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EPRI

Electric Power .
Research Institute Leadership in Science and Technology

October 15, 1992

Mr. William H. Maxwell, P.E. (MD13)

Office of Air Quality Planning and Standards
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Dear Mr. Maxwell:

In response to the Clean Air Act Amendments of 1990, the Electric Power
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated
Systems: Chemical Emissions Studies) program to better characterize the
source, distribution, and fate of trace elements from utility fossil-fuel-fired
power plants. As part of the PISCES program, the Field Chemical Emissions
Monitoring (FCEM) program has sampled extensively at a number of utility
sites, encompassing a range of fuels, boiler configurations, and particulate,
SO,, and NOy control technologies. EPRI is actively pursuing additional
FCEM sampling programs, with at least 22 sites either completed or planned.

This site report presents a preliminary summary of data gathered during a
sampling program conducted at one of the FCEM sampling programs - Site 15.
Site 15 consists of a pulverized coal-fired boiler burning bituminous coal and
an electrostatic precipitator. It should be noted that the results presented in
this report are considered PRELIMINARY. The results are believed to be
essentially correct except as noted. As additional data from other sites are
collected and evaluated, however, EPRI may conduct verification tests at this
site. If this is done, the new data will be made available to the Environmental
Protection Agency (EPA).

The primary objective of this report is to transmit the preliminary results
from Site 15 to the EPA for use in evaluating select trace chemical emissions
from fossil-fuel-fired steam generating plants. In addition to the raw data in
the Appendix, the report provides an assessment of the trace metals material
balances, discusses the data quality, identifies suspect data, and offers possible
explanations for the questionable data. Because the discussion only focuses
upon the suspect or invalidated data, please keep in mind that most of the
data meet the standards of quality established for this study. This report does
not compare the results from Site 15 with the results from previous utility
sites. Generic conclusions and recommendations were not drawn concerning
the effectiveness of the ESP as a potential control technology for trace
elements; however, removal efficiencies were calculated where possible. Nor
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does this site report attempt to address the environmental and health risk
impacts associated with the trace chemical emissions.

A thorough evaluation of the results from Site 15 revealed that some
sampling and analytical errors may have occurred. The data have been
qualified to note potential sampling or analytical errors, and where
significant biases or inconsistencies were substantiated, the data were
discarded. The most notable example was the flue gas measurements of
mercury.

The Site 15 mercury measurements in flue gas are believed to be biased low
due to incomplete recovery of mercury from the impinger solution prior to
analysis. The material balance calculations indicated that approximately 25%
of the mercury in the inlet streams could be accounted for in the outlet
streams. The mercury data are included in the report, even though the data
are suspect, because they do provide an approximation for mercury

emissions. The reader is strongly advised to exercise good scientific judgment
in using the flue gas mercury concentrations in any further evaluations.

EPRI hopes that this site report is of assistance to the EPA in evaluating

utility trace chemical emissions as well as the associated environmental and
health risk impacts.

Sincerely,

Noas

Paul Chu
Manager, Toxic Substances Control
Environment Division
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Section 1

INTRODUCTION

This report presents a summary of data gathered during a sampling program sponsored
by the Electric Power Research Institute (EPRI). The data have been prepared in a
manner suitable for use by the Environmental Protection Agency to study emissions from
fossil-fuel-fired power plants as mandated by the Clean Air Act Amendments (CAAA) of
1990. The plants studied during this project were chosen to reflect a cross section of the
existing technologies for controlling air emissions. They were not chosen to represent
"typical" fossil-fuel-fired power plant operation per se, nor should the solid or agueous
waste treatment systems used or discharge levels achieved be deemed representative of
the industry as a whole.

The project examined the fate of selected substances found in the process streams at the
host site. All of the relevant analytical data generated during the project are presented
in the appendices. The body of the report presents information relative to the composi-
tions of the coal and gas streams. Information on the gas streams is presented both as
concentrations and as units of energy.

This report is one of a series being produced under the Field Chemical Emissions
Monitoring (FCEM) project (RP 3177-1) sponsored by EPRI. The objective of this
project has been to measure selected inorganic and organic substances in the process and
discharge streams of power plants. Table 1-1 presents the list of substances of interest to
the program. Data on additional substances detected by the analytical methods em-
ployed are presented in the appendix. By characterizing all streams of interest, informa-
tion about the control and fate of these substances can be developed.

This report summarizes information about stack emissions from the operation of a
divided-wall, tangentially fired boiler burning medium-sulfur bituminous coal. Sampling
was conducted during October of 1990. Note that the results presented in this report
should be considered preliminary. At present, we believe them to be correct; however,
as information is obtained from other sites, samples are occasionally reanalyzed to obtain
additional information. Plants also have been resampled when the initial results do not
appear to be reasonable indicators of process performance.

The results reported in this document are of generally good quality and meet the
objectives of the FCEM study. They provide a more accurate and comprehensive
characterization of a power plant system than is often found in the published literature.
The samples upon which the reported results are based have been collected in a careful
manner using accepted and appropriate sampling and analytical methods. The sampling
and analytical results have been subjected to an extensive QA/QC evaluation (a separate

11
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Introduction

Table 1-1

FCEM Substances

Elements Organic Compounds

Arsenic Benzene
Barium Toluene
Beryllinum Formaldehyde
Cadmium Polycyclic Organic Matter (POM) *
Chlorine (as chloride)

Chromium

Cobalt

Copper

Fluorine (as fluoride)

Lead

Manganese

Mercury

Molybdenum

Nickel

Phosphorus

Selenium

Vanadium

*Also referred to as semivolatile organic compounds, including polynuclear aromatic hydrocarbons (PAHs).
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Introduction

QA/QC report is provided in Appendix E). In this report, the data which are of
satisfactory quality are simply reported and not extensively discussed. The focus of the
discussions is, instead, on those results which are questionable, uncertain, or known to be
of poor quality.

The technical approach used at each plant has been to employ "standard” sampling and
analytical procedures to the extent possible (i.e., the FCEM program is not a methods
development or research program designed to measure extremely low levels of emis-
sions). The target detection level for the selected substances in gas streams was

20 ug/Nn (as the FCEM project has progressed, lower levels of detection for some
species have been sought to provide more detailed information). The sampling protocol
is to obtain three sets of samples for the chemical analysis of each process stream. The
results are presented both by individual run and averaged with a 95% coanfidence interval
about the mean presented to demonstrate the process, sampling, and analytical
variability.

Section 2 of this report presents a brief description of the plant and sample locations.
Section 3 discusses the chemical analysis of the coal and the two gas streams sampled at
the plant. Section 4 discusses the results in terms of both analytical and engineering
considerations. Section 5 presents example calculations, and a glossary of terms is
provided in Section 6. The appendices present sampling and analytical methods, stream
concentrations, measured and calculated stream flows, particulate measurement results,
QA/QC information, and blank correction data. In particular, Appendix B contains
additional results of analyses for the substances listed in Table 1-1 using the preferred
analytical methods. Appendix C includes results of testing for other substances and/or
with alternate analytical methods.
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Section 2

SITE DESCRIPTION

The FCEM project has a policy of providing a site code for each plant that is sampled.
This plant has been designated Site 15. Descriptions of the test site and the sampling
locations are given in this section.

Facility Information

One coal-fired steam electric generator, with a capacity of approximately 600 MWe, is
located at Site 15, The unit began commercial operation in 1970. Figure 2-1 shows a
process flow diagram of the plant.

Pulverized coal is burned in a tangentially fired, divided-wall furnace manufactured by
Combustion Engineering. The boiler contains 40 burners placed on five elevations.
Overfire air is not used.

Eastern bituminous coals are acquired on a spot market basis. Low-sulfur and medium-
sulfur coals are segregated on delivery. During reclaim, the coals are blended to provide
a fuel with approximately 1.5% sulfur by weight to control sulfur dioxide emissions. In
addition, the boiler is equipped to substitute up to 16% of the heat input with natural
gas to further reduce sulfur dioxide emissions, if necessary.

Bottom ash is removed from the boiler ash hoppers by an ash sluicing system. An
electrostatic precipitator (ESP) system removes fly ash from the boiler flue gases, and
the fly ash is removed from the ESP hopper system by an ash sluicing system. The flue
gas treatment and ash removal facilities are described in greater detail below.

Flue Gas Treatment Facilities

The furnace flue gases flow through a duct system to two cold-side ESPs as illustrated in
Figure 2-2. Separate ducts are used to direct flze gases from each half of the divided
wall furnace to the ESP system. Air preheaters are located in each duct. Gas sampling
ports are located approximately 50 feet downstream of the air preheaters in a wide,
rectangular duct. The flue gases continue into a common triangularly shaped duct. The
ESPs are located along each outer wall, and flow distribution vanes are located at the
inlet and outlet of each ESP. The ESP gases are drawn through two induced draft fans
and discharged through a common stack.

2-1
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Site Description

TOP VIEW
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Figure 2-2. Diagram of Flue Gas Flow System for Site 15
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Site Description

Ash Removal Facilities

River water is used to sluice the bottom ash and fly ash. The water is chlorinated to
control the growth of algae and bacteria in process lines.

Bottom ash is sluiced into one of two dewatering bins. After a period of dewatering, the
bottom ash is trucked to an open storage area, where it is stockpiled for sale at a later
date. (The weight of bottom ash trucked to storage during the test program was used to
calculate the generation rate.) The associated sluice water is decanted into a settling
pond. The sluiced fly ash is transported by pipeline to an abandoned mine.

Sampling Locations

Samples were collected at several locations in the plant. Two input streams were
sampled: coal and river water. Intermediate process streams sampled include the inlet
gas to the electrostatic precipitators and the fly ash shurry. The sampling points are
identified in the process diagram, Figure 2-1. Following are brief descriptions of each
stream and sampling location:

» Coal samples were collected from sampling ports located on the coal feed chutes
to the five coal pulverizers;

* Service water samples were collected from a service water tap located in the
power plant building;

* Flue gas entering the electrostatic precipitator system was sampled from ports
located at the entrance duct to the ESP system (refer to Figure 2-2);

e Flue gas leaving the electrostatic precipitator system was sampled from ports
located at the 150-foot level of the stack;

e Fly ash slurry samples were collected from the fly ash sump area during a fly ash
sluicing event; and

* Bottom ash samples were collected at the bottom ash storage area while the
trucks were emptying the storage bins.

The procedures for collecting, pretreating, and analyzing samples are discussed in

Appendix A. Table 2-1 presents an overview of the types of analyses performed on these
streams.

24
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Site Description

Table 2-1

Process Stream Analyses

Volatile Semivolatile
Organic Organic
Stream Metals Anions Compounds Compounds Aldehydes
Coal v v
Bottom Ash v v
Collected Fly Ash v v
ESP Inlet Gas v v v v v
_ Stack Gas v -4 7/ v s
Service Water e 7
2-5
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Section 3

RESULTS

This section summarizes the results of the coal characterization and gas stream analyses.
Sampling Schedule

Site 15 was sampled in late October 1990. To obtain samples for analyzing the substanc-
es listed in Table 1-1, five sampling trains were used for sampling the ESP inlet and the
stack. The multi-metals and semivolatile trains require full traversing of the ducts. The
other three trains (VOST, anions, and aldehydes) are sampled at single points. Because
of load demands, equipment failures, and manpower restrictions, it was not possible to
complete all five trains on three successive days. Figure 3-1 presents the actual measure-
ments schedule. To our knowledge, there is no reason to suspect that the operation of
the plant during any test day was irregular and would, therefore, bave resulted in a
nonrepresentative data set. On October 25, 26, and 29, problems with the coal mills
prevented sampling. The plant is constrained by opacity and SO, limits, measured in the
stack, that has required co-firing with up to 15% natural gas at full load. Sampling was
occasionally delayed until only coal was being fired. The plant operated generally in the
range of 530-575 MWe during most of the testing.

As shown on Figure 3-1, five anion runs were taken. Two were voided when the filters
ruptured, contaminating the impinger solutions. Coal samples were taken to coincide
with metal and anion gas sampling events.

Data Treatment

Several conventions were developed for treating the test data and developing average
concentrations of substances in the various streams.

To determine the total gas concentration for each run, both the solid and vapor phase
contributions were considered. However, the absence of some reportable concentrations
in either (or both) phases required that conventions be developed for dealing with these
data and formulating emission factors. These conventions are summarized below.

For each substance, there are three possible combinations of vapor and solid phase
concentrations in the emitted gas stream. These are:

Case 1: The concentrations in both the solid and vapor phases are above the
reporting limits.
3-1
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Case 2:

Case 3:

Results

The concentrations in both the solid and vapor phases are below the
reporting limits.

The concentration in one phase is above the reporting limit, while the
concentration in the other phase is below the reporting limit.

For those constituents of interest other than mercury, HCl, and HF, the stack gas stream
data from coal-fired power plants have indicated that most of the material is present in
the solid phase, and only a minor fraction is generally found in the vapor phase. Thus,
the following conventions were selected for defining total gas stream concentrations:

Case 1:

Case 2:

Case 3:

The total concentration is the sum of the concentrations in the vapor and
solid phases.

For example, the total selenium concentration in the ESP inlet gas is
calculated as follows for Run 1:

Se in solid phase = 182 ug/Nor
Se in vapor phase = 5.9 ug/Nn?
Total Se in ESP inlet gas = 187.9 ug/Nor

The total concentration is considered to be the reporting limit in the solid
phase.

For example, the cadmium concentration in the ESP inlet gas is calculated
as follows for Run 3:

Cd in solid phase = NR(11 pg/Nmr)
Cd in vapor phase = NR(0.5 ug/Nmr')

where NR(11) indicates that the analytical result was below the reporting
limit of 11 ug/Nn? (see footnote in Table 3-1 for additional details).

Total Cd in ESP inlet gas = NR(11 ug/Nmr’)

The total concentration is considered to be the level measured above the
reporting limit, regardless of which phase this represents.

For example, the cobalt concentration in the stack gas is calculated as
follows for Run 3:

Co in solid phase = 2.8 ug/Nor

33
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Results

Table 3-1

Site 15 Coal Analyses (mg/kg Unless Noted)

Substance Ron1l Run 2 Run 3 Average 95% Cl
Load (MWe) 545 565 565 558 30
Coal (ib/hr) 412,000 424,000 425,000 419,000 16,600
HHV - Btu/Ib 13,100 13,000 13,000 13,000 140
Ash (% dry basis) 129 126 127 127 0.6
Sulfur (%) 1.74 1.54 152 1.6 03
Arsenic 15 11 12 13 5
Barium 204 128 253 195 157
Beryllium 13 0.9 10 11 0.5
Cadmium NR(8)* NR(7) 10 NR(8) -
Chloride 932 765 894 864 217
Chromium 28 2 27 25 9.
Caobalt 59 4.4 54 5 2
Copper NR(90) NR(81) NR(83) NR(90) -
Fluoride 76° 90" 79° 82 18
Lead 4.6 39 36 4 13
Manganese 28 30 26 28 5
Mercury 0.16 0.13 0.14 0.14 0.04
Molybdenum NR(1) NR(1) NR(1) NR(1.0) -
Nickel NR(20) 20 n NR(20) -
Phosphorus 231 234 232 232 4
Selenium 20 22 25 22 0.6
Vanadium 37 26 26 29 16

*NR = Below reporting limit; the reporting Limit is shown in parentheses. The "reporting limit® is the concentration below which
results are not routinely reported. The reporting limit is set at a concentration representing an upper tolerance for the method
detection limit (MDL). As described in Appendix B to 40 CFR 136, the MDL is a value that is calculated from a serics of
measyrements made at a particular point in time under a particular set of conditions; it is not an intriasic characteristic of a method.
Thus, for 2 given method, the numerica) value of the MDL will vary somewhat with each determination. Likewise, MDLs would be
cxpected to vary somewhat between instruments, between analysts, and between laboratories all using the same method. Thus, the
reporting limit, as the upper toleranee for the MDL, represents a laboratory-specific value below which the MDL would be expected to
fall for any determination in that particular laboratory, regardless of instrument, analyst, etc. The reporting limit does not necessarily
bave utility in regulatory application.

*Denotes concentration less than five times the reporting Limit.

3-4
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Results

Co in vapor phase = NR(5 pg/Nnr)

Total Co in stack gas = 2.8 ug/Nnr’

The above conventions are also in agreement with guidance provided by EPA (Technical
Implementation Document for EPA’s Boiler and Furnace Regulations, U.S. Environmen-
tal Protection Agency, Office of Solid Waste, Washington, D.C,, March 1992).

Testing at several sites has indicated that mercury, HCl, and HF are present primarily in
the vapor phase. For Case 2, then, the total concentration in the gas stream is consid-
ered to be the reporting limit in the vapor phase. For Cases 1 and 3, the methodologies
are unchanged from those described above.

The following criteria were used when averaging the results of different runs:

When all values for a given variable were above the method reporting limit, the
mean concentration was calenlated as the true arithmetic mean.

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

Analvtical Values Calculation Mean Value
10, 12, NR(8) (10+12+[8/2])/3 8.7

‘By our convention, the calculated mean was not allowed to be smaller than the

largest reporting limit value. In the following example, using one-half the reporting
limit value would yield a calculated value of 2.8. This is less than the highest
reporting level obtained, so the reported mean is NR(4).

Analytical Values Mean Value
5, NR(4), NR(3) NR(4)

When all analytical results for a given variable are less than the reporting limit, the
value reported as the mean or average is NR(x), where x is the largest reporting
limit. The bias estimate (used in calculating confidence intervals) is one-half of the
reporting level, and no confidence interval is reported.

Questionable analytical data have been excluded from all summary calculations.
These include results that indicate a sampling bias, analytical interference, or the
presence of organic compounds known to be common laboratory contaminants.

Concentrations were corrected against the blank where appropriate. Details of the blank
corrections are provided in Appendix G.
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Results

Coal

Table 3-1 shows the results of analyses of the coal samples. Appendix A presents the
analytical method reported for each combination of substance and stream. The concen-
trations reported here were measured using our choice of the best method for each
matrix. For each substance, a mean concentration has been calculated, along with the
95% confidence interval about the mean. The confidence interval is the range about the
calculated mean wherein the probability is 95% that the true mean lies. For example, it
can be said, with a 95% certainty, that the true mean arsenic concentration in coal is
between 8 and 18 mg/kg, based on the three results presented in Table 3-1. The
calculation of this confidence interval is discussed in Section 5 and in Appendix E. Most
of the substances in the table were analyzed using Inductively Coupled Argon Plasma
Emission Spectroscopy (ICP-AES). Other analyses were made using Neutron Activation
Analysis (NAA) and Graphite Furnace Atomic Absorption Spectroscopy (GFAAS).
Mercury was measured using Double Gold Amalgamation (DGA) with Cold Vapor
Atomic Absorption Spectroscopy (CVAAS). For those substances that could not be
quantified, the notation "NR(x)" is presented. This term means "not reported at a _
concentration of x.” The reporting limit can vary based on sample size, sample prepara-
tion, and analytical method (see footnote in Table 3-1 for additional details about the
reporting limit). '

ESP Inlet Gas

Table 3-2 summarizes the concentration measurements made on the gas exiting the air
preheaters and entering the electrostatic precipitators at Site 15. In addition to the
substances shown in this table, POMs were also analyzed; however, none were reported.
The trace element and anion concentrations for both solid and vapor phase fractions are
presented in Table 3-2. For the multi-metals train, the particulate filter, probe rinse, and
nozzle rinse fractions were combined and analyzed. The laboratory reported the
elemental result on a total weight basis, e.g., total milligrams of arsenic. When appro-
priate (i.e., if the substance was reported in the blank), this value was corrected against
the blank. This total weight was divided by the total mass of particulate collected to
obtain an elemental composition of the suspended ash. The suspended ash composition
was also compared to the collected ash composition (ash removed by the ESP) as an
additional verification of the consistency of the measured solids composition. The
compositions generally agreed well.

The total suspended ash flow rate was calculated, by difference, as the amount of ash
entering the boiler with the coal less that being removed as bottom ash (truck weigh
scales were used to estimate the bottom ash generation rate over the sampling periods).
(The suspended ash flow and composition were measured, but this is a difficult sampling
location. The calculated suspended ash flow is a more reasonable estimate than the
measured flow as indicated in Appendix, D, pp. D-4.) The suspended ash flow rate was
multiplied by the elemental concentrations to obtain a solid phase substance mass rate.
When divided by the gas flow rate, this value becomes the solid phase portion of the gas
concentration. The multi-metals train impingers were analyzed directly for total

3-6

PRELIMINARY DO NOT CITE OR QUOTE




Results

*( uon93§ Uy uoENoLlp 998) sajdwus osay BwzAjvun U PAUNOIUL GIAM BWH|GOIJ ‘MO] 0Q OF PIIIASOE AV KUOHEIUINO LN oswyd zodea psuodaa syl
yuny Surpodar a1 AW SAY LU 53] UOHENUINU0D ENOUN],

-sosoguaied up umoys o) Jwy Suuoday i) Swpodu mopg = YNg

‘UOLIRIIUIZU0 PANLLNED UT BU PIEn SIRAIRUN YsY A PaII||0D,

oL L ol ¥ 9 - - - suanjo L
- (6N (&¥N (®UN GBRIN - - - apiysp[euiog
T L L 9 8 - - - suszusg
809 098'7 (01N ODEN (6N 089'T 09L°T OEl'E wnipeusy
4] 161 gzl 56'S 26§ 5 081 o S81 s 281 wniuageg
00L'€ 008'77 QYN N ¢ 1uEN 2 ODETT 2 005'12 ¢ 00F'¥7 snuoydsoyd
8ET. 080°1 ©1dN ODY¥N (6N 5 011°1 5 SL6 5 091°1 [PAIN
051y 068'T (SDUN Crar T (rTHN 2 0E9'T 006'T ose'e wnuapqljol
6L 9y £6'0 50F0 150 o F N sl p AINAIW
165 0£8°7 8Ly 1 £91 069°'T T4 94 019'T ssauviuepy
L61 olE'l (ODUN 2 LT (NN o 06Tl 087’1 (ir4 | per]
0l0'e 091y ¥EO'E otl'e £n's o BFL v §91 0 987 spuonig
68¢ 066 O1IN AN (6hIN > 258 2 OL6 o1 1eddor
£81 €8¢ (shN (shiN {SVIN 2 §T§ 655 999 pLs )
£9 088°1 (V4N (SN (N osL't 06L'1 060°T wnsyD
001°'sZ 001'19 000'29 00L'6¥ 00L'69 s (CTOUN a 0PIl o 86§ pUOYD
- @INYN (s'00dN 2 E5°0 (5'00dN (IUN (IUN 1NN waywpeD
44 vL (NN (N (NN 2 16 2 9§ o bL wap g
0ss'1 00z'01 (S)UN ($HN (NN 009°6 001°01 008°01 waueg
1S 196 (©UN {ZDUN q (WDUN o b8 ¢ 8T8 ¢ 00T'1 WIRTY
(4 s Tn on 4] ((wNAwRd) aweinonteg
58 00%'6¢ 009'6¢ 0006 0056 ayqp awnomeg
000°Z$1 000°L96 000'000°1 000°000°1 000'968 (wyos) molg 2D
D %sé i sl 7o T oed ] ol T omi FoRBgng
PITIQUIO)
oy Jodep oy pios

(pajou ssajun nEz\mé uogisodwos sex) Jaju] dS3

¢-t 9qeL

DO NOT CITE OR QUOTE

3-7

PRELIMINARY




Results

elemental mass, corrected against the blank, and divided by the sampled gas volume to
obtain the vapor phase concentration.

