstream of the same 8 in. by 10 in. 

quartz fiber particle filter. The temperature of the filtered stack gas was the same for both 

samplers. 

SamplinP. Method 29 and HEST samples were collected from two different ports. 

The duration and flow rate of the HEST samples was generally less than that of Method 29 

samples. The HEST sampling period typically overlapped about 40 to 50 percent of the 

Method 29 sampling period but at times was as low as about 30 percent. 

The sampling conditions are summarized in Table 7.4-l. 
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7.4.3 Results 

The HEST and Method 29 results are summa&xl in Tables 7.4-2 through 7.4-4. 

Selected particulate phase HEST results are presented to provide an estimate of the total 

concentration for comparison with the Method 29 total values. The HEST particle fraction 

represents only what was captured on the quarts fiber filter. This will be low by the amount 

of particulate fraction removed in the probe and cyclone in the HAH case. Roth the HAH 

and LAH particle fractions will also be in error by the degree to which the single point 

sample is not representative and the degree to which the sample was nonisokinetic. These 

factors, however, should not affect the vapor phase concentrations. 

7.4.4 Discussion 

7.4.4.1 Overview. The HFST vapor phase mercury results were generally in good 

agreement with the Method 29 mercury results. The agreement between the two methods 

for vapor phase arsenic and selenium was poor. Differences in the arsenic and selenium 

vapor phase results ranged from two to over tenfold. The difference in the arsenic and 

selenium results are thought to be due to differences in temperature at the time the particle 

and vapor phases were separated. Some portion of the difference is due to the fact that the 

samples were not collected under identical conditions (different probes, different points in 

the stack, and differences in isokinetics), and the sampling times did not overlap completely. 

These results have helped to define the dynamic range of applicability of the HEST. 

This comparison has also shown that Method 29 may be limited in its ability to define the in 

situ particle to vapor phase concentration ratios correctly for species that are near their dew 

point. 

The HOST, like all methods has a dynamic range of applicability. It is recommend 

that the conditions (e.g., temperature range, moisture and acidity ranges, flow rates) in 

which the HEST is applicable be defined more precisely. It is also recommended that 

whenever in situ phase. partitioning information is required, particle filtration should be done 

at the in situ temperature. In addition, to avoid artifacts from gas phase interaction with 

7-60 



filtered particles, denuders should be used to separate key gas phase components prior to 

filtration. 

7.4.4.2 Mercury. The mercury results are compared in Table 7.4-2. In this table, 

“Part.” means particle-phase element, “Gas-P” means vapor from the primary HEST filter, 

and “Gas-S” means vapor from the secondary HEST filter. Samples from Location 5a 

showed acid damage to the primary filter, and secondary filters were analyzed to check for 

breakthrough. The vapor phase mercury results are in reasonably good agreement, but the 

HEST results are consistently biased lower than the Method 29 results by about 20 percent. 

This bias in the case of the hot stack samples may be caused in part by sulfuric acid 

condensation and mercury breakthrough to the backup CIF. This was not the case, 

however, with the I-EST samples collected before the ESP and from the PSDS. No 

breakthrough was detected with these. latter samples. 

The low mercury trapping efficiency of the HEST with the in-stack measurement 

appears to have been due to condensation of sulfuric acid. The filters from Location 5a 

appeared as though they had been exposed to a liquid and lost physical stability as might be 

expected after being exposed to sulfuric acid. 

7.4.4.3 Selenium. Table 7.4-3 shows the selenium results. The HEST results for 

vapor phase selenium are generally more than tenfold greater than the Method 29 vapor 

phase selenium. The trapping efficiency of the primary CIF for selenium at the ESP inlet 

was greater than 99 percent. Significant breakthrough of selenium was observed with the 

samples collected in the stack where the CIFs appear to have been wet with sulfuric acid. 

The agreement between the HEST and Method 29 results was generally good between the 

samples collected from the PSDS; i.e. within experimental error. 

The average total selenium results (i.e., considering particle plus vapor) were in 

better agreement than for the vapor alone at both the ESP inlet and the hot stack. In this 

particular case, the difference in reported vapor phase concentrations appears to be due 

mostly to differences in phase partitioning. Although similar front half sampling trains were 

used, it is quite possible that particle filtration took place at different temperatures. Since 

the dominant vapor phase selenium species has a dew point in the potential range of 
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filtration, it is quite likely that sampling temperature differences are responsible for 

differences in reported vapor phase selenium concentrations at Locations 4 and 5a. 

Another indication that the Method 29 selenium vapor results do not correctly 

represent the in situ selenium concentration is the very low ESP particulate selenium 

removal efficiency (2.7 percent) based on Method 29 particle concentrations at the inlet and 

the hot stack. The ESP particulate selenium removal efficiency based on the HFST 

measurements was over 90 percent. 

The low vapor phase selenium concentration at the inlet to the ESP relative to the 

outlet as determined by the HEST hot stack measurements may be due in part to gas phase 

removal by the thick particle deposit on the inlet filter. 

7.4.4.4 Arsenic. Table 7.4-4 shows the arsenic results. The vapor phase arsenic 

HEST results are, like the selenium results, several fold greater than the vapor phase 

concentrations reported by Method 29. The arsenic trapping efficiency of the primary CIF 

was also greater than 99 percent except for the hot stack samples that were affected by 

sulfuric acid. Because such a large fraction of the arsenic was in the particulate phase much 

of it may have been removed in the probe and cyclones. Nevertheless, the total (i.e., 

particle plus vapor) As values show much better agreement than do the vapor only data. 

Both methods show a significant reduction of the vapor phase arsenic downstream of 

the ESP relative to upstream. This may be due to exaggeration of the vapor phase 

concentrations at the upstream Location 4, by volatilixatiort of a small portion of the large 

amount of arsenic particulate collected there. This would not have been the case with the 

selenium since it is dominated by the vapor phase. 

7.4.5 Conclusion 

The vapor phase mercury results reported by Method 29 may be more representative 

of the in situ conditions in the Niles Boiler flue gas stream than are the HFST results. The 

HEST results may be low because of reduced trapping efficiency of the primary CIF caused 

by condensation of sulfuric acid with the hot stack samples. 
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The HEST vapor phase selenium and arsenic results may be more representative of 

the in situ conditions than the Method 29 results. The difference, which was at times more 

than a factor of ten, is thought to be due to differences in phase partitioning and its high 

sensitivity to temperature. For both these elements, total (particle plus vapor) concentrations 

showed much better agreement than did vapor only values. 

It is essential that phase separation be achieved at in situ temperatures, if it is 

important that accurate particulate and vapor phase partitioning be achieved. It is also 

important that potential artifacts such as vapor phase interaction with particulate. deposits and 

potential volatilization of particle deposits be eliminated. 

