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1.0 EXECUTIVE SUMMARY

1.1 Background

This work is in response to the mandates of the 1990 Clean Air Act
Amendments which require the U.S. Environmental Protection Agency to determine
emission factors and assess risks associated with emissions of hazardous air
pollutants (HAPs) from electric power stations. The U. S. Department of Energy
(DOE), the Electric Power Research Institute (EPRI), and Utility Air Regulatory Group
(UARG) are participants in a committee for coordinating research activities that
influence EPA’s ultimate response to the Congress. There are questions such as
1) how are some of the HAPs to be measured correctly when they appear as power-
plant emissions, 2) what are the concentrations that appear, 3) how well are the
concentrations reduced by existing control technologies, and 4) what advanced
control technologies can be introduced to exert control where little or none now exists.

The DOE's Pittsburgh Energy Technology Center issued a solicitation in
February 1992 for Comprehensive Assessment of Air Toxic Emissions to gather data
on the presence, control, and emission of potential HAPs at eight different coal-
burning electric power stations representing a cross-section of the coals, boiler
designs, and emissions control technologies in the United States. Southern Research
institute was awarded a contract in April 1993 to assess two of the eight power
stations in 1993, with an option to evaluate two more power stations in 1994,

This report describes the results of the assessment at one of the electric power
stations, Bailly Station, which is aiso the site of a Clean Coal Technoiogy project
demonstrating the Pure Air Advanced Fiue Gas Desulfurization process. This station
represents the configuration of no NO, reduction, particulate control with electrostatic
precipitators, and SO, control with a wet scrubber. The test was conducted from
September 3 through September 6, 1993.

1.2 Bailly Station

1.2.1 Power Plant Description

Bailly Station is owned and operated by the Northern Indiana Public Service
Company {NIPSCQO). The plant is located on the shores of Lake Michigan near
Chesterton, Indiana. This project involved the two coal-fired units of Bailly Station with
a combined capacity of 528 MWe; Unit No. 7 has a gross capacity of 183 MWe
(160 MW net) and Unit No. 8 has a gross capacity of 345 MWe (320 MW net}. Each
unit is equipped with a Babcock & Wilcox cyclone boiler and a steam turbine
generator, Both units burn an lllinois/Indiana basin high-sulfur bituminous coal (2.5%
to 4.5% sulfur). Both units use Lake Michigan water as a once-through cooling
-medium.

There is no control technology for NO, emissions. Electrostatic precipitators
(ESPs) are used on both units for particuiate control. There are two ESPs on Unit 8
and one ESP on Unit 7. The two ESPs of Unit No. 8 are identical to the Unit No. 7
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ESP. Ammonia is injected upstream of the ESPs for the control of SO, to prevent
acid mist emissions. The flue gas streams from the two units join to form a single
stream.

122 Sctubber Description

Sulfur dioxide in the combined flue gas stream from the two units of the Bailly
Station is treated by the Advanced Flue Gas Desulfurization {AFGD) demonstration
project managed by Pure Air of Allentown, Pennsylvania (a joint venture of Air
Products, inc. and Mitsubishi Heavy Industries, Ltd.) under the Department of
Energy’'s Clean Coal Technology program. Pure Air's AFGD is using innovative wet
limestone flue gas desulfurization (FGD) technology to achieve a high level of SO,
removal (90 to 85+ percent capability) on high sulfur U.S. coals.

A feature of the AFGD process is the purchase and direct injection of
powdered limestone in lieu of on-site limestone milling operations. This project
includes an in-situ oxidation absorber module that produces high-quality gypsum from
a range of high sulfur coals. High-quality, by-product gypsum (93+ percent purity) is
being produced and sold to a wallboard manufacturer.

The flue gas stream from the AFGD process is vented to the atmosphere
through a 480-foot stack exclusive to the project.

1.2.3 Plant ration

The plant operated at an average load of 511 MWe during our sampling. There
were two occasions during the testing when the fire in one cyclone burner went out
because of a plugging of the coal feeder to the cyclone. Since we were still over 90%
of the combined fult load capacity of the two units we continued sampling. There
were three conditions that affected the piant performance:

1) One of the outlet electrical sections on the Unit 7 ESP was out of service during
our testing. Furthermore, another outlet field operated at a very low voltage
compared to other fieids. These problems caused much higher emissions for the
Unit 7 ESP than the Unit 8 ESP.

2) There was a virtual loss of ammonia supply to Unit 7 from 9/3 to 9/4. The supply
to Unit 8 ran out on the evening of 9/4. Therefore, on 8/3 we had nominally
15 ppm ammonia to both Unit 7 and Unit 8 ESPs. On 9/4 we had nominally
15 ppm ammonia to Unit 8 ESP, but less than 3 ppm ammonia to Unit 7 ESP. On
9/5 we had no ammonia to either Units 7 or 8 ESPs. This reduction in ammonia
feed may have affected the particulate emissions, and certainly affected SO, carry-
over through the ESPs.

3) The major plant upset that truncated our testing was supply of coal to the boilers.
There were problems in getting coal from the Captain Mine to the plant site, and
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problems at the plant site with the coal unloading and conveying system that
delayed, interrupted, and finally prevented sampling.

The following summary lists selected plant data and operating results.

~ Summary Plant Data
Unit 7 .. e 183 MWe (4 B&W cyclone burners)
Unit8 ... .. . e 345 MWae (8 B&W cycione burners)
Bottom Ash/Fly Ash Split ................ 63/37
Coal ...... ... . e e Captain Mine (lllinois/Indiana basin)
Coal CalorificValue .................... 11,100 Btu/lb
CoalSulfur................c e, 3.2%
CoalAsh .......... .. ..., 10.7%
Unit 8 ESP Inlet Fly Ash Concentration . .. .. 5.07 g/Nm®
Unit B ESP Outlet Fly Ash Concentration . ... 0.009 g/Nm® .

Unit 8 ESP Particulate Removal Efficiency ... 99.82%

Unit 7 ESP Outlet Fly Ash Concentration . ... 0.07 g/Nm®
Unit 8 Gas Volume Flow Rate ............ 309 Nm’/s

Unit 7 Gas Volume FlowRate ............ 165 Nm’/s

AFGD inlet SO, Concentration ............ 2820 ppm

AFGD Ca/SRatio . ..................... 1.04

AFGD SO, Removal Efficiency ............ 93%

Stack Particulate Emissions .............. 0.05 g/Nm®

See Section 10.0 Glossary for reference conditions on flue gas volume in Nm®,

1.3 Sampling
1.3.1 Locations

Samples were collected from Bailly Station Units No. 7 & 8 and the AFGD
Demonstration Plart. Material balance for the Bailly Station was limited to Unit 8. A
separate material balance was conducted around the AFGD scrubber. The process
components which were sampled in order to perform material balances were:

Unit 8 Boiler — The input streams for this subsystem are the coal and the
combustion air. Output streams are the flue gas and bottom ash.

1-3



Bottom Ash Siuice — The input streams to this system are the bottom ash, siuice
return water, and makeup water. The output stream is the bottom ash
sluice.

Condenser — The condenser is a once-through system using Lake Michigan
water as input. The output stream is returned to the lake.

Unit 8 ESP — The input stream to the ESP is flue gas. The output streams are
the hopper ash, and the cleaned fiue gas.

AFGD System — The input streams to this system are the combined flue gases
from Units 7 and 8, the limestone, and service water. Output streams are
the stack flue gas, gypsum, and waste water.

There were five locations from which flue gas sampies were collected. We
sampled the inlet ducts on both the east and west ESPs on Unit 8, the outlet ducts on
Units 7 and 8, and the stack. In addition, we also measured the diluted stack gas by
sampling through the SRi Condensibles Air Dilution Train at the Unit 7 outlet sampling
location.

The inlet to the ESP of Unit 7 was not sampled; it was not included in DOE's
work specifications, and the outlet was included only because it provided part of the
input to the scrubber. The gas at the outlet of the Unit 7 ESP was sampled with a
simulator of plume dilution and cooling to obtain an estimate of the changes that
would have been brought about if the gas had been discharged through a stack
without the intervention of the scrubber.

The locations at which sampies were coliected, in both the generating plant
and the AFGD system, are illustrated later in Figures 3-1 and 3-2. Later sections of
this report refer to samples from ducts adjacent to the ESPs; Figure 3-1 makes clear
that these locations are the inlet to the Unit 8 ESP and the outlets to the Units 7 and 8
ESPs before the gas streams merge and enter the AFGD system.

1.3.2 Sample Collection

We sampled for a total of four days. Triplicate samples were collected for all
inorganic analytes during the first three days of sampling. Because of the problems in
coal supply, we were only able to collect one sample of the organic analytes from
each location. We used extended sampiling times for most of the fiue gas trains in
order to increase the sample volume and thereby make possible the determination of
lower analyte concentrations. The following list shows the analytes and the methods
we used to collect flue gas samples:
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~ Traverse/ Duration
Constituent Method Single Point minutes
Bin 8 Out 70u Stack

Semi-volatile organics MMS5/SWB46-0010 T 240 280 280 360
Volatile organics VOST S 10,2040 10,2040 10,2040 10,2040
Aldehydes Impingers ] 30 30 k'Y 30
Ammonia and Cyanide Impingers ] 30 30 30 30
Simulated plume SR diluter T - - 360 .
Gas flows M2 T v/ v/ 4 4
Metals M29 T 192 240 240 360
Mercury Carbon trap S 60 60 &80 60
Acid gases M5 T 48 60 60 48
Jﬁadlonuclides . M17 T 72 144 144 360
Particle size Impactor/cycione ™ 60 600 600 480
Size fractionated metals Dual cyclones T™ - 1020 1020 .
Bulk gas composition Orsat ™ 7/ 7/ v v
FNotes: a U of W Mk V Impactor at the stack and ESP outlets, 5 Series Cyclone at the ESP inlet

b. Samples from 5 Series Cyclone train for panicie size measurement used for the

8 iniet size-fractionated sampies for trace metals analysis.
¢. Integrated sample taken In conjunction with M5 type sampling.
7/ Methods not requiring a specific sampling duration,

Solid and liquid grab samples were typically collected five times per day and
then combined to yield daily composites for analyses.

1.4 Quality Assurance and Quality Control

1.4.1 Internal QA/QC

Internal quality control auditing was performed by SRi in the collection of
samples from the Bailly site and in the analysis of samples in the SRI laboratories at
Birmingham. Additionally, quality control analysis of analytical results from
subcontractor laboratories, namely Brooks Rand, Commerciai Testing and
Engineering, and Core Laboratories, was required since no formal auditing of these
subcontractors was planned.

The QA Auditor was present during collection of the samples at the Bailly site.
The impinger preparation crew was audited in the mixing of solutions and setup of the
Method 5 type trains. No substantial discrepancies were found. All of the sampling
teams were monitored by the QA Auditor for correct and consistent adherence to the
sampling methods. Each sampling crew was observed running the gas sampling
equipment, from initial leak checks to operation of the train to recovery of the sampie,
inciuding insuring that the required custody chain was maintained. None of the
sampling runs was aborted or voided.

No formal internal audits of the analytical process were conducted. We relied
upon the normal duplicate analyses, matrix spike and matrix spike duplicates, lab QC
samples, and our mass balance results to assess the quality of the analytical data.



1.42 A1

Shirley J. Wasson and Lori Pearce of Research Triangie Institute visited the
Bailly Station on September 5 and 6 while we were sampling. They conducted an
audit of the sampling. The scheduling of their visit permitted them to observe one day
of organics sampling and one day of inorganics sampling. There were four facets of
the audit: 1) observe the sampling and laboratory procedures, 2) spike some
laboratory blanks for Quality Assurance evaluation, 3) spike two VOST samples using
a cylinder of audit gas, and 4) check calibration of the sampling trains. In addition, we
provided them with our calibration documentation and preliminary data from our
testing. We did not receive a formal report of their audit.

1.4.3_Round Robin Coal Analyses

SRI participated in a round robin analysis of coal samples administered by
CONSOL, Inc. for DOE. We analyzed 17 coal samples in duplicate under the round
robin. There were two samples from each of the eight plants being tested in the DOE
air toxics assessment program, plus one reference coal. Analyses specified included
proximate and ultimate, 10 major ash constituents, the 16 trace elements in the DOE
program scope of work, and fluorine. Results of the round robin analyses do not
suggest any general deficiencies in our protocols when SRI’s data are compared to
the range of results among the other participants. One specific improvement
suggested by these results is the use of the method of standard additions for
analyzing antimony and arsenic. Because of this finding we altered our analytical
protocols accordingly prior to analyzing the samples from Bailly.

1.5 Analytical Results
1.5.1 Trace Metals

Sixteen trace metals were determined in a variety of samples. These metals
are listed below:

Antimony Copper
Arsenic Lead

Barium Manganese
Beryllium Mercury
Boron Molybdenum
Cadmium Nickel
Chromium Selenium
Cobalt Vanadium

Five major metals were also determined:

Aluminum Magnesium
Calcium Titanium
fron
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Not all of the 16 trace elements listed above satisfy all of the ciassical criteria of
metals. Arsenic, boron, and selenium may be considered non-metallic in some of their
properties (certainly not, however, to the degree that four elements discussed on page
1-9 are considered non-metallic). Nevertheless, the classification of all 16 trace
elements as metals is retained in this report, which is consistent with the usage in
DOE's solicitation for this research program.

Grab samples of the process solids were analyzed by procedures that
consisted of two essential steps: 1) preparation for analysis in an aqueous solution
and 2) analysis of the solution. Most of the metals were placed in solution by
digestion with mineral acids, including hydrofluoric acid, at elevated temperature and
pressure in a microwave oven. A different procedure was necessarily followed with
boron because boric acid is included in the microwave digestion procedure; boron
was extracted in a hot mixture of nitric and hydrochloric acids in an open vessal.
Aiso, initially, a distinct procedure was used for mercury — extraction with aqua regia
in a heated open vessel. Ultimately, however, samples digested by the microwave
procedure, especially samples of coal, were found to yield more complete recovery of
mercury than the aqua regia procedure.

Inductively coupled argon piasma emission spectroscopy (ICP) was used for
the determination of a majority of the metals. Exceptions were 1) hydride generation
atomic absorption spectroscopy (HGAAS) for antimony, arsenic, and selenium;

2) graphite furnace atomic absorption spectroscopy (GFAAS) for cadmium and lead,
mainly when the concentrations were low and added sensitivity was required; and
3) cold vapor atomic absorption or atomic fluorescence spectroscopy (CVAAS or
CVAFS) for mercury. The procedures employed were those described in the EPA
manual for the analysis of solid wastes, reterred to commonly as SW-846 (1).

Liql.iid samples (ail aqueous) were digested with added nitric acid in a
microwave oven. The individual metals were then determined by the procedures
described above.

Samples of metals from the gas streams were collected according to EPA's
sa-called Method 29. This is a method in tentative wording that will uitimately be
published in 40 Code of Federal Regulations Part 60; the sampling apparatus,
sometimes called the Multiple Metals Train, and the related procedures are now
described in 40 CFR Part 266. The samples from Method 29 were processed in three
parts: 1) solids deposited on a filter, 2} vapors absorbed in a peroxide impinger
solution, and 3) the vapor of mercury absorbed in a permanganate impinger solution.
All 16 trace metals and all 5 major metals were determined in the first two components
of the train; only mercury was determined in the permanganate.

Mercury was also collected in an entirely different sampling train, in which
sorption tubes are packed with solid traps, as described by Bloom (2). The first type
of trap traversed by the gas stream consists of soda lime, which selectively adsorbs
oxidized forms of mercury vapor, such as HgCl,. The second type of trap, in a
back-up location, collects elemental mercury vapor. Mercury in these traps was
analyzed by CVAFS by a subcontractor, Brooks Rand, Ltd., of Seattle, Washington.



The data on metals were of interest to answer several questions. The key
questions were as follows:

« What are the concentrations of metals contributed by the coal
and by the iimestone used in the wet scrubber? Although the
16 metals of main concern in this project are referred to as trace
metals, their concentrations in the two main feed materiais to the
plant varied widely. In the raw coal, boron was the most
concentrated trace metal, at about 200 pg/g, mercury was
present at the lowest concentration, approximately 0.1 pg/g or a
value three orders of magnitude lower. In the limestone, boron
was again the most concentrated, at a concentrations of about
130 pg/g; mercury once more may have been present at the
lowest level, below 0.002 pg/g, although beryllium, cadmium,
lead, and selenium were also undetected (albeit at somewhat
higher limits).

« How are the metals partitioned between bottom ash and fiy ash?
A factor having a major bearing on this issue is the partitioning
between the two ashes on the basis of mass. Approximately
37% of the mass of coal ash was recovered from the fiue gas at
the inlet of the Unit 8 ESP. Thus, the split between bottom ash
and fly ash within the boiler is assumed to be about 63 parts of
the former to 37 parts of the latter. Few of the metals foliow this
ratio on the basis of concentration. That is, most of the metals
are at higher specific concentrations in the fly ash than in the
bottom ash. Thus, more than 40% of the mass of most elements
from the coal was found in the fly ash. For some of the metalis,
the difference was not remarkable. For arsenic, however, the
difference was large enough to be significant, suggesting that in
the high temperatures of the boiler arsenic was in the vapor
state, although it condensed before reaching the ESP.

» To what degree is the emission of each metal reduced by the
ESP? Metals that occur predominantly in the fly ash, rather than
in the vapor state, were removed in the Unit 8 ESP to roughly
the same degree as the total ash. The effect of this ESP is seen
most clearly from the point of view of its ineffectiveness for
removing boron, mercury, and selenium, which occur
predominantly as vapors. Comparison of ESP outlet
concentrations suggests that the Unit 7 ESP was much less
efficient than the Unit 8 ESP. The reason for this difference is
presumably the deficient electrical energization of the Unit 7
ESP.

« To what degree is the emission of each metal further reduced in
the scrubber? There is some degree of removal of each metal.
The greatest effects, however, occur with the three volatile
metals named above. Boron occurs in the flue gas most likely
as boric acid, which is subject to dissolution with the alkaline
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scrubber medium, Mercury is removed to the extent it occurs in
the oxidized state, HgCl,, the presumed dominant oxidized
vapor, is water soluble. Selenium in the vapor state is probably
SeQ,, which is an acidic oxide that the alkaline scrubber is likely
to convert to a dissolved selenite sait,

What is the fate of the metals in waste streams? The streams
that carry away most of the metals are the bottom ash and the
fiy ash collected in the ESPs. The reiative masses of the metals
in the stack and wastes from the scrubber (gypsum and waste
water) are quite smail.

The fate of mercury, because of its volatility, is quite different.
First of all, it must be acknowledged that roughly one-third of the
mercury in the coal was not recovered or otherwise accounted
for. Of the two-thirds found in the combustion gas, about
one-half was lost to the scrubber and the remaining one-half was
emitted through the stack. The ultimate disposition of the
mercury removed in the scrubber was mainly as a contaminant
in the gypsum.

How are the metals partitioned between the particulate and
vapor states? As indicated by the preceding discussion, boron,
mercury, and selenium were present as vapors at high reiative
concentrations.

What influence does the cooling and dilution of the plume have
on metal concentrations emitted from the stack? This question
was not addressed directly. The procedure followed was to
sampie flue gas at the outlet of the Unit 7 ESP with an apparatus
designed to simulate the cooling and dilution of flue gas in the
plume. The cooling and humidification that actually occur in the
scrubber make the simulation academic insofar as emissions at
Bailly per se are concerned. The principal findings with the
cooling/dilution device are that significant transformations from
vapor to particulate matter occur with all three metals that occur
predominantly as vapors at the ESP outlet (that is, boron,
mercury, and selenium).