Several substances require a brief discussion regarding the derivation of their concentra-

tion values. The concentration determined using Hydride Generation for arsenic in the
suspended particulate matter does not agree well with that determined by Graphite
Furnace and Neutron Activation for collected fly ash (average of 14 vs. 96 mg/kg). With
a coal arsenic concentration of 13 mg/kg and coal ash concentration of 12.7%, the
collected fly ash levels appeared more realistic and were reported in Table 3-2.

Chloride, fluoride, and phosphorus determinations were not made on the suspended ash
fraction. The solid phase gas concentrations in the ESP inlet gas, as presented in Table
3-2, are based on the analysis of the collected fly ash for these three substances. (Since
greater than 99% of the ESP inlet particulate is collected in the ESP, the collected ash
should have the same composition.) Also, the measured lead concentration in the
suspended ash for Run 3 did not agree well with the collected fly ash concentration. The
three suspended ash lead compositions were 114, 116, and 38 mg/kg, while the corre-
sponding collected fly ash values were 110, 110, and 110 mg/kg An average concentra-*
tion of 110 mg/kg was, therefore, used for the suspended ash in the calculation for Run
3 and so denoted on the table. In addition, the reported molybdenum levels may be high
by as much as an order of magnitude and, therefore, should be considered questionable
(analyses appeared to be biased high because of matrix interferences). These issues are
discussed in greater detail in Section 4 of this report.

Stack Gas

Table 3-3a and 3-3b present the concentration and unit-energy basis results of stack gas
emission measurements from Site 15. The data are presented as solid and vapor phase
concentrations with the mean and confidence interval corresponding to the combined
phase. Concentrations in the particulate matter were corrected for reported concentra-
tions of the substance in the blank sample. In such cases, the blank value was subtracted
from the sample value. Since the particulate loading is 99% lower in the stack gas than
in the ESP inlet gas, these blank corrections are more significant in the stack gas
measurements.

Some of the solid phase concentrations for Run 3 appear to be questionable; however,
there is no discernible reason to eliminate or substitute values other than the lead
concentration of Run 3. As shown in Table 3-1, the coal lead level was consistent over
the sampling period. As shown in Appendix B, the collected fly ash lead concentrations
vary from 110 to 130 mg/kg over the test period. For the three emitted particulate
measurements, the reported levels of lead were 112, 195, and 4,030 mg/kg. Since the

st x particulate matter concentration (grain loading) was consistent over the test period,
thez is no explanation for such a tremendous discrepancy in the emitted particulate lead
concentration for Run 3. Therefore, the average lead concentration in the stack gas was
calculated using values from Runs 1 and 2 only. Cadmium shows a significant increase
in Run 3 also; however, it was reported in the coal during this sampling period but had
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Stack Gas Emission Factors (Ib/10'° Btu Unless Noted)

Substance
Gas Flow (scfm)

Particulate (Ib/hr)
Particulate (1b/MM Btu)

Arsenic
Barium
Beryllium
Cadmium
Chloride
Chromium
Cobalt
Copper
Fluoride
Lead

Manganese

Mercury

Molybdenum

Nickel

Phosphorus

Selenium
Vanadium
Benzene

Formaldehyde

Toluene

Table 3-3b

Average
Emission
Factor
1,160,000
152

0.028

13
34

04

3.1
46,700
12

2.0

55
3,850
43

86
NC®
53

5.9
NC®
77

14

0.8
NR(5) ©
52

95% CI
of Mean

38,000
67
0.012

53
10
0.03

7,640
15
0.8
54
1,770
4.1

54
NC?
6.7
3.3
NC®
38
5.7
2.7

18

“NC = Not calculated. The reported vapor phase mercury concentrations are suspected to be low.
Problems were encountered in analyzing these samples (see discussion in Section 4).

®NC = Not calculated. Phosphorus in stack gas solids was not measured.
°NR = Below reporting limit. Reporting limit is shown in parentheses.
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been below the reporting limit during the first two tests. Copper and chromium values
for Run 3 are twice as high as in the first two runs; however, this is not considered to be
an inordinate amount of variability. Again, the molybdenum values are considered
suspect because of analytical interferences, as discussed in Section 4.

The small sample size of the emitted particulate matter precluded direct analysis for
chloride, fluoride, and phosphate (particulate matter was analyzed for trace elements).

ESP Performance

Table 3-4 presents the average removal efficiency of the ESP calculated for various
substances. The flow rates at the ESP inlet and stack gas were not equal (the inlet was
about 85% of the stack flow) because of the in-leakage of air, so the concentrations in
Tables 3-2 and 3-3a cannot be used directly to calculate removal efficiency. Instead, the
mass flow rates of each substance in the ESP inlet gas and stack gas were calculated
using the respective gas flow rates. These mass flow rates were then used to compute
the removal efficiencies shown in Table 3-4.

The average particulate removal efficiency is 99.6 percent. Most of the trace elements
are also removed quite effectively.

Other Species of Interest

Other chemicals not on the FCEM list (Table 1-1) which are listed in Title III of the
CAAA of 1990 were also measured. These concentrations are listed in Appendix C.
Measurements in which concentrations for at least one run were above the reporting
limits are summarized in Table 3-5.

Phenol was reported in only one of three samples in both the ESP inlet gas and the stack
gas. The phenol concentration of 77 ug/Nm’ reported in the ESP inlet gas during Run 1
appears inordinately high, since the concentrations were either below the reporting limits
of 6-10 pg/Nn? or close to these limits (9.0 ug/Nn? in the stack gas during Run 2) in
both the ESP inlet gas and the stack gas. Although the phenol level of 77 pg/Nm?
appears to be an outlier, in the absence of any other confirming data, this data point was
not excluded when calculating the mean phenol concentration.
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Table 34

ESP Removal of Selected Substances

Substance Removal
Particulate 99.6%
Arsenic 99.8%
Barium 99.5%
Beryllium 99.1%
Cadmium NC
Chloride 0*
Chromium 99.0%
Cobalt 99.5%
Copper ' 99.1%
Fluoride 0*
Lead 99.5%
Manganese 99.5%
Mercury NA
Molybdenum 99.7%
Nickel 99.1%
Phosphorus NC
Selenium | 35.4%
Vanadivm 99.2%
Benzene 80.6%
Formaldehyde NC
Toluene 0"

*Calculated values were negative. Zero percent removal efficiency is shown in table.
NC = Not calculated (below reporting limit or not measured in eitber ESP inlet or stack).

NA = Not available. The reported vapor phase mercury concentrations are suspected to be low. Problems
were encountered when analyzing these samples (see discussion in Section ).
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Table 3-5

Other Species of Interest

pg/Nm?
95% CI

ESP inlet Run 1 Run 2 Run Mean  of Mean
Substance
Phenol 77 NR(72)*  NR(6.1) 28 106
Acrolein 21 NR(10) NR(1)  NR(11) -
Ethyl Benzene 11° 0.79° 14° 1.1° 0.76
m,p-Xylene 4.6 3.2 6.2 4.7 3.7
o-Xylene 1.0° 073 22" 13° 19

Stack Gas
Substance
Phenol NR(9.9) 90°  NR(60) NR(9.9) -
m,p-Xylene 13 0.67° 14° 5.0 17

*NR = Below the reporting limit. Reporting limit is shown in parentheses.

*Denotes a value less than five times the reporting limit.
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Section 4

DATA ASSESSMENT

Several procedures can be used to evaluate the information developed during a field
sampling program. Within the overall FCEM program, three methods are used to assess
data quality. The first is the use of material balances. If closure of a substance material
balance can be made within an acceptable percentage, the measurements that have been
made should be representative of the process operation. Since material balances involve
the summation and comparison of component mass flows in several streams, often
sampled by different procedures and analyzed by different methods, good agreement
indicates either accurate results or a statistically improbable degree of luck. The second
data assessment method involves the traditional QA/QC protocols of laboratory analysis,
i.e., duplicates, blanks, spike recovery, etc. For some elements, it is not possible to
obtain a material balance, perhaps because of low concentration levels, so that QA/QC
results are the only way to verify that the measurements were performed correctly.
Finally, current results can be compared with literature information, where available.

Material Balance Results

At Site 15, four key streams define the overall plant material balance: coal, bottom ash,
collected fly ash, and stack gas. For substances of interest, stream flow and concentra-
tion distributions (average and standard deviation) were used as the input to an error
propagation model to estimate the uncertainty in the overall material balance closure.
Closure is defined as the ratio of outlet to inlet mass. A 100% closure indicates perfect
agreement. When trace substances are analyzed, a closure between 70 and 130% has
been set as a goal for the FCEM project. This range reflects the typical level of
uncertainty in the measurements and, therefore, permits one to interpret the inlet and
outlet stream component mass flow rates as being statistically equivalent. Poor closures
usually indicate measurement problems in one or more types of sample matrices.
However, poor closures do not necessarily mean that emissions measurements are in
error. Since the emission rate of many substances is less than 1% of the mass entering
with the coal, the material balance closure is controlled by measurements of coal, bottom
ash, and collected fly ash.

Table 4-1 presents the results of the material balance error propagation analysis. The
detailed calculations are presented in Appendix E. All of the substances present at fairly
high concentrations in the coal show closures in the desired range (aluminum, calcium,
jron, magnesium, potassium, magnesium, sodium, titanium). This indicates that the flow
rates for the streams and the chemical analyses for these substances are probably
accurate.
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Table 4-1

Material Balance Closure and Uncertainty

Substance Closure Uncertainty
Aluminum 111% +8.7%
Arsenic 65% +40%
Barium 74% +52%
Beryllium 98% +30%
Calcium 79% +20%
Chloride 70% +14%
Chromium T7% +26%
Cobalt 106% +30%
Fluoride 65% +24%
Iron 81% +44%
Lead 280% +57%
Magnesium 83% +7.8%
Manganese 109% +18%
Mercury 26%" +17%*
Phosphorus 101% +19%
Potassium 124% +45%
Selenium 78% +23%
Sodium ‘ 96% +27%
Titanium 112% +18%
Vanadium 97% +37%

*Measured mercury concentrations in the gas streams are considered to be unreliable because of difficulties
encountered during analysis. For this reason, the calculated material balance closure is highly questionable.
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Data Assessment

The closures for some substances could not be calculated because their concentrations
were not reported in a key stream. For example, cadmium, copper, nickel, and molybde-
num were not reported in the coal; therefore, material balances could not be developed
for these substances. For those substances showing closures between 70 and 130%, the
data are considered valid and no further discussion is presented (barium, beryllium,
chloride, chromium, cobalt manganese, phosphorus, selenium, and vanadium). Substanc-
¢s that did not or could not show acceptable closures, and the organic substances
measured, are discussed below. Material balances were not attempted for organic
species, since these species are not necessarily conserved in the plant (i.e., they can be
created or destroyed by reaction as they pass through the plant).

Substance Discussion

Although closures are outside the desired range for some substances, the uncertainty
associated with the closure is typically large and often encompasses 100 percent. For
most substances the data are adequate in terms of describing the operation of Site 15.
Those substances for which material balance closures are outside the 70 to 130%
acceptable range, or for which material balances were not developed, are discussed
below.

Arsenic

As shown in Table 4-1, the closure for arsenic is 65 + 40 percent. The major contribu-
tors to the uncertainty are variabilities in the coal and fly ash compositions. An average
closure under 100% indicates that the coal concentration is high and/or that the ash
levels are low, since arsenic was not detected in the vapor phase of the stack gas. We
suspect that the ash values are low, although the confidence interval includes 100%
closure.

Arsenic concentrations in coal were measured using a fusion technique followed by
HGAA and by NAA. The averages of the results were similar for these two methods,
but there was much more variability in the NAA results (range from <5 to 23 mg/kg)
than in the fusion/HGAA results.

All collected fly ashes and all bottom ashes were analyzed for arsenic by microwave
digestion followed by both HGAA and GFAA. Only HGAA was used to analyze
suspended ash (particulate matter entering the ESP) and emitted particulate (filter solids
in the stack). Onme fly ash and one bottom ash sample were analyzed by NAA for
method confirmation.

The bottom ash reporting limits were 5 mg/kg for microwave digestion HGAA and

4 mg/kg for GFAA and NAA. The arsenic concentration was below the reporting limit
for all bottom ash samples analyzed. Because arsenic was not reported in the bottom
ash using any of the three analytical procedures, we believe that the true value is less

than 5 mg/kg.
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The arsenic concentration in collected fly ash samples measured by HGAA averaged

10 mg/kg, which is slightly above the reporting limit of 5 mg/kg. Matrix spike recoveries
were near 40%, and the arsenic recovery in the NBS standard fly ash was 85 percent.
The arsenic recovery in a blind performance evaluation sample was only 8.3%, indicating
a severe bias. One set of duplicate arsenic analyses in collected fly ash differed by 83
percent. Therefore, the HGAA analysis is suspect for not only the collected fly ash but
also the ESP inlet and stack particulate matter.

The average arsenic concentration in collected fly ash measured by GFAA was 96 mg/kg
which agrees very well with the NAA confirmation sample value of 97 mg/kg. The
analytical value for suspended fly ash (i.e., particulate matter in the ESP inlet gas)
should be essentially identical in composition to the collected fly ash. However, using
HGAA, an average value of 14 mg/kg was reported for the suspended ash. Therefore,
the GFAA values for the collected fly ash analysis were used to calculate the solid-phase
arsenic level in the ESP inlet gas shown in Tables 3-2a and 3-2b.

There was a significant enrichment of arsenic seen in the emitted particulate matter
(average arsenic concentration of about 500 mg/kg) using HGAA. The small sample
volume precludes the use of alternative analytical methods to verify this value. Although
HGAA did not produce acceptable resulits at lower concentrations in the bulk ash
samples, at higher levels it may be suitable. Therefore, the stack gas particulate
concentration is suspect, although no data exist from which to calculate a better value.

In both the ESP inlet and stack gas streams, the concentration of arsenic present in a
vapor state was less than the reporting limit of about 1-14 gg/Nm?.

Cadmium

An overall material balance could not be performed for cadmium because concentrations
were below analytical reporting limits in the coal (using NAA) and in fly ash and bottom
ash (using microwave digestion and GFAA). However, the cadmium mass rates in the
emitted particulate matter could be measured. The calculated mass rate in the stack gas
(solids) is on the order of 3 1b/trillion Btu of coal input to the boiler. With this low
emission rate, additional efforts to quantify the incoming cadmium concentrations may
not be warranted. The estimated coal concentration equivalent to this emission rate is
0.03 mg/kg.

Copper

The copper material balance could not be calculated because the copper concentration
in the coal was below the NAA reporting limit (90 mg/kg). Copper concentrations in
ashes indicated that the coal copper concentration should be 10% or less of the NAA

reporting limit. No vapor phase copper was detected at levels of 5 to 11 ug/Nm?’ in the
ESP inlet or stack gas streams.
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Fluorine

The overall fluoride material balance closure was 65 + 24 percent. However, the coal
concentration values were less than five times the reporting limit, so the input mass is
uncertain. Gas phase fluoride measured concentrations at the ESP inlet were lower than
measured levels in the stack. This is not physically possible. Some concerns about the
HF capture efficiency in the impingers were raised, but subsequent testing at a different
site indicated that HF is effectively trapped in the anion train’s impingers.

Appendix E contains information about the contribution of each stream to the fluorine
material balance uncertainty.

Lead

The overall material balance for lead was 280 + 57 percent. Analytical quality control
data for the laboratory control sample and matrix spike recoveries do not indicate

serious positive or negative interferences with either the coal or ash analyses. However,
the lead recovery for the blind performance evaluation sample was 179%, indicating a
possible positive interference. It is also-possible that variations in lead concentrations in
the feed coal were not adequately represented by the ash samples collected.

Mercury

The overall material balance closure for mercury was 26 + 17 percent. However, it was
discovered during later sampling efforts that a significant portion of the mercury present
in the sampled gas was collected in the nitric acid impingers of the multi-metals sampling
train. The contents of these impingers were not analyzed properly because insufficient
permanganate (which reacts with hydrogen peroxide in the impinger solution) was added
prior to analysis by CVAAS). Thus, the reported vapor phase mercury levels are
believed to be lower than the actual concentrations. (At some subsequent test sites, the
mercury balance closures have still been low, even when correct analytical procedures
were used for impinger solutions. There remains a possibility that measured mercury
concentrations in coal samples are high.)

Molybdenum

The molybdenum concentration in coal is below the NAA reporting limit (1.5 mg/kg).
This reporting limit is near the low end of coal molybdenum concentrations reported for
this coal type in the PISCES database. In addition, internally consistent analytical data
could not be obtained for molybdenum in any of the ash streams prepared by microwave
digestion and analyzed by ICP-AES. Molybdenum recovery from the NBS (NTIS) 1633a
Standard Reference Material (coal fly ash) analyzed with the Site 15 samples was over
1000 percent. This bias can be attributed to spectral interferences from aluminum and
iron in the ash matrix. The concentrations reported were less than five times the
analytical reporting limit and less than three times the level in the digestion blank. The
multi-element ICP-AES method developed for hazardous waste incinerators is not suited
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for measuring low molybdenum concentrations in coal ash matrices. It is probable that

similar interferences would be observed if coal were digested and analyzed by ICP-AES.
Alternative methods should be identified for analysis of molybdenum in coals and their

associated ashes.

Analysis by another analytical technique such as NAA can also be used to identify a
systematic bias resulting from such a procedure. For the purposes of this study, one fly
ash sample and one bottom ash sample were submitted for analysis by a standard NAA
method for ashes. The molybdenum concentrations measured were below the NAA
reporting limits; however, this reporting limit is an order of magnitude lower than the
concentrations measured by ICP-AES (NR(11) mg/kg for NAA versus 160 mg/kg for
ICP-AES). Therefore, the particulate phase molybdenum concentrations measured in
the ESP inlet and outlet streams and presented in Tables 3-2 and 3-3 may be significant-
ly higher (by as much as an order of magnitude) than the actual concentrations, since
they are based on ICP-AES results. The amount of molybdenum in these streams is
relatively small, however, compared to the quantities present in the ash streams. Thus,
the effect on the material balance of biased molybdenum concentrations in the gas
stream is small.

Benzene

Benzene was reported at 5-6 ug/Nny in all three samples from the ESP inlet. It was
only reported once at 2 ug/Nnr in the stack (2 values at <0.5 ug/Nnt'). No reason is
evident for this apparent decrease across the ESP.

Toluene

Toluene was reported at 6 to 7 ug/Nm® at both the ESP inlet and stack for all six
samples.

Formaldehyde
Formaldehyde levels were below reporting limits of about 7 xg/Nno7 in any gas samples.

POMs

No polycyclic organic compounds, including polynuclear aromatic hydrocarbons (PAHs),
were identified in any gas stream.
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Section 5

EXAMPLE CALCULATIONS

This section presents the methodology and sample calculations used to develop the
results presented in Sections 3 and 4. Specifically, the calculation of stream flow rates,
unit-energy basis results, mean values, and confidence intervals are presented.

Stream Flows

Appendix D contains information about the stream flows measured or calculated at Site
15 during the sampling period. After receiving data from the laboratory on stream
compositions, it became evident that not all of the measurements were consistent.
Therefore, to present more accurately the distribution of substances, some realistic
simplifications have been made where appropriate. Several flows have been used as
measured, since there is no alternative method for determining them short of performing
design basis calculations. These flows include the coal feed rate (taken from plant
totalizers), the stack gas flow rate (measured during testing), and the bottom ash
generation rate (estimated by truck weights during testing). Using these three flow rates
and appropriate concentration measurements, a set of consistent stream flows were
determined.

There were two stream flow rates that were very difficult to measure at Site 15: the ESP
inlet ash flow rate and the collected fly ash flow rate. The collected fly ash was sluiced
from hoppers on an irregular cycle. Since hopper volume varied, it was impossible to
determine this flow directly. Similarly, the gas entering the ESP has a high dust load.
The duct used for sampling was horizontal, which required vertical probe traverses. It is
likely that stratification occurs both vertically and horizontally in the short transition duct
between the air preheater and the ESP. As shown in Figure 2-2, only six of some 30
ports were used for sampling. Therefore, the corresponding gas flow and grain loading
measured at this location could be unrepresentative. However, vapor phase samples and
the composition of the ash collected were assumed to be unaffected by this potential
bias. Since ash is a major source of most trace substances, a balanced ash distribution
was used to estimate several flow rates. Table 5-1 presents the measured and calculated
distribution of ash at Site 15 using data from October 23, 1990 (Run 1). The coal ash
concentration multiplied by the coal consumption rate gives the total ash input. As
described earlier, the bottom ash rate was measured by weighing trucks that were moving
bottom ash to storage during the test period. By, difference, the suspended ash concen-
tration can be calculated as 39,520 Ib/hr, versus 45,600 1b/hr measured in the duct. Both
the bottom ash and fly ash contained some material which was "lost on ignition", i.e.,
unburned carbon; therefore, a small adjustment was made in these streams to determine

5-1
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Example Caiculations

Table 5-1

Ash Distribution for Run 1

Stream Flow (lb/hr

Ash Ash Flow

Stream Concentration Measured  Calculated  (hs/hr)
Coal 12.9% 432,000 53,070
Bottom Ash 92% 16,930 15,480
Suspended Ash 9% 39,520 37,590
Emitted Particulate 100% 158 158
Collected Fly Ash 9% 38,990 37,430
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Example Calculations

the true "ash" flow. The grain loading measured at the stack was then subtracted from
suspended ash to provide the collected fly ash rate. This calculation was duplicated for
each test period. Average flows and standard deviations were used to perform the
material balance calculations detailed in Appendix E.

The gas flow rates at the ESP inlet were calculated from the stack gas flow rates and the
oxygen concentrations at the two locations. This was done because the measured flow
rates at the ESP inlet were inconsistent with those measured at the stack, and the stack
measurements were considered the more accurate. The ESP inlet flow rate was
measured from duct ports located considerably less than the desired ter diameters
upstream or two diameters downstream of flow disturbances.