7.4.6 Recommendations 

The HEST is an easy-to-use., low-cost sampling train that can provide accurate and 

reliable measurements of vapor phase mercury, arsenic, and selenium when operated within 

its dynamic range of applicability. Because this method is less than 2 years old, its dynamic 

range of applicability has not been completely defined. Prior to these measurements, it had 

not exceeded its range of applicability. The HEST’s trapping efficiency depends on 

variables such as temperature, flow rate, analyte and interferant concentrations, sampling 

time, etc. As such, it is recommended that the dynamic range of the HEST be defined. It 

is further recommended that HEST samples be collected well above the dew point of 

sulfuric acid but below 350”F, preferably at about 300°F. 

If accurate phase partitioning is required, it is recommended that phase separation 

take place at accurately controlled in situ temperatures. 

If accurate phase partitioning is required, it is recommended that denuder methods be 

used to separate key vapor phase species prior to particle collection and vapor phase species 

be measured downstream of the particle filter to estimate particulate volatilization. 
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7 c T and Summa Canisters For VOQ ,5 omDa IS P’ on of vos 

7.5.1 Introduction 

The purpose of this Special Topic is to compare the analytical results from two 

established techniques that have been frequently used for collecting and analyzing volatile 

organic compounds (VOCs) from various air matrices. The canister methodology made use 

of a flow orifice attached to the inlet of the evacuated canister, that permitted the collection 

of a time integrated flue gas sample once the canister valve was opened. The VOST 

methodology made use of two adsorbent tubes, Tenax and TenaxlCharcoaJ, a pump and flow 

controller assembly to actively sample the flue gas. Details on sampling and analysis with 

these methods are contained in the ManagementkrnpIing and Analysis Plans, and elsewhere 

in this report and are not repeated here. 

The target list of VOCs for the canister methodology included the 41 components that 

are listed in US EPA’s TO-14 Methodology. Analytical results were obtained for 35 of 

those compounds; six early eluting compounds could not be measured due to interference 

from SO, in the sample. The target list for the VOST Methodology included 36 components 

and originates from SW-846, Method 5041 for VOCs. Thirty-five of those compounds were 

measured; hexane was not measured. Twenty compounds were common to both lists. The 

Method 5041 list contains 8 oxygenated species not on the TO-14 list. The TO-14 list 

includes several chlorinated and aromatic species not on the VOST target list. 

For the Niles Boiler No. 2 program, samples were collected with both methods at 

three locations during three test days. The location descriptions and dates are as follows: 

Location 4 - Gas samples from ESP Inlet 

Sampling Dates - 7726193, 7/28/93, 7130193 

Location 5a - Gas samples from ESP Outlet 

Sampling Dates - 7126193, 7128193, 7130193 

Location 5b - Dilute Gas samples from ESP Outlet 

Sampling Dates - 7126193, 7128193, 7130193 
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At each sampling location, three samples were sequentially collected with each method for 

each test run. For the VOST sampling, each set was comprised of a 5-minute, lo-minute 

and 30-minute sample at a nominal flow rate of 0.5 Umin. The sampling was car&d out in 

that order, i.e. from short to long sampling times. This distributive volume approach was 

used to determine if breakthrough had occurred for any species and to extend the detection 

level for those species not exhibiting breakthrough. Canister sampling was initiated close to 

the start of each VOST collection time. However, the canisters were fitted with an orifice 

designed to fill the canister over a fixed time period of 30 minutes. As a result, start and 

stop times for individual VOST and canister samples generally do not coincide. 

Because of problems encountered during earlier power plant studies, i.e. rapid 

deterioration of the analytical columns and poor analytical precision, a preliminary sampling 

effort was carried out at the Niles Station prior to the full-scale study. Several canister 

samples were collected at the site and returned to Battelle for analysis. The 

preconcentration trap on the gas chromatographlmass spectrometer had previously contained 

glass beads and was normally cooled to -160 C during sample collection. For the samples 

collected at Niles in this preliminary study, the cryo-trap was replaced with a two- 

component adsorbent trap (Supelco #2-0321). This type of trap is normally employed for 

the analyses of VOCs in water when using purge and trap procedures. Previous Battelle 

work has also shown that this adsorbent combination works well in capturing and releasing 

ambient concentrations of the TO-14 species. Purging the trap with zero air after sample 

collection to dry the trap reduces residual moisture so that column plugging does not occur. 

The analytical results from repeated injections of the preliminary canister samples did 

show much better precision than earlier work with the cryo-trap; however, several large 

components were still found to elute from the analytical column. These peaks were 

subsequently identified as column bleed peaks by the mass spectrometer (e.g. siloxane mass 

fragments). Battelle suspected that sufficient acidic gases were still present in the vapor 

phase to cause this column stripping to occur. Several column manufacturers have 

concurred that the bonded phase on the fused silica columns will be readily stripped in the 

presence of strong acids. 

Further efforts were carried out to test an air scrubber placed ahead of the adsorbent 

trap. Previous studies at Battelle had indicated that a sodium bicarbonate (NaHCO,) 
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denuder worked very well in removing gaseous SO, from humidified air streams. The 

denuder system operated at flows of 10 to 20 liters/minute. At the low flow conditions 

required with the adsorbent trap (i.e. 15 cclminute), a 10 cm long by 0.2 cm i.d. trap 

packed with 60180 mesh NaHCO, was fabricated and placed in-line. Analytical results 

indicated much less peak artifacts. Results from the analyses of a 6 ppb standard mixture of 

TO-14 compounds with and without the NaHCQ scrubber also indicated reasonable 

agreement. No concentration differences were observed with benzene and toluene, however 

about a 20 percent loss was observed with the less volatile species such as hexachlorobuta- 

diene. Battelle believes that the less volatile TO-14 compounds are more likely to adhere to 

the NaHCO, surface. 

Based upon the positive results with the NaHQ scrubber, this device was inserted 

in-line for the analyses of all canister samples from the SNOX process. 

7.5.2 Data Analvsis. 

A total of 26 VOST and 27 canister samples were anatyxed. Tables 7.5-l through 

7.5-9 show the results from individual Summa can sample runs. Tables 7.5-10 through 7.5- 

18 show the results from the VOST sample runs. The latter values are not blank corrected. 

Each table contains the runs on the indicated date using the specified method (No VOST 

results are available for run #2 at Location 5a on 7/30/93). The “ND < ” label indicates that 

the analyte was not detected. The detection level (DL) is indicated to the right of the label. 