How are metal concentrations in the suspended solids affected
by particle size? The concentrations of essentially all of the
metals increase as particle size decreases. This trend is shown
most directly by concentrations in ash fractions of different size
ranges that were collected in series cyclones. This trend is also
reveaied indirectly by the fact that concentrations on a specific
basis (as weight fractions of the ash) increase across the ESPs.
The argument for the conclusion that specific concentrations
increase as particle size decreases stems from knowledge that
the finer particles have a higher penetration in the ESPs.
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« What is the comparison between the concentrations of mercury
vapor determined by absorption in the impingers of Method 29
and by adsorption on soda lime and iodated carbon traps? The
impingers of Method 29 measured lower total mercury
concentrations than the traps and showed an inverse ratio of
oxidized mercury to elemental mercury. The latter part of this
statement means that the mercury catch in the peroxide
impingers of Method 29 (that is, oxidized mercury) was a lower
fraction of the total than the catch in the soda lime traps. The
choice between the conflicting results, based on other
experience by SR, is to favor the traps over the impingers.

Material batance of the trace metals was an issue of major importance, not so
much as a technical issue itself but a criterion of success in achieving credible
analytical data on the metals. The matter of material balance of the metals is taken up
subsequently in Section 1.6 of this Executive Summary.

1,5.2 Dther Inorganic Substances

The coal contained the non-metallic elements fluorine, chlorine, and sulfur at
levels capable of producing the acidic gases HF, HCI, and SO, at concentrations of
approximately 15, 70, and 2800 ppmv, respectively. These gases were captured
during sampling in an alkaline solution of peroxide, and the associated concentrations
of fluoride, chloride, and sulfate ions were determined. Fluoride was determined with
an ion-specific electrode, and chloride and sulfate were determined by ion
chromatography. These anions were measured more or less directly in water streams
and in solids after the solids were made water-soluble by fusion with sodium
hydroxide.

The amount of SO, recovered from the gas phase (after oxidation to sulfate in
the sampling train} was in good agreement with the expected concentration of SO, at
the inlet to the scrubber, based on the assumption that all of the sulfur in the coal is
converted to SO,. Fluoride and chioride were recovered at the scrubber inlet at leveis
reasonably commensurate with the expected HF and HC! concentrations. A fourth
non-metallic element, phosphorus, was accounted for not as a component of the flue
gas but as a component of the fly ash.

Ammonia and hydrogen cyanide were measured as minor components of the
flue gas as presumed contributions from the incomplete oxidation of fuel nitrogen.
Some but not all of the ammonia came from the exiernal source used to reduce stack
concentrations of suffuric acid mist.

The acid gases (HF, HCI, and SO,) penetrate the ESPs with no measurable
loss but undergo nearly complete removal in the scrubber. The fourth non-metal of
interest, phosphorus, is effectively removed in the ESPs as a component of the fly ash.

1.5.3 Organic Compounds

Carbony! compounds (aldehydes and ketones}. These compounds were
determined in various water streams and in the flue gas. Quantitation was based on
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the formation of stabie reaction products with 2,4-dinitrophenylhydrazine (DNPH) and
the measurement of each reaction product by high performance liquid
chromatography. The reliability of ail the resuits on aldehydes is in doubt. One
reason was the lack of success in clean-up of the DNPH reagent. The concentrations
in both water streams and in the flue gas varied widely; also, certain aldehyde
compounds appeared erratically and, thus, their association with the source materials
sampled is in doubt.

Volatile hydrocarbons. Volatile organic compounds (generally, those boiling
below 100 *C) were coliected in the so-calied VOST train and determined by gas
chromatography/mass spectroscopy (GC/MS). The results are believed to be
defective because of a problem encountered during sampling. This problem is
described in Appendix D; it has to do with false indications of the presence of some of
the analytes of interest.

Semi-volatile organic compounds. These compounds were collected along
with dioxins and furans in the Modified Method 5 train. The samples collected were
divided during work-up, prior to compound identification, between 1) compounds
commonly referred to as semi-volatiles (which include the important toxic PAH
compounds) and 2) the even more toxic dioxins and furans. The first group of
compounds were analyzed by low resolution GC/MS and the second group by high
resolution GC/MS.

None of the group of PAHs appeared consistently in the analyses. Likewise,
negligible concentrations of dioxing and furans seemed to be present but the
undependable detection of the PAH compounds in spiked sampling media detracis
from the conclusion that they were absent from the gas streams.

The organic substances seemed unaffected by either the ESP or the scrubber;
the results on these compounds, however, are not definitive.

1.6 Material Balances

Material balances in the sense they were tested in this report pertain only to
trace metals and major metals as defined earlier in this Summary. They do not include
the non-metallic elements such as fluorine, chlorine, and sulfur, aithough in principle
they could have included these elements. In any event, the recovery of these
elements is discussed in an earlier section of this Summary.

The material balance of a metal is tested by comparing two sums, one for
streams flowing into the overall system or some selected subsystem and another for
streams leaving the same system or subsystem. Each component of either sum is the
products of a stream flow rate and the concentration of the metal being considered.
The term “closure"” is used to designate how successfully the calculated sums agree.
if the sums agree exactly, the closure is 100%. if the sum for outgoing streams is less
than the sum for incoming streams, the closure is less than 100%. Conversely, if the
sum for outgoing streams is the larger of the two sums, the closure is larger than
100%. {Mathematically, closure is the percentage of all incoming material that is found
in the outgoing streams.)
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The data for stream flow rates are given in Section 4. Tables 4-8, 4-9, and 4-10
give stream flow rates in terms of total mass for each day of the metal analyses.
Tables 4-11 and 4-11A give the averages for the three days and the standard
deviations for the three days. Obviously, there should be, ideally, a ciosure of 100%
for stream flow rates pertinent to the entire system or each selected subsystem.

Table 4-11 shows that for the Unit 8 boiler the average of daily closures based on
mass is 100%, and for the AFGD system the average is again 100%.

The data on concentrations of individual metals in the daily samples of the
several streams are given in tables in Section 6. The crucial data, of course, are daily
concentrations, either on a mass/mass basis (pg/g) or on a mass/volume basis
(pg/Nm3). (The reference conditions for expressing gas volume in the units Nm® are:
temperature, 293.15 K; pressure, 1 atm, O, concentration, 3% by volume under dry
conditions. The temperature and pressure are those defined as standard conditions
for performance evaluations of stationary sources; see 40 CFR Part 60, Subpart A,
page 15 in the 7/1/93 edition. Constant O, in dry gas is employed to facilitate
comparisons of concentrations without perturbations due to inleakage of air or dilution
with water vapor.)

There are three main systems for which overall material balances are presented
in Section 7. One of these is termed the Unit 8 boiler; another is the condenser for
the Unit 8 boiler; and the third is the scrubber. The individual main systems and
subsystems for which material balances are presented are listed below:

Unit 8 boiler —

the boiler proper — input streams are the coal and air, and the output
streams are the bottom ash and flue gas;

the ESP — the input stream is the flue gas, and the output streams are the
relatively clean flue gas and the hopper ash;

the bottom ash sluice — incoming water and ash, and outgoing slurry.

Unit 8 condenser — this is considered separately from the boiler because
there is one cooling stream of water incoming and one heated water stream
outgoing, with no exchange whatsoever with streams that otherwise comprise
the boiler.

AFGD scrubber — the incoming streams consisting of a) the relatively
particle-free gas from the Unit 7 and Unit 8 ESPs, b) the limestone, and c¢) the
slurry makeup water; the outgoing streams consist of a) stack gas, b) waste
water, and c) gypsum byproduct. (Although there is an option exercised in
calling the Unit 8 condenser a separate system, it is necessary to consider the
scrubber separately bacause it deals with the ESP exit gas from two boilers,
not just one.)

Table 1-1 following shows the material balances of eilements in the subsystems
of the boiler. Table 1-2 following presents the results of calculations for the three main
systems that are considered distinct, for reasons indicated above.
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The outside ranges for the boiler subsystems (if the preferred result for
mercury, on the line denoted BR is used) are 55-256% for the boiler itself, 59-375% for
the ESP, and 100-158% for the bottom ash sluice. Both of the first of these two
ranges would be sharpened considerable if the concentration of antimony entering the
ESP were increased and the concentration of selenium entering the ESP were
reduced. Specifically, reanalysis of the suspended fly ash entering the ESP might
substantially improve both closures. Rational explanations for the poorest closures
cannot, in general, be provided; however, comments on some of the poorest
examples are given in Section 7.1.2. Even at best the closure for mercury in the boiler
proper signifies that just 55% of the mercury in the coal was accounted for. The
median closure values for the three subsystems are 93% for the boiler proper, 111%
for the ESP, and 102% for the bottom ash sluice,

The data for the overall Unit 8 boiler system are superior to those in the boiler
proper and ESP subsystems, for the outside range of closures is 65-165%. One
reason for the improvement is that the errors in antimony and selenium in the boiler
and ESP cancel when the overall system is considered. The poorest closures in the
" three overalt systems is for the AFGD, where errors in the analysis of gypsum are
believed the main cause of imbalance in inlet and outlet mass flow rates.
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Table 1-1

Closures, %, in Unit 8 Subsystems

Unit 8

Unit 8 Bottom
Element Symbol boiler ESP ash sluice
Antimony Sb 67 375 107
Arsenic As 70 132 158
Barium Ba 97 136 100
Beryllium Be 77 107 100
Boron B 65 122 100
Cadmium Cd 64 115 100
Chromium Cr 79 105 100
Cobalt Co 116 127 100
Copper Cu 107 122 100
Lead Pb 141 110 100
Manganese Mn 105 111 100
Mercury Hg 29 116 102*
Mercury (BR) Hg 55 120 102*
Molybdenum Mo 79 108 102*
Nickel Ni 72 106 100
Selenium Se 256 59 115
Vanadium A 86 120 100
Aluminum Al 96 101 100
Calcium Ca 105 118 100
iron Fe 93 101 100
Magnesium Mg 99 110 100
Titanium Ti 100 100

101

BR=Brooks Rand Laboratory.
*Closures heavily influenced by non-detectable concentrations.




Table 1-2
Closures, %, in Overall Systems

U8 Boiler AFGD
Element Symbol overall Condenser overall
Antimony Sb 169 100* 103
Arsenic As 92 100* 436
Barium Ba 108 103 82
Beryllium Be 80 100* 1260
Boron B 76 o* 126
Cadmium Cd 71 567* 24
Chromium Cr 81 100* 2750
Cobait Co 130 73* 94*
Copper Cu 120 130 26
Lead Pb 151 100* 57*
Manganese Mn 108 34* 96
Mercury Hg 31 119 182
Mercury (BR) Hg 65 119 100
Molybdenum Mo 85 100* 795
Nickel Ni 75 128* 750
Selenium Se 149 100* 161
Vanadium v 94 100* 65
Aluminum Al 97 70* 197
Caicium Ca 109 137 101
iron Fe 94 100" 101
Magnesium Mg 102 100 S0
Titanium Ti 100 100* 163

BR=Brooks Rand Laboratory.
*Closures heavily influenced by non-detectable concentrations.




1.7 Emission Factors

The emission factors for the inorganic substances are presented in Table 1-3.
These factors are based on three parameters: 1} the stackconcentration of each
substance, 2) the calculated volume of gas per unit weight of coal, and 3} the
laboratory result on the calorific value of the coal. The results thus calculated are in
very good agreement with alternate results based on the measured gas flow rate in
the stack, the recorded firing rate of the coal, and the calorific value, again from the
coal analysis.

The range of emission factors is, of course, very wide. The maximum is for
S0,: 395,000 Ib/10" Btu. The minimum is for beryilium or cobalt: <0.07 Ib/10" Btu.

The Clean Air Act Amendments of 1890 suggest that control of emissions may
be required if a single substance is emitted at a rate exceeding 10 tons/yr or if any
combinations of substances is emitted at a rate exceeding 20 tons/yr. Units 7 and 8
at Bailly consume 5.03 x 10° Btu/hr of thermal energy from the coal when operating at
full load. if the operation at this level occurs 70% of the time in one year, the
consumption of energy will be 3.08 x 10" Btu. Thus, a substance with an emission
factor of 1 Ib/10" Btu wili be emitted at the rate of 0.0154 tons/yr. Based on this
factor, annual emissions of some of the substances listed in the concluding table of
this summary are as follows:

Substance emitted Rate, tons/yr
SO, 6080
Chloride 16.7
Selenium 2.97
Mercury 0.040
Beryilium <0.0002

1-16



Table 1-3

Emission Factors® Calculated from Stack Concentrations

(Uncertainty, 95% confidence limits)

g/1o2Jy 1b/10'2 Bru

Antimony 0.121 £ 0.442 0.281 + 1.03
Arsenic 0.455 + 1.41 1.06 + 3.28
Barium 0.544 + 0.309 1.26 + 0.716
Beryllium <0.03 <0.07
Boron 391 & 269 909 1 625
Cadmium 0.181 & 0.166 0.421 + 0.386
Chromium 1.18 + 048 2.73 + 1.11
Cobalt <0.03 <0.07
Copper 0.741 z 1.20 1.72 £+ 279
Lead 0.677 & 0.956 1.57 + 222
Manganese 1.32 :+ 0.18 3.07 £ 042
Mercury® 0.890 + 0.334 2.07 + 0.78

1.12 £ 0.07 2.60 + 0.16
Molybdenum 1.47 + 0.28 3.41 1 0.65
Nickel 0.928 + 0.483 2.16 + 1.07
Selenium 83.0 + 106 193 : 246
Vanadium 1.21 £ 0.71 2.81 £ 1.65
Aluminum 43.6 + 159 10t & 37
Calcium 196 + 33 454 + 76
fron 89.6 + 60.1 208 1+ 140
Magnesium 369 £ 6.5 85.7 + 15.0
Titanium 6.68 + 2.62 15.5 + 6.08
Fluoride <180 <420
Chloride 440 £ 112 1020 & 260
SO, 170000 + 74000 395000 + 172000

*Based on stack concentration of analyte (ug/Nm?), calcuiated volume of flue

gas from unit mass of coal (Nm*/g), and calorific value of coal (J/g). ./’
The first value for mercury is based on samples from Method 29.

The second is based on sampling with solid traps.
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20 INTRODUCTION
21 Background

Air toxics is a term designating certain hazardous poliutants that are addressed
by the 1990 amendments to the Clean Air Act. Title Il of the 1990 legislation
establishes a list of 189 toxic chemicals and classes of substances whose effects are
to be evaluated and regulated as determined necessary by the U.S. Environmental
Protection Agency.

Regulating air toxics will occur in two phases. During the first phase, the EPA
must publish a list of source categories emitting 10 tons annually of any one toxic or
25 tons annually of a combination of toxics. The agency must then issue Maximum
Achievable Control Technology (MACT) standards based on the bast demonstrated
control technology or practices in the industry to be regulated. Within two years, EPA
is required to issue MACT standards for 40 source categories and set in motion plans
to ensure that all controls will be adhered to within 10 years. The second phase of
reguiation will take effect 8 years after the first-phase MACT standards. Standards
based on health risks will be set in place if a facility’s emissions present a cancer risk
of more than one per million.

Approximately 90% of the hazardous substances listed in the 1990 act are
specific organic compounds, which are made up of the elements carbon, hydrogen,
oxygen, nitrogen, and chiorine or another halogen. Most of the remainder of the
hazardous elements listed are described more generally as compounds of specific
metallic elements:

Antimony (Sb)
Arsenic (As)
Beryllium (Be)
Cadmium {Cd)
Chromium (Cr)
Cobalt (Co)
Lead (Pb)
Manganese (Mn)
Mercury (Hg)
Nickel (Ni)
Selenium (Se)

Most of the compounds of these metals are likely to occur as inorganic compounds,
specifically inciuding the oxides. Some, however, may occur in organic compounds;
Hg is one such example. Certain other metals that may be cause for concern are:

Barium (Ba}
Boron (B)

Copper (Cu)
Molybdenum (Mo)
Vanadium (V)
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Other potentially hazardous poliutants are acidic inorganic gases derived from
certain key nonmetailic elements. These include hydrogen fluoride (HF), hydrogen
chloride (HCI), suifur oxides {SO,), and phosphates such as P,O, and H,PO,.

There is not now available a sampling and analytical protocol that wouid cover
all of the compounds listed in the 1990 Ciean Air Act Amendments. There are,
however, procedures generally recognized to be appropriate for selected
representatives of the classes of compounds that are of concern, including specific
compounds from the 1990 act. These procedures are largely based upon analyticai
developments by the EPA.

The EPA is charged with the responsibility of identifying potential sources of
these 189 hazardous substances and has already listed electric power stations as
having that potential. Power stations that emit as much as 10 tons/yr of any single
HAP or that emit as much as 25 tons/yr of any combination of HAPs may be subject

to regulation, but there is uncertainty in many areas before regulation can be
- commenced. There are questions such as 1) how are some of the HAPs to be
measured correctly when they appear as power-plant emissions, 2) what are the
concentrations that appear, 3) how well are the concentrations reduced by existing
control technologies, and 4) what advanced control technologies can be introduced to
exert control where little or none now exists.

The U. S. Department of Energy (DOE), the Electric Power Research Institute
(EPRI), and the Utility Air Reguiatory Group (UARG) are assisting EPA in developing
satisfactory responses to the mandates of the 1990 clean air legislation. The four
organizations are participants in a committee for coordinating research activities that
influence EPA'’s ultimate response to the Congress. To date, perhaps the greatest
impact on development of the required data base has come from EPRI, which for
several years has been developing the program known as PISCES (Power Piant
Integrated Systems: Chemical Emission Studies) (3).

DOE’s Pittsburgh Energy Technology Center issued a solicitation in February
1992 for Comprehensive Assessment of Air Toxic Emissions to gather data on the
presence, control, and emission of HAPs at eight different coal-burning electric power
stations representing a cross-section of the coals, boiler designs, and emissions
control technologies in the United States. Southern Research Institute was awarded a
contract in April 1993 to assess two of the eight power stations in 1993, with an option
to evaluate two more power stations in 1994. This report describes the results of the
assessment at one of the electric power stations, Bailly Station.

The research described in this report addresses several questions that apply
directly to the comprehensive assessment of air toxic emissions from coal-burning
electric power stations. The several questions of general concern are expressed and
discussed in the following paragraphs.

What levels of trace elements (herein usually referred to simply as "metais")
occur in different bituminous and subbituminous coals? Cenrtainly there is a large
body of data now in existence on this matter, especiaily in the unpublished PISCES
coliection, but new information may be useful either because it fills in gaps in what is
known of because it clarifies or corrects older data. This information will be vitally
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important within this project for defining the maximum rates of emissions that can be
expected.