A calculation was made for each run. For example, for Run 2, the stack gas flow rate
was 1,170,000 dscfm, while the oxygen content was 9 percent. The ESP inlet oxygen
content of 7% indicates a 15% in-leakage of air between the two locations. Therefore,
the ESP inlet flow rate is calculated to be 85% of the stack flow rate, or 1,000,000 dscfm.

The caiculation of the ESP inlet gas compositions shown in Table 3-2 requires the
addition of the solid phase and gas phase concentrations. The gas phase concentrations
were obtained by direct measurement, with the laboratory analysis of the collection
impingers providing the total collected mass of a vapor phase substance, which is then
divided by the gas volume measured during the sampling. The solid phase component of
the gas stream was calculated by multiplying the ash elemental concentration (either
suspended or emitted particulate matter) by the ash mass rate (calculated for suspended
ash, measured for emitted ash) and dividing by the respective volumetric gas flow rate
(ESP inlet or stack).

For example, the barium concentration in the suspended ash for Run 1 is 870 mg/kg.
The ash flow, from Table 5-1, was 39,500 Ib/hr, which gives a barium mass flow of 15.6
kg/hr. The ESP inlet gas flow for Run 1, corrected for the oxygen concentration, was
896,000 dscfm, which is equal to 1,440,000 N /hr (35.3 f¢ /o?’, 1.057 temperature
correction). Dividing the mass rate by the gas flow produces the solid phase gas
concentration of 10,800 ug/Nm’ shown in Table 3-2. The vapor phase concentration is
found directly in Appendix B as <5 pg/Nnr.

The emitted particulate contribution to the stack emissions is obtained in the same
fashion. However, instead of calculating the solids mass rate, the grain loading obtained
during the testing is used. For Run 1, a mass of 158 Ib/hr of particulate matter was
emitted. The elemental barium concentration of 1,020 mg/kg in the particulate results
in a mass flow of 0.073 kg/hr, which divided by the stack flow (1,140,000 dscfm =
1,800,000 Nur /hr), produces a concentration of 40 xg/Nmnr’, as shown in Table 3-3a.

Unit Energy Calculation

In addition to the gas phase concentrations, a unit-energy basis emission rate has also
been developed for each substance. These emission rates were determined by using the
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Examplé Calculations

average mass flow of a substance (as developed above) and dividing by the heat input to
the boiler during testing. The heat input was obtained from the coal flow rate and the

average higher heating value (HHV) of the fuel.

The average coal mass rate was 419,000 1b/hr with a HHV of 13,000 Btu/1b, for a heat
input of 0.00545 x 10? Btu/hr. Using arsenic as an example, the average stack gas flow
of 1,160,000 scfm (1,830,000 Nmr' /hr) multiplied by the arsenic concentration of 18
pg/Not is equal to 0.073 Ib/hr. Dividing by the heat input produces the average arsenic
emission factor of 13 Ib/10" Btu shown in Table 3-3b.

Example calculations of confidence intervals are presented in Appendix E.
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Btu

CFBC

DGA
dNm’®
DQO
dscth
ESP
FCEM
GFAAS
HGAAS
HHV

IC

ICP (ICAP, ICAPES,

ICP-AES)
ID
MDL
MSD
NAA
NBS
NC

NR
PAH
POM
PSD
QA/QC
RPD
SIE
TNMHC
vOC
VOST
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GLOSSARY

British Thermal Unit

Clean Air Act Amendments

Circulating Fluidized Bed Combustion

Cold Vapor Atomic Absorption Spectroscopy
Double Gold Amalgamation

Dry Normal Cubic Meter

Data Quality Objectives

Dry Standard Cubic Feet per Hour

Electrostatic Precipitator '

Field Chemical Emissions Monitoring

Graphite Furnace Atomic Adsorption Spectroscopy
Hydride Generation Atomic Absorption Spectroscopy
Higher Heating Value

Jon Chromatography

Inductively Coupled Argon Plasma Emissions Spectroscopy

Induced Draft

Method Detection Limit

Matrix Spike Duplicate

Neutron Activation Analysis
National Bureau of Standards

Not Calculated

Not Reported (below reporting limit)
Polynuclear Aromatic Hydrocarbons
Polycyclic Organic Matter

Particle Size Distribution

Quality Assurance/Quality Control
Relative Percent Difference
Selective Ion Electrode

Total Non-Methane Hydrocarbons
Volatile Qrganic Compound
Volatile Organic Sampling Train
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Detailed Sample Collection/Preparation/Analysis Tables
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Appendix A

Table A-2

Preparation Procedures and Chemical Analysis Methods
Applied to Coal at Site 15

Component Method Reference Coal

ULTIMATE ANALYSIS OF COAL
Ash ASTM D 3174 X
Carbon ASTM D 3178 | X
Hydrogen ASTM D 3178 X
Nitrogen ASTM D 3179 X
Sulfur ASTM D 4239 X
Heating Value ASTM D 2015 X

PROXIMATE ANALYSIS OF COAL
Moisture ASTM D 3173 X
Ash ASTM D 3174 X
Volatiles ASTM D 3175 X
Fixed Carbon Calculated X

FCEM TARGET ELEMENTS BY INAA

Preparation None

Analysis by INAA
Arsenic Karr, Chapters 12 and 46 X
Barium Karr, Chapters 12 and 46 X
Cadmium Karr, Chapters 12 and 46 X
Chromium Karr, Chapters 12 and 46 X
Chlorine Karr, Chapters 12 and 46 X
Cobalt Karr, Chapters 12 and 46 X
Copper Karr, Chapters 12 and 46 X
Manganese Karr, Chapters 12 and 46 X
Mercury Karr, Chapters 12 and 46 X
Molybdenum Karr, Chapters 12 and 46 X
Nickel Karr, Chapters 12 and 46 X
Selenium Karr, Chapters 12 and 46 X
Vanadium Karr, Chapters 12 and 46 X
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Table A-2
(Continued)
Component Method_Reference
BERYLLIUM, AND LEAD ANALYSIS IN COAL
Preparation
Oxygen Bomb Combustion ASTM D 3684
Mixed Acid Residue Digestion Lindahl and Bishop
Analysis by ICP-AES
Beryllium SW 6010
Analysis by GFAA
Lead SW 7421
ARSENIC AND SELENIUM ANALYSIS IN COAL
Preparation
Eschka Mixture Fusion ASTM D 4606
Analysis by HGAA
Arsenic ASTM D 4606
Selenium ASTM D 4606
CHLORINE AND FLUORINE ANALYSIS IN COAL
Preparation
Oxygen Bomb Digestion ASTM D 2361/ASTM D 3761
Analysis by Ion Chromatography
Chloride SM 407C
Analysis by Ion Selective Electrode
Fluoride ASTM D 3761
TOTAL PHOSPHORUS ANALYSIS IN COAL
Preparation
Ash and Acid Digestion ASTM D 2795
Spectrophotometric Analysis
Total P, Spectrophotometric ASTM D 2795
MERCURY ANALYSIS IN COAL
Preparation
Double Amalgamation Karr, Chapter 14
Analysis by CVAA
Mercury Karr, Chapter 14
A-6
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Table A-2
{Continued)
Component Method Reference Coal
ADDITIONAL INORGANIC ANALYTES
IN COAL
Preparation " None
Analysis by INAA
Aluminum Karr, Chapters 12 and 46 X
Calcium Karr, Chapters 12 and 46 X
Iron Karr, Chapters 12 and 46 X
Magnesium Karr, Chapters 12 and 46 X
Potassium Karr, Chapters 12 and 46 X
Sodium Karr, Chapters 12 and 46 X
Titanium Karr, Chapters 12 and 46 X
Zinc Karr, Chapters 12 and 46 X

Karr, C. Jr., (ed)., "Analytical Methods for Coal and Coal Products”.
SW is EPA SW-846, "Test Methods for Evaluating Solid Waste".
Lindahl, P.C. and A.M. Bishop. "Determination of Trace Elements in Coal by An

Oxygen Bomb Combustion/Atomic Absorption Spectrophotometric Method." Fuel 61,
(7), pp. 658-662 (1982).
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Preparation Procedures and Chemical Analysis Methods

Table A-4

Used to Measure Organic Chemical Components at Site 15

Component

VOLATILE ORGANIC COMPOUNDS

Sample Collection
VOST
Analysis by GC/MS
Benzene
Toluene
FORMALDEHYDE
Sample Collection
DNPH Impinger *
Analysis by HPLC
Formaldehyde

POLYNUCLEAR AROMATIC
ORGANIC COMPOUNDS

Sample Collection
MMS5

Preparation
Soxhlet Extraction

Analysis by GC/MS
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene

PRELIMINARY
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Method Reference

SW 0030

SW 8240
SW 8240

SW 0011

TO5"®

SW 0010

SW 3540

SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270
SW 8270

-SW 8270

>
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Table A-4
{Continued)

Component Method Reference Flue Gas
Naphthalene SW 8270 X
Phenanthrene SW 8270 X
Pyrene SW 8270 X
2-Methylnaphthalene SW 8270 X
3-Methylcholanthrene SW 8270 X
7,12-Dimethylbenz(a)anthracene SW 8270 X

*DNPH is 2,4-dinitrophenylhydrazine.

*TOS is EPA Compendium of Methods for the Determination of Toxic Organic Com-
pounds in Ambient Air, EPA 600/4/84/041.

SW is EPA SW-846, "Test Methods for Evaluating Solid Waste".
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Appendix B

Site 15 Data Used in Calculations
Straam Substance Method UOM Run 1 Run 2 R 3
ESP inlet s = hal 827SSHNT1 [mg/Nmd |« 0.011211 < 0.007202 < 0.006057
_%gﬁs 1—~Chioronaphthalense B27SSNT1 Img/Nm3 | 0.009885 < 0.005598 < 0.005995
iniet gas 1- mine B2TSGNT1 [mg/Nm3 | 0.011211__|< 0.007202 [< 0.008057
stack 1—Naphthyiamine B275SHT1 |mg/Nmd = 0009885  |< 0005568  [< 0.003095
inleigas 2= Dy razine E27SGNT1 _|mg/Nmd fc 0011211 ___|< 0007202 [< 0.006057
StAcK gas 2= Di drazne B27SSNT1_|mg/Nmd [ 0009885 _ |< _0.005508  |< 0.00585%
ES:klrlet s =Chioronap lene B27SSNT1 [mg/Nm3 < 0.011211 < 0.007202 < ), 006057
SIAck gas - Chioronaphthalens 827 mg/Nm3 009885 < 0.005598 < 005995
niet gas - B27SSN mg/Nm3 |« .011211 < 0.007202 < 0.006057
stack = naphthaiens B27SSNT1_|mg/Nma kO, < 0005598  |< 0.005895
ESP inlet gas 2—Naphthwlamine B27SSNT1_[mg/Nm3 < 0.011211 < 0.007202 < 0.008057
SiAck gas 2—Nap BZ7GGNT1 {mg/Nme & 0.009885 |<  0.005538 < __ 0.005995
ESP inlet 3= 1 _1ma/N md 0.011211 «  0.007202 < 0.0068057
stack 3= B27SSNT1 Img/Nmd | 0.009885 < 0.005598 < 0.005605
inket gas 3.3 = Dichiorobergiiine BETSSNTI_|mg/Nm3 |<  0.02423 1< 001408 1< 0012114
stack 3,3 — Dichiomberizidine B27SSNTY m3 k 0.091977 < 0.011196 < 0.011891
ESP et gas 4—Amincbipheny| B27SSNT m3 0011211 < 0.007202 __|< 0.008057
stack 4—Aminob 1 [mgMNm3 DOSBBS < 0.005558 < 0.005995
ESP riet gas 4= henyl phoryl ether | 1 {mg/Mm3 < 0.011211 < 0.007202 <__ 0.006057
stack gas 4~ Bromophenyl phenyl ether B27SSNT1_|mg/Nm) 0.009685 < 0.005598 <  0.005095
'EgPﬂaE = phenyl ether B27TSSNT1 [mg/MNmd < 0.011211 < 0.007202 <  0.006057
siaick gas 4—Chiorcphenyi pherwl ether _ [BZ7SSNTT |mg/Nmd < 0. <__0.005%88 [< 0005995
ESP inlet gas 7,12~ Dimethwiberz{larthracene [827SSNT1_|mg/Nm3 | 0.026029 < __ 0.018006 < 0.015143
stack gas 7,12— Dimethylbere(alanthmcene | B27SENT1_Img/Nmd < 0.024713 <  0.013855 < 0.014988
ESP inlet gas Aceraphthens @27TSSNT1_|mg/Nmd |« 011211 |<  0.007202  |<__ 0.008057
SRk hthene B27SSNT1_Img/Nm3 0.008885 < 0.00 < 0.005895
@m’l@_a Aﬂmuim 82 mgMra [« 0011211 __[< 0007202 [<  0.006057
stack gas iene B27SSNT1 |mg/Nmo |<  0.000885  |<  0.005%08 |< 0.005695
coal urm NAA ug/g 14462 14797 14407
fbottorn ash Aluminum ICPSSNOG_|mo/kg 110000 120000 j_
suspended ash Aluminum ICPSSNDD_|m 147313.5 151346.3 135577.8
collected fly ash Aluminum ICPSSNOO i ma/kn 130000 130000 120000
| emittad particulates Aluminum ICPSSNOO_|m 9633506 A 112286.5 R 1650847.5 R
ESF inlet gas, vapor phase | Aluminum ICPSWNOO |mg/Nm3 0.110608 @ |< 0.095587 < 0100818
stack gas, vapor phase Aluminum ICPSWNOO (mg/Nmd | 0.050832 < _ 0.050403 < 0109132 |
BeTVIos water Aluminum ICPSWNOD _|mg/L 078 @ 0.7@ 0.62 @
ESP inket gas Anthracene 827SSNT1_|mg/Mmd < 0.01121 <_ 0007202 |<  0.008057
stack gas Anthracene B27SSNT1 [mg/Nm3 < 0.009885 < _ 0.005598 < __ 0.005595
coal Arsenic HGAA mp'kg 14.7 10.8 12.4
bottom ash Arsanic ASGSSAQ0 Img/kg 1< 4 < 4
[ coltected fly ash Arnenic ASGSSAD0_|m 96.2 75.4 78.3
[ emitted particulates Arsenic ASHRSNOO |mg/kg 417,1364 4%.343 5423723
ESP inlet gas, vapor phase | Arsenc ASHRWADO |mg/Nm3 |« 0.012024 < 0.011948 < 0.00252
stack gas, vapor phase Arseric_ ASHAWADO (mg/Nm3 |« 0.001271 < 0.001485 < 0.01355
sarvice water Arpersc ASHRWADO [mg/L I 0.005 | < 0005 |< 0.005
coal Ash Proximat % dry 12.88059 12.58307 13.10072
coal Banum NAA ug/g 203.83 127.5 252.64
bottom ash Banum ICPSSNO0 _ |ma/kg 700 740
nded ash Barum ICPSSNOC  [mp/kg 870.6956 922111 860.1213
collected fly ash Harzn mg/kg 1872209 7744306 | 1198.436
emitted particulates Barium ICPSSNOD  [makg 1020293 R 1189225 R 1508475 R
[ESP inlet gas, vapor phase rRam CPSWNOD |mg/Nmd | 0.004702 1< 0004779 1< _ 0.005041
[stack gras, vapor phase rum ICPSWNOO _{mg/Nm3 |« 0.002542 < 0.00297 < 0.000457
[service water Barkam ICPSWNOD_{mg/L 0.047 @ 0.051 0.051
ESP miet gas Berzene SW 8240 mg/Nmd 0.006233 0.005243 0.006203
stack gas Berzene SWE240 [mg/Nm3 k= 0.000571 0.002858 < 0.000565
ESP miet gas Berzidine B27SSNT1 [mg/Nmd |« 0.011211 < 0.007202 < 0.006057
stack gas Berzuine B2TSSNT! |ma/Nm3 k& 0.009885  |< 000598 |< 0.005885
SP inlet gas (ajanthracene B27SSNT1 [mg/Nm3 0.011211 < 0.007202 <  0.0068057
stack gas [Berzo(sjartivacene BITSSNT1 |ma/Nma < 0.000885_ |< 0005598 |< 0.005595
ESP wlet gas Berzo B27SSNT1 r_ngfh my < 0.011211 < 0.007202 < 0.0068057
stack gas Berzo{s)pyrene BZ7TSSNTI_Img/Nma 0.0036885 < 0.005598 <  0.005095
ESP inletgas Berzo(b}fiuvomnthens 827S5NT1 |mg/Nm3 ¢ 0.011211 < 0.007202 < 0.006057
stack (RS Emo(g!ﬂuommm B827SSNT1_|ma/Nmad |« 0.009885 < 0.005558 < _ 0.00589%5
[ESP inlet gas h.ijperylens B27SSNT1 |mg/Nm3 [« 0.011211 < 0.007202 < 0.006057
stack gas Berzo(g.h,ijperylens 827SSNT1 [mg/Nm3 ¢ 0.009885 < 0.005598 < 0.005895
ESP inlet gas Berzo(Kfiuomnthens 827SSN mg/Nm3 0.011211 < 0.007202 < 0008057
stack gas (Kfivomnthene B27SSNT1 _ (mg/Nm3 |< 0.0039885 < {.005558 < 0.005995
coal Berylium icP ma/kg 1.3 0.87 0.96
bottom ash Berytium ICPSSNOG  Ima/kg 54 @ 56 @
{suspended ash Berylium ICPSSNOD_[m 5.906956 @ 5.101681 @ 871856 @ |
[collected fty ash Berylium ICPSSNO0_[mo/kg 96 @ 8 @ 8.6 @ |
emitted particulates  Borylium ICPSSNOO _img/kg 13.52875 13.1406 18.30508 @ |
ESP mnlet gas, vapor phase Berylum ICPSWHNOO _(mg/Nmd i< 0.00054 < 0.000856 < 0.001008
stack gas, vapor phase lium IGCPSWNOO_[mg/Nm3 [« 0.000508 < 0.000594 < 0001091
senvice water Tim ICPSWNDD_tmg/L 0.003 @ i< 0.002 0.0021 @ |
ESP inlet gas Butylberzytp hthalate A27SSNTI_ [mg/Nmd | 0.011211 < 0.007202 < 0.008057
stack gas Butylberzylphthalate BI7GSNT1 (mg/Nmd |« 0.009885 < 0.005598 < 0.005995
coal Cadmium NAA i < 8.401 < 6.7975 10.449
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Stroam Substance Meathod UoM Aun 1 Run 2 Run 3
bottom ash Cadmusm CDGSSADG Img/kg < 1 < 1
ash Cadmium CDGSSADO |m - 1 < ] < 1
collectad Ty ash Cadmam COGSSAD0 [mg/kg i< — 1< i<
emitted particulates Cadmium CDGSSADO I ma/kg 32817 BN 36.13666 B 316. 9492 H
ges, vapor phase | Cadmium CDGSWADD| mg/Nmd 0.00047 | 0.000529@ |< 0000604 |
M" vapor phase Cadmium CDGSWADD] mg/Nm3 < 0.000254 < 0.000297 < 0000545
service water Cadrmiumn COGSWAO Mgl K 0.001__[< 0001 |< 0.001
[bottomash__ Calcum D4326___ |mg/kg 7896657 | 002002 |
suspended ash Caicum ICPSSNO0_|m 10664.86 10080.83 8420.785
[ collected fly ash Calcium D4326 mg/k 1018608 _ 8376017 9904.655
wmﬁm Calcium ICPSSNOD_|ma/kg 1240135 A 14454.66 R 23050.85 A
! hess | Calcum _ ICPSWNO0_|mp/Nm3 DADETSS @ |« 047704 [< _ 0.50409
TL“ gas, vapar pE-L_m_.!o Calcaim ICPSWNDO |mg/Mma |c 0254159 |< 0297013 |< _ 0.5456
sorvice water Calcum ICPSWNO0_|mg/L __15 7 16
‘coal Carbon Uttimate % dry 73.60181 73.208 72.66403
[coal Chioride CLPMSNOD |mg/kg 93 765 894
‘bottom ash Chiof CLPMSNDO [TER] B0.7
collectad fiy ash Chionde CLPMSNDO { mg/kg 478 104 < 20
[ESP inlet gas, vapor phase | Chionide CLFWNOO [mg/Nm3 €9.7&213 49.69263 61.99177
(stack gas, vapor phase Chloride CLFWNOO | mg/Nma 67202 58,03 61.20216
gorvice water Chioride CLFWNOO |mg/l 823 873 8.26
coal Chromum NAA up/g 28.487 21.764 2743
bottomn ash i ICPSSNOO_|mg/kg 120 130
suspended ash L ICPSSNOQ_[mg/kg 168.1445 163.1379 157.1436
collectad fly ash Chromiurm ICPSSNOO_|mg/kg 160 160 160
emitted particulates Chromiurm ICPSSNOD_ | ma/kg 254.7014 R 270.6065 R 833.8983 R
inlet gas. vapor phase | Chromium ICPSWNOD [mg/Nm3 i 0.004702 < 0.004779 < O 41
stack gas, vapor phase m ICPSWNOO {mg/Nm3d (¢ 0.002542 < 0.00297 < 0.00545
sServios water Chromium IC 00 |mgit - 0.01 < 0.01 < 0.01
[ESP inlet gas Chrysene BO7SSNT1_{mgNm3 [« 0019211 < 0007202 |< 0.006057
stack gas Chrysena B27SSNT1 [mg/Nm3 k  0.009885 <  0.005598 <  .005585
coal Cobalt NAA ug/g 5.8644 4.3854 53748
bottom ash Cobalt ICPSSNDO_|mg/kg /@ 3@
| suspended ash Cobalt ICPSSNO0 | ma/kg 53.49323 50.88164 47.05 @ |
collectad fiy ash Cobalt ICPGSNO0_[mo/kg | 7@ @ “@
‘ W Cobalt ICPSSNOO | mg/kg 56.36979 69.6452 94.91525 @
gAs, vapor phase | Coball ICPSWHDO |mg/Nmd < D.DO4702__ |<  0.004779 [< 0.005041
stack gag, vapor phase Coball ICPSWNOQ [mg/Nm3 |«  0.002542 < 0.003 < 0.005457
Serice water Cobalt ICPSWNOC Img/ll 0.01 < 0.0 < 0.01
coal Copper NAA lug/g k 89.808 < 81.061 < 83.107
bottom ash Copper ICPSSNOO 1mg/kg 2 @ 2@
ash Copper ICPSSNOO |mo/kg B3B38 @ BE30046 @ | 76.30571 @
collected fiy ash Copper ICPSSNODO  [ma/kg 74 € @ 70 @
emitted particulates Copper ICPSSNO0 | mg/kg 142.0619 139.2904 R 359.322 R
ESP inlet gas, vapor phase | copper ICPSWNOO [mg/Nm3 [« 0.009404 < 0.008559 < 0.010082
stack gas, vapor phase Copper ICPSWNOO [mg/Nm3 |«  0.005083 < 0.00594 < 0.010813
BENICO water Copper ICPSWNOD |mg/L 0.021@ 0.022 @ 0.039 @
ESP inlet gas Dberzofuran 27SSNT1 [mg/Nm3 ¢ 0.011211 < 0007202 < 0.006057
stack gas B27SSNT1 fmg/Nm3 fc  0.009885 < __ 0.005588 < 0.005995
[ESP inlef gas Dberz(a hjanthracene B27SONTT Img/Nm3 [« 0011211 |< 0.007202 [< 0.008057
stack (a,h cene B27SSNT1_{mg/Nm3 «  _ 0.009835 < 0.005598 < 0.005995
ESP wuet gas Diberz(a.jlacridine B27SSNT1 |mgNm3 c__ 0.011211 < 0007202 i< 0.006057
stack Diberz(a.jjacridine B27SSNT1 |mg/Nm3 i< 0.009885 < 0.005598 < 0.005995
Tsp“"mtaﬁs' — ﬁﬁn BO7SSNT1 |mg/Nm3 o 0011211 [< 0007202 |<_ _ 0.006057
stack gas iphenytamine B27SSNT1_[mg/Nm3 | 0.009885 < 0.005588 < 0599
[coal [Foced carbon Proomat__ | % dry 5360171 5430653 54.38296
ESP inlet gas Fluomanthens B27SSNT1_Img/Nm3 &  0.011211 <__ 0.007202 < 0.006057
stack uoranthena BZ7SSNT1_|mg/Nm3 [«  0.009885 < 0.005598 < 0.005985
SP inlet gas B27SSNT1 Img/Nm3 |k 0.011211% < 0.007202 < 0.006057
stack gas Fluorene B27SSNT1 _{mg/Nm3 « 0.009885 < 0005596 [< 0005995
coel Fiuoride F_SESADO |mg/kg 756 @ 8.7 @ 76.6 @ |
 collectad fly ash Fluornde F_SMSN mg/k 2329 @R 15.11JR 67.18R
ESP inlet gas, vapor phase | Fluonde F SEWJ ma/Nm3 511251 3.120005 3.033595
| stack gas, vapor phase Fluoade F SEWJ  Img/Nm3 6,22095 4.895177 4.345249
servica water Fluonde FSEWJ [mol < 03 |< (%] 0.0607
ESP iniet gas Formaldehyde ALDELKAS [mgMm3 [« 0.006331 < 0.006548 < 0.007604
stack gas Forrmaldehyde ALDELKAS |mg/Nm3 < 0.00669 < 0.007245 < 0.007005
coal HHV HHV Btu/b 1313215 13036.58 1296386
coal Ultimate 96 dry 4.99892 4.953059 4.923472
[ESP inlet gas ndeno(1,2,3—cd)pyrene B27SSNT1 |mg/Nm3 < 0013211 |< 0007202 __|< ~ 0.008057
stack gas Indeno(1,2,3—cd)pyrens B27SSNT1 |mg/Nm3 [« 0.009885 < 0.005558 < 0.005995
coal iron NAA ugp 17266 86773 14013
bottom ash Iron mg/kg 110938.4 87451.78 .
ash Tron ICPSSNOD_[mg/kg 6799187 052387 6883571
coliected fly ash tron mg/kg 7064332 7176578 7406839
emitted particulates ron ICPSSNOO  [ma/kg 2R 70959.26 R 101694.9 R
ESP ﬁ gas, vapor phase  |iron ICPSWNRDO_|mg/Nm3 0.014732 @" 0.020952 @ |<  0.020164
stack gas, vapor phase Iron ICPSWNOO_{ma/Nm3 «  0.010166 < 0.011881 < 0.021826
sefvice water lron ICPSWNOO {mg/l 1.7 1.8 1.6
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Site 15 Datn Used in Caiculations