For the VOST samples, the DL values changed as a function of the sampled volume. For 

the canister samples, the DL values remained constant because the same volume was always 

analyzed. In scanning the data it is evident that most of the target compounds were less 

than the detection level. It is also clear that the reported concentrations at several locations 

and on specific sampling days, vary somewhat from run to run with both methods. To 

further examine the data, three of the more frequently occurring compounds - 

dichloromethane, benzene and toluene - were selected and compared for the 27 runs. Table 

7.5-19 shows these results. In viewing this table, a great deal of method run to run 

variability is evident for dichloromethane. However, for benzene and toluene, the method 

run to run concentration variability was reasonable, i.e., usually within a factor of two. 
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Agreement of concentrations between the VOST and canister methods was usually within a 

factor of four. Furthermore, there does not appear to be a consistent bias between methods. 

Dichloromethane (DCM) (50/50 with methanol) was used in the field study as a 

solvent to rinse sampling apparatus. It is suspected that the unreasonably high 

concentrations of DCM in the samples are probably due to contamination from this source. 

However, we did not observe unreasonably high DCM in the field spike canister sample. In 

this case a portion of the trip spike was directed through the sampling manifold and into a 

second evacuated canister (i.e. field spike sample). 

In order to better determine if a bias exists between methods, the individual values 

from the three daily runs for benzene and toluene were first averaged and then compared. 

Figure 7.5-l shows the results in bar graph form. The upper bar graph contains the benzene 

data; the lower bar graph contains the toluene data. The VOST and Can benzene daily 

averages are generally within a factor of two, except for Location 5b (third day). At 

Location 5b the Can and VOST results were corrected for dilution gas flow (correction 

factor of 28.9). The Can results at Location 5b before dilution were approximately three 

times the DL on the third day, and less than the DL value on days 1 and 2. However, by 

incorporating the dilution factor the resulting values on day three appear abnormally high. 

The toluene concentrations were often near or less than the detection level for both methods 

(see Table 7.519). No trend between methods was observed for either compound. 

The benzene and toluene daily averages at each location were then averaged and the 

results are shown in Figure 7.5-2. The benzene location averages are depicted on the upper 

bar graph; the toluene location averages are shown on the lower bar graph. The VOST 

benzene results are higher than the canister benzene values at Location 5a. The VOST 

benzene results at Location 4 are comparable to the canister values. Again the Can benzene 

values at Location 5b show the effect of using the 28.9 correction factor. The VOST 

toluene location averages were consistently higher than the Can toluene values at Locations 

4, 5a, and 5b. However, this condition results primarily because the VOST DL values are 

higher than the Can DL values (see Table 7.5-19). The toluene location averages at 5b 

were less than the DL. 
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7.53 Conclusion 

The following conclusions can be drawn from the above analyses: 

(1) Dichloromethane concentrations are artifact values and are probably due to 
contamination from DCMlmethanol washing of the sampling manifold and 
associated equipment. 

(2) The VOCs, whether collected by VOST or canisters, were often either near 
the DL values or not detected. For those compounds with reported 
concentrations, the run to run concentration variability was usually less than a 
factor of two. 

(3) The VOST and canister collection methods generally agree within a factor of 
four. However, there does not seem to be a consistent trend between 
methods. This lack of a trend in the data may be due in part to the fact that 
the concentrations were quite low. 

7.5.4 Recommendations 

The following recommendations are made from the above analyses. 

1. Greater care needs to be exerted to eliminate the solvent (dichloromethane) 
contamination or carry over into the sampling apparatus. This problem was 
consistently observed in both the VOST and canister sampling trains. 

2. Battelle does not understand why both methods show such run-to-run 
variability. More internal QC checks may be helpful in focusing in on the 
problem, The use of internal standards spiked on the Tenax adsorbent or into 
the evacuated canister prior to sampling would aid in determining if reactions 
are occurring with the VOCs following sample collection. 

3. The employment of an on-line continuous (or almost continuous) instrument 
(or almost continuous) for monitoring one or more of the VOCs would help a 
good deal in determining how much die VOC concentrations fluctuate in the 
flue gas stream. For example, an automated gas chromatograph with a 
photonization or mass selective detector could provide data on one or two key 
VOC at intervals of 30 minutes or less. 
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TABLE 7.5-I. VOC IN SUMMA GAS SAMPLES FROM ESP INLET (Location 4)-7/26/93 @g/Nm “3) 

Compound N-4-CAN-726-l N-4-CAN-726-2 N-4-CAN-726-3 

Trichlorofluoromethane 
1.1 -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1.1,2-Trichloro-1,2,2-trifluoroethane 
1 ,I -Dichloroethane 
cis-1.2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 .I ,I -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 
trans-1.3-Dichloropropene 
1 ,1.2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1,1,2.2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1.3,5-Trimethylbenzene 
1,2.4-Trimethylbenrene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND* 
ND< 
ND* 
ND< 
ND. 
ND. 
ND< 
ND. 
ND. 
ND- 
ND. 
ND* 
ND. 
ND. 
ND< 
ND* 
ND. 
ND* 
ND. 

< 
;:. 
ND. 

4.49 
2.46 ND. 

3451.05 E 
100.51 

21.20 
2.51 ND. 
2.46 ND. 
3.02 ND. 
2.51 ND. 
3.36 ND. 
4.63 
3.91 ND. 
2.67 ND. 
3.33 ND. 
2.02 ND. 
2.02 ND. 
3.30 ND. 
2.33 ND. 
4.77 ND. 
4.21 ND. 
2.07 ND. 
2.69 ND. 
2.69 ND. 
2.64 ND. 
4.26 ND. 
2.69 ND. 
3.05 ND. 
3.05 ND. 
3.05 ND. 
3.22 ND. 
3.73 ND. 
3.73 ND. 
3.73 ND. 
4.59 ND. 
6.62 ND. 

5.27 6.39 
2.46 ND. 2.46 

2424.72 E 2497.13 E 
63.65 65.05 
25.37 30.76 

2.51 ND. 2.51 
2.46 ND. 2.46 
3.02 ND. 3.02 
2.51 ND. 2.51 
3.30 ND. 3.36 
2.90 3.03 
3.91 ND. 3.91 
2.07 ND. 2.07 
3.33 ND. 3.33 
2.02 ND. 2.02 
2.02 ND. 2.02 
3.30 ND. 3.30 
2.33 ND. 2.33 
4.77 ND. 4.77 
4.21 ND. 4.22 
2.07 ND. 2.07 
2.69 ND. 2.69 
2.69 ND. 2.69 
2.64 ND. 2.64 
4.26 ND. 4.26 
2.69 ND. 2.69 
3.05 ND. 3.05 
3.05 ND. 3.05 
3.05 ND. 3.05 
3.22 ND. 3.22 
3.73 ND. 3.73 
3.73 ND. 3.73 
3.73 ND. 3.73 
4.59 ND. 4.59 
6.62 ND. 6.62 

ND< = not detected. value following ND< is the detection limit. 
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TABLE 7.5-2. VOC IN SUMMA GAS SAMPLES FROM ESP INLET (Location 4)-7/20/93 @g/Nm “3) 

Compound N-4-CAN-720-t N-4-CAN-720-2 N-4-CAN-720-3 

Trichlorofluoromethane 
1,i -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1 ,1,2-Trichloro-I ,2.2-trhluoroethane 
1 ,l -Dichloroethane 
cis- 1,2- dichloroethene 
Trichtoromethane 
1,2-Dichloroethane 
1 ,l .I -Trichloroethane 
Benzene 
Carbon tetrachlortde 
1,2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-1,3-Dichloropropene 
1 ,I ,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1,1.2,2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1.2,4-Trimethylbenzene 
Senzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 
ND. 