How is the discharge of these elements partitioned between the main streams
emerging from a coal-fired boiler, up to whatever control devices are employed? The
discharge streams from the boiler itself are the bottom ash and the flue gas. On the
basis of overall mass, boilers that fire pulverized coal discharge roughly 20% of the
coal mineral matter as bottom ash and 80% as fly ash. in boilers that have a cyclone
design, the partitioning may be more nearly the opposite, 70% as bottom ash and
30% as fly ash. Specific elements that are relatively volatile do not partition between
bottom ash and fly ash as overali mass does but instead are preferentially emitted with
fly ash. The truth of this statement has been borne out by direct measurements as in
this investigation. Stili, however, because of the difficulty of direct measurements on
fiue gas, it is sometimes useful to compare specific concentrations of elements in the
coal and in the bottom ash. Iif an element occurs, for example, at 5 .g/g in coal ash
but at a substantially lower specific concentration in bottom ash, its emission from the
furnace as a vapor may be reasonably inferred. '

What can be said in response to analogous questions that concern the fate of
halogens and phosphorus in the coals, rather than the trace metals? These haiogens
are most likely to occur in coal in the reduced states, as fluoride ion and chloride ion
and, despite the oxidizing environment in the furnace, are most likely to leave the
furnace still in these reduced states. The most probable forms of the haiogens are the
acid gases HF and HCIl. Such evidence as we have seen indicates that very little of
the halogens appears in bottom ash or fly ash, even fly ash at 150 °C. Phosphorus,
on the other hand, appears likely, on the basis of analyses we have seen, to partition
very much the same way as overall mass partitions, maintaining approximately the
same specific concentration in the bottom ash and the fly ash. Phosphorus in the
stable form of phosphate, however, is potentially volatile as P,O, or H,PO, and must
be searched for in these forms.

What organic substances emerge from the boiler, either because specific
substances occur in coal themselves and are not burned completely, or because they
are products of chemical alterations or combinations of naturally occurring organics?
Distillation of coal with limited air is noted for producing emissions of polycyclic
aromatic hydrocarbons (PAHs) or, more generally, polycyclic organic matter (POMs),
which include elements other than carbon and hydrogen, such as oxygen, sulfur, and
nitrogen.

What is the effect of control devices on the emissions of inorganic or organic
substances? Conventional devices for controlling particulate matter do very well at
controlling the trace metals of present concern, especially the majority that occur in
the particulate state (4,5). Baghouses are reported to perform somewhat more
efficiently in removing volatiie metals than electrostatic precipitators (ESPs), perhaps
because the gas passes through a filter cake that adsorbs vapor with reasonable
effectiveness.

What happens to alter the partition of emitted substances between the
particulate and gas phases as flue gas enters the atmosphere and undergoes
simultaneous dilution and cooling? Surely extensive condensation occurs, as has
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been observed for a few metals of present interest. The thermodynamic driving forces
to promote condensation are powerful for all of the metals and the organics of higher
molecular weight. We can certainly expect, however, that the organics of relatively Jow
molecular weights, such as benzene and formaldehyde, will remain above their dew
points in the plume and their appearance in the particulate phase will have to depend
entirely on chemical transformation to some other compounds (uniikely for benzene)
or adsorption onto fine fly ash particles that penetrate the control devices.

The matter of material balances is important aiso, not as a fundamental issue
itself, but as a discipline for evaiuating data and determining whether the fundamental
questions above are answered adequately by the data obtained. Material balance
considerations apply to elements as such — metals or non-metals (halogens, sulfur,
or phosphorus) — at any intersecting streams in the system. Elements are not
subject to creation or destruction within the system; if they enter at any point, they
must depart somewhere. Material balance considerations apply to organic
compounds in a more restricted way. At some point in the system, perhaps at the exit
of the air heater, those organic compounds that have their origin exclusively in the
coal will reach stability insofar as the gas environment itself is concerned and thus
may be justifiably examined with respect to material balance. A complexity arises,
however, if a compound enters in a control process (for exampie, barium as a
contaminant in limestone) or if a compound is synthesized from control chemicals (for
example, HCN from NH, as a NO,-controlling chemical).

22 Objectives

22.1 DOE Objectives

The objective of the contract under which the Bailly work was done was
phrased as follows:

The overall objective of this project is to conduct comprehensive
assessments of toxic emissions from up to four (4) selected coal-fired
electric utility power plants, One of these assessments shail be
conducted at a plant demonstrating an Innovative Clean Coal
Technology (ICCT) Project. The assessment of toxic emissions from
two (2) power plants will be conducted in two phases. Phase | shall
consist of assessing the Bailly Station of Northern Indiana Public
Service Company (NIPSCO), which includes the ICCT Advanced Flue
Gas Desulfurization (AFGD) demonstration project, the Springerville Unit
No. 2 of Tucson Electric Power Company, and the Blacksville 2 coal
preparation plant of CONSOL Inc. for toxic emissions by the end of
calendar year 1993. An optional Phase Il couid include assessing an
additional two (2) power plants and a coal preparation plant.

This report is specific to the assessment of toxic emissions from Units 7 & 8 of

the Bailly Station, and the associated AFGD Demonstration Project. Specific
objectives of the project that pertain to this plant were as follows:
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1)

2)

3)

4)

5)

6)

to collect and subsequently analyze representative solid, liquid, and gas
samples of all specified input and output streams for selected hazardous
air pollutants contained in Title Il of the 1990 Clean Air Act Amendments
and to assess the potential level (concentration) of release of these
poliutants,

to determine the removal efficiencies of specified poliution-controi
subsystems for selected pollutants,

to determine material balances for selected poilutants in specified input
and output streams of Unit 8 of the Bailly Station and input and output
streams of the AFGD Demonstration Project (which includes the output of
Unit 7 of the Bailly Station),

to determine the concentration of the trace metals associated with the
particulate fraction of the flue gas stream as a function of particle size,

to determine the concentration of the respective pollutants associated
with the particulate and vapor phase fractions of the specified flue gas
streams, while assessing the potential level (concentration) of release of
these pollutants, and

to determine the concentration of the respective pollutants associated
with the particulate and vapor phase fractions under simuiated plume
conditions.

s to be Determined

Table 2-1 indicates the classes of substances collected and the sampling
locations for Bailly Station Unit No. 7. Tables 2-2 and 2-3 provide the same
information for Unit No. 8, and the AFGD Demonstration Project, respectively.

Table 2-4 lists the types of streams sampled and the components analyzed.

Table 2-5 indicates the specific analytes measured for all respective solid, liquid, and
gas samples collected. In addition, Table 2-6 indicates the respective solid stream
constituents/samples and the required component analyses for the Bailly Station and
the AFGD Demonstration Project.



Table 2-1

ESP QUTPUT STREAM OF THE BAILLY STATION UNIT NO. 7
CATEGORIZED BY PHYSICAL STATE

Physical State Sampling Points
SOLIDS--
Entrained Fly Ash ESP Outlet Before Combining with Unit

No. 8 Flue Gas Stream (with and without
diiution, cooling}

GASES-

Low Dust Gas ESP Qutlet Before Combining with Unit

No. 8 Flue Gas Stream (with and without
dilution, cooling)
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Table 2-2

INPUT AND OUTPUT STREAMS OF THE BAILLY STATION UNIT NO. 8
CATEGORIZED BY PHYSICAL STATE

Physical State Sampling Points

SOLIDS--
Boiler Feed Coal inlet to Each Cycione Burner
Bottom Ash Bottom Ash QOutlet Sluice Line
Collected Fly Ash ESP Hoppers
Entrained Fly Ash' ESP Inlet After Ammonia Injection

ESP Outlet Betore Combining with Unit
No. 7 Fiue Gas Stream

- LiQUIDS--
Makeup Water Service Water at Tap, Each Distinct Source
Bottom Ash Return Pond Water Return Water (to Sluice)
Sluice Water (Slurry) Bottom Ash Outlet Sluice
Once Through Condenser Water inlet & Outlet of the Condenser

(GASES--

High Dust Gas ESP' Inlet After Ammonia Injection
Low Dust Gas ESP’ Outlet Before Combining with Unit

No. 7 Flus Gas Stream

'The fiue gases at the inlet of the west ESP on Unit 8 and the combined outlet from the two Unit 8 ESPs
were sampled for ail of the componants fisted in Tabie 2-4. We also measured the mass concentration of
fty ash by Method 17 in the iniet fiue gas 10 the east ESP on Unit 8.



Table 2-3

INPUT AND OUTPUT STREAMS OF THE AFGD DEMONSTRATION PROJECT
CATEGORIZED BY PHYSICAL STATE

Physical State Sampling Points
SOLIDS -
Entrained Fly Ash' AFGD Outlet/Stack After Mist Eliminator
Limestone Limestone Delivery Trucks
Gypsum Gypsum From Outlet of Basket Centrifuge
Gypsum Slurry? Absorber Recirculation Line
Other Susgended Solids In Liquid
Samples Outlet of Thickener to Water Treatment Plant
LIQUIDS -
Makeup Water Service Water at Tap, Reservoir For All
AFGD Process Makeup
Waste Water® Outlet of Thickener Overflow Tank to Waste
Water Treatment Plant
Gypsum Slurry? Absorber Recirculation Line
GASES -
Low Dust Gas AFGD Outlet/Stack After Mist Eliminator

'The composition of the entrained particies and flue gases at the iniet of the AFGD were characterized by
the combination of the resulis measured at the Units 7 and 8 outlet ducts. The composition of the

entrained particles and flue gases at the outiet of tha AFGD were measured by samples coliected in the
stack. We sampled for all of the components listed in Table 2-4.

*The slurry sampies were analyzed for the substances in Tables 24, 2-5, and 2-6.
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Table 2-4

CLASSES OF SUBSTANCES TO BE COLLECTED AT THE
BAILLY STATION UNIT NO. 7 AND UNIT NO. 8,
AND THE AFGD DEMONSTRATION PROJECT

Stream Type Component Analyzed
Gas Stream’ Volatile Organics

Semivolatile Organics

Acid Gases and Aldehydes

Vapor-Phase Elements®

Entrained Particulate

Particle Loading (Bulk and Size
Fractionated

Liquid Streams (Including Slurries) Voiatile Organics
Semivolatile Organics
lonic Species and Aldehydes
Elements
Dissolved - Filtrate
Total - Unfiitered

Solid Streams All Substances in Table 2-6
(Including Filter Cake from Slurries)

"Vapor phase and condensable organic and inorganic sampies and particulate phase samples from the
Unit No, 7 ESP outlet flue gas stream were collected using two methods; (1) hot (typical) flue gas
sampiing and (2) diluted, cooled flue gas sampling. The samples collected under these two conditions
were analyzed 1o determine the differences in the chemical composition of the vapor phase constituents
and of the particles collected under both hot flue gas and the diluted, cooled flue gas conditions. A
source dilution sampler that simulates plume conditions at the outlet of a utility stack was used 10 collect
vapor phase constituents and fly ash particies under diluted, cooled flue gas conditions.

23R collected sufficient guaniities of particulate (bulk on sample train fiters) and vapor phase (Impingers
from sampling trains) samples from all the indicated fiue gas streams enabling the particulate ang
impinger solutions to be analyzed separately for the components in Tabie 2-4, analytes in Tables 2-5, and
the sampies in Table 2-6. These samples were usad to make comparisons between the concentrations of
vapor phase and particulate-based target analytes and additional analytes that are present in the samples
collected from the indicated flue gas streams. SRl used charcoal sorption tubes for the sampling of
mercury In all the indicated flue gas streams as a back-up to the EPA Multi-Maetals Train,

3gize fraction specifications: >10 ym, 5 to 10 ym, and <5ym.



Table 2-5

ANALYTES FOR TOXIC ASSESSMENT OF THE
BAILLY STATION UNIT NO. 7 and NO. 8,
AND THE AFGD DEMONSTRATION PROJECT

Trace Elements lons
Antimony Phosphate (PO,?)
Arsenic Sulfate (SO, ?
Barium Cyanide (CN)
Beryllium
Boron Inorganics
Cadmium Ammonia
Chromium’ Hydrogen Chloride
Cobalt Hydrogen Fluoride
Copper
Lead Organics
Manganese Benzene®
Mercury Toluene®
Molybdenum Formaldehyde
Nickel Polycyclic Organic Matter*
Selenium Dioxins®
Vanadium Furans®
Radionuclides?

'Reported as total Chromium.

2atoms that undergo spontaneous radioactive decay. The measurements were limited to certain heavy
nuclides that are primary alpha emitters: lead 210; polonium 210; radium 226 and 228; thorium 228, 230, and
232; and uranium 234, 235, and 238,

3Plus other volatile compounds associated with proposed analytical method.

‘Al organic compounds with more than one aromatic ring that are associated with proposed analytical
method.

SAll polychiorinated dibenzo-p-cioxing (PCDDs} and polychiorinated dibenzofurans (PCDFs) associated with
proposed anatytical method. SRi analyzed separately the entrained fly ash sampies (bulk) and vapor phase
samples (impingers) collected from the Unit No. 7 ESP outlet under both hot gas and diluted, cooled gas
conditions for PGDDs and PCDFs. SRI also analyzed separately the entrained fty ash samples (builk, which
could include scrubber carryover) and vapor phase sampies (impingers) collected at the AFGD outlet/stack
after the mist eliminator for PCDOs and PCDFs. No other samples were analyzed for PCDDs and PCDFs.
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Table 2-6

REQUIRED SOLID STREAM SAMPLES AND ANALYSES
FOR BAILLY STATION UNIT NO. 7 AND NO. 8
AND THE AFGD DEMONSTRATION PROJECT

CATEGORIZED BY PHYSICAL STATE

Solid Samples and Components To Be Analyzed

Boiler Feed Coal (After Crusher)
Trace Elements
Moisture Content
Heating Value
Ultimate/Proximate Analysis
Fluoride
Chioride
Phosphate
Radionuclides

Bottom Ash, ESP Hopper Ash,
and Entrained Fly Ash In¢cluding

the AFGD Project

Trace Elements

Semivolatile Organics

Size and Mass Distributions-
(Entrained Fly Ash-
and Hopper Ash' Only)

Radionuclides

Carbon

Fluoride

Chioride

Phosphate

Sulfate

Dioxins

Furans

Limestone

Trace Elements
Moisture Content
Fiuoride

Chloride
Phosphate
Radionuclides

FGD Solids (Slurry)

Trace Elements

Semivolatile Organics

Sulfate

Sulfite

Fluoride

Chloride

Phosphate
Radionuclides-(Only Gypsum)

'"There are three rows of hoppers to collect fiy ash from the twelve fisids of the ESP. Each row of hoppers
collect fiy ash from four fielda of the ESP. We used established techniques 10 provide the best
information on mass particle size distributions of a composite bulk ash sample collected from each of the
three rows of hoppers beneath the twalve fieids of the ESP. Analytical determinations were not performed
on the size fractionated hopper ash samples.
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One of the primary considerations in achieving the objectives in this program was
to achieve the necessary detection limits. There were various options for achieving
these goais, as will be discussed in the following paragraphs. It is important to realize,
however, that the potential risks and the probable concenirations associated with
various analytes of concern made the achievement of adequate detection limits far
easier for some analytes than others, With the element chlorine occurring in the gas
phase as HC, the risk is relatively low, and the concentration is quite high on a
comparative basis (of the order of 100 mg/Nm?® with coals of ordinary chiorine
concentrations). For the chiorine compounds known as dioxins and furans, on the
other hand, the risk is presumed o be high, and very low concentrations must be
detected (of the order of 1 pg/Nm?, or levels roughly 11 orders of magnitude below
that of chlorine).

Another primary factor was to retain an adequate degree of specificity. Achieving

~ both specificity and sensitivity in analysis is often difficuit, and certainly that is the case
for the determination of the trace levels of some of the air toxics of greatest concern in
this project. The conflict between these two objectives was faced at the outset of the
project in regard to the determinations of semi-volatile organics, where the question
was whether to retain specificity in a list of some 70 identifiable compounds at
moderate levels of sensitivity or attempt to gain as much as three orders of improved
sensitivity but risk the occurrence of numerous false positives due to a loss in
specificity. The specific question was whether to use low-resolution mass
spectroscopy 1o retain identification of a wide range of compounds, or to adopt high-
resolution techniques with selected ion monitoring to achieve higher sensitivity for
selected compounds but to risk a higher level of interference and loss of certainty in
compound identification.

Still another factor to be considered simultaneously with sensitivity and specificity
was the question of analytical costs. Inductively coupled argon plasma emission
spectroscopy (ICP) was an attractive analytical tool from the point of view of
appiicability to most of the trace metais of concern, but favorable costs associated
with this aspect of the method had to be sacrificed to achieve improved sensitivity for
some metals or improved spegcificity for certain analytes. Thus, methods of atomic
absorption spectroscopy based on hydride generation, graphite furnace, and cold
vapor techniques were included in the analytical protocols. Similarly, atomic
fluorescence with the cold vapor of mercury was used for enhanced sensitivity.

Once an analytical method with appropriate sensitivity has been selected with due
consideration to the conflicting issues of specificity and cost, the analysts have certain
ways to modify sensitivity in accord with the requirements of individual circumstances.
Two of the options are illustrated by the following equation:
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1 = AViu

in which A = in-stack detection limit {ng/Nm?),
A = instrumental detection limit (ug/mt),
v = sample solution volume (mL), and
u = sampie gas volume (Nms)

Even though the instrumental detection limit is fixed by the choice of a method and a
specific instrument, the analyst can improve the detection limit by limiting the volume
of solution that contains the sample or by increasing the volume of flue gas sampled.

One of the ways that analytical sensitivity was adjusted to meet circumstances
at Bailly was to vary the volume sampled in anticipation of concentrations that might
be too high or too low for quantitation. Thus, for volatile organics, three samples with
nominal volumes of 5, 10, and 20 L were always collected at each location,
Compounds found in amounts that varied linearly or approximately linearly with
sample volume could be reasonably concluded to be true components of the gas
stream sampled, whereas other compounds found in relatively constant amounts
could be regarded as contaminants or artifacts.

Another way in which analytical sensitivity was adjusted by varying sample
volumes occurred as a consequence of variations in the composition of the gas
streams that were known at the time of sampling. With metals, for example, which
were expected to occur predominantly in the particulate phase, recognition was made
of the variability of particulate concentrations in selecting sampling time and thus
sampling volume. Sampling times were adjusted to yield sample volumes of about
2.2 Nm? at the Unit 8 ESP inlet, 2.8 Nm® at the Unit 8 ESP outlet, 2.5 Nm?® at the Unit 7
ESP outlet, and 8 Nm® at the stack (where the data ultimately showed particuiate
concentrations of about 5, 0.01, 0.07, and 0.05 g/Nm?®, respectively).

We also attempted to limit the dilution of samples in the recovery procedures
for the trains. In particuiar, we adopted a modified recovery procedure for the
permanganate impingers in the Method 29 train. We reduced the volumes of the
rinses from 425 mL to 125 mL in an effort to improve sensitivity for mercury.

Limiting the volume of the dissolved sample to be analyzed proved more
difficult an objective to accomplish. In the analysis of the trace metals, the difficulty of
digesting the soiids completely and getting the analytes in a relatively smaii volume of
solution limited what could be done to keep the sample volume small. A practical
target was 0.5 g of particulate matter digested and dissolved in 100 mL of solution,
With solution detection limits for individual metals ranging from 0.0002 to 0.02 .g/mL,
the concentrations of the metals in the total solid thus ranged from 0.04 to 10 ng/g or,
at the total particulate concentrations cited above, the following concentrations on the
basis of flue-gas volume:

0.2 to 50 ug/Nm? at the ESP inlet,
0.0004 to 0.7 .g/Nm?® at the ESP outlets, or
0.002 to 0.5 .g/Nm® at the stack
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A general assessment of how the quality of the results in this program was
influenced by the detection limits of the methods and procedures adopted is as
follows:

Metals — Obtaining definitive concentration in the stack on a numerical basis was
significantly handicapped at the sampie size selected because the detection
limits imposed were higher than desired. Also, blank corrections limited the
numerical validity of the results. Still, the emissions could be assigned limiting
values that were low enough to permit the conclusion that a high level of
emission control was being exercised by the plant. Demonstrating material
balance for a few metais was not possible because of occurrence in the coal at
undetectable levels.

Non-metais that produce acidic gases or anions in condensed phases — The
principal limitation to establishing concentrations occurred with phosphate,
which were low in any case because of low phosphorus concentrations in the
coal.