Appendix B

Stream Substance Method uoM Famn 1 Run 2 Fun 3
coal Lead GFAA mg/k 46 38 38
bottom ash Lead PBGSSADD [mgikg 19 20 o
suspended ash Laad PBGSSADO |mo/k 133.9892 116.7182 37.83285
collected fiy ash Lead PBGSSAD0_|mayk 110 110 110
emttted particulates Lsad PBGSSADD [mg/kg 1114594 R 1856636 R 4030.168 R
[ESP wrvet pas, vapor phase | Leed PBGSWADD [mg/Nm3 |« 0.001411 0.00704 @ |< 0.001512
stack gas, vapor phase Lead PBGSWADD [mg/Mms3 f< 0000762 _ |< _0.000891 |< 0.001637
3e1vice water Lead PBEGSWADD |mg/L 0.014 0.0096 @ 0.014
| coal Magnesism AA ug/g 41, 677.89 633.42
bottomn ash Magnesast Img/ky 3744448 3921.197
suspanded ash Magnes ICPSSNDD_|mg/kg 4557533 4573235 @ 4485928
collected fiy ash Magnesium D4326 mg/kg 602 4171.341 4092121
em Magnesaurn PSSNO0_Imgfkg 4847 80z 5519054 @ 1220339 @
ESP inlet hase |Magnesum ICPSWNOO [mg/Nm3 ¢ 0.470184 < 0.477934 < __0.50409
{stack gus, vapor phase Magnesium PSWNOD [mg/Nm3 ¢ 0254159 [< 0297013 [« 0.54566 |
service water Magnesium ICPSWNOO _{mg/L s 4@ 43 @
coal Manganese NAA ug/ 27.749 30.278 26.2%9
bottom ash ICPSSNO0_{ miykg 260 250
azh Manganese ICPESNO0_|ma/kg 209.1418 229.4082 240.7643
collectad fly ash ICPSSNOO_(mgy/kg 200 220 220
| emitted particuiates Manganese ICPSSNDD_[mgikg 2110604 A_|  2P6.4652 A 467.7966 A
ESP inlet gas, vapor phase | Manganese [CPSWNDO_| mg/Nm3 0.16475 0.047521__|  0.478168 |
stack gas, vapor phase | Manganese ICPSWNOO |mp/Nm3 0.002542 < 0.00297 < 0.005457
service water Manganess ICFEWNGO [mg/L 0.26 0.32 0.31
| conl Mercury DGA/CVAA 0.16 013 017
bottorn ash Mercury HGC SNOO [mg/kg < 0.045 < 0.045 _ |
suspended ash Mercury HGC SN0 |ma/kg 0.58M83 @ < 0.18 0.322153 @
coflacted fly ash Mercury HGC SNDO | mg/kg 0.43 016 @ 0.36
emitted particulates Mercury HGC_SNOO |m 1.200676 @ 1.662286 R 5.644068 R
ESP inlet gas, vapor phase | Mercury HGC WNOD | mg/Nm3 0.000669 # 0.000395 @#{ 0.000534 #
stack gas, vapor phase Mercury HGC_WNOO|mg/Nm3 0.001438 # 0.001666 # 0.660719 #
service water Mercury HGC WNOO|mg/L Ik 0.0002 < 0.0002 < 0.0002
coal Moisture Proximat _|%as 7.38 7.33 6.57
bottom ash Moisture ovendry % 32.3 25.8
[collected fiy ash Morsture ovendry % 21.9 20.3 21
coal Molybdanum NAR 1k 1965 |< 1027 i< 1.283%6
bottom ash Molybdernm ICPSSND0_|mg/kg 150 @ 150
ash Mohbdenum ICPSSNDO_|mp/kg 269.1418 264.4815 21755 @
coliectad fiy ash M TCPSSNOD_) mg/kg 160_@ 160 % 150 @
emitted parbculates M ICPSSNDO_Ima/kg 1014656 @A 1576873 @ 3728814 @A
inlet gas, vapor phase | Molybdenum ICPSWNOO |ma/Nm3 & 0.023509  [< 0023897 |< 0025204
| stack gas, vapor phase Mohybdenum ICPSWNOQ [mg/Nm3 < 0.012708 < 0.014851 < 0.027283
service water Molybdenum ICPSWNOO [mg/l I« 0.05 < 0.05 < 0.05
[ESP inlet gas Naphthelene B27SSNTT_|[mg/Nms < 0.011211 < 0.007202___ | < __ 0.006057
stack gas Naphifuiene B27SSNT1_|mg/Nm3 j<  0.000885  |<  0.005598 [< 0005555
coal Nickel N ugls K 19.8 19,785 21.689
boftom ash Nickel ICPSSNOO_ | mg/kg 74 @ 82 @
suspended ash Nickal CPSSNO0_|mg/kg 9315267 @ B85.76328 @ 59.30571 @ |
collacted fy ash Nickel ICPSSNO0_ | mpykg 76 80 @ Bi
omi : Nickel ICPSSNDD _|mg/kg 1578354 183.9685 325.4237
SP inlet gas, vapor priase | Nickel ICPSWNDO [mg/Nm3 [« 0.009304 < 0.008559 < 0.010082
stack gas, vapor phase Nickel ICPSWNOO _|mg/Nm3 «  0.005083 < 0.005054 < 0010913
sarvice water Nickel ICPSWNDO |mg/l < 002 |< 002 |< 002__|
coal Nitrogen Ultimate % dry 1.511558 1.510737 1.498448
[ESP wiet gas N—Niresodiphenylamne BZ7SONT1_|mg/Nm3 [ 0011211 |<  0.007202 _ |«  0.006057
stack gas —Nitrosodiphenytamine BITSSNT1 |mg/Nm3 [« 0009885 [< 0005508 |< 0.005085
coel Oxygen Ultimats___|%d 526884 6194022 6.20382
[ESP inket Particulate matter Muftimetal | mg/Nm3 12500 11000 11200
stack Particuiate matter Muftimetal | mg/Nm3 ] 42 30
ESP mlet gas Phenanthrene B27SSNT1 Img/Nm3 ¢ D.O11211 [<  0.007202 _ |<  0.006057
[stack gas Phenanthrene B27SSNT1_|mg/Nmd < 0.000885  |< 0.00588 1< 0.005995
coal Phosphorus 0368287 {ug/ 231 234 232
bottom ash Phosphorns D4326 ma/kg 1315089 1216197
collected fiy ash | Phosphonus D4326 ma/kg 2363.588 1886765 1960425
SP § hase | Phosphonus TPOEWJ _ |mg/Nm3 < 0.016812__|<  0.017382___|<  0.015701
stack hase Phosphons TPOEWJ___Img/Nm3 Jc__ 00176585 |< 0016412 |< 0.015757
senvice water Phosphorus TPOEWJ [ma/l 0.0457 @ 0.0457 @ 0.051 @ |
coal Potassium NAA ug/g < 17019 1494 4 20309
bottom ash Potassium PSSNOQ |mg/kg 14000 @ 15000
[suspended ash Potassium PSSNOO_| mgikg 18807.25 1864223 16822
colected fry ash Potassium ICPSSNO0_ [mg/kg 18000 18000 17000
emitied particulates Potassium PESNO0_[mgkg 1803833 19710.91 067797 @ |
[ESP inlet gas, vaper phase | Potassium PSWNOO mg/Nm3 f<  1.410553 < 1.433802 1371905 @ |
stack gas, vapor phase Potassium PSWNOO [mg/Nm3 fc  0.762476 < 0.89104 < 16368979
service watet Potassium ICPSWNOG [mg/ll Kk 3 |« 3__ < 3
[ESP inlet Pyrene B2755NT1_(mg/Nm3 [« 0.011211 < 0.007202 < 0.006057
stack gas Pyrens 82755NT1 {mg/Nm3 |« 0.009885 <  0.005598 < 0.005995
[coal Selenium HGAA mg/kg 2 2.17 2.45
bottom ash Selernium SEHRSNOO |mg/kg 5.1 < 5.1
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Site 15 Data Used in Calculations

Stream Substance Method vou Ham 1 Run 2 Rmn 3
sLcpended ash Seleriam SEHRSND0 [mg/kg 1457633 @ 16.88164 @ 1615285 @ |
collocted fiy ash Selenium SEHRSNOO [mg/fkg & 5.1 59 @ 6.4 @ |
emated particulates Selerum SEHASNO0 | mo/kg 1803833 2496715 2833051
| ESF intet s, vapol phase [ Selenium SEHRWNOO | mg/Nm3 0.00547 @ | 0.00586 0.012752
[stack gas, vapor phase Selenium SEHRWNOO [ mg/Nm3 0.004202 0.017703 0.023175 @
servics water Selenium SEHRWNOOTmg/L 0.005 < 0.005 < 0.005
coal Sodum NAA ug/g 232 3194 297.20
bottom azh Sodum D4325 m 2099993 192555
collectad fly ash Sodum [ mg/kg 22556 2454 529 2188007
WL' gAs, vapor phase | Godiam CPSWNOD_|mg/Nm3 Jc_ 0470184 |[< 0477904 (< 0.50409
| stack gas, vapor phane Soduam ICPEWNOC |mg/MNmd (< 0.254159 < 0297013 < 0.54566
service watey Sodum ICPSIWNOO_[m L¥ 9.8 8.8
[ESP intet hase | Sulfate FWNOO_|mg/Nm3 497595 4188311 48582233
[stack gas, mﬂ%g — [Sufame SFIFWNOO [ mg/Nm3 4731096 4027 504 472691
sorVice Walsr [Sultate SFIFWNOO_|m _ 6.6 359 86.9
coal Sulfur Oftimate | % dry 1.73688 1.54311 1.519654
bottom ash Sulfur K mo/kg 1023586 743.9666
[collected Ty ash Suffur 04326 mg/kg 5.2670 €15.5703 765.4815
coal Titanam N ug/o 75.68 761.43 8637
bottom ash Ténnasm D4326 mg/kg 613125 6571.352
[suspended ash fanam TIESSNOO _|m 7596916 7656593 7322928
collected fiy ash Tanum D4326 m Fi7724 7314741 7104.998
[emitted particulates Tianaim TESSNOO | mg/kg 6583991 R 7838525 1132203 R
'ESP wiet gas, vapol phase | Teanum TIESWNOO |mg/Nm3 jx  0.02308 _ |< 0023897 |< 0.025204
|stack gas, vapor phase . TIESWNOO |mg/Nm3 i< 0.012708 < 0014351 < 0.027283
SeTViICo water LAMIUM TIESWNOO Impfl e 0.05 o< 0.05 < 0.05
[ESP inlet gas Toluene SW 8240 [mg/Nm3 0.005155 0.003827 0.008758
stack gas Toiuene SWE230 _ [mg/Nmd 0.018257 0.001009 @ 0.002145 @
coal Vanadaim NAA ug/o 36,68 25.58 25.624
bhottom ash Vanadam ICPSSNO mg'kg 160 170

ash Varadizm ICPSSNOG_[ma/kg 251.6351 250.9011 239.7857
coliectad fiy ash Vanadism ICPSSNOO_{ma/kg 230 230 230
emitted parts Varedism ICPSSNOO_[mga/kg 3500789 R 494.0867 R 6644068 R
| ESP inlet gas. vapor phase | Vanadium ICPSWNOO |mg/Nm3 |« 0.009404 < 0.009559 < 0010082
| stack gas, vapor phase Vanadium ICPSWNOO _|mg/Nm3 < 0.005083 < 0.00504 < 0.010913
sarvico water Vanadaam ICPSWNOO [mg/l | 0.02 < 0.02 < 0.02
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Appendix B

Key to Data Flags

Description
Less than five times the reporting limit.
Reported in blank, not corrected in sample result.

Estimated analyte result greater than calibration range.
Sample result corrected for nonisokinetic sampling conditions.
Updated result.

Estimated analyte result less than the detection limit.

Not analyzed.

Reported in blank, corrected in sample result.

Result obtained by using Method of Standard Additions.

Less than the reporting limit.

The reported mercury concentrations are suspected to be low due to
analytical problems,

e mue

2
>

#* A »n A
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Appendix B

Method Code
824SWNT1
827SSNT1
827SWNT1
AGESWNOO

ALDELKAS
ALESWNOO

ASGSSAOO
ASHRWAOQOO

BAESWNOO
BEESWNOO
B_ESWNOO

CAESWNOO

CDGSSAOO
CDGSWAQO
CDGSWOOO
CLIESNOO
CLIFWNOO
COESWNOO

CRESWNOO
CUESWNOO

D2361
D2795
D3302
D3761
D4326

PRELIMINARY

Methods Key

Method Description
Gas Chromatography/Mass Spectroscopy
Gas Chromatography/Mass Spectroscopy
Gas Chromatography/Mass Spectroscopy

Inductively Coupled Argon Plasma Emission
Spectrophotometry

High Performance Liquid Chromatography
Inductively Coupled Argon Plasma Emission
Spectrophotometry

Graphite Furnace Atomic Absorption Spectrophotometry

Hydride Generation Atomic Absorption
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Graphite Furnace Atomic Absorption Spectrophotometry
Graphite Furnace Atomic Absorption Spectrophotometry
Graphite Furnace Atomic Absorption Spectrophotometry
Ion Chromatography
Ion Chromatography

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Parr Bomb Digestion/Potentiometric Titration
Parr Bomb Digestion/Visible Spectrophotometry
Oven Drying

Parr Bomb Digestion/Ion Selective Electrode
X-ray Fluorescence

B-8
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Method Code
FEESWNOO

F_SESAOO
GFAA
HGAA

HGC_SNOO
HGC_WNOO
HHV

HPLC
I3YRWNOO

IC
ICP

ICPSSNOO
ICPSWNOO
K_ESWNOO
MGESWNOO
MNESWNOO
MOESWNOO

NAA
NAESWNOO

NIESWNOO

NaOH FUS
PBGSSAOO

PBGSWAOO
PBGSWOOO
P_ ESWNOO

PRELIMINARY

Appendix B

Method Description

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Ton Specific Electrode
Graphite Furnace Atomic Absorption Spectrophotometry

Hydride Generation Atomic Absorption
Spectrophotometry

Cold Vapor Atomic Absorption Spectrophotometry
Cold Vapor Atomic Absorption Spectrophotometry
Adiabatic Bomb Calorimetry

High Performance Liquid Chromatography
Inductively Coupled Argon Plasma Emission
Spectrophotometry

Ion Chromatography

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Neutron Activation Analysis

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Sodium Hydroxide Fusion/Ion Chromatography

Graphite Furnace Atomic Absorption Spectrophotometry
Graphite Furnace Atomic Absorption Spectrophotometry
Graphite Furnace Atomic Absorption Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry
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Appendix B

Method Code
PROXIMAT
SEHRSNOO

SEHRWNOO

SFIFWNOO
SIESWNOO

SNESWNOO
SRESWNOO
s ESWNOO
TIESSNOO

TIESWNOO

TPOESJ
TPOEWJ
TPORSNOO
TTSRSNOO
ULTIMATE
VSTSAOT2
V_ESWNOO

ZNESWNOO

AC DISS
AQ

IMP

OVEN DRY

PRELIMINARY

Method Description
Oven Drying, Oven Heating, Ignition
Hydride Generation Atomic Absorption
Spectrophotometry

Hydride Generation Atomic Absorption
Spectrophotometry

Ion Chromatography

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Visible Spectrophotometry

Visible Spectrophotometry

Visible Spectrophotometry

Leco Total Sulfur Analysis

Combustion/Gas Absorption, Digestion/Titration, Ignition
Gas Chromatography/Mass Spectroscopy

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Inductively Coupled Argon Plasma Emission
Spectrophotometry

Acid Dissolution/Ion Chromatography
Ion Specific Electrode

Ion Specific Electrode

Oven Drying
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Site 15 Data Not Used in Calculations