ND= 
ND. 
ND* 
ND. 
ND= 

ND- 
ND* 
ND. 

ND* 
ND. 
ND* 
ND< 
ND. 
ND. 
ND* 
ND. 
ND* 
ND. 
ND* 
ND* 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND< 
ND* 

3.56 ND. 
2.52 ND. 

2501.95 E 
15.77 
19.40 

2.57 ND. 
2.52 ND. 
3.09 ND. 
2.57 ND. 
3.46 ND. 
3.10 
4.00 ND. 
2.94 ND. 
3.41 ND. 
5.00 ND. 
2.08 ND. 
3.46 ND. 
2.39 ND. 
4.09 ND. 
4.31 ND. 
2.94 ND. 
2.76 ND. 
2.76 ND‘ 
2.70 ND. 
4.37 ND. 
2.76 ND. 
3.12 ND. 
3.12 ND. 
3.12 
3.30 
3.02 
3.02 
3.02 ND. 
4.70 ND‘ 
6.70 ND. 

3.56 6.93 
2.52 ND. 2.52 

1044.30 E 1691.44 E 
4.90 6.40 

19.96 27.05 
2.57 ND. 2.57 
2.52 ND. 2.52 
3.09 3.50 
2.57 ND. 2.57 
3.46 ND. 3.46 
4.92 5.32 
4.00 ND. 4.00 
2.94 ND‘ 2.94 
3.41 ND. 3.41 
2.00 ND. 2.00 
2.00 ND. 2.80 
3.46 ND. 3.46 
2.39 ND. 2.39 
4.09 ND. 4.09 
4.31 ND. 4.32 
2.94 ND. 2.94 
2.76 ND. 2.76 
2.76 ND. 2.76 
2.70 ND. 2.70 
4.37 ND. 4.37 
2.76 ND. 2.76 
3.12 ND. 3.12 
3.12 ND. 3.12 

45.35 33.56 
31.70 24.09 
10.66 0.14 
13.33 10.16 
3.02 ND. 3.02 
4.70 ND. 4.70 
6.70 ND. 6.70 
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TABLE 7.5-3. VOC IN SUMMA GAS SAMPLES FROM ESP INLET (Location 4)-7/30/93 &g/Nm^3) 

Compound N-4-CAN-730-t N-4-CAN-730-2 N-4-CAN-730-3 

Trichlorofluoromethane 
1,l -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1,1,2-Trichloro-1,2,2-trttuoroethane 
1 ,l -Dichloroethane 
cis-I ,2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,I ,l -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1,3-Diihloropropene 
trans.-1,3-Dichloropropene 
1 ,1,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,I ,2,2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1,2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1.2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND. 
ND* 
ND* 
ND- 
ND* 

ND. 
ND. 
ND. 
ND* 
ND* 
ND. 
ND. 
ND. 

ND* 
ND. 
ND- 
ND* 
ND* 
ND= 
ND. 
ND. 

ND< 
ND. 
ND. 

5.10 
2.40 ND. 

660.75 E 
6.25 

15.30 
2.53 ND. 
2.40 ND. 
3.04 ND. 
2.53 ND. 
3.40 ND. 

15.65 
3.93 ND. 
2.00 ND. 
3.35 ND. 
2.03 ND. 
2.03 ND. 
3.40 ND. 
2.35 ND. 
4.80 ND. 

10.93 
2.00 ND. 
2.71 ND. 
2.71 ND. 
2.65 
4.29 ND. 
2.71 ND. 
3.06 
3.06 ND: 

91.32 
66.91 
21.92 
27.30 

3.75 ND. 
4.62 
6.66 ND. 

3.65 3.69 
2.40 ND. 2.40 

164.13 136.79 
55.56 3.65 
10.65 20.24 

2.53 ND. 2.53 
2.40 ND. 2.40 
3.04 ND. 3.04 
2.53 ND. 2.53 
3.40 ND. 3.40 

17.77 20.47 
3.93 ND. 3.93 
2.00 ND. 2.00 
3.35 ND. 3.35 
2.03 ND. 2.03 
2.03 ND. 2.03 
3.40 ND. 3.40 
2.35 ND. 2.35 
4.00 ND. 4.00 

12.70 12.66 
2.00 ND* 2.00 
2.71 ND. 2.71 
2.71 ND. 2.71 
3.64 ND. 2.65 
4.29 ND. 4.29 
2.71 ND. 2.71 

14.07 ND. 3.06 
3.06 ND. 3.06 

00.91 73.50 
60.20 53.49 
10.09 17.23 
23.60 21.59 

3.75 ND. 3.75 
17.21 20.50 

6.60 ND. 6.66 

7-77 



TABLE 7.5-4. VOC IN SUMMA GAS SAMPLES FROM ESP OUTLET (Location 5a)-7/26/93 @g/Nm^3) 

Compound N-5A-CAN-726-lN-5A-CAN-726-2N-5A-CAN-726-3 

Trichlorofluoromethane 
1 ,l -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1.1,2-Trichloro-1.2.2-trttuoroethane 
1,l -Dichloroethane 
cis- 1,2- dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,l ,l -Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 
trans-I ,3-Dichloropropene 
1 ,I ,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 .1,2.2-Tetrachloroethane- 
o-Xylene 
4-Ethyl toluene 
1.3,5-Trimethylbenzene 
1.2,4-Trimethylbenzene 
Benzyl chloride 
m -Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1.2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND* 
ND* 
ND. 
ND* 
ND* 

ND* 
ND. 
ND. 
ND. 
ND- 
ND. 
ND* 
ND. 
ND. 
ND. 
ND. 
ND< 
ND* 
ND. 
ND* 
ND* 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND* 
ND* 

5.50 
3.1j NO. 