Aldehydes — The detection limits for compounds in this class were not the most
significant drawback to establishing concentrations unequivocally. The lack of
success in removing contaminants from the reagent used for sampling was a
more important constraint.

Volatile organic compounds — The aromatic hydrocarbons on which much attention
is being focused (benzene, for example} were detected in all gas streams of
interest.

Semi-volatile organic compounds — The magnitudes of the detection limits were less
of a deterrent to analytical success than the occurrence of unexpected
contaminants. Contaminants to the toluene that was used as a solvent,
especially for the purpose of making the determination of dioxins and furans
possible with split samples, caused major interference in the determination of
semi-volatiles in the range of lower molecular weights (or, more exactly, in the
range of lesser gas chromatographic retention times). This interference,
however, did not occur with the PAHs in a higher range of molecular weights.

2.3 Auditing

231 SRl

Internal quality control auditing was performed by SRl in the coilection of
samples from the Bailly site and in the analysis of samples in the SRI laboratories at
Birmingham. QC audits performed during this project are presented in Appendix A,
QA procedures followed during sampling and recovery operations are described in
Appendices B and C. Additionally, quality control analysis of analytical results from
subcontractor laboratories, namely Brooks Rand, Commercial Testing and Engineering
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phase partitioning, 2) plume simulation dilution sampling, 3) distribution of trace metals
by size, and 4) comparison of Method 28 and carbon traps for mercury
measurements, Section 9 lists references used in the report, and Section 10 is a
glossary of terms and abbreviations used in the report.

There are seven appendices to the report. They contain descriptions of auditing
exercises, supporting information on sampiing and analytical protocols, quality
assurance and quality control procedures and results, example calculations,
description of uncertainty analyses performed, and comprehensive documentation of
sampling runs. The reader is referred to the Table of Contents which lists the
appendices.
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3.0 SITE DESCRIPTION
3.1 Power Plant and Scrubber Design Features
3.1.1_Power Piant

Bailly Generating Station is owned and operated by the Northern Indiana Public
Service Company (NIPSCO). The plant is located on the shores of Lake Michigan
near Chesterton, Indiana. This project involved the two coal-fired units of Bailly
Generating Station with a combined capacity of 528 MWe; Unit No. 7 has a gross
capacity of 183 MWe (160 MW net) and Unit No. 8 has a gross capacity of 345 MWe
(320 MW net). Figure 3-1 is a schematic illustration of the layout of the Bailly Station
Units 7 and 8.

Each unit is equipped with a Babcock & Wilcox cyclone boiler and a steam
turbine generator. Both units burn an lllinois/Indiana basin high-sulfur bituminous coat
(2.5% to 4.5% sultur). Unit 7 has four ¢yclone burners, and Unit 8 has eight cyclone
burners. Full load on each unit usually varies by + 3 MW. There is no control
technology for NO, emissions.

Electrostatic precipitators (ESPs) are used on both units for particulate control.
There are two ESPs on Unit 8 and one ESP on Unit 7. The two ESPs of Unit No. 8
are identical to the Unit No. 7 ESP. Each ESP is two shells wide and has twelve
electrical fields. in addition, there are three rows of hoppers to collect fly ash from the
twelve fields of each ESP. Thus, there are three hoppers in the direction of gas flow
along any given lane of the ESP.

Ammonia is injected at a rate to yield 15 ppm concentration prior to the Unit
No. 7 ESP and prior to each of the two Unit No. 8 ESPs for the controf of SO, to
prevent acid mist emissions. There are separate ammonia injection systems for the
two units.

The Bailly Station Unit No. 7 fiue gas flows through a single duct into the ESP.
The flue gas stream exits the ESP and subsequently connects downstream of the ESP
with the Hlue gas duct from the combined outlets of the two ESPs of Unit No. 8. These
two flue gas streams then join to form a single stream.

There are various ash disposal systems for Units No. 7 and No. 8 at the Bailly
Station. Based on four years of records of waste disposal from the piant, nominally
63% of the ash in the coal is collected as bottom ash and the remaining 37% is fly
ash. Wet bottom ash is transferred to a slag tank where the ash is sluiced 1o an ash
settliing pond. The slag tank is dumped every six hours. The water from the settiing
pond is recycied back for the siuicing of the bottom ash. Economizer ash is not
accumulated or evacuated in sufficient quantity or frequency to be considered as a
separate waste stream. Makeup water is obtained from on-site facilities. Fly ash from
the precipitators from both units is conveyed dry to an ash silo where it is trucked
away to a landfill or sold.

Both units use Lake Michigan water as a once-through cooling medium.
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Figure 3-1. Process Flow Diagram and Sampling Locations for Bailly Generating Station Units 7 & 8
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3.1.2_Scrubber

Sulfur dioxide in the combined fiue gas stream from the two units of the Bailly
Generating Station is treated by the Advanced Flue Gas Desulfurization (AFGD)
demonstration project managed by Pure Air of Allentown, Pennsylvania (a joint venture
of Air Products, Inc. and Mitsubishi Heavy Industries, Lid.) under the Department of
Energy’s Clean Coal Technology program. The scrubber is operated by Pure Air on
the Lake, a subsidiary of Pure Air. Figure 3-2 is a schematic drawing of the Pure Air
AFGD process. Pure Air's AFGD system is using innovative wet limestone flue gas
desulfurization (FGD) technology to achieve a high level of SO, removal (80 to 95+
percent capability) on high sulfur U.S. coals.

A feature of the AFGD process is the purchase and direct injection of
powdered limestone in lieu of on-site limestone milling operations. This project
includes an in-situ oxidation absorber module that produces high-quality gypsum from
a range of high sulfur coals. These features serve 1o decrease facility size, and costs

for both installation and operation of the process. High-quality, by-product gypsum
" (93+ percent purity) is being produced and sold to a wailboard manutacturer. This
by-product utilization eliminates the problem of solid waste disposal, and also
contributes to the cost-effectiveness of the technology.

The flue gas stream from the AFGD process is vented to the atmosphere
through a 480-foot stack exclusive to the project.

3.2 Plant Systems Included in This Evaluation

The samples to be collected and their respective sampling points for the Bailly
Station Units No. 7 & 8 and the AFGD process are identified in Figures 3-1 and 3-2.
Material balance for the Bailly Station was limited to Unit 8, as shown in Figure 3-1. A
separate material balance was conducted around the AFGD scrubber. The process
components included in the material balances were:

Unit 8 Boiler — The input streams for this subsystem are the coal, makeup water,
and combustion air. OQutput streams are the flue gas and bottom ash.

Unit 8 ESP — The input stream to the ESP is flue gas. The output streams are
the hopper ash and the cleaned flue gas.

Condenser — The condenser is a once-through system using Lake Michigan
water as input. The output stream is returned to the lake.

Bottom Ash Sluice — The input streams to this system are the bottom ash and
siuice return water (that is, make-up water supplied from the settling
pond). The output stream is the bottom ash sluice (discharged to the
settling pond).

Unit 8 Boiler Overall — The input streams are the coal, combustion air, makeup
water, and siuice water return. Output streams are the stack flue gas,
gypsum, and water to waste water treatment.
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Flue Gas Mixing — Flue gas from the Unit 7 ESP and the Unit 8 ESP are input
streams; the mixed product is output,

AFGD System — The input streams to this system are the combined fiue gases
trom Units 7 and 8, limestons, and service water. Output streams are the
stack flue gas, gypsum, and waste water.

3.21 Flue Gas Streams
The flue gas streams sampled for the toxic emissions assessment were:

1) the Unit No. 7 ESP outiet before combining with the Unit No. 8 gas stream (with
and without dilution cooling),

2) the Unit No. B west ESP inlet after ammonia injection,

3) the Unit No. B ESP outlet before combining with Unit No. 7 flue gas stream, and

4) the AFGD outlet/stack after mist eliminator.

The flue gas streams sampled for mass particle size distributions and total
mass concentrations of entrained fly ash were:

1) the Unit No. 7 ESP outlet betore combining with the Unit No. 8 flue gas stream
(with and without dilution cooling),

2) the Unit No. 8 west ESP inlet after ammonia injection,

3) the Unit No. 8 east ESP inlet after ammonia injection (only total mass
concentration),

4) the Unit No. 8 ESP outlet before combining with Unit No. 7 flue gas stream,
and

5) the AFGD outlet/stack after mist eliminator (total mass and size distribution).

The flue gas streams sampled for size-fractionated entrained fly ash for
subsequent determinations of trace metals were:

1) the Unit No. 7 ESP outlet belore combining with the Unit No. 8 flue gas stream
2) the Unit No. 8 west ESP inlet after ammonia injection, and
3) the Unit No. B8 ESP outlet before combining with Unit No. 7 flue gas stream.

A complete discussion of the flue gas sampling approach is given in Section
4.0,

322 Solids, Liquids, and Slurries

Solids, liquids, and slurries sampled are listed in Table 3-1. Descriptions of the
sampling methods for each of these samples are given in Section 4.3.
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Table 3-1

Solids, Liquids, and Slurries Collected at Bailly

[Botler Feed Coal

augers above Cyclone burners

ESF Hopper Ash

hoppers beneath Unit 8 West ESP

“Bottom Ash siuice discharge at pond
] Limestone sampied from supply trucks
| Gypsum automafic sampler on conveyer bell

LIQUIDS ~

n Condenser inlet

intake from Lake Michigan

Unit 8 Condenser Uutlet

discharge into Lake Michigan

Sluice Return Water

low pressure water Tine tap at boiler

tap al makeup waler tanks

Service wWater

water fap in AFGD building

ﬁﬁ

Condenser Makeup Water
ArGD Waste Water

tap in ine to waste water treatment

|| SLURRIES -

Bottom Ash Sluice

discharge pipe info pond

| Absorber Recirculation Slurry

sample tap at recirculation pump

Bleed Pump Slurry .

sample tap at slurry bleed pump




3.3 Piant Operating Conditions

3.3.1 Typical Operating Conditions

Bailly Station Units 7 and 8 operate on load demand, with full load usually
between 7 AM and 9 to 10 PM. At full load, Unit 8 generates about 345 gross
megawatts, and Unit 7 generates about 183 gross megawatts. The two units are
usually run at equivalent percentages of their fuil load rating.

The primary coal for the plant is from the llinois/indiana Basin, and has a 3.0 t0 3.5%
sulfur content. The main source of coal for the piant is the Captain Mine. Because of
parametric evaluation of the AFGD scrubber, several other coais and blends have
been burned at the Balilly Station. During 1993, the plant had burned a blend of
lilinois/Indiana Basin coal and Powder River Basin coal in a ratio of 4:1 to give a coal
sulfur content of about 2.8%.

The water supply for the plant is Lake Michigan, as mentioned earlier. The Pure Air
AFGD scrubber uses a pre-crushed limestone supplied by Huber, Inc.

There are three separate computerized plant monitoring and data acquisition
systems: one each for Unit 7, Unit 8, and the Pure Air AFGD. Some of the data are
redundant on the Pure Air system, but we obtained records from all three systems
covering the period of our testing. We recorded manually readings of voltages and
currents in the Units 7 & 8 electrostatic precipitators, and flows (indicated as static
pressures and percentages of orifice differential pressures) of ammonia to both units.
We also obtained historical records for the previous four years that listed amounts of
bottom ash and fly ash disposed of and Units 7 and 8 power generation.

3.3.2 Operating Conditions During Sampling

Tables 3-2 through 3-6 are records of plant operation during the periods we
were sampling. Tables 3-2, 3-3, and 3-4 are excerpts from operating logs recorded by
computer data acquisition systems. We selected key parameters that describe the
major process streams, and can be used to quantify variables required to make
material balance calculations or to show system stability. Each data entry in these
logs is an hourly average. Table 3-2 presents a subset of the operating data we
collected from the Unit 7 data acquisition system. Table 3-3 presents data from the
Unit 8 data acquisition system. Table 3-4 presents data from the Pure Air AFGD data
acquisition system.

Somae of the plant operating data are plotted in Figures 3-3 through 3-7.
Figure 3-3 shows the megawatt output of Units 7 and 8 during the intervals of time we
were sampling. Figure 3-4 shows the average opacity values recorded in the Unit 7
and Unit 8 ducts at the outlets of the electrostatic precipitators. Figure 3-5 shows the
concentrations of SO, at the inlet and outlet of the AFGD scrubber. Figure 3-6 shows
the measured carbonate and sulfite contents in the scrubber slurry. Figure 3-7 shows
the differential pressure across the AFGD piant and the absorber.
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Table 3-5 is a record of the operating voltages and currents on the Unit 7 and
8 electrostatic precipitators (ESPs). We recorded these values at two-hour intervals
each test day. The table shows the daily average values on each electrical section.
Figure 3-8 shows the layout of the ESP electrical sections. The most significant
feature of these data is the fact that one of the outlet electrical sections on the Unit 7
ESP (Section 7ATS5) was out of service during our testing. Furthermore, another outiet
field, 7AT6, operated at a very low voltage compared to other fields. These problems
explain the much higher emissions, seen in the opacity numbers in Tables 3-2 and
3-3, for the Unit 7 ESP than the Unit 8 ESP.

Table 3-6 is a record of the flows of ammonia from the two separate systems
supplying Units 7 and 8. Figures 3-9 and 3-10 show the ammonia system calibration
charts for the two units. The main indicator of ammonia feed rate is the parameter
called system output, given as a percentage. As the figures show, a system output
setting of 50% is supposed to supply ammonia at a rate equivalent to 15 ppm in the
flue gas at full load. The logs show a virtual loss of ammeonia supply to Unit 7 from
9/3 to 9/4. The supply to Unit 8 ran out on the evening of 9/4. Therefore, on 9/3 we
had nominally 15 ppm ammonia to both Unit 7 and Unit 8 ESPs. On 9/4 we had
nominally 15 ppm ammonia to Unit 8 ESP, but less than 3 ppm ammonia to Unit 7
ESP. On 9/5 we had no ammonia to either Unit 7 or 8 ESP. This reduction in
ammonia feed may have affected the particulate emissions, and certainly affected SO,
carry-over through the ESPs.

There were two occasions during the testing when the fire in one cyclone
burner went out because of a plugging of the coal feeder to the cyclone. The first of
these was at 0900 to 1045 on 9/3/93 when one burner on Unit 7 lost fire. The Unit 7
load dropped from 175 to 145 MW. Since we were still over 90% of the combined full
load capacity of the two units we continued sampling. The second occasion for a
burner to lose fire was also on 9/3/93 at about 1700 to 1800; this time the burner was
on Unit 8. We again continued sampling.

The major plant upset that truncated our testing was supply of coal to the
boilers. There were problems in getting coal from the Captain Mine to the plant site,
and problems at the plant site with the coal unioading and conveying system that
delayed, interrupted, and finally prevented sampling. Because of the strike by the
United Mine Workers, the plant had a variety of coals layered on the plant coal
stockpile. Therefore, testing while the plant reclaimed coai from the pile was not
practical because of the likelihood that variations in coal would render the flue gas
samples equivocal.
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Calibration Plots for the Unit 7 Ammonia Feed System
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Table 3-6. Record of Flows for Ammonia Injection Systems

Pressure, System

DATE TIME _psig Output, %
UNIT 7 9/3/93 0807 10 52
9/3/93 1047 10 48
9/3/93 1226 10 50
9/3/93 1450 9.8 50
9/3/83 1624 9.9 52
9/3/93 1835 9.8 51
9/3/93 2011 9.8 50
AVERAGE 9.9 50
9/4/93 0826 10.1 10
9/4/93 1105 10 10
9/4/93 1310 9.5 8
9/4/93 1522 8 8
9/4/93 1722 6.8 8
AVERAGE 8.9 9
UNIT 8 9/3/93 0936 10.4 50
9/3/93 1105 10.4 51
9/3/93 1240 10.4 S0
9/3/93 1400 10.25 50
9/3/93 1627 10.2 51
9/3/93 1829 10.3 50
AVERAGE 10.3 50
9/4/93 0829 10.2 51
9/4/93 1118 8.6 51
9/4/93 1329 8.8 51
9/4/93 1508 7.8 51
9/4/93 1702 8.7 51
AVERAGE 8.6 51

(There were no flows from either system on 9/5 or 9/6}
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4.0 FLUE GAS SAMPLING

4.1 Ducting Arrangements

Five potential sampling locations were called out for this program which were
as follows:

1) the inlet to the Unit 8 ESP,

2) the outlet of the Unit 8 ESP,

3) the outlet of the Unit 7 ESP,

4) the combined inlet to the scrubber,
5) and the stack.

Sampling at the combined iniet duct to the scrubber was eliminated in our
pian. This was done for two principal reasons. First, the sampling location was very
close to the point at which the two exit ducts from the ESPs combine and the gases
were unlikely to be mixed well. This fact would make the results from any of the
single-point sampling methods (VOST, Hg, aldehydes, and ammonia/HCN) uniikely to
be representative. Second, the results from the two ESP outlet ducts could be
summed to provide the needed information regarding the flue gas input to the
scrubber. Thus it would not have been cost effective to carry out sampling on the
combined gas stream as well as the two ESP exit streams.

The Unit 8 ESP is fed by two ducts from the air heaters which divide into four
ducts at the ESP inlet. Ammonia injection takes place in the upstream portions of the
two ducts from the air heaters and the ESP inlet sampling ports are located in these
ducts. Sampling at the Unit 8 inlet was concentrated on one of the two ducts (the
west duct), but a Method 17 sample was obtained on the other (the east duct) so that
the gas and particulate flows to the ESP would be known.

The stack had four ports at 90° to one another at the 358-foot ievel which
could be used for sampling with those methods that required traversing the duct. (All
particulate sampling methods have this requirement.) Additional ports were availabie
that were used for the sampling methods that did not require a traverse. The layout of
the ports at the stack sampling location is shown in Figure 4-1.

The types of samples to be collected in the flue gas sireams were summarized

in Section 2.2.2 above. Details of the sampling activities are provided in the following
discussion.
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41 ft

173 in

ENCLOSED
SHED

ELEVATOR

NOTE: All test ports are 42 in above the grating.

Figure 4-1. Stack Sampling Platform at 109-m Elevation



42 Sampling Schedule

Table 4-1 below lists the manual flue gas sampling methods employed in this
test program.

Table 4-1. Flue Gas Sampling Methods

Traverse/ Duration
Constituent Method Single Point  minutes

In Qut__ Stack
Inorganic Day:

Stack, Unit 8 Inlet,
Unit 7 & 8 Qutlets:

Metals M29 T 1929 2409 360
Mercury Carbon trap S 60 60 60
Acid gases M5 T 48 60 48
Particle size distribution Impactor/cycione T2 60 600 480
Size fractionated composition Duai cyclones T¢ 60 1020 -
Unit 7 Qutiet: ‘
Simulated plume
{Metals, Hg, acid gases) SR diluter S - 360 -
Organic Day:
Stack, Unit 8 Inlet,
Unit 7 & 8 Outlets:
SVOCs & PCDDs/PCDFs MM5/SW846-0010 T 240 280 360
Volatile organics VOST S 10,2040 10,2040 10,20,40
Radionuciides M17 T® 72 144 360
Aldehydes Impingers S 30 30 30
Ammonia and Cyanide impingers S 30 30 30
Unit 7 Outlet:
Simulated plume (SVOCs) SRI diluter S - 360 -
Inorganic & Organic Days:
Bulk gas composition Orsat T v v 4

Notes: a Impactor at the stack and ESP outlets, series cyclone at the Unit B inlet.

b. Integrated sample taken in conjunction with MS type sampling.

c. ESP outiets and stack only. Samples from 5 Serles Cyclone train for particle size
measurement were used for the Unit 8 iniet size-fractionated sampies for trace metals analysis,

d. Required greater than normal amounts of H,O, in impingers because of high SO,
concentrations.