Stream Substance Method  UOM Rmnit Run 2 Run3
[ESP Inlet gas 11— Dichiomethans SWE240  [mo/Nm3 ke 0.000519__ |<_ 0.000624 <  0.000517
stack 1.1-Dichiomoethane SWEB240  [mg/Nm3 ¢ 0.000571 < 0.00056 < __ 0.000565
ESF inlet 1,1-Dichiomethene SWB240__|mg/Nm3 jc 0000519 < 0000624 [< 0000517
sack gas 1,1—Dichioroothens SWE240  |mg/Nm3 ¢ 0.000571 _ |< 000056 _ [<  0.000565
niet 1, 1—=T0 ne w& 40 mg/Nm3 0.001454_@_ 0001&59 0.002058@
maﬂ 1, 1—Tnchioroathane SWa240__ |mg/Nm3 [ 0.000571 < 0.00056 <  0.000565
inlet g 1,1,2=Trchioroethane SWE240 __ [mgNm3 k¢ 0.000515 < 0.000524 < _ 0.000517
siack pas 1,1.2—Trichioroethane SWEB240 [mgNm3 [« 0.000571 < 0.00056 [< 0.000565
[ESP inlet gns 11,22 Tetachicroethane SWE240 _ |mg/Nma [k 0.000619  |< 0.000524 [< 0.000517
Stack gas 1,1.223- SWEB240 |mp/Nm3 k< 0.000671 < 000056 < 0000565
ESP inlet gas 1,2~ Dichioobenzene 1 _ImgNmO < 0.011211 < 0.007202 < 0.008057
stack 1,2=Dichloroberzens 1 Img/fim3 j< 0000885 |< 0005968 |< 000895
ESP iniet gas ,2"_5‘6— hloroethans SW 240 [mg/Nma < 0.000618 < 0000524 __|< 0000617 |
stack pas 2= Dichioroethane SW 8240 __|mgyNmO < 0,00067 < 000056 |< 0.000565 |
inlet gas 12-ﬁw SW B2 mg/Nm3 < .00051E < 0.000524 < 0.000617
'Eﬁ% 12— Dichiompropane G240 |mg/Nm3 [« 0000571 |< 0.00066 [< 0.000565
1,2 4~-Tnchiorobenzens 827 1 [mg/Nm3 k  0.011211 < 0.007202 < 0.008057
T 15 4=Trchioroberdene _|B2TSSNT1_[mg/Nm3 f<  0.009685 [< 0.005598 - _ 0.0050
{ESP inlot gas 3,245 Tetrachioroberzene B27SSNT1_|mg/Nm3 & 0.011241 < 0007202 _0.008057
stack gas 1,2,4,5— Tetrachicrobanzene BZ7SSNT1_[mgim3 lc _ 0.009885 < 0.005558 0.005985
[ESP et grs ,3— Dichiorcberzene BITEGNTT mg/NmB k& 0.011211__ < 0.007202 i<
stack gas 3= Dichioroberzens 1 |mg/Nm3 (¢ 0000885 1< 5558 1<  0.000095
ESP inlet gas 4-Dichioroberzene T [mgMm3 ¢ 0011211 |<  0.007202  {< 0.008057
stack gas 14— Dichioroberzens BZ7SONT1 |mg/Nm3 & 0009865 |< 0. < 0.00985
ESP inlet gas 2—Butanons SWB240 |mg/Nm3 < 0.000519 < 0.000524 < 0.000517
2= SWB240__[mg/Nmd e g 1 < 0.00056 < 0.00
inlet gas 2—Chiorophenol B276ENT] |mg/Nn [ 0.011211 |« 0.007202 <  0.006057
stack pas S=Chioraphenol B27T5SNTE |mgNmO ¢ 0.009885  |<  0.009698 < 0.005935
[ESP iief pas Z-Hexanone SWE4D |mgNmd k¢ 0.000519 |« 0000624 {< 0000517
stack 2=-Hexanone SWE240 [mg/Nm3 ¢  0.000671 < 0.00056 < 000565
ESP inlet gas 2=Methviphenol(o—cresol) BZ7SSNT1_|mg/Nm3 ¢ 0.01121% < 0007202 <
stack pas 2-M henol (o—cresol) BZ7SSNT1 ImgNm3 < 0.009885 < 0.005598 < 0.005895
[ESP tniet gas 2-N ino B2/SSHT1 |myNma |<__ 0.056057  |< 0.03a011  |< _0.030286
stack gas 2=Nitroandine B2/SSNT1_|mgNm3 fc 0049425 |< 0.027591 1< 0029977
[ESP inket —Nitrophenol BZ7SSNT1 |mg/Nm3 0011211 |< 0007202 -« __ 0.006057
ﬁm 2—Neyaphenol B27TSSNT1 [mg/Nm3 | 0.009885 < 0 -
pas 2=Picoline BTSS! [mgMmd fc 0.011211__[<__ 0007202 =  0.006057
stack gas 2— ine B27SSNT1 [mg/Nm3 | 0.000685 < ( < 0.0
[ESP inlet gas 2.5,4,6— Tetrachicrophenol 827 T [mg/Nma & 0.022423 (<  0.014404 [< 0012114
stack 39,46 Tetrachiorophenol __ |8275SNT1_[molma | 001977 [< 0011196 [< 0.011991
[ESP wniet gns 24— Dichiorophenol [B276SNT1_Img/Nma [« 0.011211 _ |<  0.007202 < 0.006057
sack 4= D% henol B27SSNT1_|mg/Nm3 [« 0009885  |< 0.00%98 [< 0.005885
ESF inlet gns . 4— D henol BI27SSKT1 Img/Nmd Jc 0011211 |< 0007202 <  0.008057
stack gas 24— Dh henol 827SSNT1_(mgNmd < 0. <__ 0005598 |<  0.009995
ESP nlet gas 2.4 Dintrophenol 827 SSN mg/Nm3 ¢  0.0568057 <  0.036011 < 0.030286
stack gas 2.4— Dintrophencl BZ7SSNTT |moNm3 k0049925 [<  0.02/931  |< 0.028977
[ESP et Z.4= Dintrotolusne mgNm3 &k 0.011211__|< 0007202 |< 0.006057
stack gas 2.4~ Dind B27. 1 [mg/Nm3 i« 0.009885 < 0.005538 <  0.005995
ESP inlet gas 2.4,5=Trichiorophendl B27! 1 _(mgNm3 & 0.011211 < 0.007202 < 04
Stck 2.4,5—Tnchlorophenal BZTSSNT1 |mg/Nma ¢ 0.009685 < 0005598 < 0.005895
ESP M_E 2 4,6=Trichioroph B2TSSNT1 (mg/Nm3 |« 0.011211 « 0.007202 < 0.0068057
stack 2.4,6—Trichlorophenal B2TSSNT1 |mg/NmG < D.009885  |<  0.0056598 |< 0.005895
'Erﬁinm 2 6—Dichicrophenol BZ7SSNTT_|mgNmad [« 0011211 |< 0007202 |< 0.0DE0S7
sack 2,6= Dichiorophenol B27SSNT1 [mg/Nmd | 0.009665_ |« 0005588 |< 0.00595
inlet gas 2 6= Dintrotosens B27SSNT] |mg/Nm3 ¢ 0019211 |< 0.007202  |< 0.008057
stack gas 2.6— Dindtrotoluene BZ7SSNT1 _[mg/MNed 0. < 0.005598 < 0.005995
ESP niet gas 3—Nitroandine BZ7SSNT1 [mg/Nm3 | 0.056057 < 0.036013 <__ 0.030286
stack 3~ Nitroareine B27SSNT1_|mg/Nm3 | 0048425 i< 27991 <__0.029977
gas 4= Chloro—3— henol BZ7SSNT1 |mgNmd e 0.011211 __|< 0007202 |< 0.006057
stack 4—Chioro—3—methylphenol BITSSNT1_|mg/NmD [ 0009885 < 000598 [< 0005895
[ESF inlet gas_ a—Methyl— 2 —perianone SWB240 _|mgNmd & 00005619 |< 0000624 [< 0.000517
stack gas 4—Methyl—2 —pentanons SW B240 mg/Nmd 0.00057 1 3 0.00056 <  0.000565
[ESP inlet gas 4—Metiniphenol B27SSNT1 [mg/Nm3 ¢ 0.011211 <__ 0.007202 < 0.008057
_%%glg_q 4-{_ng~.~»@-% —__|8z7 mg/Nm3 [ 0.009885__ J< _ 0.005588 [<  0.005985
inlet gas 4—Nitrcandine 827 myNma < 0056067 |<__0.038011  |< 0.030086
stack 4=Nitrcaniine B27SGNT1_{mg/Nmad < 0.049425 | <  0.027997 <__ 002077 |
'ESP inl‘ Es_etg_s 2=Nitrophenc B275SNT1_|mgMmd ke 0.056057 < 0.03601] <__0.030286__ |
stack 4 Nercpheno BZ7SSNT1 |mg/Nmd f< 004925 |< 002799 < __ 0.028077
[ESP inletE oty 25— Dinibo— 2—mathylphenol __ |827SSNT1_|mg/Nma |« 0.056057 < 0038011 _ [<  0.03085
sck 4.6- Diniro— 2-methylphenol __ [B275GNT1_|[mg/im3 < 0048425 [< 0.027991 < 0.029577
-Eﬁlictﬁﬁ Acetaldehyde ALDELKAS |mg/Nm3 [ 0.007/22 __|< 0008033 |< 0.009188
stack gas Acetaidehyde ALDELKAS Img/Nm3 | 0. <  0.008754 < 0.008464
[ESF inlet Acetone SWE240__ImgNm3 [¢  0.000519  _[<~ 0000524 [<_ 0.000517
stack gas Acetone SWB240  |mgNm3 [c 0000671 |<  0.00056  |<  0.000565
ESP inlet gas Acetophenone B27SSNT1 [mg/Nm3 & 0.0112114 <__ 0.007202 < 0.006057
[stack gas Acetophencne 8275SNT1_|m@/Nm3 < (009885 _f< 000596 |< 000535 |
ESP miet gas Acrolein_ ALDELKAS [mg/Nm3 0.020584 @ |< 0009685 |< 0.011088
stack Acrolein ALDELKAS [mg/Nm3 |« 0.009757 < 0.010566 < 0.01216
bottom ash Aluminum mo/kg 120529.6 1276765
C3
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Site 15 Data Not Used in Calculations

Stream Substanoe Mathod UOM Run 1 Run 2 Run 3
[cotlected Ty ash Aluminum D4326 mg/kg 1378%5.8 137794.1 1382718
ESP inlet gas Aniine 827SSNT1_|mg/Nm3 k0011211 < 0007202 [<  0.006057
stack gas Aniline B27SSNT1 mg/Nm3 < 0.009885 < 0.005598 < 0.005895
coel Anbmony NAA lug/y 1.0791 0.4307 0.6781
bottom ash Antimony IC 00 [ m k< 100 < 100
ash Antimony ICPSSNOC_[mgkg 1< 100.8311 < 101.4529 < 100.9786

collectad fity ash Aptimony ICPSSNOO mgkg < 100 < 100 < 100
[emitied Antmony ICPSSNOO_|mo/kg e 1127396 |< 131406 [< 3389631

inlet gas, hase | Antimory ICPSWNDO [mg/Nm3 j«  0.04701 < 0.047793 < 0.050408
stack gus, vapor phase Antimorny ICPSWNOO [mg/Nm3 «  0.02541¢ <  0.029701 < 0.0543566

' Antinony ICPSWNOO | m: < 0.1 < 0.1 < 0.1
coal Arsenic NAA wg 2317 < 4.962 11,029 _
botiom ash Arsemic ASHASHNO0O jmg/kg < . 51__i< 51 | —

ash Arsenc 00 |mgfkg 15.57633 14.05011 18.056 @

coltected fiy ash Amenic ASHRSNOO |mg/kg iL % 15 % 89 @
bottom ash Barnm D4326 m 0 0
collected fiy ash rum ICPSSNOO_|mg/kg 830 550 B840
[ESP miet gus Berealdehyde KAS |mg/Nmd < 0.014912__|< 0015611 (< 0.017742
stack Berzaldehyde ALDELKAS |mg/Nm3 K 0.015611 < 0015094 < 0.016345
ESP inlet gas Benzoic acid BITSSNT1 _|mg/Nmd D.0616563 0.216067 0.242287
stack gas Berzoic acid B2Z7GSNT1_|mg/Nm3 072161 @ 0.105937___|<  0.029977
ESP inlet gas Berzyl alcohol B27SSNT1 [mg/Rm3 k0011211 |< 0007202 < _ 0.006057
stack gas Berwzyl alcohol GZTSSNT1_[mg/Nm3 [« 0009885 |< 0005588 |<  0.005985
ESP inlet gas bis(e—Chiorosthoxy)methane  [B27SSNT1 img/Nmd (< 0.011211 < _0.007202 < 0O 7
stack gas bis (2 — Chioroethoxymethane BZ7SSNT1_Img/Nm3 k 0.009885 < 0.005558 < 0.005985
ESP niet gas bis{2—C BT 1_{mg/Nm3 0.011211 < 0.007202 < ,006057
stack gas bis{2—~ Chiorcethyljether 827 1 md 0.009885 < 0.005558 < 0.005985
[ESP inlet gits bas(2—Chloro ether 1 [m K 0011211« 0007202___|< _Q.006057
stack gas bis(2—Chioroisopropyl) ether 827! 1 [m < 0.0098B5 < 0.005558 < __ 0.005535
ESP inlet gas bis(2— Bhythexyijphthalate B27SSNT1 _|mg/Nm3 [ 0.011211 < 0.007202 < 0.006057
stack gas ba2— hexyl)phtha 827! 1 |mg/Nm3 0.009885 < .005588 < 0.005895
bottom ash B_ESSNOO _|m k< 94 (< 120
collected fty ash oror B ESSNOO _[mg/kg I 120 < 130 < 120
ESP inlet gas, vapor phase | Boron ICPSWNOO | mg/Nm3 2.648188 1377191 2.433049
stack gas, vapor phase Boron ICPOWNOO _[mg/Nm3 1.313159 2.370871 2356016
sennce water Boron ICPSWNGO Imgilt. K 0.6 < 0.6 < 0.6
coal Bromine NAA 14.778 17.631 19.644
ESP inlet qas Bromodichiorometimne SW 8240 mo/Nm3 | 0.000519 < 0.000524 <  0.000517
stack pgas Bromodichiorometihane SWB240 __|mg/Nm3 [« 0.000a71 _|<  0.00056__ |< 0.000565
[ESP wiet gas Bromoform SWE240__|mg/Nm3 jc__ 0.000519 _ |< 0.000624 |< 0.000517
stack gas Bromotom SWEB240 |mg/Nm3 k 0.00057 1 < 0.00056 < 0. 5
ESP inlet gas Bromomethane SW B240 mg/Nm3 0.000519 < 0.000524 < 0.000617
stack gas Bromomethane SWB240 Imp/Nm3 l« _ 0.000671 < 0.00056 < 0.000565
coal Calckam AR ug/g 13667 15053 1686.4
botiom ash Calcum ICPSSN00_|mp/ky 7500 6900
collected fiy ash Calcium ICPSSNOO_|ma/kg 5600 8200 8400

inlet gas, vapor phase | Carbon ULTRASNOO [% 3.26 354 3.3
[ESP nlet gas bon disulfide SW B240 mg/Nm3 < 0.000519 < 0.000524 < 000517
smck gas Carbon disulfide SWB240  {mg/Nmd <  0.000571 < 0.00056 < 0.000565
ESP inlet gus Carbon mw Sw 8240 MYNmMI k< 0.000518 <  D,000524 < 0.000517
stack gas Carbon tetrachionde SW 8240 mg/Nm3 = 0.000571 < 0.00056 < 0.000665
coal Cerum NAA up/g 17.409 1425 18786
coal Cesum NAA ug/a 1.4308 0.9807 1.585
caal Chiorine NAA B84.67 567.65 684.28
ESP inlet gas Chiorcberzene SWE240 [mg/Nm3 Kk 0.000619 < [).000624 < 0,000517
stack Chioroberzene SWE40 [mg/MNm3 i< 0.000671 < 0.00056 < 0.000565
ESP iniet gas Chicroathane SW 8240 me/Nm3 < 0.000519 «  0.000524 < 0.000517
stack gas L ne SWB240 Img/Nmd < 0.000571 < 0.00056 < 0.000565
ESP nlet gas olorm SW 8240 mg/Nm3 k¢ 0.000519 < 0.000524 < 0 17
stack oform SW 8240 mq!!ma < 0.000571 < 0.00056 < Q0 0565
ESP inlet gas Chiotomethane SWEB240 Img/NmM3 [ 19 < 0.000524 <  0.000517
stack gas Chioromethane SWB240 Img/Nm3 [« D.000571 < 0.00056 < 0.000565
ESP inlet gas cis—1,2—Dichloroethens SWB240 [mg/hNm3 k& 0.000519 < 0.000524 < 0 17
stack gas c8—1,2— Dichioroethene SWBZ4D  |mgNmd < 0.00671 |< 000056 |< DO
ESP inlet gas cia—1,3—Ds SW 8240 mg/Nml 0.000619 < 0.000524 < 0.000517
stack gas cis— 1,3 Dichloropropens SWa240 [mg/Nmd < 0.00057 <  0.00056 <___0.000565
ESP iniet gas romochioromethane SW 8240 mg/Nm3 |« 0.00051¢ < 0.000524 < 0,000517
| stack gas romochioromethane SW 8240 _ Img/Nm3 [« 0.00057 < 0.00056 < 0.000565
ESP inlet gas Db hthalate B27SSNT1 _Img/Nm3 0.01124 < 0.007202 < 0.006057
stack gas Dbutylphthatate 827 11 _[mg/Nmd ik 0.0096885 < 0.005588 < 0.005995
ESP inlet cas Diethylphthalate BZ7SONT1 |mg/Nm3 j« 0.011211 < 0.007202 < 0.008057
stack gas Diethylphifaiate B27SSNT1 |mg/Nmd | C < 0.005598 <  .005895
ESP inlet gas Iphenetirgamine B27SSNT1_|mg/Nm3 < 0.019211 < 0.007202___|< __ 0.006057
stack Dimethylphenetimtamine 82/SSNT1 Ima/Nm3 |« 0.009885 < 0.005598 <__0.009995
ESP inlet gas Dimethytphthalate B27SSNT1_|mg/Nm3 f< 0011211 |< 0007202 [< 0.006057
stack Dimethylphthaiate B27SSNT1 mg/Nm3 0.009885 |« 0.005598 < 0.005995
ESP inlet gas Oi=n—octylphtmite B27SSNTY [mg/Nmd K 0.011211 < 0.007202 < 0.006057
|stack gas Di-n—octylohthakite B27SSNT1 [mg/Nm3 < 0009885 < 0.008598 < 0.005895
ESP nletgas Ethy! benzene SW 8240 mg/Nm3 0.001143 @ 0.000786 @ 0.001447 @ |
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Appendix C

PRELIMINARY

Stream Substance Meathod  UOM Run 1 Run 2 faun3
| stack gas Ethyl berzene SWE240 |mp/Nmi i 0.000571 < 0.00056 < 0.000665
ESP inlet gas methanesulfonate B27SSNT1_[mg/Nmd 1« 0.011211 < 0.007202 < 0.006057
sack gas | methanesutfonate B27GSNT1_|mg/Nm3 [ 0.003885 < 0.005588 < 0005995 |
coal Europium NAA ua'n 0.3379 0.3112 0.3645
bottorn ash Fluoride SMSN m 14.57 JR 5.21 JR
| coal Gold NAA up/'g k< 0.000 < 0.001 < 0.002
coal Hafmeurn NAA lug/g 0.8781 0.6204 1.0308
ESP inlet gas Hexachloroberzene B27SSHT1 mgNmS < 0.011211 < _ 0007202 l< 0006057
stack gy Hexachioroberzene B27TSSNT1 |mg/Nm3 k&  0.009885 < 0,005698 < 0,005635
nlet gas Hexachlorobutadiens BZ7TSSNT1_|mg/Nm3 0.011211 < ___0.007202 < D.006057
stack Hexachlorobutadiens B2TSSNT1  (mg/MNm3 Kk 0.0059885 < 0.005558 < 0.005685
inbet gas i BZ75SNT1_|mg/Nmd kx 0011211 < 0007202 |< 0.006057
stack gas axachiorocyclopentadiens BI7TSSNTY img/Nm3 |« 0.009885 <  0.005588 < 0.005995
[ESP iniet gas Hexachioroethane B27SSNT1 |mgNm3 |& 0.01811__ [<__ 0007202 |< _ 0.008057
stack Hexachioroathane B27SSNT1_|mg/Nm3 [ 0.009885 < {.005598 < 0.005995
ESF i g8s, vapor phase | Hydrogen ULTRSNDO [% 02 @ |
coal Tod NAA g/ 75143 |< 10467 |< 11184
boftom ash lron ICPSSNOO _mg/kg 100000 85000
collectad fly ash ron ICPSSNOC | ma/kg 66000 67000 67000
ESP inlet gas isophorone B2TSSNT1 |mg/Nm3 K 0.011211 < 0.007202 < 0.006057
|stack gas horona 827 1 _img/Nm3 < 0.009885 < 0.005598 < 0.005995
coal Lanthanum ug/g 9.4588 B.320 12104
coal Lutetiurm NAA ug/g 0,281 0.1104 0.1415
bottom ash Magnesium ICPSSNOO _|mg/kg 3500 3700 ®
[coliected fiy ash Magnesasn ICPSSNOD_|mg/kg 4300 4200 @ | 4100
botiom ash Ma Da326 mg/kg 855.0572 669,832
[collacted fiyash 320 mokg B21.2757 830.4191 826122
coal NAA ug/g < 0.8886 < 0.7604 < 0.8344
[ESP Tnket gas Metiny methanesuffonate BZ7SSNTI |mg/Nma < 0.011211___|< 0007202 [<  0.006057
stack methanesulfonate BZ7SSNT1 |mgMNm3 |k 0.009885  |<  0.005598 |<  0.005995
miet gas M lana chionde SW 8240 mg/Nm3 < 0.000519 < 0.000624 < 0.000617
stack (as Methyhane chioride SW B240 ma/Nm3 K 0.00067 1 < 0.00056 < 0.000665
coal Mossture 0330288a  |% 4 2.81 3.08
bottom ash Moisture air dry % 24.5 2
collectad fly ash Mosture aw dry % 2 20 21.4
ESP inlet guis m.p=Xylone SW 6240 |mg/Nm3 0.00%623 0.003198 0.006203
sack gas 'm,p—Xylene SWazZe0  [mg/Nm3 0.013122 0.000672 @ 0.001355 @
coal Naodyrrium NAA us/o 10.035 8,6821 9.3492
ESP inlet gas Nérobernzene 827SSNT1 ImgMNm3 &  0.011211 < 0.007202 < 0.006057
stack gas troberzene B2Z7TSENTY Img/MNm3 K 0.009885 < 0.005558 < 0.005995
ESP inlet gas — Nircsodimethyiamine B27SENT1_{mg/Nm3 D.011211 < 0.007202 < 0.006057
stack gas N-Nirosodimethylhmine B27SSNT1 [mgMNm3 D.009BA5 < .005568 < 00059585
ESP inlet gas N -Ntrmo-_g'g—n—buylaniu B27TSSNT1 Img/Nm3 |« 0.011211 < 007202 < 0.006057
stack gas N = Nitroso—di—n—butylamine B27SSNT1  |mp/Nm3 0.009885 < 0.005598 < 0.005895
[ESP intet gas =Nitrosodipropytamine B27SSNT1_ mg/Nm3 | 0.011211 < 0.007202 < _ 0.008057
stack gas —Nitrgsodipropylamine B27SSNT1_[mg/Nm3 < 0000885  [< 0005588 [«  0.005895
ESP miet gas —Nitresopiperiding B27SSNT1 [mgNmd K 0.011211 <  0.007202 <  0.006057
stack N-Nitrosoppendine B27SSNII Img/Nm3 [« 0.609885 < 0.009598 < 0.005995
ESP miet gas o—Xylene SW 8240 mo/Nm3 0.001039 @ 0.000734 0.002223
| stack gas o—Xylene SWB240 [mgNm3 .00057 1 < 0.00056 < 0.000565
ESP inlet gas - Chioroaniline B278SNT1 Img/Nm3 | 0.011211 < 0.007202 < 0.006057
stack gas p=Chioroantline B27SSNT1 [mg/Nmd ik 0.009885 < __0.005598 < 0.005995
ESP inlet gas [p—Dwmethylamincazcberzens | 627 mg/Nm3 |« 0.011211 < __0.007202 < 0.008057
stack p—Dn lammcazcbenzena  |8275SNT1 |mg/Nm3 < 0.009885 < 5508 < 0.005995
nlel gas Pergachiorobenzene 827SSN mg/Nm3 [ 0.011211 < 0007202 < __ 0.0068057
stack gas Pertachiorobenzene B8275SN mg/Nm3 [« 0.009685 < 0.005598 < 0.005995
ESP tniet Pentachiotonitroberzens B27SSNT1_{mg/Nm3 0.011211 < 0.007202 < 0.006057
stack gas Pentachiorontrobenzene BITSONT1 |mg/Nm3 < 0.009885 < 0.005598 < 0.005995
'ESP indet gas henol BZIGONT1 |m@/Nm3 [« 0.058057  [< 0.036011 < 0.030286
stack gas Pertachiorophenol B27SSNT1_|myhm3 f«  0.049425 < 002799 < 0.029677
'ESP inlet gas Phenacetn_________ BZ7SSNT1 |mg/Nm3 k _ 0.011211 < 0.007202 < 0.006057
stack gas Phenacetin Bo7SONT1 |mg/Nm3 & 0.009885 < 0.005698 < 0.005935
ESP inlet gas Phenol B27SSNT1 [ mg/Nm3 077359 < _ 0007202 [< 0.008057
stack gas Phenol 27 SSN mg/Nm3 < 0.009885 0.008957 @ < 0.005985
[bottom ash Potassium mg/kg 1531237 16348.15
collected fiy ash Potassasm mgkg 1900821 19061.34 18724.68
ESP miet gas Pronamide B27SSNT1 [mg/Nm3 [ 0.011211 < 0.007202 < 0.006057
stack gas Pronamide B27SSNTS |mg/Nm3 [« 0.009685 < 0.005598 < 0.005995
ESP inlet gas Pyridine B27SSNT1 |mg/Nm3 0.011211 < 0.007202 < 0.008057
stack gas Pyndine 8275SNT1 [mgMNm3 < 0.009685 < 0.005598 <  0.005985
coal Rubidium NAA q 14.69 9.3635 7.158
coal Samanum AA 1.8285 1.5044 8614
coal Scandium AA ug/g 5.1878 40723 45588
coal Selenium MNAA ug| 3.1846 1.6242 2.6060
[bottom ash Silicon mg/kg 219178.2 234608
suspended ash Sdicon ICPSSNOO img/ki 5 928365.8 404678.5
collected tiy ash Silicon mg kg 240586. 2482949 2442402
emitied parbiculaies Sllicon ICPSSNDO kg < 1127a06R |< 131406 A |< 2389831 R
intet gas, vapor phase | Sdicon ICPSWNOO rngINmS 1107932 @ 0.395604 @ 0.660373 @
C-5
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Site 15 Data Not Used in Calculations