007.36 E 
5.31 

12.17 
3.17 ND. 
3.11 ND. 
3.01 ND. 
3.17 ND. 
4.26 ND. 
3.11 
4.93 ND. 
3.62 ND. 
4.19 ND. 
365 ND. 
3.55 ND. 
4.26 ND. 
2.94 ND. 
6.02 ND. 
5.31 ND. 
3.62 ND. 
3.40 ND. 
3.40 ND. 
3.33 ND. 
5.30 ND. 
3.40 ND. 
3.04 ND. 
3.04 ND. 
3.04 ND. 
4.06 ND. 
4.70 ND. 
4.70 ND. 
4.70 ND. 
5.79 ND. 
0.35 ND. 

6.51 6.11 
3.il ND. 3.11 

416.26 320.76 
6.55 0.21 

12.05 12.23 
3.17 ND. 3.17 
3.11 ND. 3.11 
3.01 ND. 3.01 
3.17 ND. 3.17 
4.26 ND. 4.26 
3.26 2.91 
4.93 ND. 4.93 
3.62 ND. 3.62 
4.19 ND. 4.19 
3.55 ND. 3.55 
3.55 ND. 3.55 
4.26 ND. 4.26 
2.94 ND. 2.94 
6.02 ND. 6.02 
5.31 ND- 5.32 
3.62 ND. 3.62 
3.40 ND. 3.40 
3.40 ND. 3.40 
3.33 ND. 3.33 
5.30 ND‘ 5.30 
3.40 ND. 3.40 

.3.04 ND. 3.04 
3.04 ND. 3.04 
3.04 ND. 3.04 
4.06 ND. 4.06 
4.70 ND. 4.70 
4.70 ND. 4.70 
4.70 ND. 4.70 
5.79 ND. 5.79 
0.36 ND. 0.35 
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TABLE 7.5-Q. VOC IN DILUTE SUMMA GAS SAMPLES FROM ESP OUTLET (Location 5b) -7/30/93 @g/Nm _ 3) 

Compound N-56-CAN-730-lN-58-CAN-730-ZN-730-3 

Trichlorofluoromethane 
I ,1 -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1,1.2-Trichloro-1.2.2-trifluoroethane 
1, t -Dichloroethane 
cis-1.2-dichloroethene 
Trichloromethane 
1.2-Dichloroethane 
1.1 .I -Trichloroethane 
Benzene 
Carbon tetrachloride 
l.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-l,3-Dichloropropene 
1 ,I .2-Trichloroethane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,I .2.2-Tetrachloroethane 
o-Xylem 
4-Ethyl toluene 
l.3.5-Trimathylbenzene 
1.2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenrene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

4.64 
4.25 ND. 

3191.66 E 
27.42 
14.54 

2.65 ND. 
3.04 ND. 
3.43 ND. 
2.65 ND. 
3.63 ND. 
3.53 
4.43 ND. 
3.25 ND. 
3.77 ND. 
3.19 ND. 
3.19 ND. 
3.63 ND. 
2.65 ND. 
5.41 ND. 

13.05 
3.25 ND. 
3.05 ND. 
3.05 ND. 
2.99 ND. 
4.63 ND. 
3.05 ND. 
3.46 ND. 
3.46 ND. 
3.46 ND. 
3.65 ND. 
4.23 ND. 
4.23 ND. 
4.23 ND. 
5.21 ND. 
7.51 ND. 

4.74 4.67 
2.79 ND. 2.79 

1027.42 E 595.30 
34.01 19.65 
15.29 15.12 

2.65 ND. 2.85 
2.79 ND. 2.79 
3.43 ND. 3.43 
2.65 ND. 2.65 
3.83 ND. 3.63 
3.53 3.66 
4.43 ND. 4.43 
3.25 ND. 3.25 
3.77 ND* 3.77 
3.19 ND. 3.19 
3.19 ND. 3.19 
3.63 ND. 3.63 
2.65 ND. 2.65 
5.41 ND. 5.42 

12.91 13.94 
3.25 ND. 3.25 
3.05 ND. 3.06 
3.05 ND. 3.06 
2.99 ND. 2.99 
4.63 ND. 4.83 
3.05 ND. 3.06 
3.46 ND. 3.46 
3.46 ND. 3.46 
3.46 ND. 3.46 
3.65 ND. 3.65 
4.23 ND. 4.23 
4.23 ND. 4.23 
4.23 ND. 4.23 
5.21 ND. 5.21 
7.51 ND. 7.51 

Note! Concentrations need to be multiplied by averaga dilution tactor of 28.9 for comparison with VOST sample. 
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TABLE 7.5-10. VOC IN VOST GAS SAMPLES FROM ESP INLET (Location 4)-7/26/93 &g/Nm _ 3) 

Compound N4VOS7261 N4VOS7262 N4VOS7263 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
l.l-DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
I .z-DICHLOROETHANE 
2-BUTANONE 
I ,I .I -lRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS- I .3-DICHLOROPROPANE 
TRICHLOROETHENE 
DlEsROMOCHLOROMETHANE 
1.1.2-TRICHLOROETHANE 
BENZENE 
TRANS-l.3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1.1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 

6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 

257.17 
1927.7t 

11.79 ND. 
144.67 

3.47 J ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 

36.47 ND. 
6.66 ND. 
6.66 ND. 
6.68 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 

10.40 
6.66 ND. 
6.66 
6.68 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
3.47 J ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 
6.66 ND. 

4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 

50.63 6.91 
67.63 36.36 

4.52 1.35 
2.35 J 3.36 
4.52 ND. 1.30 
4.52 ND* 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 1.35 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
5.79 4.66 
4.52 ND. 1.30 
7.41 5.96 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 ND. 1.30 
4.52 1.92 
4.52 ND. 1.30 
4.52 0.67 J 
4.52 ND. 1.30 
4.52 2.39 
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TABLE 7.5- 1 I. VOC IN VOST GAS SAMPLES FROM ESP INLET (Location 4) -7/26/93 @.@Nm _ 3) 

Compound N4VOS7261 N4VOS7262 N4VOS7263 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 .t -DICHLOROETHENE 
l.l-DICHLOROETHANE 
TFIANS- 1.2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
1.1.1 -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODlCHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TFICHLOROETHENE 
DIBROMOCHLOROMETHANE 
t.t,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
t.t.2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROEENZENE 
ETHYLBENZENE 
SNRENE 
XYLENES (TOTAL) 

ND. 
ND- 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 

66.92 
53.65 

9.51 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 
9.51 ND. 
9.51 ND. 
9.51 ND. 
9.51 ND. 