8. Sample taken on east ESP Inlet duct sa that the total gas and particulate flow rates to the Unit
8 ESP would be measured. This sample was also used for radionuclide analysis.

« Denctes sample not requiring a specific sampling time.



The number of sampling methods and trains required in utilizing all of these
methods precluded doing them all simultaneously. In fact, it was not possible to do
them all on any one sampling day at the stack because of limits in the numbers of
ports, people, and equipment available for the tests. Therefore we planned to take
three sets of samples of all types shown in Table 4-1 over a six-day period. The first
three days were to be nominal inorganic sampiing days during which the methods in
the upper part of Table 4-1 were to be employed. The last three days were to be
nominal organic sampling days during which the methods shown in the lower part of
Tabie 4-1 were to be empioyed.

4.2.1 Sampling Details

Figures 4-2 and 4-3 show our planned sampling schedule for each of the four
fiue gas sampling locations - Unit 8 inlet, Units 7 and 8 outlets, and the stack.
Spreading the sampling out over a two-day period for each set of samples also
permitted greater sample volumes to be obtained than would otherwise have been the
case. Thus the sensitivity of the methods, especially for metals and semivolatile
organics, could be increased by sampling substantially greater than the minimum
volumes called for by the methods.

A UMW strike, in progress at the time the tests had to be conducted, created
difficuities in obtaining the correct coal needed for the tests. Therefore the DOE
requested that the three replicate days of inorganic sampling be carried out before
commencing the organic sampling. This was done in order to insure that a full set of
the inorganic samples, to which the DOE gave a greater priority than the organic
samples, was taken. A combination of coal supply difficulties and mechanical
problems with parts of the plant’s coal handling system forced a cessation of sampling
after four test days, so only one of the three ptanned sets of organic samples was
obtained.

Figures 4-4 through 4-7 present the actual schedule for flue gas sampling over
the four test days. These charts show the time intervals over which flue gas sampling
actually took place for each sampling method each day. The indicated intervals
include the time required for port-to-port movement during traversing, so they
represent the total elapsed time required to acquire the sampies. Sampling of solids,
liquids, and slurries is not indicated in Figures 4-4 through 4-7. Collection of these
samples began as soon as flue gas sampling was underway. For those nine types of
samples that were taken four or five times each test day, the sample collection was
made at approximately two-hour intervals to span the flue gas testing period. The four
samples that were taken once per day were collected in the late afternoon so that the
sample represented material accumulated during the flue gas sampling petiod. One
sample, the limestone, was obtained from Pure Air who had a plastic jar (~1 L) set
aside for us from each of the trucks that delivered the limestone from Huber, Inc.
(about 20 trucks per day).

Wae attempted to arrange the sampling schedules given in Figures 4-2 and 4-3
so that quantitative measures of particutate loading would be made each day at each
location. On the nominal organics day we made Method 17 measurements, and on
the nominal inorganic days the Method 29 and acid gases trains provided mass
loading data.
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UNIT 8
ESP INLET

UNIT 7 UNIT 8
ESP OUTLET

ESP OUTLET

AFGD
OUTLET/STACK

INORGANIC DAY
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. Hg L]

M29 ; I | ACID
E o I ﬁ
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E ' 11 s

. Hg 1

M29 I ACID
— —
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SOLIDS, LIQUIDS, SLURRIES

0800

1000 1200 1400 1600 1800
TIME OF DAY

Figure 4-2 Typical Sampling Schedule for Inorganics
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UNIT 8
ESP INLET

UNIT 7 UNIT 8
ESP OUTLET

ESP OUTLET

AFGD
OUTLET/STACK

ORGANIC DAY

1 L Mms ] { ALD ) AMMHCN

1 VOST L

M7

MM5 | ALD  Jf AMMMCN

M7 | o

. vosT -

MM5 | |  ALD

I
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| IMPACTOR 1  M17
. : l f :
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MMS | | ALD [ AMMMCN
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1

VOST

| ___SOLIDS, LIQUIDS, SLURRIES

0800 1000 1200 1400 1600
TIME OF DAY

Figure 4-3 Typical Sampling Schedule for Organics
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4.2.2 Degviations from Standard Techniques

The Method 5 type traversing samples were obtained using Pyrex glass and/or
quartz-lined nozzles and probes in all cases. An in situ thimble type particulate
collector was used for the Method 17 sampling at the Unit 8 inlet and 63 mm flat
quariz fiber filters were used at the ESP outlet. A conventional Method 5 probe and
oven was used at the stack for the radionuclide sampling because of the high
moisture content and entrained water. The Method 5 type sampling at all locations
was done using a small oven to contain the filter mounted at the external end of the
probe. A flexible teflon umbilical line was used to convey the filtered sample gases to
the condenser/impinger portions of the trains. The impingers were positioned at some
convenient location adjacent to the sampling ports. Materials deposited in these
umbilicals was recovered as part of the "back half' catches. All glass-to-glass
connections were sealed with DuPont KryTox® sealant, a liquid fluorocarbon of the
tefion family. SRI has used KryTox® on several tests of the type being done here, and
it has proven satisfactory (non-interfering and low blank leveis) for Method 29, Method
5, Method 23, and SW846 Method 0010 and offers superior performance in obtaining
leak-free sampling systems.

Sampling at the stack posed three special problems. First, the in situ samplers
had to contend with a saturated gas stream containing entrained water. Therefore, the
impactor and its precoliector used for particle size measurement were heated using an
externally-mounted heating jacket and tape to collect the samples in a dry state.
Second, the very long nipples (66 inches) through which the probes had to be
inserted, together with the large stack diameter (33 feet), made it impractical to use the
standard 12-point traverse pattern. Probes with working lengths in excess of 15 feet
(overall lengths in excess of 1644 feet) would have been required - an impractical
length for the glass-lined probes required for the acid gases, metals and semi-volatile
organics trains. Consequently, the sampling was done with 12-foot working length
probes and sampling at the innermost sampling point that could be reached was
repeated to make up for the point that could not be reached. Finally, a permanent
shelter on the sampling platform restricted access to the ports in one quadrant of the
stack (see Figure 4-1). At that location, probe assemblies with overall lengths greater
than about Bt feet could not be used. Method S assemblies of that size would have
barely been long enough to reach through the nipple intc the flue gas. Therefore only
three of the four ports to be used for traverse-type sampling were suitable for much of
the sampling to be done here. One of the accessible ports was traversed a second
time by each train to make up for the port that could not be used.

Similarly, the Unit 8 ESP outlet duct was so deep and the port nipples were so
iong that glass-lined probes longer than 16 feet would have been required to do the
full, standard traverse. Again, 12-foot working iength probes were used, with the
consequence that the farthest point of the traverse at each port could not be reached.
During our preliminary measurements a temporary extension was added to a pitot
tube from which we found that the velocity at the paint that could not be reached was
about the same as that at the last point that could be reached with the 12-foot working
length probe. Hencse, the farthest point was omitted during the sampling and the
second farthest was sampled twice to compensate.
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The particulate concentration at the outlet of the Unit 8 ESP was so low that
insufficient material could be collected with the cascade impactor in a single day of
sampling to obtain useful resuits. Therefore, the measurement of particle size
distribution at the Unit 8 ESP outlet was made using a single sample taken over three
successive tests days rather than with three samples taken one per day for three days
as was done at the Unit 8 ESP inlet, the Unit 7 ESP outiet, and the stack.

Sampling for ESP outlet and stack samples was four to six hours in duration,
permitting gas volumes of about 5 to 8 m® of stack gas to be sampled with the
Modified Method 5 and Method 29 trains. Because of the high SO,, substantially
smaller sample volumes were obtained with the acid trains. Sampling at the Unit 8
inlet for M29 (metals) trains was about three hours duration and for MMS trains was
about four hours duration, permitting volumes of 3 to 5 m® of gas to be sampled with
these Method 5 type trains. VOST samples of 20, 10, and 5 liters were taken at all
locations. Aldehyde and ammonia/cyanide gas sample volumes were about 0.5 m® at
all locations. Sampling times for acid gases and anions were about one hour at all
locations. This train was traversed to ensure representative collection of anions in the
particulate phase. Radionuclide sampling times were about 1 to 6 hours, depending
on location, and were set to provide particulate catches of 150 mg or more.

Because of the greater than normal gas volumes being sampled in order 1o
reduce detection limits in the M29 trains, we feared that the H,0O, would be depleted
by the SO, in the flue gas. Consequently, an additional 40 mL of the peroxide solution
was added to the impingers on the first day of sampling (9/3/93). Thereafter, the
impinger solutions were made up with the liquid volumes specified by the method but
the peroxide concentrations in the solutions were increased from 10% to 15%.
Similarly, because the permanganate impingers lost most of their color during the first
day of sampling, we conciuded that the amount of permanganate called for by the
method was marginal for our sampling circumstances and an additional 50 mL, a 50%
increase, was used thereafter.

Further, we concluded that the sample recovery protocol for the M29
permanganate impingers resulted in unnecessary dilution and consequent loss of
sensitivity for Hg. The volumes of rinse solutions used were reduced so that a total of
125 mi of solutions were used as compared to 425 mL called for by the method
protocol.

On 9/3/93 the primaty circuit providing power to the Unit 7 outlet location was
overloaded, causing a loss of power to all trains in use at the time at that location.
The cyclone sampler was without power for about 2 minutes and the diluter lost power
for several minutes while a new power source was located and a new drop cord was
strung to avoid a recurrence of the problem.

Also on 9/3/93, when the probe for the diluter was withdrawn the sampling
nozzle was found to have rotated about 65 degrees from its proper orientation. A
combination of glass tape and wire was used to secure it more firmly for all
subsequent runs.
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All sampling trains passed the required pre-test and post-test leak checks
throughout the test program with one exception. One acid gases train at the Unit 8
iniet was accidentaily dropped after the sampling had been completed and before the
post-test leak check could be made. Inspection revealed that a ball-joint connector on
the filter holder had been cracked, aimost certainty when the train was dropped. The
moisture content calculated from the data from this run was consistent with that from
previous and subsequent runs; therefore, the data from the run were retained as being
valid.

4.3 Samples Collected
4.3.1 Lists of Samples

The types of samples collected for analysis from solid and liquid streams are
listed in Table 4-2. Three of the streams listed under liquids were slurries; both the
liquid and solid phases of these slurries were inciuded in the analysis {(as separate
materials). Although typically five daily samples of the solids and liquids were
collected (with the exception of the bottom ash sivice which was collected only one
time per day), composites were prepared so that only one sample representing the
daily set had to be analyzed. The methods of preparing composites are described
later in this section.

The types of samples collected from the gas streams for the purpose of
analysis are listed in Table 4-3. For all analyses except particulate mass loading, only
the west ESP inlet duct to Unit 8 was sampled to represent the entirety of the boiler
fiue gases entering the ESPs. The samples listed in Table 4-3 were in no case
composited. In fact, some samples listed individually consisted of several components
that were analyzed separately. One example was the sample of trace metals, which
consisted of 1) the filter and solids rinsed from the probe, 2) the peroxide impingers,
and 3) the permanganate impingers.

4.3.2 Sampling Methods

4.32.1 Bulk-Solids

Coal Pile Runoff — Boiler feed coal was used to determine the leaching
characteristics of the coal. The collection of boiler feed coal is described below. SRI
spiit the boiler feed samples to produce a composite 1o be used for the Toxicity
Characteristic Leaching Procedure, commonly referred to as TCLP (6). Four daily
composite samples, one for each day of testing, were riffled together to yield a single
composite sample for TCLP analysis to represent the boiler feed coai during the test
period.

Boiler Feed Coal — Sampies of the coal being burned in Unit No. 8 were taken with

augers instalied at the base of the coal silos feeding each of the eight cycione
burners. Only five of the eight augers were operational, so the samples collected were
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Table 4-2

Samples Collected for Analysis from Solid, Liquid, and Slurry Streams

Number of Samples
Daily

SOLIDS

Coal

ESP Hopper Ash

Limestone * ~20

Bottom Ash 1

Gypsum ° 1
LIQUIDS

Unit 8 Condenser Inlet 5

Unit 8 Condenser Outlet 5

Bottom Ash Sluice Water Supply 5

Bottom Ash Sluice Water ° 1

Condenser Makeup Water ¢ 10

AFGD Service Makeup Water 5

AFGD Waste Water 5
SLURRIES

Bleed Pump Slurry

Absorber Recirculation Pump

NOTES: :
a. Sample from each truck of pulverized limestone delivered during the test day.
Sample taken by Huber, Inc.

b. Composite automatically taken with a sampler maintained by Pure Air.
c. Liquid phase of the bottom ash sluice. ]
d. Five samples were taken each day from each of two storage tanks in use.
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Table 4-3

Samples Collected for Analysis from Fiue Gas Streams (sum of all test days)

Unit BESP | Unit8 ESP | Unit 7 ESP | Unit 7 Outlet
Type of Sample Inlet Outlet Ouitlet [Diluter Stack | Ambient
Trace Metals 3 3 3 3 3
Mercury * 3 3 3 3 3 2
Acid Gases 3 3 3 3 3
AmmoniafHCN 1 1 1 1
Aldehydes ° 1 1 1 1 1
Volatile Qrganics ° 3 3 3 3 3
Semivolatile 1 1 1 1 1
Organics
Cyclone Solids 3
impactor Solids 3 3 3
NOTES:

a. Two of the three fius gas sampies and one ambient sample were for speciation of
mercury using soda lime and carbon traps. The third flue gas sample and one
ambient sample were for total mercury using only carbon traps.

b. The 'ambient' aldehyde sample was a sample of ~2 m* of air from inside the trailer
being used for DNPH reagent preparation and recovery.

¢. Three sample volumes wera collected on one test day.
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from these augers. Each day we collected one sample every two hours for a 10-hour
period concurrent with the flue gas sampling. We coliected each two-hour sample in a
single 5-gaflon bucket that was itself a composite of the feed to the five cyclones with
operational augers. We sealed and labeled each bucket. Before analysis these five
buckets per day were combined by riffling the coal into a single composite sample for
each test day.

Bottom Ash — Bottom ash is coliected in a wet storage hopper beneath the boiler,
passes through a clinker grinder, and is then discharged as a sluice stream at about
eight-hour intervals. Bottom ash is approximately 63% of the ash from the coal. The
only accessible sampling location for bottom ash was at the sluice discharge into the
settling pond. Therefore the sampling of bottom ash was coordinated with the bottom
ash discharge. A type 316 stainless steel bucket was used to collect a sampie of the
siuice as it was discharged into the pond. One sample of bottom ash sluice was
collected per test day. These were stored in glass jars with teflon-lined lids, sealed
and labeled appropriately.

ESP Hopper Ash — There are three rows of hoppers in the direction of gas flow in
each of the ESPs. The ESP hoppers are evacuated twice per shift each day. To
collect a representative sampie of the distribution of ash collected in the ESP, we
attempted to collect samples from one hopper in each of the three rows before the
hoppers were evacuated. On the first day of sampling we were unable to get any ash
from the last row of hoppers. On the subsequent days we obtained samples from a
hopper in all three rows. Grab samples were collected before the hoppers were
emptied through poke holes at the base of the hoppers with a type 304 stainless steel
ladle, and placed in sealed and labeled 500 mL glass jars with teflon-lined lids. The
samples from the three hoppers were subsequently combined in proportions based on
the collection efficiency of the ESP and the exponential nature of mass collection in
ESPs to make daily composite samples.

Limestone — Finely ground limestone is delivered to the AFGD plant daily from the
nearby supplier (Huber). The limestone is pneumatically transported into the storage
hopper which is sealed and pressurized. Huber takes grab samples of the limestone
delivered in each truck, and provided us with a sample collected from each truck.
About 20 truckioads per day are required to operate the unit at full load. We later
combined the samples provided by Huber into a daily composite sample.

Gypsum — An automatic sampler collects samples of the gypsum from the centrifugal
dryer off of the conveyer belt that delivers the gypsum to the storage building. The
sampier has a programmable frequency, and normally collects a sample every

48 minutes. SRI obtained a daily composite sample of gypsum from this sampler that
is operated by Pure Air.

43.2.2 Ligquid Streams

In the collection of all liquid streams, we allowed residue to clear the sample
source (water or slurry tap or pipe outlet) by discharging some of the sample stream
before collecting the sample to be analyzed. We collected five samples per day at
two-hour intervals, except for the bottom ash slurry described above, in glass jars with
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teflon-lined fids. We also colliected two samples per day from each stream in Volatile
Organic Analysis viais (40 ml). None of the streams were sampied through rubber
hoses or plastic pipes.

Condenser iniet Water — Circulating water is not treated. We collected samples of
condenser inlet water from the intake from Lake Michigan.

Condenser Qutlet Water — Condenser outlet water samples were taken at the point
of discharge into Lake Michigan.

Bottom Ash Siuice -— Bottom ash siuice was sampled at the discharge into the
settling pond (see Section 4.3.2.1).

Sluice Return Water — The supply of water for the bottom ash sluice is a return pond
containing clarified water from the bottom ash sluice. We sampied the sluice return
water from a tap on the low pressure side of the bottom ash sluice pump located in

the basement of Unit 8.

Makeup Water — Treated water is used for makeup water to the condensers. We
sampled from the two storage tanks for Unit 8 makeup water.

Service Water — Service water is used for makeup water throughout the AFGD
process. We sampled the service water from a tap in the AFGD scrubber building.

AFGD Waste Water — Waste water from the AFGD process was sampled at the
outlet of the thickener overfiow tank.

Bleed Pump Slurry — This slurry was collected from the bleed pump on the forced
oxidation side of the scrubber slurry collection system in the AFGD process. It was
collected at the outlet of the bleed pump.

Absorber Recirculation Pump Slurry — This slurry was collected from the recycie side
of the scrubber slurry collection system in the AFGD process. It was coliected at the
outlet of the absorber recirculation pump that feeds the slurry spray system.

4.3.2.3 Flue Gases

Tables 4-1 and 4-3 list the manual flue gas sampling methods employed in this
test program. All glassware and probes, etc., were cleaned per EPA specification prior
1o use. Paliflex QAST 2500 pure quartz filters were used as the collection medium for
all particulate sampiing. The Method 5 type traversing samples were obtained using
Pyrex glass and/or quartz lined nozzles and probes in all cases. An in situ thimble
type particulate collector was used for the Method 17 sampling at the East inlet to the
Unit 8 ESP. For the Method 5 sampling variants at all locations a small oven was
mounted at the external end of the probe to contain the filter. A flexible teflon
umbilical line was then used to convey the filtered sample gases to the
condenser/impinger porticns of the train. The latter were positioned at some
convenient fixed location adjacent to the sampling ports. Materials deposited in these
umbilicals was recovered as part of the “back half* catches. All giass-to-glass
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connections except those in the high temperature parts of the trains were sealed with
DuPont KryTox® sealant, a liquid fluorocarbon of the teflon family. SR has used
KryTox® on several tests of the type done here, including RCRA Triat Burns, and it has
proven satisfactory (non-interfering and low blank levels} for Method 29, Method 5,
Method 23, and SW846 Method 0010 and offers superior performance in obtaining
leak-free sampling systems.

Three of the sampling methods listed in Table 4-3 were carried out as
described in EPA publications, which are identified in one of the footnotes of the table:

+ Method 29, proposed for eventual incorporation in Code of Federal Regulations,
for sampling trace metals in both particulate and vapor forms (based on a filter for
coliecting solids, peroxide-based impingers for vapors of all metals, and
permanganate-based impingers for mercury vapor alone that penetrates the
peroxide impingers).