Stream Substance Mathod UoM Run 1 Run 2 Run 3
stack gas, vapor phase Sdicon JCPSWNDD_|mg/Nim3 0.63009 @ | 0.915338 @ | 0.738537 @ |
servica water Sdicon ICPSWNOO_|mg/L I@ 3@ 28 @
coal Siiver NAA g K 0.60% [< 05707 [< _0.605
bottom ash Siver ICPGSNOO_mg/kg |« 10__|< 10
| suspendad ash Siiver PSSNOO_|mg/kg _Jc 1008311 |< 1014929 |< 10.08786
cobectod fiy ash Siver PSSNOO_|mglkg — | 0 i< 0 i< 10
emittad perticulstes Giver ICPSGNDO _|mpkg & 11.27396__{<  13.1406___ {< 33.89631
iniet gas, vapor prase | Siver ICPSWNOO _|mg/Nm3 |« 0.004702 __ |< 0004779 < 0.005041
stack gas, vapor phase Siver PSWNOO jmgNmS < 0.002542 < 0.002%7 < 0.005457
senice water Siver IC 00 Img/llL < 0.04 < 0.01 < 0.01
botim ash Sodium ICPSSNOD _|mo'kg |« 1000 1400 @
suspended ash Soduim ICPSSNOO_|mg/kg Fo==1§F] 4BE56.80 TB00&2
collacted fiy ash Sodum PSSNOO_|mg/kg — 26000 24000 2300 @ |
emitted particulates Sodam PSSNOOD [ 1127406 R (< 131406 R [< 3389831R
coa! Strontium NAA 120.8 113.17 209.25
bottom ash Strontaam DA326 2007573 2120818
bottom ash Strontiurm ICPSSNOC 730 680
suspended ash Strontaum PSSNOO_|m BE7.0442 9091257 $90.7213
collectad fly ash Strontum 4326 mg/kg 2972731 1299817 2505.364
collected fiy xsh Strontium ICPSSNOO_|mg/kg 980 840 820
emitied parts Strontium ICPSSNO0 | mg/kg 867,055 R 969.7766 R 1383051 R
iniet gas, Egg phase | Strontum ICPSWNOO | ma/Nm3 0.001524@ |[< G003 (< 0.001512
|stack gas, vapor p Strontium ICPSWNOO [mg/Nm3 |« 0.000762 < 0.00089% < 0001637
| service water Sirontium ICPSWNDO [mg/L 0.061 0.074 _0.071
inlet gns Styrens SWaz40 md < 0.000615__ |< 0.000524 |< _0.000517
stack gas rens SW 8240 |mg/Nmd | 0.000671 < 0.00055 < 0.000565
[botiom ash TTSRSNOD |% 0.208 0156 |
collected Ty ash Suthr TISRSNOO_|% 0.0207 @ _ 00214 @ 00177 @
[ESP inket gus, vapor phase | Suiflur TISRSNOD |% 0.141 0.96 0.143
[coal Tantalum NAA ug’g 0.2073 02158 0.2619
ooal erbum NAA D.2155 0.1606 2076
[ESP inlet gas etrachioroethens SW 6240 __[mg/Nno [<__ 0.000619 __ |< 0000524 |< _ 0.000517
siack gas etrachioroethens SW B240 Nmd ¢ 0.000571 < 0.00056 < 0.0006565
[bottom ash Trallium ICPSSNOD_|ma/kg_ [ 100 |< 100
ash lium ICPSSNOO |mg/kg (< 100.8311 <  101.4929 < __ 100.9786
ocollected fiy ash Thafbum ICPSSNOO_|mglkg < 100 [< 00 |< __100
emiiad particulates Thallum _ ICPSSNOC_Img/kg _Jc 1127396 < 131406 |<  338.9831
iniof gas, vapor phase | Thaliasm ICPSWNOO_|mo/Nem3 0.0470 <_ 0047783 |<  0.050409
| stack gas, vapor phase Thalium ICPSWNOO [mg/Nm3 <~ 0.02541€ < 0.029701 < 0.054566
SOTVICS water Thalbum ICPSWNOD mgll. 0.1 < 0.1 < 0.1
coal Thorum NAA ug/g 2.8517 21772 28651
coal [in NAA ug/g < 15 < 15 < 15
bottom ash [anim TIESSNOO__[mg/kg 5500 6300
[collected fiy ash Tkanum TIESSNOO__|m 7400 7300 7200 __
conl Total mossture D3302 % 6.22 6.79
ESP inlet trans— 1,2—Dichloroethene SWE240  Img/NmG 0.000519 < 0.000624 < 0.000517
| stack gas trans— 1.2 Dichloroethens SWB240 [mp/Nm3 |« 0.000571 [< 0.00056 < 0.000565
ESP inlet pas rans-1,3—Di ropee SW 8240 mg/Nma |« 0.000519 < 0.000524 < 0.000517
stack trans— 1,3~ Dichloropropens SWB240 [ma/Nmd &  0.000571 < __ 0.00066 < 0.000565
ESF inlet gas Trichioroethene GW 6240 |mg/Nm3 [ 0000519 |<  0.000524 [« 0.000517
stack gas Trichioroethene SWB240__|mp/Nm3 [ 0000671 _|< 000066 |<  0.000565
P iniet gas Trichiordliuoromethane SWE240  Img/Nm3 ¢ 0.000519 < 0.000524 < 0.000517
stack gas Tnchiorcfiuoromethane SWB240 [mpNm3 < 0.000571 < 0.00056 < 0.000565
|.coal Tungsten NAA wyn e .10 < 10 < 10
coal Uranium NAA 2.0304 0.88%2 0.8304
jet gas Virwl acetate SW E240__[mg/Nmd [< 0.000519  |< 0000624  |<  0.000617
stack Vinwl acetate SW 8240 mg/NmJ | 0.000571 < 0.00066 < 0.000565
gas Vil chiorida SWED40  [mg/Nmd [« 000DCB1S |« 0ODOG2E_ <  0.000517
siack gas Vinyl chionide SWEB240__ ImgMns |« 00006571 |<  0.00066 < 0.000565
coaj Volatile carbon Proximat___| % dry 33,4377 33.02039 3251632
| coal Yiterbium NAA /g 0.8568 0.7374 0.9760
coal Znc NAA ug/ 21.584 1812 21875
botiomash Zinc CPSSNDD_Img/kg < 20 [< 20
| suspended ash ICPSSNOO_Img/kg < 20 < 20 __ 36.65907 @ |
collected fly ash ICPSSNO0_{mg/kg M 20 30 @ < 20
emitted particulates Znc ICPSSNOO | mg/kg 1059.752 617.6084 @ 1694915 @ |
ESP injet gas, vapor phase CPSWNOD |mg/Nm3_[c  0.009404 (< D005 | <  0.090062
[stack fas, vapor phase [Zinc CPSWNOO [mg/Nmd < 0.005083 < 0.0094 _ |< _0.010813 |
| service water ICPSWNOO _[mg/L 0.028 0.046 @ 034 @
coal Zrconaam NAA ug/g < 36.148 < 30.99 < 33.489
C-6
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Measured and Calculated Process Stream Flows
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Appendix D

Table D-1 summarizes process stream flow rates for Site 15. Additional tables summa-
rize the gas stream characterization data. Process data that could not be accurately
estimated from plant operating records were the makeup water utilization rate, the fly
ash and bottom ash sluice system rates, and the collected fly ash production rate. These
variables were determined mathematically from other measured variables. The calcula-

tion methods are briefly described below:

® The collected fly ash rate was calculated by computing an ash balance around the
plant. The coal ash input less the bottom ash and emitted particulates was calculated
as the collected fly ash rate.

* The ESP inlet gas flow was adjusted relative to the measured stack gas flow based on-

the measured oxygen concentrations.

D-3
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VOST SAMPLING DATA
Pair Start Stop Volume Meter Probe Bar. Gas Volume
Run No6.  No. Date Time Time atMeter DGMCF Temp Temp Prassure Collected
_ ] (deg F) (degF) _ (in. HQ) _f(Std ) e
inlet A 10/2719% 1730 1811 - 21.07 1.007 70 254 29.25 20.68
Run 1 B 10/27/90 1826 1837 5.81 1.007 69 262 29.25 5.71
C 10/27/90 1852 1854 1.00 1.007 68 251 20.25 0.98

inlet
Run 3

10/28/90 1705
1755

§
:

1745 20.56 1.007
1805 5.50 1.007

62 258 29.66 20.76
62 250 29.66 5.55
61

Stack A 1027790 1740
Run 1 B 10727190 1831
C 127/90 1852

Stack
Run 2

10/29/90 1705
1755

A
B 10/29/90
c -,

1820 20.00 0.984
1841 5.00 0.984
3854 1.00 0.984
1745 20.00 0.984
1805 5.00 0.9684

Stack A 10/29/90 1836

Run 3 B 10/29/90 1926

C 10/29/90 1948
PRELIMINARY

1916 20.00 0.984

1936 5.00  0.984
1850 1.00  0.984
D-5

80 amr 20.25 18.81
84 285 29.25 4.67
85 230 29.25 0.93
78 297 29.66 19.15
83 285 29.66 4.74
82

82 285 29.66 19.01
a3 293 29.66 4.74
83 297 29.66 0.95
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ANIONS

INLET STACK

ale Run Dry Standard Dry Standard
No, Mater Volume Meter Volume

10/23/90 1 74.779 DSCF 73.542 DSCF
10/26/90 2 65.12 DSCF 68.146 DSCF
10/26/90 3 63.754 DSCF 61.043 DSCF
1027790 4 66.993 DSCF 65.618 DSCF
10/27/90 5 67.952 DSCF 77.004 DSCF

Filter Weight Filter Weight

Gain Gain
10/23/90 1 0.0000 gms 0 gms
10/26/90 2 0.0000 gms 0.067 gms
10/26/90 3 12.9261 gms 0.1102 gms
1027790 4 15.3254 gms 0.1448 gms
10W27/30 5 14.0391 gms 0.1624 gms

Impinger impinger

yolume yolume
10/23/90 1 0 g cg
10/26/90 2 0.0 g 0g
10/26/90 3 565.6 g 568.7 ¢
1027720 4 6145 g 568.3 g
10/27/90 5 5683 g 640.3 g

ALDEHYDES

Dry Standard Dry Standard

Meter Voluma Meter Volume
10/24/90 1 14.233 DSCF 13.596 DSCF
10/26/90 2 13.683 DSCF 12.555 DSCF
10/27/90 3 11.963 DSCF 12.985 DSCF

Impinger impinger

volume volume
10/24/90 1 E73.7 g 5546 g
10/26/90 2 5055 g 488.1 g
10/27190 3 466.9 g 4948 g

D-6
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MODIFIED METHOD 5
PARAMETER INLET STACK
Date 10/23/90 10/23/90
Dry Standard Meter Volume 33.805 DSCF 38.341 DSCF
Parcent Flue Gas Moisture 8.36 % 7.49 %
Flue Gas Molecular Weight (wet) 29.40 g/g-mole 29.36 _g/g-mole
Avarage Gas Velocity 56.98 ft/sec £89.89 ft/sec
Average Flue Gas Flow Rate 1,430,000 DSCFM 1,170,000 DSCFM
Adjusted Inlet Flue Gas Flow Rate’ 1,285,570 DSCFM
Isokinetic Sampling Rate 1029 % 99.6 %

PARAMETER INLET STACK

Date 10/27/30 10/27/90

Dry Standard Mater Volume 52.623 DSCF 67.701 DSCF
Percent Flus Gas Moisture 5.05 % 6.43 %

Flue Gas Molecular Weight {(wet) 29.81 g/g-mole 29.49 g/g~-mole
Average Gas Velocity 57.62 t/sec 84.76 fi/sec
Average Flue Gas Flow Rate 1,540,000 DSCFM 1,130,000 DSCFM
Adjusted Inlet Flue Gas Flow Rate 1,384,460 DSCFM

Isokinetic Sampling Rate

964 % 97.9 %

PARAMETER INLET STACK
Date 10/29/90 10/29/90
Dry Standard Meter Volume 62.571 DSCF 63.216 DSCF
Percent Flua Gas Moisture 7.00 % 6.70 %
Flue Gas Molecular Weight (wet) 29.57 g/g-mole 30.28 g/g~-mole
Average Gas Velocity 52.37 H/sec 83.12 fi/sec
Average Flue Gas Flow Rate 1,370,000 DSCFM 1,220,000 DSCFM
Adjusted Inlgt Flue Gas Flow Rate 1,231,630 DSCFM
isokinetic Sampling Rate 100.8 % 1103 %

D-7
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MULTI-METALS
PARAMETER INLET STACK
Date 10/23/90 10/23/90
Dry Standard Meter Volume 43.665 DSCF 84.463 DSCF
Percent Flue Gas Moisture 8.36 % 749 %
Flue Gas Molecular Weight (wet) 29.4 g/g-mole 25.4 glg-mole
Average Gas Velocity 54.76 ft/sec 86.34 ft/sec
Average Flue Gas Flow Rate 1,390,000 DSCFM 1,140,000 DSCFM
Adjusted Inlet Flue Gas Flow Rate 1,249,610 DSCFM
Isokinetic Sampling Rate 99.8 % 916 %
Oxygen Concentration 7 % 10 %
Total Mass of Particulate Solids 12.0326 grams 0.0887 grams
Particutate Concentration 4.25 griDSCF 0.0162 _gr/DSCF
Particulate Emissions 50,500 ibshr 158.00 b/
Adjusted Particulate Emissions 45,585  Ib/hr

PARAMETER INLET
Date 10/26/90 10/26/90
Dry Standard Meter Volume 41.662 DSCF 67.286 DSCF
Percemt Flue Gas Moisture 505 % 6.43 %
Flue Gas Molecular Waight (wet) 29.81 g/g-mole 29.48 g/g-mole
Average Gas Velocity 55.08 ft/sec_ 87.77 fi/sec
Average Flue Gas Flow Rate 1,450,000 DSCFM 1,170,000 DSCFM
Adjusted Inlet Flue Gas Flow Rate 1,303,550 DSCFM
fsokinetic Sampling Rate 105.6 % 979 %
‘Oxygen Concentration 7T % 8 %
Total Mass of Particulate Solids 6.6982 grams 0.0761 grams
Particulate Concentration 248 gr/DSCF 0.0175 _gr/DSCF
Particulate Emissions 30,800 ib/hr 175.00 lo/hr
Adjusted Particulate Emissions 23,463 loMmr

D-8
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PARAMETER INLET STACK
Date 10/27/90 10/27/90
Dry Standard Meter Volume 40.698 DSCF 37.021 DSCF
Percent Flue Gas Moisture 7 % 6.70 %
Flue Gas Motecular Weight (wet) 29.57 g/g-mole 29.46 g/g-mole
Avarage Gas Velocity 55.84 fit/sec 87.54 t/sec
Average Flue Gas Flow Rate 1,430,000 DSCFM 1,170,000 2SCFM
Adjusted Iniet Flue Gas Flow Rate 1,285,570 DSCFM
Isokinetic Sampling Rate 104.1 % 101.8 %
Oxygen Concantration 7 % ¥ %
Total Mass of Particulate Solds 10.219___grams _ 0.0285 grams
Particulate Concantration 3.88 gr/DSCF 0.0123 ogrfOSCF
Particulate Emissions 47,700 Ibfhr . 123 Ib/hr
Adjusted Particulate Emissions 42,732 Ib/hr
IMPINGER VOLUMES
INLET STACK

10/23/90 iMP182 541.7 gms 566.4 gms

IMP3&4 579.1 gms 488.6 gms
10/26/30 MP1&2 525.4 ams 527.3 gms

IMP3&4 556.5 gms 537.7 gms
10/27/90 IMP18&2 541.3 gms 533.0 gms

IMP3&4 577.8 gms 553.7 gms

D-9
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An error propagation analysis was performed on calculated results to determine the
contribution of process, sampling, and analytical variability, and measurement bias, to the
overall uncertainty in the result. This uncertainty was determined by propagating the
bias and precision error of individual parameters into the calculation of the results. This
uncertainty does not represent the total uncertainty in the result since many important
bias errors are unknown and have been assigned a value of zero for this analysis. Also,
this uncertainty is only the uncertainty in the result for the period of time that the

measurements were taken.

Nomenclature
r= Calculated resuit;
S: = Sample standard deviation of parameter i,
6 = Sensitivity of the result to parameter i;
B, = Bias error estimate for parameter i;
v, = Degrees of freedom in parameter i;
v, = Degrees of freedom in result;
§ = Precision component of result uncertainty;
8 = Bias component of result uncertainty;
t = Student "t" factor (two-tailed distribution at 95%);
U = Uncertainty in r; and
N = Number of measurements of parameter i.

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

U = {8+ S r o »
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The components are calculated by combining the errors in the parameters used in the
result calculation.

[
e \j @ * 8z @
i=1
j
S, = [X @ * sz &)
Ni=1

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

6, = = @

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

o o 1B+ AP) - xP)

5
) 27, ®)

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

E-4
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S5 = (6)

2k

The degrees of freedom for each parameter is found from

v, = N-1 ™

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

j [(s-. x ei)‘} 8)

The student "t" in equation 1 is associated with the degrees of freedom in the result.

The precision error terms are easily generated using collected data. When calculating
the S;, care is taken in assigning degrees of freedom to each parameter. For example, if
a 15-minute average coal data are used to generate a mean coal feed rate for each of
three days, the degrees of freedom in the average coal feed rate for the trip should
reflect all of the 15 minute averages and not just the three daily averages. However, as
another example, running duplicate analyses does not increase the degrees of freedom in
analytical results.
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The bias error terms are more difficult to quantify. The following conventions were used
for this report:

. 5% bias on coal and ash;
. No bias in gas flow rate; and
U No bias in analytical results unless the result is less than reporting limit.

Then one-half the reporting limit is used for both the parameter value and
its bias in calculations.
The flow rate bias values are assigned using engineering judgment. No bias is assigned
to the analytical results (above the reporting limit) or gas flow rate since a good estimate
for magnitude of these terms is unknown. These bias terms may be very large (relative

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

uncertainty in each result. Analytical bias near the instrument detection limit may be
especially large. Therefore, the uncertainty values calculated for this report should be

used with care.

An example of the calculation of confidence intervals is shown below.

Confidence Interval Calculations

Confidence intervals (Cls) were calculated for the mean concentrations in the coal and
all gas streams. In addition, confidence intervals were determined for the stack gas

emission factors presented in Table 3-3b.
Cls for Stream Concentrations
For arsenic in the stack gas, the 95% CI is calculated using the equations presented

above. The 95% CI about the total mean for the sum of two values can be represented
by:

E-6
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T T )

where:

U, ror 95% CI for the total concentration;

Upagr = 95% CI for the particulate phase; and
U varor = 95% CI for the vapor phase.

The 95% CI for each phase is given by:

2
N Y a
N

where:

U, = 95% CI for each phase;

g = Bias component;

t =  Student’s t factor for 97.5 percentile (one-tail) and N-1 degrees of

freedom;

S, =  Standard deviation of the individual run measurements; and

N = Number of measurements.
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The three sets of concentration data for arsenic in the stack gas shown in Table 3-3a

were:

Run 1 Run 2 Run 3
Particulate 16 21 16
Vapor <1 <1 <14

For this set of data, the average value was calculated by adding zero to the particulate
concentration and obtaining the mean (16 + 21 + 16)/3 = 18.

For the sum of each run, the standard deviation (S;) equals 2.85. Since the sum for each
run is greater than the reporting limit, there is no bias term.

N= 3
thg = 43
2.85)?
U, = [OF + |43 == (11)
L r o7 (1228
= 71

This is the 95% CI shown in Table 3-3a for arsenic. Similar calculations were performed

to determine the confidence intervals for all other values.
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In addition to the assumptions about bias errors referred to above, the calculations also
assume that the population distribution of each measurement is normal and that the

samples collected reflect the true population.

Also, the uncertainty calculated is only for the average value over the sampling period.
The uncertainty does not represent long-term process variations. In other words, the
calculated uncertainty does not include a bias term to reflect the fact that the sampled
system was probably not operating (and emitting) at conditions equivalent to the average

conditions for that system over a longer period.

Improvements in bias estimates will be made as more data are collected and the QA/QC
database is expanded. Spike and standard recoveries can be used to estimate analytical
bias. Also, as the analytical methods improve, accuracy will improve, resulting in the
true bias of the analytical results being closer to the zero bias now assigned.

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

same location.

The tables which follow this discussion are the computer-generated results from the
material balance error propagation. Each table provides the results for an individual
element (e.g., pp. E-10 provides error propagation results for aluminum). The tables
present the material balance closure as the average value (110% for aluminum) with an
absolute total uncertainty of 8.7 percent. The program sorts the input variables in
decreasing order of error contribution. For aluminum, the coal and collected fly ash
stream flows are the two largest sources of uncertainty. On subseguent calculations,
concentration variability is usually responsible for most of the uncertainty.

E-9
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The objective of quality assurance and quality control (QA/QC) efforts associated with
the Site 15 study is to ensure that all data collected are of known and sufficient quality
to qualitatively and quantitatively characterize the various process streams. This section
addresses the QA/QC associated with the chemical analyses of gas, solid, and aqueous
sample from the program. The tables located at the end of this appendix contain details
of the QA/QC analyses summarized in this text.