5.23 ND. 1.57 
5.23 ND. 1.87 
5.23 ND. 1.67 
5.23 ND. 1.87 

43.35 7.54 
20.95 8.15 

5.24 3.43 
5.23 ND. 1.87 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.67 

10.26 7.25 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.87 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.87 
5.23 ND. 1.67 
2.10 J ND. 1 .a7 
5.23 ND. 1.67 
5.23 ND. 1.67 
5.23 ND. 1.07 
5.23 ND. 1.67 
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TABLE 7.5-12. VOC IN VOST GAS SAMPLES FROM ESP INLET (Location 4)-7/30/93 @g/Nm A 3) 

Compound N4VOS7301 N4VOS7302 NdVOS7303 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
I .I -DICHLOROETHENE 
I,I-DICHLOROETHANE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
t.z-DICHLOROETHANE 
2-BUTANONE 
,.,.I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS- I .3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
I .I .2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
ETRACHLOROETHENE 
I ,I .2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SMRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 
ND. 

ND. 
ND* 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 

6.95 ND. 
6.95 ND. 
8.95 ND. 
6.95 ND* 

396.10 
21.66 ND. 
11.62 

8.95 ND. 
8.95 ND. 
8.95 ND. 
8.95 ND. 
8.95 ND. 
8.95 ND. 
6.95 ND. 
8.95 ND. 
8.95 ND. 
0.95 ND. 
6.96 ND. 
8.95 ND. 
8.95 ND. 
8.95 ND. 
8.95 ND. 

12.91 
6.95 ND. 
8.95 ND. 
6.95 ND. 
8.95 ND. 
8.95 ND. 
6.95 ND. 
8.95 ND. 
5.74 J ND. 
8.95 ND. 
8.95 ND. 
6.95 ND. 
6.95 ND. 

4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 

26.62 3.90 
4.92 ND. 1.61 
9.66 3.75 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1 .-St 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 5.24 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND* 1.61 
4.92 0.63 J 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 1.56 J 
4.92 0.64 J 
4.92 ND. 1.61 
4.92 ND. 1.61 
4.92 ND. 1.61 
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TABLE 7.5-13. VOC IN VOST GAS SAMPLES FROM ESP OUTLET (Location 5a)-7/26/93 @g/Nm -3) 

Compound N5AVOS7261 NSAVOS7262 N5AVOS7263 

CHLOROMETHANE 
BRoMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
,,I-DICHLOROETHENE 
I ,, -DICHLOROETHANE 
TFIANS-1,2-DICHLOROETHENE 
CHLOROFORM 
,.2-DICHLOROETHANE 
2-BUTANONE 
, ,, ,I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
I .2- DICHLOROPROPANE 
CtS-1.3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
I., ,2-TRICHLOROETHANE 
BENZENE 
TRANS- I .3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
I, I .2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 

ND. 

ND. 
ND. 
ND. 
ND. 

14.79 
14.79 ND. 
14.79 ND. 
14.79 ND. 

137.45 
6413 

8.89 J ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
16.00 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.22 J 
14.79 ND. 
27.84 
14.79 ND. 
14.79 ND. 
14.79 ND. 
14.79 ND. 

40.71 ND. 2.66 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 

11.22 1.37 J 
18.37 7.09 

9.01 2.74 J 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
8.29 J 6.52 
9.01 ND. 2.86 
9.01 ND. 2.66 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
6.46 J ND. 2.86 
9.01 ND* 2.66 
5.76 J 1.49 J 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
9.01 ND. 2.86 
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TABLE 7.5-14. VOC IN VOST GAS SAMPLES FROM ESP OUTLET (Location 58)-7/28/93 @g/Nm “3) 

Compound N5AVOS7281 N5AVOS7282 N5AVOS7283 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 .I -DICHLOROETHENE 
l.l-DICHLOROETHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
I .I .l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1,1.2-TRICHLOROETHANE 
BENZENE 
TFIANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOAOETHENE - 
1.1.2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
S-WRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 
ND. 

. E. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 

. 
Iii. 
ND. 
ND. 
ND. 

ND. 
ND. 

ND. 
ND. 

ND. 
ND. 
ND. 
ND. 

16.07 ND. 
16.07 
16.07 ND. 
16.07 ND. 
43.07 
44.36 
21.86 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
46.93 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 

8.36 J ND. 
27.00 
16.07 ND. 
16.07 ND. 
12.86 J ND. 
45.64 ND. 
88.07 ND. 
16.07 ND. 
16.07 ND. 

7.07 J ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 
16.07 ND. 

7.85 ND. 2.58 
3.77 J ND‘ 2.58 
7.65 ND. 2.58 
7.85 ND. 2.56 

61.25 3.50 
7.22 J 1.85 J 
6.60 J 2.89 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.56 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.65 ND. 2.58 
7.65 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.56 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 

13.62 12.06 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.56 

.7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.85 ND. 2.58 
7.05 ND. 2.58 
7.85 ND. 2.58 
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TABLE 7.5-15. VOC IN VOST GAS SAMPLES FROM ESP OUTLET (Location 5a)-7/30/93 &g/Nm -3) 

Compound N5AVOS7301 N5AVOS7303 

CHLOROMETHANE 
BROMOMETHANE 
VINYLCHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1.1 -DICHLOROETHENE 
1 ,l -DICHLOROETHANE 
TRANS-1.2-DICHLDROETHENE 
CHLOROFORM 
1,2-DICHLCROETHANE 
2-BUTANONE 
1 .l ,I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYLACETATE 
BROMODlCHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1,1,2-TRICHLORONANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,1,2,2-TETFIACHLOROETHANNE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
S-WRENE 
XYLENES (TOTAL) 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

13.31 ND< 2.30 
13.31 ND< 2.38 
13.31 ND< 2.30 
13.31 ND< 2.38 
26.64 5.43 

138.00 4.86 
19.18 9.90 
13.31 ND< 2.38 
13.31 ND< 2.30 
13.31 ND< 2.30 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
16.52 6.86 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.30 
13.31 1.71 J 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
13.31 ND< 2.38 
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TABLE 7.5-16. VOC IN DILUTE VOST GAS SAMPLES FROM ESP OUTLET (Location 5b)-7/26/93 &g/Nm -3) 

Compound N5BVOS7261 N5BVOS7262 N5BVOS7263 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 .I -DICHLOROETHENE 
1 .l -DICHLOROETHANE 
TRANS- 1.2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
I ,l .I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TFICHLOROETHENE 
DIBROMOCHLOROMETHANE 
I .I .2-TFlICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 .I ,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
Sl-fRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 

ND. 
ND* 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

239.68 
18.42 ND. 
18.42 ND. 
18.42 ND. 

120.56 
78.67 
16.42 
18.42 ND. 
18.42 ND. 
18.42 ND. 
16.42 ND. 
18.42 ND. 
16.42 ND. 
18.42. ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
10.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND* 
18.42 ND. 
18.42 ND. 
18.42 ND. 
16.42 ND. 
16.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 
18.42 ND. 