+ Method 0030, Volatile Organic Sampling Train (VOST), which is described in
SW-846, Test Methods for Evaluating Solid Waste. This train collects vapors only,
first in a sorption tube of the resin Tenax and then in a second sorption tube
containing Tenax in the leading section and charcoal in the back section. The
train also collects the condensate of water vapor, which is set aside for analysis
along with the two sorption tubes.

+ Method 0010, Modified Method 5 train, which is also an SW-846 method. This
train collects semi-volatile organic compounds (including dioxins and furans) in a
three-component sampling section; 1) a filter for solids, 2) an XAD-2 resin
cartridge, and 3) water-containing impingers.

Several of the sampling methods are not incorporated in the EPA methods
published in CFR or SW-846. These methods are described briefly in the paragraphs
that foliow:

* Mercury was included in the samples collected by Method 29. It was also
collected as the single analyte by a sorption method described by Bloom (2). Two
iodated carbon tubes purchased from Mine Safety Appliances were arranged in a
tandem fashion to adsorb mercury from the vapor state. The gas is not sampled
isokinetically in this method, but particulate matter is kept out of the sorption tubes
by use of a quartz wool plug. The particulate matter from the gas stream that is
retained in the quartz wool may be analyzed or may be discarded. When it is
analyzed, it is included with the sorption tubes and usually contains a negligible
quantity of mercury. The particulate matter was discarded in this project; only the
vapor collected on the sorption tubes was analyzed.

» The acid gases were sampled by use of the Method 5 train in which each of two
impingers are filled with a solution 2.5 g of sodium carbonate, 2.5 g of sodium
bicarbonate, and 10 mL of 30% hydrogen peroxide. The solids on the filter were
retained for analysis as well as the impinger solutions.
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» The gases ammonia and hydrogen cyanide were collected in a separate sampling
train of the Method 5 type in which the first two impingers each contained 100 mL
of the mixture of carbonate and bicarbonate described above, but no peroxide,
and the second two impingers each contained 100 mL of 0.1 N sulfuric acid. Both
of the gases to be collected are highly soluble in water, and both may be retained
to a high degree even in plain water with no added acid of base, aspecially at the
low partial pressures of the gases expected. The purpose of the carbonate and
bicarbonate, then, were to add insurance for the retention of HCN (a weak acid),
and the purpose of the sulfuric acid was to retain any NH, that might penetrate the
first alkaline impingers.

+ Aldehydes were collected with a Method 5 train in which two impingers containing
100 mlL of 0.025% 2,4-dinitrophenylhydrazine were used as the collection medium.
The fiiter of the train was not retained. The operation of the aldehyde sampling
train was similar to the aidehyde collection procedures in EPA Method TO5 for
ambient air and EPA tentative SW-846 Method 0011.

Dilution Sampling

The custom SR diluter was operated to collect simulated plume samples each
day. The dilution air was ambient air that has conditioned by being dried by passing it
over silica gel, chilled by passage through an ice bath chiller, scrubbed by passing it
through activated charcoal, and finally filtered through an absolute filter. The sample
gas stream was withdrawn through a glass nozzle and glass-lined probe to the diluter.
The interior surfaces of the diluter were teflon coated. On the "inorganics® sampling
days the following samplers were used with the dilution system: two M29 impinger
trains {to be pooled for analysis), an iodated charcoal trap for total mercury in the
vapor phase, and an acid gas impinger train. On the “organics" test days two MM5
condenser/sorbent trap/impinger trains were run on the diluted gas stream. The MM5
condensers and traps were chilled as they are for conventional stack sampling. The
catches of the two trains were pooled for analysis to increase sensitivity. No VOST
sampling was done from the diluter. First, because there would be no conventional
stack sampling methods to which dilution samples might be compared and, second,
the solvents used in the recovery of the particulate samples from the front haif of the
dilution train for particulate phase metals and semivoiatile organics would resuit in
severe contamination problems for VOST samples. A flue gas sampling rate of about
0.5 dscfm was used. At one point during the test program a blank run was made as a
QA/QC measure in which onfy dilution air was sampled with one of each of the
impinger trains for the same duration as in the actuat tests.

Particle Size Distribution Measurements

The combination of high gas velocity and high particulate loading at the Unit 8
inlet made the use of cascade impactors for particie size measurement at that location
impractical. High particulate concentration gas streams require low fiow rate
impactors in order to provide reasonably long sampling times with a minimum of
several minutes being needed. However, the gas velocities in the duct, 24 m/s, wouid
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have resulted in sub-millimeter nozzle tip sizes being required for isokinetic sampling
with iow flow rate impactors. Obtaining accurate and/or representative samples with
such small tip sizes is problematical. Therefore, instead of impactors, we used the
SRI/EPA Five Series Cyclone sampler for the Unit 8 inlet particle size distribution
measurements. The series cycione system provides data in six size fractions with cuts
at about 10um, 6.5um, 4.5um, 2.m, and 1um - comparable to those obtained with
most impactors. The cyclones have very large holding capacities and thus avoid the
rapid overloading problems encountered with impactors and they do not suffer from
particle bounce problems. Consequently they can be operated at higher flow rates
than impactors, thus avoiding the problem of small nozzle tip sizes. The same
sampies obtained for size distribution purposes at the Unit 8 inlet were also used for
the purpose of trace element analysis by size for that location. The catches of the
three cyclones with cuts smailer than 5um and the filter were combined after weighing
to form a single sample for the <5um fraction, while the catches of the first two
cyclones were retained intact. The sampling at the ESP outlets for trace metal
composition versus size was done using the first two cyclones of the SRI/EPA set
followed by a filter.

More complete descripticns of sampling methods and trains are given in
Appendix B.

433 Compositing of Solids and Liquids

The procedures used to obtain daily composites of four types of solids (coal, ESP
hopper ash, limestone, and gypsum) were described in Section 4.3.2.1. More complete
information in regard to blending of ash from different rows of the ESP is presented in
Section 6.1.1.2.

As for samples of plain water and slurries, composite were prepared from five daily
samples of each. Composites of plain water consisted of equal volumes (approximately
100 mL) of each of the five available samples. Composites of the liquid phase of the
absorber recirculating slurry and bleed pump siurry were prepared similarly; that is, a
selected volume of the clear supernatant aqueous phase was decanted from each of five
daily samples, and the five portions were combined. Composites of the wet, compacted
solids from the slurries were similarly prepared after the supernatant had been decanted;
50 g portions of the wet solid matter from daily samples were combined and mixed. In
addition, the percentage of solids in each daily sample of these two types of slurries was
determined. For the bottom ash sluice, in contrast to the two types of slurries from the
scrubber, there was only a single daily sample, and thus compositing was not performed.
The tiquid samples were prepared and analyzed without the addition of preservatives.

4.4 Mass Flow Rates

Mass flow rates for the process streams at Bailly Station Units 7 and 8 and the
Pure Air AFGD were either measured by SRI, recorded with the plant control/data
acquisition systems, calculated from mass and energy balances, or estimated. The
test periods are taken as stable operating periods, and a single flow rate for each
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process stream, representing the pseudo-steady-state conditions, is calculated for
each day of inorganic element testing. The data supplied by the plant system were
averaged for the test period.

Tabile 4-4 lists measured flow rates of flue gases at the sampling locations.
These data are normalized to a constant oxygen levei (3% by volume). Measured
oxygen and carbon dioxide values (dry basis) are given in Table 4-5. Data from
Tables 4-4 and 4-5 should be considered together to account for air leaks into the fiue
gas stream. Also important to the calculation of mass flows is the water measured in
the flue gases. Table 4-6 gives the water as a percentage of the flue gas volumes at
the sampling locations for alt of the sampling trains. These results suggest that there
were no significant leaks in any of the sampling trains.

Particulate concentrations in the flue gas streams are shown in Table 4-7.
These data and the flow rates in Table 4-4 yield, in combination, the mass flow rate of
solids in the fiue gases at the sampling locations, and are therefore used in material
balance calculations for solid phase poliutants. There is a large discrepancy between
the mass loadings determined at Unit 8 outlet with the Method 29 metals train and the
acid gases train. We were unsuccessful in resolving this discrepancy. Output from
the opacity monitor at the Unit 8 outlet does not show any difference in emissions
from the ESP during the two sampling times. We obtained opacity data with a six-
minute resolution to evaluate this difference. There are two potential explanations,
however. First and most likely, we were obtaining grab samples from the ESP
hoppers during the time when the acid gases train was sampling at the ESP outlet.
Because of the suction caused by the static pressure in the ESP, we may have
entrained ash from the hoppers into the outlet duct by opening an access porton a
hopper. Another but unlikely possibility is that the timing of the acid gases train
coincided more with the rapping of the last field in the ESP than did the metals train
sampling. We were toid that the rapping interval on the last ESP fieid was one hour,
We used the mass concentrations measured by the Method 29 metals trains for the
mass fiows of particulate matter.

The power plant can be broken into six sub-systems: the Unit 8 boiler, the Unit
8 ESPs, the Unit 8 condenser, the bottom ash removal, flue gas mixing, and the AFGD
scrubber system. In the following section, the main intet and outlet flows for each of
these areas are discussed.

Mass flows for the plant for each of the three inorganic test days are presented
in Tables 4-8 through 4-10 (these tables are presented beginning on page 4-29).
Appendix E is a step-by-step example that shows how the mass flows were calculated,
using September 3, 1993 as the example. Table 4-11 lists the average mass flows for
the plant over the three test days; Table 4-11A lists the sampie standard deviations.

Table 4-11 shows the mass balance closure (out/in) as an average of the
closures for the three days and as a closure of the average flows. Each day is
considered to be an independent measurement, so that the average of the daily
closures is valid. If there is a change in conditions or coal from day to day, the
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average of the closures would show no effect, whereas the closure of the average
flows could be disturbed.

4.4.1 Unit 8 Boiler

The boiter is taken as the cyclone barreis, the slag quenching system, the
economizers, and the air heaters. Thus the input streams are the crushed coal and
the combustion air. The output streams are the flue gas and particulate flows into the
electrostatic precipitators and the bottom ash (or slag) from the cyclone barrels.
According to the plant and consistent with cyclone firing, the economizer hoppers do
not collect any ash of note, and are ignored for the boiler batance.

The coal is gravimetrically fed to the cyclone barrels via weigh-belt feeders, and
the total flow rate for all eight cyclone barrels is recorded in the Unit 8 control
computer. The combustion air flow rate is calculated by a stoichiometric combustion
calcuiation with the measured amount of excess air added. The flue gas flow rate is
measured at the ESP inlet, and the particuiate flow taken from the measurements in
the Method 29 metals train operation. The bottom ash fiow is caiculated from an ash
balance, the coal ash input minus the fly ash flow rate at the ESP inlet. This approach
yields a fly ash to bottom ash ratio of 33/67, which is close to the historicai average of
37/63 for Units 7 and 8 combined for 1992, 1991, and 1990,

The average closure for the boiler is 114%, which represents the imbalance
between the calculated combustion air and the flue gas flow.

4.4.2 Unit 8 Electrostatic Precipitators

The Unit 8 particulate control is achieved through the use of parallel ESPs.
The western ESP was sampled by SRI using the Method 29 metals train, and the
eastern ESP was sampled for particulate flows by EPA Method 17. The data, reported
in Tabie 4-7, show similar fly ash loadings in each ESP inlet, so the Method 29 values
of particulate loading were used for both ESPs. The actual flow rate of flue gas
through each side was taken to be the measured value. QOutlet measurements of the
Unit 8 ESPs were performed on the duct after the flow through both ESPs was mixed.
Therefore, the values of flue gas flows and particulate loadings were measured directly
by Method 29. The flow rate of ash collected in the ESP hoppers is calculated by the
difference in the particulate flow rate into and out of the ESPs.

The Unit 8 ESP average closure is 109%, which indicates the differences in the
measured inlet flow and the outlet flow.

443 Unit 8 Condensers

The condensers for Unit 8 use a once-through cooling water flow obtained
from Lake Michigan. The cooling water inlet and outlet temperatures were recorded
by the plant data acquisition system. The actual flow rate of cooling water was not
obtained from the plant, but was estimated from the condaensate flow rate. The
condensers operate mainly to condense the steam exiting the turbines to be recycled
to the boiler feed pumps. By calculating the latent heat required to condense the
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amount of water making up the condensate flow and the cooling water temperature
change, the cooling water flow rate was estimated. This caiculated flow was checked
by using a 33% plant efficiency, assuming the rejected heat was all taken by the
cooling water. This estimate was about 10% higher than the flow calculated by the
condensate flow.

The condenser average closure is assumed to be 100%.
4.4.4 Bottom Ash Sluice

The flows in the bottom ash sluice are estimated. The bottom ash flow rate
into the sluicing system is determined in the boiler balance. From the two-phase
samples taken and observations of the sluicing operation, it is estimated that the water
mass used to remove the slag is 10 times the mass of the bottom ash. The slag is
assumed not to dissolve In the water, except for very trace amounts. Therefore, the
bottom ash in equails the bottom ash out.

The average closure for the bottom ash sluice is assumed to be 100%.
4.4.5 Unit 8 Overall

The boiler system is a summation of the boiler, the ESP, and the bottom ash
sluice. The condenser loop is not included in the overall balance. The condenser
flows are 20 times larger than any other flow, and tend to dampen out any other
result, especially since the condenser system is assumed to balance perfectly. The
input streams are the coal, combustion air, makeup water, and siuice return water.
The output streams are the bottom ash sluice, the ESP hopper ash, and the flue gas
to the Pure Air AFGD system,

The overall average closure for Unit 8 is 101%.

446 Fiue Gas Mixing

The flue gas from the Unit 8 ESPs is mixed with the Unit 7 ESP output before
going to the AFGD system. A perfect flue gas and particulate balance is assumed in
this sub-system. The measurements of the ESP outlets are algebraically combined to
give the output.

The average closure for the flue gas mixing is assumed to be 100%.

4.47 AFGD System Overall

The Pure Air Advanced Flue Gas Desulfurization (AFGD) system material
balance is drawn around the entire process. The inputs are the combined fiue gas
streams from Units 7 and 8 electrostatic precipitators, limestone, compressed air, and
service water. The output streams are the flue gas to the stack, gypsum, and waste
water. The fiue gas input and output were measured by Method 29, and the SO,
concentrations were measured by calibrated continuous monitors. The SO, removed
from the flue gas was assumed to exit the system as sulfate in gypsum, and the
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gypsum flow rate was calculated on that basis using the measured sulfate
concentration of the gypsum. A caicium balance around the AFGD system determined
the limestone flow rate. The compressed air flow rate was taiken from the AFGD
process data, as was the flow rate of waste water to wastewater treatment. The
service water supplied to the AFGD system was calcuiated by a water balance around
the system. As can be seen in Table 4-11, the overali balance of the flow rates is
quite good, at 101 percent closure, based on these assumptions.

The average closure for the AFGD system is 101%.
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Tabie 4-5. Orsat Resuits: Flue Gas O; and CO; as Volume Percentages

Date Unit 8 Unit 7 Unit 8
Inlet Outlet Outlet Stack
o3 o 5.5 6.2 5.7 6.3
kco. 13.4 12.8 13.3 12.8
X 53
o | 17
a4 o, 5.2 6.8 6.4 6.6
kco, 14.0 128 12.8 12.8
lo. 4.9 7.2 7.4 6.7
[c: 14.3 12.4 12.8 12.8
a5 |o. 5.0 6.4 6.2 65
ko, 14.0 13.0 12.8 12.9
: 5.0 6.6 54
ICOz 14.2 12.8 14.0
o6 o, 46 6.6 6.6 6.4
fco; 14.4 12.8 10.2 13.0
C: 46 6.6 6.4 6.6
co: 14.6 12.8 12.8 12.8
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Table 4-6. Percentages of Water Vapor in Flue Gases

Location
& Train

7 Outlet:
Acid
Metals
Cyclone
Ammonia
Aldehyde
MMS5
Impactor
M17

8 Inlet:
Acid
Metals
Cyclone
Ammonia
Aldehyde
MMS
M17

8 Outlet:
Acid
Metals
Cyclone
Ammonia
Aldehyde
MMS
Impactor
M17

Stack:
Acid
Metals
Radio.
Ammonia
Aldehyde
MM5
Impactor

Date
3 4 5 6
82 8.4 8.2
9.4 8.9 9.6
- S 8.6 —
7.8
9.3
8.1
8.1
9.6
10.0 9.3 9.5
10.5 9.7 10.0
8.8 9.7 10.0
10.6
94
8.2
9.0
9.3 8.1 8.6
8.4 8.8 9.3
G 9.6 —
9.9
9.3
8.9
e 9.0 —_—
8.9
15.1 14.4 14.0
16.0 15.3 15.8
15.8
13.5
15.7
15.0
15.4 15.9 157
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Table 4-7. Particulate Concentrations, g/Nm?®

(Reference conditions: dry, 293.15 K, 1 atm, actual O, concentration)

Date
3 4 5 8
8 Inlet
Metals 4,556 5.243 5.404
Acid 4.455 4.706 4738
M17 4.316
Imp.
Cyc. 3.93 4.48 4.48
7 Outlet
Metals 0.0898 0.0527 0.0827
Acid 0.0679 0.0761 0.0831
M17 0.0434
imp. 0.0457
Cyc. <4 0.0407 ———p»
8 Outlet .
Metals 0.0145 0.00778 0.00511
Acid 0.0789 0.0444 0.0096
M17 0.00645
Imp. <4 0.00503 ——p»
Cyc. <4 0.00442 ———p
Stack
Metals 0.027 0.0543 0.0815
Acid 0.045 0.0574 0.1021
Imp. 0.0231 0.0386 0.00672

Metals: EPA Method 29

Acid: EPA Method 5-type train for anions

M17. EPA Method 17

Imp.: University of Washington Mark Il{/V cascade impactor
Cyc.: SRUEPA Five Series Cyctone
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Table 4-8

Bailly Mass Balance for  Total Flows
Data for September 3, 1983

rocess Dquid, TTotal,
Stream kg/s kg/s kg/s kg/s
UNIT 8 BOILER
In Coal 339 38.9
Combustion Air 430 430
Makeup Water 4.16 4.16
Out iFlue Gas 1.48 438 439
Bottom Ash 259 258
[Closure, % 93.4
LUNIT 8 ESP
In Fiue Gas 1.46 438 439
Out |ESP Hopper Ash 1.44 1.44
Fiue Gas to AFGD 0.0173 489 499
{Closure, % 114
CONDENSER
In Iniet Water 11600 11600
Out |Qutlet Water 11600 11600
losure, % 100
B8OTTOM ASH SLUICE
In Bottom Ash 259 289
Sluice Aetum 25.9 25.9
Qut |Bottom Ash Sluice 2.59 25.9 284
logure, % 100
BOILER QVERALL BALANCE
In Coal 38.9 389
Combustion Air 430 430
Makeup Water 418 4.16
Sluica Return 25.9 25.9
Out  {Bottom Ash Siuice 2.59 259 28.4
ESP Hopper Ash 1.44 1.44
Flue Gas to AFGD 0.0173 499 499
Closure, % 106
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0145 281 281
Unit 8 Flue Gas 0.0173 499 499
Out |[Fiue Gas to AFGD 0.0318 780 780
IClosure, % 100.0
OVERALL AFGD SYSTEM SALANCE
In Flue Gas 0.0318 780 780
Limestone 6.81 6.81
Service Water B4.7 84.7
Compressed Air 8.69 8.69
Out [Stack Fiue Gas 0.0207 806 806
Gypsum 8.11 811
Wastewater 9,90 9.90
IClosure, % 93.7