Summary of Data Quality and QA/QC Approach

Quality assurance and quality control procedures used for this program were consistent
with those described in Table 4-10 of the Site 15 sampling and analytical plan, August

1990, and the Laboratory Quality Assurance Program Plan (QAPP, revision 2, February, -
1990) for Radian’s Austin Laboratories. The following key types of QA/QC provide the

primary basis for quantitatively evaluating data quality:

o Laboratory and field blank samples;

¢ Laboratory quality control check samples;
e Laboratory spiked samples;

e Duplicate samples; and

¢ Duplicate analyses.

Quality assurance/quality control data associated with the sampling and analytical
procedures for this study indicate that, with a few exceptions to be discussed below, the
data quality objectives were achieved for all variables. For this reason the data may be

considered valid and usable for project needs.

F-3
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Blank Samples

Blank samples consist of laboratory pure matrices that are subjected to routine sampling
and analytical procedures. For this project, trip blanks, field blanks, and laboratory
blanks were analyzed. Trip blanks consist of blank sampling media that are transported
to the field but are not exposed to field conditions. Field blanks are blank sampling
media that are placed in the sampling equipment, transported to the sampling location,
leak checked, and then recovered immediately into sampling containers. Laboratory
blanks consist of laboratory water or sampling media that are prepared and/or digested
in the same manner as the samples. Laboratory blank samples are used to control
laboratory contamination because corrective action is initiated when results are above
acceptable limits. Field blank samples are used to assess sampling contamination.

One set of field blank samples was collected for each gas collection technique. (For the
VOST sampling, field blanks were collected daily at each sampling site.) In addition,
trip blanks were collected for many of the sampling trains. Laboratory blanks were
analyzed at a frequency of 10% or with each batch of samples analyzed (whichever was
greater). Blank results are compared with quality control (QC) limits which are set at
1.5 times the method reporting limit (MRL) for most organic analyses and are five times
the method reporting limit (MRL) for metals and anions. (Method reporting limits are
specified by the laboratory for each of the methods performed and are based on method,
EPA, or other requirements. All instrument-specific method detection limits must be
less than or equal to the corresponding method reporting limit.) Generally, if laboratory
blank results are found above the QC limit, analytical procedures could be contaminating
field samples. Similarly, field blank results above the QC limits indicate that sampling
procedures may be contaminating field sampies.

Table F-1 summarizes the laboratory blank and field blank results. This table shows the
total number of blank samples for each method, any compounds detected, and the range
of results detected in the blanks. Low levels of chloride, fluoride, and sulfate were found

in one or more of the impinger field blanks at concentrations less than five times the

F-4
PRELIMINARY DO NOT CITE OR QUOTE




Appendix F

sample reporting limit (SRL). Fluoride was also found in the impinger trip blank and
the laboratory blank analyzed with the solid samples. Aluminum, iron, manganese,
strontium, and zinc were found in the field blanks and trip blanks analyzed by ICP-AES
associated with the stack outlet samples. These analytes were reported at levels less
than five times the SRL except for iron and zinc which were detected at levels greater
thap five times the SRL. Manganese and zinc were also found in the field blanks and
trip blanks associated with the ESP inlet impinger samples. Cadmium and/or lead were
found in the field blanks and trip blanks analyzed by GFAAS. No contaminating
analytes were detected in the laboratory blanks associated with these analyses.

Aluminum, barium, chromium, copper, iron, lead, molybdenum, sodium, silicon, and
strontium were found in the laboratory blanks associated with the probe and nozzle and -
filter samples from the metals sampling train. These analytes were mostly detected at
low levels (less than five times the SRL) except for aluminum, sodium, and silicon that
were found in significant levels. These contaminants were most likely contributed by the
filter and the reagents used in the microwave digestion procedure. Aluminum, copper,
molybdenum, sodium, and lead were also found in the preparation blanks analyzed with

the solid samples.
Quality Control Check Samples

Quality control check saraples (QCCS) are laboratory pure matrices to which known
amounts of target analytes have been added. Results from QCCS analyses are used to
calculate percent recoveries which are then compared to established acceptance limits to
check instrument calibration and/or control analytical performance. Expressed as a
percentage of the amount added, QCCS recovery provides a measure of the accuracy of
the analysis. For a single sample, this includes the combined effects of bias, or systemat-
ic error, and variability due to imprecision. Averaging QCCS recoveries tends to
"average out" the random error due to imprecision and provides an estimate of analytical

bias. In addition, the laboratory may also analyze standard reference materials with
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certified composition. NBS ash was used for this project. Percent recoveries for these
materials are also used to indicate overall analytical efficiency.

Table F-2 summarizes the QCCS analyses for anions and metals performed with the
sample analysis. The mean percent recovery shown in these tables represents analytical
bias which was estimated to be within acceptance limits (90% to 110% recovery) for the
compounds analyzed except for antimony, lead, selenium, silicon, silver, sodium, and zinc
spiked into the probe and nozzle rinse and filter matrix and analyzed by ICP-AES.
Results for lead and selenium spiked into this same matrix were within acceptable limits
for analyses by AAS techniques.

Spiked Samples

Spiked samples are field samples to which known amounts of the analyte of interest have
been added. A spiked and unspiked aliquot were analyzed for this project. The
difference in the concentration between the spiked and unspiked aliquots are calculated
and compared to the amount of spike added. Since actual samples are used for the
determination, any matrix effects can be identified. Like QCCS analyses, spiked sample
analyses may be used to estimate analytical bias. The bias estimate generated from the
spiked sample analyses includes systematic bias contributed by the sample matrix.

Tables F-3, F-4, and F-5 summarize the spiked sample results. The mean percent
recovery was within acceptable limits for all organic compounds except for 4-nitrophenol
which showed recoveries above the acceptance limits for both the matrix spike and
matrix spike duplicate. Phosphate spikes into the impinger solution used for the
recovery of anions from the gas streams showed 0% recovery. This may be a matrix
problem and will be investigated with samples from future sites. Spikes into solid
samples (particulates from the gas streams) showed good recoveries except for alumi-
num, arsenic (ICP-AES and HGAAS), boron, iron, lead (GFAAS), selenium (ICP-AES
and HGAAS), silver, and titanium. Arsenic (ICP-AES), boron, iron, lead (GFAAS), and

titanium recoveries exceeded the 125% QC limits and recoveries for aluminum, arsenic
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(HGAAS), selenium, and silver were below the 75% QC limits. Spikes into probe and
nozzle rinses and filter samples from the metals sampling train showed good recoveries
except for aluminum, antimony, copper, potassium, silver, sodium, and titanium analyzed
by ICP-AES and arsenic analyzed by HGAAS. Sodium recoveries exceeded the QC
acceptance limits while the other analytes were recovered below the acceptance limits.
Matrix spikes into impinger samples showed good recoveries except for beryllium,
potassium, and selenium analyzed by ICP-AES and mercury by CVAAS.

Spikes into the service water samples showed excellent recoveries for all analytes. Spikes
into fly ash sluice water samples also showed excellent recoveries except for one spike

that showed low recoveries for boron, calcium, potassium, sodium, and selenium.

Surrogate spiked samples are a special type of spiked sample used as a part of the
analytical protocol for the organic analyses to maintain method performance for each
sample. (Surrogate compounds are not expected to be found in the sample and are
added to each sample, blank, and standard before sample extraction.) Surrogate spike
results for the volatile organic analyses are summarized in Table F4, and surrogate
spikes for the semivolatile analyses are summarized in Table F-5. All surrogate recover-
ies were within the QC acceptance limits for all volatile and semivolatile analyses

performed.
Duplicate Samples and Duplicate Analyses

Duplicate samples and duplicate analyses are used as indicators of measurement data
precision. Precision is a measure of mutual agreement among individual measurements
of the same property made under similar conditions. Variability among the measure-
ments is attributable to random error. In the case of duplicate analyses, the analytical
process is replicated for separate aliquots of a single sample with prescribed elements of
the process held constant. For example, duplicate analyses are usually performed on the
same day, by the same analyst, using the same instrument, and the same calibration.

PRELIMINARY DO NOT CITE OR QUOTE




Appendix F

Differences in results for duplicate analyses are attributable to random variability in the
analytical process and are a measure of analytical precision.

Duplicate samples provide another measure of precision. Collecting and analyzing
duplicate samples involves replicating sample collection (and associated sample handling
activities) and analysis; therefore, precision estimates based on duplicate sample resuits
take both sampling variability and analytical variability into account.

Both duplicate samples and duplicate analysis results provide data for precision esti-
mates. Generally, however, duplicate sample data are used in different ways than the
results for duplicate analyses. Since analytical precision is primarily a function of the
analytical procedures used, precision data for duplicate analyses may be used as an
ongoing quality control check, and corrective action can be initiated when results indicate
that analytical precision is not within acceptable limits.

Results for duplicate samples, on the other hand, are more often used merely as a data
quality assessment tool. There is a lag between sample collection and the availability of
analytical results, and it is usually not possible to initiate corrective action based on
duplicate sample data because the process would no longer be at the same conditions.
Variability in duplicate sample results may also include a component of variability
attributable to inherent nonhomogeneity of the sample matrix.

Both types of duplicate data are useful as indicators of the degree to which results may
be expected to vary by chance alone. This information is important whenever compari-
sons are made between measured values. Without this information it is difficult to know
when to attribute observed differences to measurement error and when to attribute them

to real differences.

Precision estimates for field duplicate samples for the project are presented in Table F-6.
The precision objective is expressed in terms of the relative percent difference (RPD)

and represents the objective for analytical variability. Duplicate samples were collected

F-8
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only for the solid sturry and liquid streams. The results for the duplicate analyses are
also presented in Table F-6. The precision objectives were met for most analytes.

Exceptions and limitations are discussed in the following section.
Summary of Quality Control Results
Semivolatile Organics

All surrogate recoveries associated with the semivolatile organics, except for phenol in
one sample, were within control limits. Surrogate recoveries are summarized in Table
F-5. These results show surrogate recoveries ranging from 75% to 104% and repeatabili-
ty ranging from less than 1% to 12% as relative percent difference. Benzoic acid and
phenol were the only target analytes detected in either of the gas streams analyzed for
semivolatile organics. These compounds were not detected in any of the blank samples
(trip, field, or lab).

Volatile Organics

During the VOST sampling, the target compounds were benzene and toluene. For these
analyses, all surrogate recoveries and laboratory system blanks were within control

ranges.

Benzene, toluene, and xylene were found in at least one sample set in both the ESP inlet
and the stack outlet gas streams sampled by VOST. In addition, ethyl benzene and
1,1,1-trichloroethene were found in the ESP inlet stream, and 1,1,1-trichloroethene and
1,1,2-trichloroethene were found in the stack outlet stream. None of these compounds
were detected in any of the blanks analyzed (trip, field, or lab).

A summary of surrogate spike recoveries for the volatile organic analyses is presented in
Table F-4. These summaries indicate that the results are generally within control limits.

None of the surrogate recoveries were outside the acceptance limits. Mean recoveries
F-9
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ranged from 89% to 117% with a repeatability range from 3.3% to 24% relative percent

difference.
Aldehydes

Acrolein was the only aldehyde compound detected in either of the two gas streams
sampled. This was detected at the method reporting limits in only one sample collected
at the ESP inlet. Matrix spike recoveries averaged 96% with a standard deviation of
7.8% for one formaldehyde matrix spike duplicate pair. Target aldehyde compounds
were not detected in either of the two field blanks or the laboratory blank prepared and
analyzed with the samples.

Anions

Quality control sample results for analyses of fluoride, chloride, sulfate, and phosphate
show acceptable calibration and instrument control. Spike recoveries for aqueous
samples averaged 102% for chlorides and 95% for sulfate. Spikes into impinger
solutions showed 92% and 102% recoveries for chloride and sulfate, respectively.
Results for duplicate sample and duplicate analyses showed good repeatability for water,

impinger, and solid samples.
Metals

All quality control data for metals analyses point to accurate calibration and instrument
control. Limitations based on matrix effects and sample preparation techniques are
discussed below.

Fly Ash Slurry and Bottom Ash. Matrix spike results in the fly ash slurry solids were
outside the 75% to 125% recovery objectives for boron, sodium, and silver by ICP-AES
and arsenic by HGAAS. Results for boron were high (133%), while the recoveries for
sodium, silver, and arsenic were low (0%, 16% and 40%, respectively). Duplicate RPDs

F-10
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(relative percent differences) were within the 20% objective for all elements except
sodium. A NBS 1633a fly ash sample analyzed as a blind performance evaluation sample
showed good recoveries except for sodium (135%), zinc (40%), arsenic (8%), and lead
(179%). In bottom ash samples, duplicate sample results were within the required 20%
precision objectives for all elements except arsenic. Aluminum, iron, molybdenum,
sodium, and lead were detected in the laboratory preparation blank. This could
significantly affect results for lead, molybdenum, and sodium in the solid samples. Even
though the blank results for aluminum (2000 mg/kg) and iron (74 mg/kg) were high,

these levels are not significant compared to the sample results.

Metals Train Particulate Samples. A standard fly ash sample (1633a) obtained from the
National Institute of Standards and Technology was digested and analyzed in conjunction
with the analysis of particulates from the filter and probe and nozzle rinses out of the
metals train. Recoveries of less than 75% for aluminum and magnesium (by ICP-AES)
indicate that these metals may be biased low. Recoveries greater than 125% were
observed for lead by ICP-AES but were within limits (87%) for the GFAAS analysis. Of
particular concern were results for molybdenum (1600%), which were considered
unreliable in these samples because there were spectral interferences from aluminum

and iron. The molybdenum results were consistent with the results of seven replicate
analyses of the NBS fly ash standard used to evaluate the effectiveness of the microwave

digestion procedure developed for this program.

Matrix spike recoveries for a sample from the staék outlet train showed low levels of
aluminum, antimony, iron, potassium, silver, and selenium and showed high levels for
silicon and sodium. Blank filter spike results also showed low recoveries for antimony
and silver. The results for the method blank showed aluminum, iron, molybdenum,
silicon, and sodium at levels greater than five times the sample reporting limits. Barium,
chromium, copper, lead, and strontium were reported at levels less than five times the

sample reporting limits. The blank levels were most likely the background from the

filter.
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Metals Train Impinger Solutions. Average spike recoveries for silicon were outside
control limits in the ESP inlet impinger samples. In addition, at least one result for
boron, selenium (by ICP-AES), and lead (by GFAAS) were outside limits although the
average recoveries for the spiked pair were within limits. Recoveries of silicon and
boron were low, and recoveries of selenium and lead were high. Spike recoveries for
spikes into a matrix blank sample were within limits for all elements. A review of
laboratory calibration check results found that recoveries for all elements to be within
acceptable quality control limits.

Aluminum, cadmium, iron, lead, manganese, strontium, and zinc were found in the stack
outlet field and trip blanks. Cadmium, lead, manganese, and zinc were also found in the
ESP inlet trip and field blanks. No contamination was found in any of the lab blanks
analyzed with the impinger sample sets.

Service Water, Bottom Ash Sluice Water, Fly Ash Sluice Water, Ash Pond Outlet Water,
and Wastewater Treatment Effluent. Copper was reported at less than five times the
method reporting limit in the method blank. Calibration and interference check samples
run with the water samples indicate that the laboratory was in good control at this time.

Spike recovery data for spikes prepared in laboratory pure water prior to sample
digestion showed recoveries ranging from 94% to 101% for all elements analyzed by
ICP-AES.

F-12
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Appendix F

Summary of Blank Sample Results for Site 15

Method

Semivolatile Organics

Lab Blanks

Field Blanks (MM5)

Trip Blank (MMS5)
VOST

Field Blank-ESP Inlet

Field Blank-Stack

Trip Blanks

Lab Blanks
Aldehydes

Lab Blanks

Ficld Blanks
Chloride

Field Blank-Impingers

Lab Blanks-Sclids

Lab Blanks-Impingers

Lab Blanks-Waters
Sulfate

Field Blank-Impinger

Lab Blanks-Solids

Lab Blanks-Impingers

Lab Blanks-Waters
Fluoride

Lab Blanks-Impingers

Ficld Blanks-Impinger

Trip Blank-Impinger

Lab Blanks-Solids
Phosphate

Field Blaoks-Impingers

Lab Blanks-Waters
Total Sulfur

Lab Blanks

PRELIMINARY

Number of
Blanks

Analvzed

No= W W -

N

o= =N

bk ek ek e

- N
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Number of
Detects

o o o o o o

- = = O o L= —~ T — R ] (=]

o=}

Range of
Compounds Reporting
Detected Limit
0.837-0.851 mg/L 0.53 mg/L
1.49-1.52 mg/L 24 mg/L
0.046 mg/L 0.05 mg/L
0.041 mg/L 0.05 mg/L
27.1mg/kg 18 mg/kg
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Table F-1
(Continued)
Number of Range of
Blanks Number of Compounds Reporting
Method Analyzed Detects Detected Limit
Metals (ICP-AES) -
Aqueous Samples
Lab Blanks 1 0
Metals (GFAAS, CVAAS) -
Aqueous Samples
Lab Blanks
Arsenic 1 0
Cadmium 1 0
Selenium 1 0
Lead 1 0
Mercury 4 0
Metals (ICP-AES) -
Impinger Solutions
Field Blank-Stack 1
Aluminum 1 023 mg/L 020 mg/L
Iron 1 0.61 mg/L 0.04 mg/L
Manganese 1 0.096 mg/L 0.01 mg/L
Strontium 1 0.0044 mg/L 0.003 mg/L
Zinc 1 033 mg/L 0.02 mg/L
Field Blank-ESP Inlet 1
Manganese 1 0.11 mg/L 0.01 mg/L
Zinc 1 0.040 mg/L 0.02 mg/L
Trip Biank-Stack 1
Aluminum 1 034 mg/L 0.20 mg/L
Cadmium 1 12 mg/L 1.0 mg/L
Iron 1 0.13 mg/L 0.04 mg/L
Manganese 1 0.11 mg/L 0.01 mg/L
Strontium 1 0.0043 mg/L 0.003 mg/L
Zinc 1 0.091 mg/L 0.02 mg/L
Trip blank-ESP Inlet 1
Manganese 1 0.10 mg/L 0.01 mg/L
Zinc 1 020 mg/L 0.02 mg/L
Lab Blanks 5 0
F-14
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Metals (GFAAS, CVAAS) -
Impinger Solutions

Field Blank-Stack
Cadmium
Lead

Ficld Blank-ESP Inlet
Lead

Trip blank-Stack
Lead

Trip Blank-ESP Inlet
Cadmium

Mercury
Selenium

Metals (ICP-AES) - Probe &
Nozzle Rinse plus Filter

Field Blank
Aluminum
Barium
Calcium
Chromium
Copper
Iron
Lead
Manganese
Molybdenum
Silicon
Sodium
Strontium

PRELIMINARY

Table F-1
{Continued)
Number of
Blanks Number of
Analyzed Detects

1
1
1

1
1

1
1

1
1
1
7 0
6 0
5 0
1 0
6 0
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

F-15

Range of

Compounds

Detected

0.0012 mg/L
0.080 mg/L

0.0034 mg/L

0.0098 mg/L

0.0018 mg/L
0.0033 mg/L

380ug
18ug
200pg
S4ug
34ug

100 ug
2pg
22pug
Vug
390,000 ug
160,000 ug
A2ug

Appendix F

Reporting
Limit

0.001 mg/L
0.006 mg/L

0.006 mg/L
0.003 mg/L

0.001 mg/L
0.003 mg/L

0upg
lpg
100ug
lug
2ug
dug
S5pg
2pg
S5pg
1,000 ug
L0 pg
03pg

DO NOT CITE OR QUOTE




Appendix F

Table F-1
(Continued)
Number of Range of
Blanks Number of Compounds Reporting
Method Analyzed Detects Detected Limit
Titanium 1 1 6ug lug
Vanadium 1 1 24ug 2pg
Trip Blank
Aluminum 1 1 330 pug W0pug
Barium 1 1 21ug lpg
Iron 1 1 100 :g 4ug
Silicon 1 1 300,000 g 1,000 ug
Sodium 1 1 193,000 ug 1,000 x¢
Lab Blanks ‘
Aluminum 1 1 20pg 20ug
Barium 1 1 33ug 10ug
Chromium 1 1 20ug 10ug
" Copper 1 1 20ug 20ug
Iron i 1 LBug 40ug
Lead 1 1 l6ug 50ug
Molybdenum 1 1 29ug 50ug
Sodium 1 1 110,000 p g 1,000 ug
Silicon 1 1 250,000 ug 1000 ug
Strontium 1 1 0.80ug 030ug
Metals (GFAAS, CVAAS) - Probe
& Nozzle Rinse pius Filter
Field Blank
Cadmium 1 1 025ug 01lug
Mercury 1 1 0.016 ug 0.01ug
Lead 1 1 1l6pug 03ug
Trip Blank
Mercury 1 1 0.011ug 0.01pug
Lead 1 1 062ug 03ug
Lab Blanks
Lead 1 1 036ug 030ug
F-16
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Method
Metals (ICP-AES) - Solids
Lab Blanks
Aluminym
Copper
Molybdeoum
Sodium
Metals (GFAAS, CVAAS) - Solids
Lab Blanks
Cadmium
Arsenic
Mercury
Lead
Selenium

PRELIMINARY

Table F-1

(Continued)

Number of
Blanks

Analyzed

F-17

Number of
Detects

Lol T R

Appendix F

Range of
Compounds Reporting
Detected Limit
2,000 mg/kg 200 mg/kg
74 mg/kg 40 mg/kg
67 mg/kg 50 mg/kg
8.1 mg/kg 3.0 mg/kg
DO NOT CITE OR QUOTE




Appendix F

sSummary of Quality Control Check Sample Results for Site 15

Parameter

VOST:

Benzene

Chrorobenzene

1,1-Dichloroethene

Toluene

Trichloroethene
Aldehydes:

Formaldehyde
Anions:

Chloride

Chlorine (NBS 1632A Coal)

Fluoride - Impinger

Fluoride - Waters

Phosphate - Impingers
Metals - Probe/Nozzle Rinse and
Filter (ICP-AES-Predigest Spike into
Blank Matrix):

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Molybdenum

PRELIMINARY

Table F-2

No. OCCS

F-18

MR RN DR NN NNODN

[\ [ oS I (S I S I S I S

[ I T -

Mean % Rec.

104
110
114
108

96

96

100
101
103
101
105

81
66
90
88
92
81
100

82
80

74
79
82
87

Std. Dev.

7.8
6.8
134
78
12.0

78

7.4
9.1
22
34
3.1
2.5

14
3.6
3.7
5.0
24
6.9
2.5
3.6
2.3
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Parameter

Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Titanium
Vanadium
Zinc

Table F-2
(Continued)

No. QCCS

BN NN DN NN N DR

Metals - Probe/nozzle Rinse and Filter
(GFAAS - Predigest Spike into Blank Matrix):

Arsenic
Cadmium
Lead
Selenium

[ (SN S N S I

Metals - Probe/Nozzle Rinse and Filter

(ICP-AES - NBS 1633A Fly Ash):

Aluminum
Barium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel

PRELIMINARY

[ N -

F-19

Appendix F

Mean % Rec. Std. Dev.