122.71 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
45.54 5.58 
29.10 6.08 

4.64 J 2.92 J 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND* 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
10.55 ND. 3.17 
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TABLE 7.5- 17. VOC IN DILUTE VOST GAB SAMPLES FROM ESP OUTLET (Location 5b)-7/28/93 (Irg/Nm e 3) 

Compound N5BVOS7281 N5BVOS7282 N5BVOS7283 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 .I - DICHLOROETHENE 
,.I-DICHLOROETHANE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
l.l.l-TFKHLOROETHANE 
CARBON TETFIACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TFllCHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 .I ,2-TRICHLOROETHANE 
BENZENE 
TRANS-1.3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I .2.2-TETRACHLOROETl-iANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SlYRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

3462 
34.62 ND. 
34.62 ND. 
34.62 ND. 

176.29 
24.88 J 
45.61 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 

114.71 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
3462 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 
34.62 ND. 

132.64 
8.69 ND. 
8.69 ND. 
8.89 ND. 

25.41 
7.31 J 
6.69 ND. 
8.69 ND. 
6.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
6.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
6.69 ND. 
8.6Q ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
8.69 ND. 
6.69 ND. 
6.69 ND. 

43.40 
2.60 
2.60 
2.60 
6.77 
2.50 J 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
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TABLE 7.5- 18. VOC IN DILUTE VOST GAS SAMPLES FROM ESP OUlLET (Location 5b)-7/30/93 @g/Nm * 3) 

Compound N5BVOS7301 N5BVOS7302 N5BVOS7303 

cHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
I ,I -DICHLOROETHENE 
I, I -DICHLOROETHANE 
TRANS-I .2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
I .I .I - TFIICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
I .2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
I ,1.2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 .I ,2.2- TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SMRENE 
XYLENES (TOTAL) 

ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

86.59 
15.78 ND. 
15.78 ND. 
15.78 ND. 
42.96 
41.72 
15.17J ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.76 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.70 ND. 
15.78 ND. 
15.78 ND. 
15.76 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.76 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND‘ 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 
15.78 ND. 

41.99 14.24 
10.60 5.60 
10.60 ND. 2.92 
10.60 ND. 2.92 

7.63 J 3.03 
13.57 3.85 
10.60 ND. 2.92 
10.60 ND. 2.92 
IO.60 ND. 2.92 
10.W ND. 2.92 
IO.60 ND. 2.92 
10.W ND. 2.92 
10.60 ND. 2.92 
10.W ND. 2.92 
10.60 ND. 2.92 
10.60 ND- 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.W ND. 2.92 
10.60 ND. 2.92 
IO.60 ND* 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
10.60 ND- 2.92 
10.60 ND. 2.92 
10.60 ND. 2.92 
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Figure 7.5-1. Can vs VOST comparison for benzene and toluene daily averages 
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Figure 7.5-2. Can vs VOST comparison for benzene and toluene location averages 
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7 6 Effect of Soot Blowing on Element Concentrations in Stack Gas 

7.6.1 Introduction 

High volume (HV) sampling was originally added to the scope of work in order to 

evaluate the potential for increased arsenic emissions during soot blowing events. HV 

sampling was specified so that adequate sample volume could be obtained during the 

relatively short term (-2 hours) of each soot blowing event. As conducted, the HV 

sampling included two runs on each of the three inorganic sampling days, the recoveries 

from which were analyzed for the full complement of elements reported for the Multi-Metals 

(Method 29, M29) runs. All HV samples were taken at the hot stack (Location 5a). 

The two HV samples collected on each inorganic sampling day consisted of a two 

hour sample taken during a soot blowing event (prior to the beginning of the regularly 

scheduled sampling), and a three hour sample taken during the period of regularly scheduled 

sampling under normal conditions, i.e., without soot blowing. Accordingly, six HV 

samples were taken; three during soot blowing, and three during normal operation. 

Sampling was conducted according to the general provisions of Oregon Department of 

Environmental Quality (ODEQ) Method 8 (High Volume Sampling of Stationary Source 

Particulate Emissions), with modifications to accommodate the relatively severe flue gas 

conditions (temperature, moisture, SQz) encountered at Niles. The sampling tram consisted 

of an oversized (-0.88 inch I.D.) stainless steel nozzle and probe, a Teflon-lined 8-in. x 

IO-in. filter holder, a calibrated flow metering tube with a sharp edged orifice, a flexible 

exhaust line and a variable speed high volume blower. Samples were taken isokinetically 

from a single point in the stack at a rate of lo-15 scfm. The train was operated with the 

entire probe in-stack, and the filter holder was heated. Despite these efforts, there were 

signs of acid condensation within the sampling train on all runs. At the time of testing this 

was not considered to be prohibitive, because the analyte of interest (arsenic) is not a 

component of stainless steel. However, subsequent analyses for other elements typically 

alloyed with stainless steel (chromium, nickel, molybdenum, manganese) must be considered 

compromised. 
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The recovered sample from each run consisted of the &in. x IO-in. quartz filter, plus 

acetone and dilute nitric acid rinses of the nozzle, probe and filter holder front-half. The 

nitric acid rinse was not originally planned, but was considered necessary for complete 

recovery given the acid condensation problems encountered. 

7.6.2 Data Analvsis 

The HV analytical results are presented in Tables 7.6-l and 7.6-2 for the normal 

conditions and soot blowing, respectively. The results are in units of pg/Ncm for each of 

the elements (as noted above, chromium, manganese, molybdenum, and nickel values may 

be compromised by the stainless steel probe). 

Comparing the averages and standard deviations of the concentration results indicates 

no significant differences between the soot blowing and standard operating conditions, with 

the possible exception of a complete absence of sodium and potassium during soot blowing. 

Arsenic is consistently in the 8-15 gg/Ncm range, averaging 13 pg/Ncm for the soot 

blowing condition and 12 pglNcm for the operating condition. The standard deviations of 

these results are 4.1 and 3.1, respectively. Considering these- results and presuming the flue 

gas volumetric flow to be the same for both conditions (Niles plant personnel have 

confirmed full-load operation throughout both test periods) it might be concluded that soot 

blowing has no significant impact on the emission of any elements of interest. However, 

caution is indicated by also considering total particulate loading and elemental results from 

the M29 runs. 