Table 4-9
Bailly Mass Balance for  Total Flows
Data for September 4, 1993

rocess id, Uquid, Gas, otal,
Stream kg/s ka/s kg/s_ kg/s
UNIT 8 BOILER
In Coal 38.2 39.2
Combustion Air 417 417
Makeup Water 4.18 416
Out [Fiue Gas 1.53 418 418
Bottom Ash 29 290
losure, % 91.3
UNIT 8 ESP
in Flue Gas 1.53 416 418
Qut |ESP Hopper Ash 1.52 1.52
Flue Gas to AFGD 0.00967 . 495 495
losure, % 119
CONDENSER
In Inlat Water 11400 11400
Out [QOutlet Water 11400 11400
losure, % 100
BOTTOM ASH SLUICE
In Bottom Ash 2.90 2.90
Sluice Return 29.0 29.0
Out |Bottom Ash Sluice 2.80 29.0 31.9
iosure, % 100
BOILER OVERALL BALANCE
in Coal 39.2 39.2
Combustion Air 417 417
Makeup Water 4.16 4.16
Sluice Retumn 29.0 29.0
Out  |Bottom Ash Sluice 2.90 29.0 319
ESP Hopper Ash 1.82 1.52
Flue Gas to AFGD 0.00967 495 495
Closure, % 108
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0134 277 2
Unit 8 Flue Gas 0.00867 495 495
Owt  |Flue Gas to AFGD 0.0230 1£4) 7
osure, % 100.0
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.0230 rza Y L4
Limestone 6.65 6.65
Service Water ' 47.7 47.7
Compressed Air 8.63 8.63
Out |Stack Fiue Gas 0.0335 835 B35
Gypsum 8.99 8.99
Wastewater 8.89 8.89
IClosure, % 102
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Table 4-10

Bailly Mass Balance for  Total Fiows

Data for September 5, 1983
rOCess Liquid,
Stream kg/s kg kgy/s
UNIT 8 BOILER
in Coal 39.3 39.3
Combustion Air 423 423
Makeup Water 4,18 4,18
Out |Flue Gas 1.49 398 399
Bottom Ash 270 270
losure, % 86.2
UNIT 8 ESP
in Flue Gas 1.49 388 369
Out |ESP Hopper Ash 1.49 1.49
Flue Gas to AFGD 0.00280 511 811
losure, % 128
CONDENSER
In Inlet Water 11300 11300
Out {Outiet Water 11300 11300
IClosure, % 100
BOTTOM ASH SLUICE
in Bottom Ash 2.70 270
Sluice Returmn 27.0 27.0
Out |Bottom Ash Sluice 270 27.0 29.7
losure, % 100
BOILER OVERALL BALANCE
In Coal 39.3 39.3
Combustion Air 423 423
Makeup Water 4.16 416
Sluice Return 27.0 27.0
Qut |Bottom Ash Siuice 270 270 23.7
ESP Hopper Ash 1.49 1.49
Flue Gas to AFGD 0.00280 511 511
losure, % 110
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0171 276 278
Unit 8 Flue Gas (.00280 811 511
Out |Flue Gasto AFGD 0.0199 786 786
Closure, % 100.0
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.0199 786 786
Limestone 6.89 6.89
Service Water 43.9 43.9
Compressed Air 8.65 B8.65
Out  |Stack Flue Gas 0.0538 817 a7
Gypsum 8.08 9.08
Wastewater 917 9.17
Closure, % 98.7
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Table 4-11

Bailly Mass Balance for Total Flows
Average of 9/3, 9/4, 9/5/33

I

Closure of Average Fiows, %

Process ~ Solid, Uquid, Gas, Total,
Stream Kg/s kg/s kgfs ka/s
UNIT 8 BOILER
in Coal 39.1 39.1
Cormbustion Air 424 424
Makeup Water 4.16 4.16
Out |Flue Gas 1.50 417 419
Bottom Ash 2.73 2.73
JAverage of Daily Closures, % 90.3
Closure of Average Flows, % 90.3
UNIT 8 ESP
In Flue Gas 1.50 417 419
Out |ESP Hopper Ash 1.49 1.49
Five Gas to AFGD 0.00994 501 501
Average of Daily Closures, % 120
[Closure of Average Fiows, % 120
CONDENSER
in Inlet Water 11500 11500
Out  [Qutlet Water 11500 11500
Average of Daily Closures, % 100
Closure of Average Flows, % - 100
BOTTOM ASH SLUICE
In Bottom Ash 273 273
Siuice Return 27.3 27.3
Out |Bottom Ash Sluice 2.73 27.3 30.0
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
in Coal 39.1 39.1
Combustion Air 424 424
Makeup Water 416 4,16
Sluice Return 27.3 273
Out |Bottom Ash Sluice 273 27.3 30.0
ESP Hopper Ash 1.49 1.49
Flue Gas to AFGD 0.00894 501 - 501
verage of Daily Closures, % 100
100
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Table 4-11

(Continued)

Bailly Mass Balance for Total Flows
Average of 9/3, 8/4, 9/5/93

Closure of Average Flows, %

Process ~Solid, "Uquid, Gas, “otal,
[ Stream kg/s kg/s ko/s kg/s |
FLUE GAS MIXING
in Unit 7 Flue Gas 0.0180 278 278
Unit 8 Flue Gas 0.00994 501 501
OQut |Flue Gas to AFGD 0.0249 779 779
verage of Daily Closures, % 100.0
[Closure of Average Fiows, % _ 100.0
| OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.0249 779 779
Limestone 6.78 6.78
Service Water ' 86.4 86.4
Compressed Air 8.66 8.66
Out |Stack Flue Gas 0.0360 819 819
Gypsum 9.06 8.06
Wastewater 9.32 9.32
Average of Daily Closures, % 95.1
95.1




Table 4-11A

Bailly Mass Balance for Total Flows
Std Dev of 9/3, 9/4, 9/5/93

" Process Soid, tiquid, " Gas, Total,
Stream kg/s kg/s kg/s kg/s
UNIT 8 BOILER
in Coal 0.230 0230
Combustion Air 6.45 6.45
Makeup Water 1.32E-08 1.32E-09
Out |Flue Gas 0.0376 20.1 20.1
Bottom Ash 0.159 0.159
Std Dev of Daily Closures, % 3.71
UNIT 8 ESP
in Flue Gas 0.0376 20.1 20.1
Out |ESP Hopper Ash 0.0416 0.0416
Fiue Gas to AFGD 0.00727 8.38 8.38
Std Dev of Daily Closures, % 7.36
CONDENSER
In Inlet Water 163 163
Out {OQutlet Water 163 163
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
In Bottom Ash 0.159 0.159
Sluice Return 1.58 1.59
Out |Bottom Ash Sluice 0.159 1.59 1.75
Std Dev of Daily Closures, % 0.00
BOILER OVERALL BALANCE
in Coal 0.230 0.230
Combustion Air 6.45 6.45
Makeup Water 1.32E-09 1.32E-09
Sluice Retumn 1.59 1.59
QOut |Bottom Ash Sluice 0.159 1.59 1.75
ESP Hopper Ash 0.0416 0.0416
Flue Gas to AFGD 0.00727 8.38 8.38
Std Dev of Daily Closures, % 0.0834




Table 4-11A (Continued)
Bailly Mass Balance for Total Flows
Std Dev of 9/3, 9/4, 9/5/93

"Process Sollg, Liquid, Gas, Total,
Stream Kg/s kg/s kg/s kg/s
FLUE GAS MIXING
in Unit 7 Flue Gas 0.0019C 285 2.85
Unit 8 Flue Gas 0.00727 8.38 8.38
Out |Flue Gas to AFGD 0.00619 7.41 7.41
{Std Dev of Daily Closures, % ' 0.00
"OVERALL AFGD SYSTEM BALANCE

In Flue Gas 0.00619 7.41 7.41
Limestone 0.123 0.123
Service Water 1.69 1.69
Compressed Air 0.0307 0.0307
Out |Stack Flue Gas 0.0167 14.6 14.7
Gypsum 0.0604 0.0604
Wastewater 0.523 0.523
Std Dev of Daily Closures, % 2.08
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5.0 SAMPLE ANALYSES

The kinds of analyses performed on different types of samples are listed in the
next three tables:

Table 5-1 Solids
Table 5-2 Liquids
Table 5-3 Gases (including entrained solids)

Brief descriptions of published methods cited in these three tables are given in
the foliowing paragraphs. More detailed descriptions of methods are given in
Appendix C.

5.1 Solids
Metals. The trace metals of concern in this project are listed below, as are a

lesser number of certain major metals (see page 1-6 for a qualification of the trace
species as metals or non-metals):

Trace metals Major metals
Antimony Copper Aluminum
Arsenic Lead Calcium
Barium Manganese fron
Beryllium Mercury Magnesium
Boron Molybdenum Titanium
Cadmium Nickel
Chromium Selenium
Cobalt Vanadium
Copper

Samples of coal or ash to be analyzed for the metals listed above, except
boron, were digested in a microwave oven by a procedure recommended by CEM
Corporation, the manufacturer of the oven. For boron determination, the coal or ash
was extracted with a mixture of 1 part of HNO, and & parts of HCI in the open
atmosphere on a hotplate.

Limestone was digested with the same HNO,-HCI mixture in the open
environment on a hotplate. With this solid, the microwave procedure could be
avoided, since this solid is easily dissoived in the acid without elevated pressure.

Gypsum and the very similar solids from the absorption recirculation slurry and
the bleed pump slurry at the scrubber were digested by the same microwave
procedure as that described above. The solutions thus prepared were analyzed for
trace metals and also major metals. The concentrations of calcium thus found,
however, were too low to be accepted and were believed to reflect the incomplete
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dissolution of samples; as an alternative, then, digestion with a mixture of HNO,, HF,
and H,S0, (ASTM Method D2795) in an cpen environment was followed as a
substitute procedure.

Once solutions had been prepared from the coal, ash, limestone, or gypsum,
analysis proceeded generally as described in SW-846 (1). Method 6010 was used for
metais to be determined by inductively coupied argon plasma emission spectroscopy
(ICP). Graphite furnace, hydride generation, or cold-vapor versions of AAS (GFAAS,
HGAAS, and CVAAS) were used for other metals as needed.

+ The metals determined by ICP were: barium, beryllium, boron, cadmium,
chromium, cobalt, copper, lead, manganese, molybdenum, nickel,
vanadium, aluminum, calcium, iron, magnesium, and titanium.

o The metals determined by GFAAS when not determined with the necessary
sensitivity by ICP were cadmium and lead.

+ The metals determined by HGAAS rather than by ICP were antimony,
arsenic, and selenium.

« Mercury was determined by CVAAS. At very low concentration, when extra
sensitivity was needed, mercury was determined by atomic fiuorescence
spectroscopy (CVAFS).

The major metals were on occasion determined by flame-injection AAS.

Anions. The non-metallic elements that produce anionic substances when
combustion occurs were analyzed as follows:

Fluorine and chlorine — ASTM D3761, D4208
Sulfur — ASTM 3177

Phosphorus — Coal was ashed at 750 °C, the ash was digested in a mixture
of mineral acids (ASTM Method D2795), and phosphorus was determined
colorimetrically with molybdovanadate reagent (ASTM D2795).

Anions present in ash or lime were determined by making the solid mostiy
water soluble by fusing it with moiten NaOH (ratio, 0.5 of solid to 6.7 g of NaOH). The
solidified cake of NaOH was broken up in water; the aqueous soiution was filtered and
diluted to 1 L. Fluoride was determined by acidifying an aliquot and measuring the
anion with a fluoride-specific electrode {SIE). Chloride and sulfate were determined in
the original basic solution, diluted as necessary, by ion chromatography (IC).
Phosphate was measured by IC.

Carbon, hydrogen, and nitrogen. These elements were determined as the
elements in a Perkin-Elmer Model 2400 analyzer. The elements are converted to
gases and measured as CO,, H,O, and N,
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Semi-volatile organic compounds. These compounds were extracted from the
solids with methylene chioride according to SW-846 Method 3540 and anaiyzed by
gas chromatography (GC/MS) as described in SW-846 Method 82708B.

Radionuclides. These metals were measured by Core Laboratories, Casper,
Wyoming. Total uranium was measured fluorimetrically. The individual isotopes of
uranium (masses 234, 235, and 238}, the isotopes of thorium (232), radium 226, and
polonium 210 were measured by alpha-ray counting. Radium 228 and lead 210 were
measured by counting beta emissions.

5.2 Uquids

The samples to be analyzed for metals were prepared for analysis according to
SW-846 Method 3010A. Analysis then proceeded accordlng to the ICP and AAS
methods cited in connection with analysis of solids.

The samples to be analyzed for aldehydes were taken in the amount of 100 mL
each. To each, 30 mL of a solution of 2,4-dinitrophenyl-hydrazine was added (the
stock solution contained 0.5% DNPH and 6N HCI). The mixture was extracted with
methylene chloride; the extracted material was then dried by evaporation and
redissolved in methanol. The analysis was by HPLC with a UV detector, according to
EPA Method 0011 (7).

The other organic constituents were determined by use of SW-846 Methods
5041 and 82408 for volatile compounds and Methods 3420 and 8270B for
semi-volatile compounds. Both classes of compounds were measured by GC/MS.

5.3 Gases

The term "gases" here refers to the components of flue-gas streams, both
gaseous substances per se and entrained solids. When both particulate and vapor
fractions of a given class of analytes were to be determined, the front halt and the
back half of the sampling train components were analyzed separately.

Sampies of metals from the Multiple Metals Train (Method 29) were processed
in preparation for analysis by the general guidelines of the published method. The
digestion of solids from the front half of the train, however, was based on a modified
microwave method recommended by CEM Corporation {see Appendix C). The
impingers were processed by the EPA protocol in the published method. The analysis
by ICP and AAS methods ensued, as previously described for samples of solids.

Mercury from the iodated carbon sorption tubes was determined by Brooks
Rand, Ltd., in Seattle, Washington, by use of the method described by Bloom (2).
Mercury was extracted from the carbon in a mixture of suffuric and nitric acids, fully
oxidized with BrCl, then reduced to the element with SnCl,, and vaporized as the
element in a stream passing to the analyzer.
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Portions of the solids from the Muitiple Metals Train were analyzed for anions
by the method already described for sampies of process solids: fusion with NaOH and
analysis of the resulting aqueous preparation by lon chromatography and use of a
fluoride-responsive electrode. The impingers from the acid gases train were analyzed
by the same techniques.

Ammonia from the impingers in the special train used for ammonia and
hydrogen cyanide was ultimately determined with the phenol-hypochiorite colorimetric
method described by Weatherburn {8) or by use of an ammonia-specific electrode.
Cyanide was determined by use of a cyanide-specific electrode.

Aldehydes were collected during sampling in impingers containing DNPH. The
contents of the impingers were extracted in the analytical laboratory with a
hexane-methylene chloride mixture, temporarily isolated as the hydrazone solids by
evaporation of the extraction solvent, and then redissolved in methanol for analysis by
HPLC. The method is described in the literature as EPA Method 0011 (7).

The components of the VOST sample train — Tenax and Tenax/charcoal tubes
and aqueous condensate — were analyzed by SW-846 Methods 5041 and 82408 (1).
The volatile organics in each sampling matrix are quantitatively desorbed and
transferred to an intermediate matrix in one step and then are desorbed from the
intermediate matrix into the GC/MS analyzer.

The components of the Modified Method 5 sampling train (SW-846
Method 0010) — front half solids and back halt vapors on XAD and in water-filled
impingers — were analyzed separately. Each half was processed to permit separate
analyses of semi-volatile compounds (listed subsequently in Table 6-12) and dioxins
and furans. The extract of each half of the train was separated into two fractions —
one-tenth to be processed for semi-volatiles (SW-846 Method 8270B) and nine-tenths
for dioxins and furans (SW-846 Method 82390).



Table 5-1

Analyses of Solids
Type Components Analytical
of solid determined methods
Coal (each type) Ultimate, proximate ASTM D3172, D3176
Calorific value ASTM D2015
Chlorine ASTM D4208
Fluorine ASTM D3761
Phosphorus See note*
Trace metals See note®
Radionuclides See note’
Water-extractable metals TCLP procedure
Bottom ash Trace metals See note®
F-, Cl-,80.% PO SIE, IC*
Semi-volatile organics Sw-8270
Carbon, hydrogen, nitrogen (CHN) Elemental analyzer
Radionuclides See note’
Semi-volatile organics SW-846 3540, 8270
Ammonia SIE?
Economizer ash Trace metals See above
F-, Cl-, 80.% PO,?
Semi-volatile organics
Carbon, hydrogen, nitrogen (CHN)
Radionuclides
Semi-volatile organics
Ammonia
Limestone and gypsum Trace metals See above
F-,Cl, 80,% PO,
Carbon, hydrogen, nitrogen (CHN)
Solids from slurries Trace metals See above
F-, Cl-, 80,% PO,;?
ESP hopper ash Trace metals See above

F-,Cl-, 803 PO,?
Semi-volatile organics
Carbon, hydrogen, nitrogen (CHN)
Radionuclides
Semi-volatile organics

'Phosphorus. Ash digested in HNO,, HF, and H,SO, (ASTM Method D2795); phosphorus
determined colorimetrically with molybdovanadate.

*Microwave digestion. ICP or AAS analysis by SW-846 methods or, for Hg on sorbents, by
CVAFS. See text for further information.

“Analysis by Core Laboratories (see text).

‘IC=Ion chromatography. SIE=ion selective electrode.
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Table 52
Analyses of Water

Types of samples

Condenser inlet

Condenser outlet

Boiler makeup water

Bottom ash sluice water supply

Bottom ash sluice (supernatant water)

Condenser makeup water

AFGD service makeup water

Bleed pump slurry (supernatant

water)

Absorber recirculation pump slurry (supernatant water)

AFGD waste water
Components determined Analytical
(all samples) methods

Trace metals See note*
F~,Cl-, 80,2 PO,? IC/SIE
Aldehydes HPLC/UV
Volatile organics SW-846 5041
Semivolatile organics SW-846 3420, 8270

*Microwave digestion. ICP or AAS analysis by SW-846 method.

See text for information.
*Omitted cooling tower makeup water.




Table 5-3

Analyses of Gases
(including entrained solids)
Type of Components Analytical
sample determined methods
Entrained solids Trace metals See note*
F-, -, 80,2 PO,* IC/SIE
Semi-volatile organics SW-846 8270A
Dioxins and furans SW-846 8290
Radionuclides Core Laboratories
Gas phase Trace metals See note*
Mercury CVAFS
HF, HCl, SO,, H;PO, IC/SIE
NH,;, HCN SIE/Colorimetry
Aldehydes HPLC/UV
Volatile organics SW.846 5041, 8240B
Semi-volatile organics SW-846 8270A
Dioxins and furans SW-846 8290

*Sample digestion by microwave procedure. Sample analyses according to SW-846

methods. See text.
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6.0 ANALYTICAL RESULTS
6.1 Boiler and Electrostatic Precipitators
6.1.1.1 Coal

Tables 6-1 through 6-5 give the analytical properties for the coal fired at Bailly
Units 7 and 8. All of these tables relate specifically to the coal as fired. The boilers in
these two units are the cycione type; there is no aiteration in the composition as
received due 10 drying, milling, or pyrite removal.