83 2.4
90 3.4
0 NC
0 NC
72 42
0 NC
87 23
81 25
89 2.2
84 3.6
2 30
114 2.6
106 3.8
114 53
100 7
50 -
78 -
79 -
106 -
101 -
91 -
30 -
387 -
65 -
87 -
1600 -
88 -
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Appendix F

Table F-2
(Continued)

Parameter No. OCCS
Strontium 1

Vanadium
Metals - Probe/Nozzle Rinse and Filter
(GFAAS - NBS 1633A Fly Ash):
Arsenic
Lead
Selenium

Metals - Impinger Solutions (ICP-AES -
Predigestion Spike into Blank Matrix):

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium

P T = I O I

F-20

PRELIMINARY

Mean % Rec.

80
86

86
87
91

96
96
112

104
101
98
101
9
99
99
97
929
97
99
102
99
95
100
91
98
95

Std. Dev,

NC -

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

DO NOT CITE OR QUOTE
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Table F-2
(Continued)

Parameter No. OCCS Mean % Rec, Std. Dev.
Strontium 1 99 NC
Thallium 1 97 NC
Titanium 1 100 NC
Vanadium 1 98 NC
Zinc 1 99 NC

Metals- Impinger Solutions (GFAAS/CVAAS -

Predigest Spike of Blank Matrix):
Cadmium 99
Lead 100

Metals - Solids Blind Performance Evaluation

(ICP-AES - NBS 1633A Fly Ash):
Aluminum 1 91 -
Barium 1 87 -
Beryllium 1 92 -
Calcium 1 90 -
Chromium 1 92 -
Cobalt 1 109 -
Copper 1 93 -
Iron 1 90 -
Lead 1 137 -
Magnesium 1 90 -
Manganese 1 95 -
Molybdenum 1 620 -
Nickel 1 94 -
Potassium 1 90 -
Sodium 1 135 -
Strontium 1 94 -
Titanium 1 100 -
Vanadium 1 94 , -
Zinc 1 40 -

F-21
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Appendix F

Parameter

Metals - Solids Blind Performance
Evaluation (GFAAS - NBS 1633A
Fly Ash):

Arsenic
Cadmium
Lead
Selenium
Metals - NBS Coal 1632A (NAA):
Aluminum
Antimony
Arsenic
Barium
Calcium
Chromium
Iron
Magnesium
Manganese
Nickel
Potassium
Selenium
Sodium
Titanium
Vanadium

PRELIMINARY

Table F-2

(Continued)

No. QCCS

(e = )

R o S T O e = T T

Mean % Rec. Std. Dev.

83
110
179

91

97
99
99
98
98
98
98
106
101
107
93
98
101
109
100

DO NOT CITE OR QUOTE




Table F-3

Appendix F

Summary of Spiked Sampie Resuits for Site 15

— Compound

Semivolatile Organics in Gas:

Acenaphthene

4-Chloro-3-methylphenol

2-Chlorophenol

1,4-Dichlorobenzene

2,4-Dinitrotoluene

N-Nitrosodiprppylamine

4-Nitrophenol

Pentachloropbenol

Phenol

Pyrene

1,2,4-Trichlorobenzene
Anions in Gas:

Chloride

Fluoride

Phosphate

Sulfate

Chloride and Suifate in Solids:

Chloride

Anions in Water:
Chloride
Fluoride
Phosphate
Sulfate

Metals by ICP-AES in ESP
Inlet (Particulate):

Aluminum
Antimony
Arsenic
Barium
Beryllium

PRELIMINARY

No. of
Spikes

DD NN N NN NBN

[3*] Pt ek ek ek

[= A o I -

NN NN

Mean % Mean RPD
Recovery

68
76
78
86
84
66
158
74
74
85
68

92
104
0
102

100

102
80
98
95

71
86
127
104

T 92

No.
Below
Limits

Std. Dev,
0.7
14
28
49
14
21

113
35
35
28

0

o T - I o T e T o [ o v T e [ o Y <

NC
NC
NC
NC

o= O o

11
0.71

NC

14

o O N O

2.8
23
3.1
19
1.1

o o O N

DO NOT CITE OR QUOTE

No.
Above
Limits

O OO NOOCOo O Q

<o o O QO
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Appendix F

Table F-3
(Continued)
No. No.
No.of Mean % Mean RPD Below Above
Compound Spikes Recovery  Std. Dev. Limits Limits
Boron 2 133 0 0 2
Cadmium 2 88 34 0 0
Calcium 2 98 113 0 2
Chromium 2 94 0 0 0
Cobalt 2 90 0 0 0
Copper 2 95 2.1 0 0
Iron 2 163 3.7 0 2
Lead 2. 80 12 0 0
Magnesium 2 87 20.7 0 0
Manganese 2 93 0 0 0
Molybdenum 2 94 0 0 0
Nickel 2 90 1.1 0 0
Potassium 2 75 8 1 0
Selenium 2 30 305 2 0
Silver 2 7.8 41 2 0
Strontium 2 101 59 0 0
Thallium 2 91 44 0 0
Titanium 2 178 39 0 2
Vanadium 2 95 0 0 0
Zinc 2 84 10.6 0 0
Metals by GFAAS and CVAAS in
ESP Inlet Gas (Particulate):
Arsenic 2 45 44 0 1
Cadmium 2 118 136 0 0
Lead 2 138 29 1 0
Mercury 2 95 6.3 0 0
Selenium 2 70 42 0 0
F-24
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Appendix F

Table F-3
(Continued)
No. No.
No.of Mean% Mean RPD Below Above
Compound Spikes  Recovery Std. Dev. Limits Limits

Metals by ICP-AES in Stack Gas

(Probe/Nozzle Rinse and Filter):
Aluminum 2 51 62.3 2
Antimony 2 70 9.9 2
Arsenic 2 93 4.3 0
Barium 2 83 9.6 0
Beryllium 2 84 3.6 0
Cadmium 2 82 12 0
Calcium 2 81 74 0

~ Chromium 2 84 3.6 0
Cobalt 2 81 1.2 0
Copper 2 80 5 0
Iron 2 59 33.9 2
Lead 2 76 0 0
Magnesium 2 76 39 0
Manganese 2 82 3.6 0
Molybdenum 2 86 5.8 0
Nickel 2 84 12 0
Potassium 2 71 8.4 2
Selenium 2 93 43 0
Silver 2 71 14 0
Sodium 2 130 30.8 0
Strontium 2 84 7.1 0
Thallium 2 76 9.3 1
Titanium 2 58 41 2
Vanadium 2 81 4.9 0
Zinc 2 98 1 0

- 0O C OO NGO OO OO0 00D 000 OCCOoOOoOCQCOoOCOo

F-25
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Appendix F

Table F-3
(Continued)
No.of Mean %
Compound Spikes  Recovery
Metals by GFAAS and CVAAS in
Stack Gas (Probe/Nozzle Rinse
and Filter):
Arsenic 2 84
Cadmium 2 120
Lead 2 87
Selenium 2 101
Metals by ICP-AES in ESP Inlet
Gas (Impingers):
Aluminym 4 94
Antimony 4 92
Arsenic 4 106
Barium 4 95
Beryllium 4 99
Boron 4 102
Cadmium 4 89
Caicium 4 99
Chromium 4 94
Cobalt 4 93
Copper 4 93
Iron 4 95
Lead 4 92
Magnesium 4 93
Manganese 4 93
Molybdenum 4 97
Nickel 4 94
Potassium 4 95
Selenium 4 111
Silicon 4 80
Silver 4 90
Sodium 4 94
Strontium 4 - 95
F-26
PRELIMINARY

Mean RPD
Std. Dev.,

143
6.7
1.1

17.6

2.9
3.6
5.9
4.6
4.8
26.5
38
3.7
4.6
42
39
4.1

38
4.6
4.5
3.7
33

295
3.9
29
4.6

No.
Below
Limits

S O O -

OO O NO OO OO QO COoOOoO OO0 OO = o o o O

No.
Above

Limits

3
Z
@
-
N
Z
O
~
5
=
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Table F-3
{Continued)
No.of Mean %
Compound Spikes Recove
Thallium 4 95
Titanium 4 96
Vanadium 4 93
Zinc 4 91
Metals by GFAAS and CVAAS in
ESP Inlet Gas (Impingers):
Cadmium 4 106
Lead 4 109
Mercury 4 102
Metals by GFAAS and CVAAS in
Stack Gas (Impingers):
Arsenic 4 102
Mercury 4 73
Metals by ICP-AES in Service Water:
Aluminum 2 93
Antimony 2 90
Arsenic 2 106
Barium 2 92
Beryllium 2 94
Boron 2 96
Cadmium 2 90
Calcium 2 94
Chromium 2 90
Cobalt 2 90
Copper 2 90
Iron 2 90
Lead 2 88
Magnesium 2 92
Manganese 2 89
Molybdenum 2 90
Nickel 2 92
F-27
PRELIMINARY

Appendix F

No. No.

Mean RPD Below Above
Std. Deyv. Limits Limits

4.1 0
3.7 0
4.1 0
3.2 0
84 0
12.7 0
6.9 0
6.2 0
20.7 2
0 0

0 0
38 0
1.1 0
1.1 0
0 0
1.1 0
1.1 0
0 0

0 0

0 0
1.1 0
23 0
0 0

0 0
1.1 0
0 0

DO NOT CITE OR QUOTE
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Compound
Potassium

Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Titanium
Vanadium
Zinc

Table F-3
(Continued)

Mean %
Recovery

118
82
96
87
94
92

No. of
Spikes

NN NN D NRNN

Metals by GFAAS and CVAAS in

Service Water:
Arsenic
Cadmium
Lead
Mercury
Selenium

Metals by ICP-AES in Fly Ash
Sluice Water:

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

PRELIMINARY

98
107
92
118
100

ST OV T S T oS I S

92
92
110
96
98
86
92
50
93
93
92
92

(NS 5 T T N I S R 6 B 5 G oS T oS B o

F-28

No.
Above

No.
Below
Limits

Mean RPD
Std. Dev.

2.5

= ~
- o o0 RO OO

cCoOoOCcC oo oo o o o

w
W

5.1
9.3
22
5.9

oo o o

12
54
13.7
15.7
12.2
46.5
10.9
200
12.9
10.8
15.2
9.8

e == B = T = DL T — == I == == ==
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Table F-3
(Continued)
No.of Mean %
Compound Spikes  Recovery
Lead 2 90
Magnesium 2 91
Manganese 2 92
Molybdenum 2 95
Nickel 2 92
Potassium 2 79
Selenium 2 91
Silicon 2 90
Silver 2 92
Sodium 2 86
Strontium 2 90
Thallium 2 96
Titanium 2 92
Vanadium 2 92
Zinc 2 92
Metals by GFAAS and CVAAS in
_ Fly Ash Sluice Water:
Arsenic 2 94
Cadmium 2 111
Lead 2 106
Mercury 2 110
Selenium 2 86
F-29
PRELIMINARY

Appendix F

No. No.
Mean RPD Below - Above

Std. Dev, Limits Limits

1.7
17.6
16.4
12.6
9.7
58
88
26.7
12
31.6
254

94

119
13
142

= R e R I = N B~ T = T R =~ i - R o

1.9
15.3
24.6

- OO C
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Appendix F

Table F-4

Summary of Surrogate Recoveries for Volatile Organic Analysis for Site 15

FCEM 15

ESP Inlet Gas (VOST):
1,4-Bromofluorobenzene
1,2-Dichloroethane-d14
Toluene-d8

Stack Gas (VOST):
1,4-Bromofiuorobenzene
1,2-Dichloroethane-d14
Toluene-d8

VOST Field Blanks:
1,4-Bromofluorobenzene
1,2-Dichloroethane-d14

- Toluene-d8

VOST Trip Blanks:
1,4-Bromofluorobenzene
1,2-Dichloroethane-d14
Toluene-d8

VOST Lab Blanks:
1,4-Bromofluorobenzene
1,2-Dichloroethane-d14
Toluene-d8

PRELIMINARY

Mean
% Rec.

106
9%
93

108
92
95

106
96
91

111
101
89

117

92
94

F-30

No. No.
Std. Below Above
Dev. Limits Limits

6.3 0 0
4.4 0 0
33 0 0
3.6 0 0
3.9 0 0
84 0 0
11.8 0 0
4.1 0 0
6.6 0 0
NC 0 0
NC 0 0
NC 0 0
24.0 0 0
5.6 0 0
7.8 0 0

QC
Limits
%

50-150
50-150
50-150

50-150
50-150
50-150

50-150
50-150
50-150

50-150
50-150
50-150

50-150
50-150
50-150
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Table F-5

Appendix F

Summary of Surrogate Recoveries for Semivolatile Organic Analyses

FCEM 15 Analyses

Gas:
2-Fluorobiphenyl
2-Fluorophenol
Nitrobenzene-d5
Phenol-d5
Terphenyl-d14
2,4,6-Tribromophenol

Field Blanks - Gas Samples:
2-Fluorobiphenyl
2-Fluorophenol
Nitrobenzene-d5
Phenol-d5
Terphenyl-d14
2,4,6-Tribromophenol

Reagent Blanks - Gas Samples:

2-Fluorobiphenyl
2-Fluorophenol
Nitrobenzene-d5
Phenol-d5
Terphenyl-d14
2,4,6-Tribromophenol

PRELIMINARY

No. of

bk et b b=k ek

[ ST N S L

00 O OO O O oo

Mean
% Rec, Std. Dev, Limits Limits

96
8
98

101
104

98

94
75
89
88

80

88

71
86

101

F-31

No. No.
Below Above

2.1
44
0.8
11.8
7.7
6.8

o O O Qo O O
(=T e TR S e B o I ]

NC
NC
NC
NC
NC
NC

o O 9O O ©
o o o O o O

NC
NC
NC
NC
NC
NC

S O O O O O
o0 O O o o
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QC
Limits
%

30-115
25-121
23-120
24-114
18-137
19-122

30-115
25-121
23-120
24-114
18-137
19-122

30-115
25-121
23-120
24-114
18-137
19-122




Appendix F

Table F-5
(Continued)
No. No. QC
No. of Mean Below  Above Limits
FCEM 15 Analyses % Rec. Std. Dev. Limits Limits %
Lab Blanks - Gas Samples:
2-Fluorobiphenyl 1 97 NC 0 0 30115
2-Fluorophenol 1 80 NC 0 0 25121
Nitrobenzene-dS 1 102 NC 0 0 23-120
Phenol-d5 1 95 NC 0 0 24114
Terphenyl-d14 1 95 NC 0 0 18-137
2,4,6-Tribromophenol 1 90 NC 0 0 19-122
F-32
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Table F-6

Summary of Duplicate Sample Results for Site 15

FCEM 15

Total Hydrogen, Carbon, and Nitrogen
in ESP Inlet Particulates (%):

Hydrogen
Carbon
Nitrogen

Total Sulfur in ESP Particulates -
Duplicate Analysis (%):

Sulfur
Total Sulfur in Fly Ash - Duplicate
Analysis (%):
Sulfur
Total Sulfur in Bottom Ash (%):
Duplicate Samples
Duplicate Analysis

Anions in Bottom Ash Sluice Water (mg/L):

Chloride
Fluoride
Phosphate
Anions in Service Water (mg/L):
Chloride
Fluoride
Phosphate
Anions in Fly Ash Sluice Water (mg/L):
Chloride
Fluoride
Phosphate
Sulfate
Anions in Ash Settling Pond (mg/L):
Chloride
Fluoride

F-33

PRELIMINARY

Appendix F

No. of
Pairs Mean RPD %
1 0.03 0
1 3.92 0.8
1 0.07 0
1 0.1366 59
1 0.0208 0.48
1 0.145 70
1 0.09412 12
1 102 3.9
1 02 0.5
1 0.172 16.4
1 8.6 3.1
1 0.0457 0
1 0.0668 1.5
1 10.7 1.9
1 0.562 23
1 0.0702 7.6
1 168 2.4
1 17.8 7.9
1 0.16 3.1
DO NOT CITE OR QUOTE
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Table F-6
(Continued)
No. of
FCEM 15 Pairs Mean RPD %
Phosphate 1 0.0607 148
Sulfate 1 138 7.9
Anions in Wastewater Treatment
Effluent (mg/L):
Chloride 1 95.1 1.9
Fluoride 1 0.248 4
Phosphate 1 0.0054 12.8
Sulfate 1 966 0.2
Anions in Fly Ash (mg/kg): _
Chloride 1 <339 >82
Chloride and Sulfate in ESP Inlet
Impingers (mg/L):
Chloride 1 168 0.6
Sulfate 1 14,250 0.9
Anions - Duplicate Analyses:
Fluoride- Waters (mg/L) 1 0.203 32
Fluoride- Waters (mg/L) 1 0.067 0
Fluoride- Solids (mg/kg) 1 15.18 3.3
Phosphate-Waters (mg/L) 1 0.724 26.3
ICP-AES Metals in Bottom Ash (mg/kg):
Aluminum 1 120,000 0
Barium 1 740 0
Beryllium 1 6 133
Calcium 1 7,000 2.8
Chromium 1 125 8
Cobalt 1 36 16.7
Copper 1 32 0
Iron 1 86,000 1.2
Magnesium 1 3,700 0
Manganese 1 290 0
Molybdenum 1 150 0

F-34
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Table F-6

(Continued)

FCEM 15
Nickel
Potassium
Sodium
Strontivm
Vanadium
Titanium

Metals by GFAAS and CVAAS in Fly

Ash (mg/kg):
Arsenic
Lead
Selenium

Metals by GFAAS and CVAAS in Fly Ash -
Duplicate Analysis (mg/kg):

Arsenic
Selenium
Mercury by CVAAS in Waters (mg/L):

No target analyte detected in five duplicate pairs.

ICP-AES Metals in Bottom Ash Sluice
Water (mg/L):

Aluminum
Barium
Beryllium
Calcium
Copper
Iron
Magnesium
Manganese
Nickel
Silicon
Sodium
Strontium
Titanium
Zinc

F-35

PRELIMINARY

No. of
Pairs

75.5
15,000
2,150
685
170
7,350

T I ]

0.11
0.0026
20
<0.020

45
032
<(0.022
44

8.9
0.18
0.11
0.026
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90
332
11.8
49
>49
93
44
6.2
>222
345
7.8
27

97

3.8
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Table F-6
(Continued)
. No. of
FCEM 15 Pairs Mean
Metals by GFAAS in Bottom Ash Sluice
Water (mg/L):
Arsenic 1 <0.0053
Lead 1 0.0042
ICP-AES Metals in Fly Ash Sluice
Water (mg/L):
Aluminum 1 25
Barium 1 <033
Beryllium 1 0.12
Boron 1 2.6
Cadmium 1 0.0073
Calcium 1 99
Chromium 1 0.042
Cobalt 1 0.015
Copper 1 0.13
Iron 1 0.9
Magnesium 1 6.9
Manganese 1 0.34
Molybdenum 1 0.12
Nickel 1 0.074
Potassium 1 16
Silicon 1 5.7
Silver 1 0.012
Sodium 1 16
Strontium 1 0.88
Vanadium 1 0.098
Zinc 1 0.18
Metals by GFAAS in Fly Ash Sluice
Water (mg/L):
Arsenic 1 048
Cadmium 1 0.0072
Lead 1 <0.003
Selenium 1 0.015
F-36
PRELIMINARY

>18.2

133
31
222
5.6
29

6.1

26.1
6.4
79

234

11.1

20.8

9.7
>33
133
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Table F-6
(Continued)

No. of
FCEM 15 Pairs Mean RPD %

ICP-AES Metals in Ash Settling Pond
Outlet Water (mg/L):

Aluminum 1 0.4 42
Barium 1 0.068 29
Beryllium 1 0.0024 0
Calcium 1 20 49
Iron 1 046 32
Magnesium 1 4.3 4.6
Manganese 1 0.24 0
Silicon 1 3 0
Sodium 1 9.4 1.1
Strontium 1 0.15 0
Metals by GFAAS in Ash Settling Pond
Outlet Water (mg/L):
Lead 1 0.0062 38.7
ICP-AES Metals in Service Water (mg/L):
Aluminum 1 0.67 9
Barium 1 0.05 2
Beryllium 1 16 6.1
Calcium 1 0.024 12.8
Copper 1 1.7 11.8
Iron 1 44 0
Magnesium 1 0.32 32
Manganese i 3 34
Silicon 1 <0.23 >113
Sodium 1 9 17.8
Strontium 1 0.073 2.7
Zinc 1 0.034 75
Metals by GFAAS in Service Water (mg/L):
Lead 1 0.0103 13.6
F-37
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Table F-6

(Continued)

FCEM 15

ICP-AES Metals in Wastewater Treatment
Effluent (mg/L):

Calcium
Iron
Magnesium
Manganese
Potassium
Silicon
Sodium
Strontium

Metals by GFAAS in Wastewater Treatment
Effluent (mg/L):

Lead

F-38

PRELIMINARY

No. of
Pairs Mean RPD %
1 100 1
1 0.52 9.5
1 31 0
1 0.14 0
1 6.8 29
1 3.6 28
1 495 _
1 1.5 0
1 0.0042 57
DO NOT CITE OR QUOTE
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Blank Correction Data
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For most of the metallic elements of interest to this program, small traces are present in
both the reagents and filter media used in sampling and analyses. In many instances, the
total mass present in these materials prior to sampling is equivalent to that measured
after sampling. Consequently, we routinely use a blank correction in the calcnlation of
gas stream concentrations for metals and anions. Semivolatile gas analyses have not
indicated the presence of semivolatile organic compounds in the blanks. Aldehyde
samples occasionally require blank correction. In the following tables, the mass or
concentrations reported by the laboratory are presented for those substances for which
concentrations were reported in the blank. The ratio of the blank value to the measured
value is then calculated. Measured values which are equal to or greater than 50% of the
blank values are denoted with a "B". As shown in Appendix F, for the large majority of
substances, the blank levels detected are within five times of the reporting limit indicat-

ing that the substance levels in the reagent and filter media are low.

Table G-1 presents the probe and nozzle rinse and filter blank, and anion corrections for
Site 15. Ten substances were reported in the blanks. Of the 30 values (10 substances, 3
runs) which were blank corrected, corrections of 50% or more were only made to the

levels of molybdenum measured in the stack.

Table G-2 presents the metal impinger blank corrections for Site 15. Three metals
(cadmium, lead, and manganese) were detected in the blank impinger solution. Many of
the sample train impingers had concentrations of cadmium and lead that were below the
reporting limits. (Specific reporting limits vary based on the amount of liquid in each
impinger analyzed, since the reporting limit for these instruments is expressed in mg/L).
Of the 18 measurements shown on this table, the blank correction is less than 50% for

only four.
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