Total particulate loadings as measured by the HV sampling during the soot blowing 

and during normal operating conditions were quite the opposite of expectations. The 

average particulate loading from the soot blowing tests was only 5.4 mg/Ncm compared 

with an average of 28.4 mg/Ncm from the normal condition tests. Both conditions were 

tested with the same equipment, by the same procedures, through the same port, and at the 

same point in the duct. Sampling rates were very nearly the same, as dictated by stack 

velocity, and only the sampling times differed significantly (as described above) based on 

the expectation for lower loading during the standard condition. The total particulate 

loading as measured by the M29 runs (N-5A-MUM-727,729,731) averaged 32.4 mg/Ncm. 
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This is considered more accurate than the HV measurements because it is based on EPA 

Method 5 with full traversing. The agreement of particulate loading values from M29 and 

normal condition HV runs lends some credibility to the normal condition HV tests, 

particularly because they were conducted within the time frame of the M29 runs. Although 

the low loading indicated during the soot blowing tests is not impossible, it remains 

unexplained, and due caution is indicated. 

Comparison of the M29 elemental results with those from the HV runs is also 

interesting. The M29 results indicate concentrations of virtually all of the elements analyzed 

which are greater than those measured by the HV methods (the M29 tests were all run 

during the normal operating conditions). Some of these differences are within the standard 

deviation, but most are outside of it. For example, the average arsenic concentration 

measured during soot blowing by the HV method is 13 pg/Ncm. This compares with 12 

FglNcm by the HV method, and 70 PglNcm by the M29 method, both during normal 

operation. In terms of pglgram of total particulate, the concentrations are 2,216, 404, and 

2,252, respectively. The same general trend is apparent across all of the detected elements 

(except those compromised as discussed above). Again, the greater confidence. has to be 

placed with the M29 results. 

Given the inconsistencies discussed above the HV results must be considered with due 

caution, and the issue of soot blowing’s impact on the emission of trace metals needs further 

study. 

7.6.3 Recommendations 

Given the inconsistencies discussed above the HV results must be considered with due 

caution, and the issue of soot blowing’s impact on the emission of trace metals needs further 

study. It is recommended that a separate study be conducted to assess the impact of soot 

blowing events on specific toxic metals emissions. Based on the M29 elemental 

concentrations measured at Location 5a, this same method could achieve adequate detection 

limits for most analytes (arsenic and selenium included) if run for 2 hours during a soot 

blow. This method is superior to the modified high volume method described above 

because it allows traversing, prevents condensation, provides all glass wetted surfaces, and 
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records total dry gas sample volume. Accordingly, all of the problems associated with 

adaptation of the above high volume method are avoided, without significantly sacrificing 

detection limits. 

If further improvements in detection limits are deemed necessary, it is recommended 

that SASS (Source Assessment Sampling System) equipment be adapted to the sampling and 

analytical procedures of M29. The SASS train is capable of a 4 dcfm maximum sampling 

rate as compared with a 0.75 dcfm maximum rate associated with the M29 train, and 

provides the same advantages as described above. 
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TABLE 7.6-l. ELEMENTS IN GAS SAMPLES DURING NORMAL OPERATIONS (Ilg/Nm’3) 

AtldYk NJa-HVS-727 N-5a-HVS-729 N-5n-HVS-731 AVERAGE SD 

Potassium 
Silicon 
Sodium 
Titanium 

Arsenic. 
Barium 
Beryllium 
B0RXl 

Chromium 
CObd 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Selenium 

8% 119 
268 36.2 
NA NA 
557 81.0 

16.0 11.4 

1006 673 483 
88.1 131 122 
NA NA NA 
147 262 258 

15.2 14 2.5 

0.482 0.461 0.5% 0.51 0.07 
14.3 8.29 12.5 12 3.1 
4.42 2.37 2.69 3.2 1.1 
0.00 0.00 0.072 0.02 0.04 
NA NA NA NA NA 

0.00 0.00 0.00 0.00 0.00 
101 2.99 23.5 43 52 

0.928 0.424 0.106 0.49 0.41 
1.48 0.806 1.05 1.1 0.34 
4.51 3.49 3.46 3.8 0.60 
10.9 3.89 2.84 5.9 4.4 
19.3 0.636 7.04 9.0 9.5 
62.6 8.23 26.4 32 28 
55.3 39.5 35.9 44 10 
1.24 0.640 1.54 1.1 0.46 

SD = Standard deviation. 
NA = Sample not available, sample not analysed, or data not available. 

7-100 



TABLE 7.6-Z. ELEMENTS IN GAS SAMPLES DURING SOOT BLOWING OPERATIONS (pg/Nm’J) 

Analyte N-SA-HVS-727 N-SA-HVS-729 N-SA-HVS-73 1 AVERAGE SD 

Aluminum 
Potassium 
Silicon 
Sodium 
Titanium 

0.00 c 786 89.4 
0.00 c 0.00 c 0.00 
NA NA NA 

0.00 c 0.00 c 0.00 c 
8.58 8.07 14.2 

Antimony 
Araulic 
Barium 
Beryllium 
Boron 
Cadmium 
Cbmmium 

Mol&denum 
Nickel 
Selenium 
Vanadium 

0.383 0.291 0.489 0.39 0.10 
15.7 8.40 15.4 13 4.1 

0.369 0.00 c 1.26 0.54 0.65 
0.052 0.00 0.079 0.04 0.04 

NA NA NA NA NA 
0.00 0.00 0.00 0.00 0.00 
9.37 187 33.1 76 96 
0.00 1.24 0.852 0.70 0.63 

0.492 0.796 2.75 1.3 1.2 
3.01 1.98 1.83 2.3 0.64 
1.44 23.6 6.60 11 12 
3.01 3.13 32.7 13 17 
5.60 41.6 57.5 37 28 
45.1 24.6 23.7 31 12 

0.632 1.62 1.27 1.2 0.50 

292 430 
0.00 0.00 
NA NA 

0.00 0.00 
10 3.4 

SD = Staodwd deviation. . 
NA = Sample oat available, sample not analysed, or data not wailable. 
C = Blank-comcted wncentmtion below detection/calibration limit. 
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7.7 mrhmen 

The individual components of the Method 29 (M29) train were analyzed separately 

for mercury at the request of DOE, rather than combining front-half and back-half 

components as is standard practice in Method 29 procedures. The results for these 

individual component analyses are presented in Table 7.7-1, for each of the three inorganic 

sampling days at both the ESP inlet (Location 4) and the ESP outlet (Location 5a). 

The results in Table 7.7-l show that at both locations the great majority of mercury 

was found in the impinger components of the M29 train. At the ESP inlet 93 to 95 percent 

was in the impingers, and at the ESP outlet 99 to 100 percent was in the impingers. At the 

inlet, the probe rinse, filter, and large cyclone captured small amounts of the total mercury, 

due to the high particulate loading at that location. In all cases, most of the mercury (73 to 

94 percent, averaging 83 percent) was captured in the H-J& impingers; the KMn04 

impingers (which are located downstream of the H20z impingers in the Method 29 train) 

captured a smaller fraction of the mercury (5 to 22 percent, averaging 14 percent). 
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