Table 6-1 gives the data from proximate and ultimate analyses of samples
representing the three inorganic sampling days. The data indicate that the properties
of the coal were within the ranges expected for an Eastern bituminous coal. The
calorific value was approximately 11,000 Btu/lb; the moisture and ash levels were
approximately 10% each, and the sulfur concentration was, on the average, 3.17%.
Table 6-1 includes the concentrations of nonmetallic elements other than sulfur: the
average values were fluorine, 0.0084%,; chiorine, 0,10%; and phosphorus, 0.0118%.
The variance of each parameter listed in this table was relatively small; thus, the
constancy of the coal properties was adequate for replication of the emission
measurements.

Table 6-2 presents the results of calculations on the expected composition of
the flue gas, based on the ultimate analyses. The concentrations in this table are for
the standard reference conditions used throughout this report: dry gas at 3% O,, at
293.15 K and 1 atm. The average concentrations calculated for the four acidic gases
measured in this program, assuming complete conversion of the corresponding
elements to the gas phase of the combustion products, are as foflows:

SO, 2900 ppmv
HCI 80.1 ppmv
HF 15.2 ppmv
H,PC, 11.2 ppmy

The average concentration of fly ash, assuming complete entrainment of the
ash components of the coal (no rejection of bottom ash), is listed as 13.11 g/Nm?®,
This value is used for calculating the actual partitioning between bottom ash and fly
ash, based on the measured concentration of the latter, it is a key factor in performing
material balance calculations. The approximate mass ratio of bottom ash to fly ash is
63/37, as observed previously in Section 4. There is an approximation in the
calculation of partitioning; the chemical combinations of @ach element (for example,
iron as Fe,0,) are assumed to be the same in both the coal ash prepared by coal
combustion in performing the laboratory proximate analysis and the ash produced
from coal combustion in the boiler.



The last line in Table 6-2 gives the volume of flue gas expected from 100 g of
coal; the indicated average volume per gram of coal is 0.008204 Nm®.

The concentrations of metals in the coal are given in Table 6-3. For the
hypothetical coal ash, the concentrations are those listed in this tabie divided by the
fraction of ash in the coal. Thus, if the concentration of ash in the coal were precisely
10%, the concentration of each metal in the hypothetical coal ash would be 10 times
that in the coal itself.

Several of the metals appear to have occurred at significantly higher leveis on
the third test day compared to the first two days. This should not be said for
antimony, for which the third-day result can be discarded for statistical reasons. The
possibility does exist, however, for arsenic, chromium, molybdenum, nicketl, and
selenium. The higher concentrations of the last four of these metals on the third test
day coincides with higher concentrations in the flue gas stream at the inlet of the
Unit 8 ESP on the third test day; thus, there is some confirmation for the differences
found in the coal analyses.

Extended comments on the metals will be deferred until later sections of this
report, when comparisons can be made with data on metals in other process samples.
Further comments will be found, in particular, in Appendix A.3, where the results of
analyses of the Bailly coal in the Round Robin involving the other four DOE
contractors are presented. At this point, however, the data for mercury in the coal do
require comment. The concentrations of mercury given in Table 6-3, which were
determined in the SRI laboratory, have an average of 0.100 pg/g, based on analyses
of two of the samples (instrumental break-down preventing the analysis of the third
from being completed). The average of earlier results in this laboratory was just
0.04 ug/g, clearly too low to be correct. The difterence in the two series of mercury
determinations is that the earlier, which yielded the low result, was performed after the
coal samples were leached with aqua regia, whereas the second was performed after
the samples were digested, and more thoroughly dissolved, by the microwave acid
procedure.

The individual daily samples listed in Table 6-3 were analyzed also in the
Brooks Rand laboratory, and the following data resulted:

Date of sample Conen, yg/a
September 3 0.117
September 4 0.0954
September 5 0.0865

Avg. : std. dev. 0.0996 : 0.0157

This average is in good agreement with the value from the SRI laboratory cited
above and with the average of 0.094 pg/g in all laboratories in the Round Robin.

The activities of radionuclides in the coal, as determined by Core Laboratories,
are listed in Table 6-4. The definitions of the three forms of data are presented in the
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footnote. None of the radionuclides was present at a concentration high enough to
be clearly significant. The measured activity of each radionuclide was close to the
lowest level considered detectable; it was sometimes above and sometimes below that
level. The 95% confidence interval for each activity level made the result in effect not
distinguishable from the lowest level of detection.

it is of interest to translate the activity of uranium 238 (the most abundant
isotope of this element) from a specific counting level to a weight-based concentration
in the coal. Uranium has a half life of 4.51 x 10°y, or 1.42 x 10" 8. The maximum
counting rate observed, 0.5 pCi/g, corresponds to a disintegration rate of 0.5 x 3.7 x
102s" = 1,85 x 10?2 s'. The number of radionuclei present in 1 gram of coal is then
calculated as follows:

-dnjdt = kn
1.85 x 102 = 0.693/(1.42 x 10')n
n = 3.79 x 10" radionuclei

The mass of the radionuclei is the ratio of the number of radionuclei to Avogadro’s
number, muitiplied by the atomic mass (238):

mass = 3.79 x 10" x 238/(6.023 x 10%)
mass = 1.50 x 10° g

Thus, the calculated concentration of uranium 238 in the coal, and for all intents and
purposes the concentration of total uranium as welil, is 1.50 ug/g.

The leachability of metals in the coal was examined by preparing a composite
of the three daily samples and performing an extraction with acetic acid according to
EPA’s TCLP procedure (8). The procedure calls for use of 100 g of coal and 2 L of
dilute acetic acid. Table 6-5 shows the average concentrations of leached metais in
two determinations and shows how the amounts relate to the total concentrations of
metais in the coal.



Table 6-1

Proximate and Ultimate Analyses of the Coal

Sept. 3 Sept. 4 Sept. 5 Average | Stddev.
Proximate l
% moisture 10.40 9.99 10.48 1025 021
% ash 10.41 1111 10.68 I 10.73 029
% volatile 35.29 3575 36,69 35.91 0.58
% fixed carbon 43.90 4295 4215 43.00 072
Btu/lb 11100 11101 11098 I 11103 5
¥g 25825 25804 25797 25809 12
Ultimate
% carbon 61.78 60.81 61.97 61.52 0.51
% hydrogen 458 449 433 447 0.10
% nitrogen 1.08 1.06 1.05 1.06 0.1
% sulfur 3.19 307 3.26 3.17 0.08
% oxygen 8.56 1131 823 | 937 1.38
% chlorine 0.10 0.09 010 f 010 0.00
% fluorine 0.0096 0.0095 0.0092 4’ 00094 | 0.0001
% phosphorus 0.0090 0.0144 0.0122 0.0119 0.0027
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Table 6-2
Calculated Combustion Products from the Coal
(Basis, 100 g of the coal; dry flue gas

with 3% O, at 293 K)

Flue gas I

component Sept. 3 Sept. 4 Sept. 5 Average Std_dev.
CO,, % vol 15.0 150 151§ 150 00
SO, ppmv | 2900 2830 2080 | 2900 10
HC, ppmv 82,0 75.0 83.4 l 80.1 45
HF, ppmv 147 148 16.0 152 0.7
H,PO,, ppmv 8.4 137 s | 112 27
Ash, gNm® 12,60 13.67 1305 | 151 0.54
Totalgas, Nm* | 08264 | 08127 | o822 ]| os04 | 00070




Table 6-3
Metal Concentrations in the Coal*
(Data are in ug/g)

Sept. 3 Sept. 4 Sept. 5 LAveragc Std.dev.
Trace metals
Antimony 0.61 0.68 5.63° 0.64 0.05
Arsenic 2.16 2.24 4.06 2.82 1.07
Barium 409 40.5 444 419 2.1
Beryllium 1.56 1.54 2.06 1.72 0.29
Boron 184 206 214 201 15.5
Cadmium 223 3.63 2.11 N 2.66 0.85
Chromium 382 31.5 56.0 419 12.7
Caobalt 235 2.37 2.80 2.51 0.25
Copper 10.5 8.82 9.01 9.44 0.91
Lead 7.80 6.38 871 7.63 117
Manganese 289 29.0 28.4 288 0.32
Mercury* 0.0893 0.112 -- 0.100 -
Molybdenum 5.33 5.07 11.3 7.24 3.54
Nickel 15.6 19.3 345 23.2 10.0
Selenium 0.861 0.810 2.26 1.31 0.82
Vanadium 510 382 533 47.5 8.16
Major metals |
Aluminum 10000 11000 10900 10600 600
Calcium 3210 2550 3930 I 3230 690
Iron 14000 14200 12000 |‘13400 1200
Magnesium 624 737 741 700 66
Titanium 560 609 586 || 585 24

*The values given for the major metals are averages obtained by ashing the coal
and analyzing the coal ash by AAS. The data from ICP were variable and of
low accuracy.

*Excluded as an outlier by Dixon’s rules (9).

“See text for alternative data from Brooks Rand.
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Table 6-9. Activities of Radionuciides

in the ESP Ash®
(ANl data in pCi/g)
9/3/93 9/4/93 I 9/5/93
Activity | Emor | LLD || Activity | Error LLDAI Activity | Error | LLD
Lead 210 24.0 1.4 1.1 20.5 1.3 1.1 29.9 1.5 1.1
Polonium 210 16.5 3.1 o?r 20.2 28 | 04 30.6 4.5 0.5
Radium 226 13.7 14 0.6 12.9 14 | 06 14.9 1.5 0.6
228 4.4 1.9 2.8 3.2 1.8 2.8 4.8 1.9 2.8
Thorium 228 0.7 0.2 0.2 0.3 0.2 0.4 0.7 04 | 07
230 22 0.4 03 1.0 03 | 04 29 0.7 0.4
232 0.6 0.2 0.2 03 0.1 0.1 0.6 0.2 0.1
Uranium 234 11.6 1.8 3 84 1.4 0.1 134 29 02
235 0.3 0.2 0.2 03 0.2 0.1 2.7 09 | 04
238 11.9 1.8 03 80 1.4 0.1 16.7 3.5 0.4
Total 236 - - {27 - - 29.8 - -

*See footnote in Table 6-4 on page 6-7, for definition of terms.
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Table 6-10

Anion Concentrations
in Bottom Ash and ESP Ash
(Data in ng/g)
9/3/93 9/4/93 9593 | Average | Stddev.

Bottom ash

Fluoride <400 <400 <400 <400 -

Chloride <100 120 <100 <120 -

Sulfate 1740 1120 2240 1700 560

Phosphate 5480 2650 3060 3730 1530
ESP ash

Fluoride <400 <400 <400 <400 -

Chloride <100 <100 <100 <100 -

Sulfate 30600 24000 30900 28500 3900

Phosphate 4920 3930 6130 4990 1100
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Table 6-11

Carbon/Hydrogen/Nitrogen Analysis
of Bottom Ash and ESP Ash
9/3/93 9/4/93 9/5/93
Bottom ash
Carbon % 0.01 0.05 0.48
Hydrogen % 0.01 -0.04 0.05
Nitrogen % 0.12 0.10 0.12
ESP ash )
Carbon % 2.36 2.65 276
Hydrogen % 0.04 -0.04 -0.02
Nitrogen %* 0.44 0.47 0.32

*Corresponds to an ammonia concentration in ash of 0.36, 0.39, or
0.26%.
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6.1.2 Water Streams

There are five different streams of water associated with the boiler (others
identified with the FGD system are discussed later in Section 6.2.2). They are listed
below:

Condenser inlet water

Condenser outlet water

Makeup water

Supply water for sluicing bottom ash

Bottom ash sluice (two-phase stream, water and ash)

The results of analyses of the daily composites of each type of water are
presented in Tables 6-12 through 6-16. Averages of the daily samples of all five types
are listed for comparison in Table 6-17. The footnote of Table 6-17 indicates that the
results are for two days, rather than three days, in some instances. This is due to
inconsistent daily results illustrated by the following for calcium in the makeup water:
September 3, 1.59 ug/mL; September 4 and 5, <0.10 yg/mL. The "average" listed in
Table 6-17 is <0.10 ug/mL.

The makeup water was certainly the purest. This is not evident from the
concentration of trace metals, it is, however, apparent from the data for the major
metals and the anions. The water into and out of the condenser is essentially the
same, as expected; one anomaly that cannot be explained is an undetectable
concentration of boron at the outlet, in contrast to 9.2 ug/mL at the inlet. The sluice
water was not much affected, if affected at all, by the addition of bottom ash. There
are differences for some metals in the supply and discharge streams, but it is not ciear
whether the differences are significant.

The weight proportions of water and solids in the bottom ash sluice are not
known. The assumption was made, however, that there were 10 parts of water 1o
1 part of solids. Based on this assumption, the relative contribution of the liquid to the
total amount of each analyte was calculated. For this purpose, the average
liquid-phase concentration of each analyte in Table 6-17 was compared to the average
solid-phase concentration in Table 6-6. The ratios of the mass in the liquid to that in
the solid are listed below:

Antimony 0.21 Copper 0.0010
Arsenic 1.1 Lead 0.0035
Barium 0.00050 Manganese 0.000076
Beryllium 0.00019 Mercury 1.7

Boron <0.0040 Molybdenum 0.20
Cadmium 0.0010 Nickel 0.0016
Chromium <0.0024 Selenium 0.16
Cobalt 0.00094 Vanadium <0.000094
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Aluminum <0.00001 Magnesium 0.0154

Calcium 0.00077 Titanium <0.00021
iron <0.00001

Fluoride indeterminate Sulfate 0.60
Chloride 310 Phosphate <0.013

With rare exceptions, the contribution from the solid phase is dominant.

Table 6-18 summarizes the results of determinations of carbonyl compounds
(aldehydes and ketones) in the water samples. Just a few of the positive resufts can
be argued to be significant if a measurement in excess of the range for blanks is taken
as the criterion of significance. Examples are 1) formaldehyde in the condenser inlet
water and 2) acetone in the condenser inlet and outlet water and the make-up water.
Samples on only one day (September &) were available for analysis. The lack of logic
in some of the results makes their significance questionable. For example,
formaidehyde appeared to be present in the condenser inlet stream but not the outlet
stream; how couid this be?

Each of the composites of water samples (all from September 6) was analyzed
for voiatile organic compounds.

Each of the composites of water samples (ail from September 6) was analyzed
for volatile organic compounds. The analytical and computational procedure was
programmed to identity and quantify the 37 compounds listed, along with detection
limits, in Table 6-19. Only three of these analytes were detected in the entire set of
samples: acetone, bromomethane, and methylene chloride., They were detected
aerratically, however, and never in all samples of a given type. The resuits are
summarized below:

Type of water No. samples Anaiyte Concn, ng/mL
Condenser, inlet one methylene chioride 4.0
Condenser, outlet two methylene chloride 24
28
Makeup one acetone 26
one bromomaethane 2.3
Sluice supply onhe bromomethane 5.3
Sluice discharge none none -

Blanks were free of these analytes. Based on this criterion, the positive results for the
samples cannot be rejected. Evaluated subjectively, however, they lack confirmation
from replicate measurements and thus lack credibility.
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Each of the water samples (again, ail from September 6} was also analyzed for
semivolatile organic compounds. The target list and detection limits for this set of
compounds is given in Table 6-20. The only compounds detected were a few
phthaiate esters, which are believed to be contaminants inadvertently introduced in the
laboratory. Although presumed not to be an authentic component of any of the water
samples, di-n-butylphthalate was detected consistently. The concentrations were
those listed below:

Stream Conen, ng/mL
Condenser inlet water 2.98
Condenser outlet water 4.04
Makeup water 3.80
Supply water for sluicing 5.04
Liquid phase of sluice 238
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Tabile 6-12 Daily Metal and Anion Concentrations

in Condenser Inlet Water
(Data in pg/mL)

9/3/93 8/4/93 9/5/83
Trace metals
Antimony <0.0006 <0.0006 <0.0006
Arsenic <0.0003 <0.0003 <0.0003
Barium 0.0182 0.0174 <0.006
Beryllium <0.0005 <0.0005 <0.0005
Boron 11.1 9.02 7.53
Cadmium <0.0003 <0.0003 <0.0003
Chromium <0.006 <0.006 <0.006
Cobalt <0.002 <0.002 0.005
Copper 0.0056 0.0045 0.0055
Lead <0.005 <(.005 <0.005
Manganese <0.0125 <0.0125 <0.0125
Mercury 0.00009 0.00015 0.00017
Molybdenum <0.006 <(.006 <0.006
Nickel <0.010 <0.010 <0.010
Selenium <0.0006 <0.0006 <0.0006
Vanadium <0.003 <0.003 <0.003
Major metals
Aluminum <0.10 <0.10 <{.10
Calcium 19.7 20.7 19.8
Iron <0.10 <0.10 <0.10
Magnesium 11.1 11.7 109
Titanium <0.10 <0.10 <0.10
Anions
F~ <0.4 <0.4 <04
c- 9.92 10.85° 11.10
$0,* 22.95 23.52 23.29
PO,? <0.50 <0.50 <0.50
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Table 6-13 Daily Metal and Anion

Concentrations in Condenser
Outlet Water
(Data in pg/ml)

9/3/93 9/4/93 9/5/93
Trace metals
Antimony <0.0006 <0.0006 <0.0006
Arsenic <0.0003 <0.0003 <0.0003
Barium 0.0174 0.0189 0.0186
Beryllium <0.0005 <0.0005 <0.0005
Boron <0.0625 <0.0625 . <0.0625
Cadmium <0.0003 0.0008 0.0016
Chromium <0.006 <(.006 <0.006
Cobalt <0.002 <0.002 <0.002
Copper <0.005 0.0089 0.0081
Lead <0.005 <0.005 <0.005
Manganese 0.0028 0.0031 0.0023
Mercury 0.00016 0.00025 <0.00004
Molybdenum <0.006 <0.006 <0.006
Nickel 0.0092 <0.010 <0.010
Seienium <0.0006 <0.0006 <0.0006
Vanadium <0.003 <0.003 <0.003
Major metals
Aluminum 0324 <0.10 <0.10
Calcium 282 38.1 16.4
Iron <0.10 <0.10 <0.10
Magnesium 10.84 10.93 11.74
Titanium <0.10 <0.10 <0.10
Anions
F- <04 <0.4 <0.2
Cl- 1098 13.27 13.86
80,? 23.60 24.94 25.00
PO, <0.50 <0.50 <0.50




Table 6-14 Daily Metal and Anion

Concentrations in Makeup Water for Boiler Streams

(Data in ug/mL)

9393 9/4/93 9/5/93
Trace metals
Antimony <0.0006 <0.0006 <0.0006
Arsenic <0.0003 <0.0003 <0.0003
Barium <0.006 <0.006 0.0041
Beryllium <0.0005 <(0.0005 <0.0005
Boron 15.4 29.0 17.1
Cadmium <0.0003 <0.0003 <0.0003
Chromium <0.006 <0.006 <0.006
Cobalt <0.002 <0.002 <0.002
Copper 0.0039 0.0025 0.0036
Lead <0.005 <0.005 <0.005
Manganese <0.0125 <0.0125 <0.0125
Mercury 0.00013 0.00028 0.00019
Molybdenum <0.006 <0.006 <0.006
Nickel <0.010 <0.010 <0.010
Selenium 0.0036 0.0063 <0.0006
Vanadium <0.003 <0.003 <0.003
Major metals
Aluminum <(0.10 <0.10 <0.10
Calcium 1.59 <0.10 <0.10
Iron <0.1 <0.10 <0.10
Magnesium 0.396 <0.10 <0.10
Titanium <0.10 <0.10 <0.10
Anions
F~ <0.4 <0.4 <04
Cl- <0.05 <0.05 <0.05
SO,? <0.10 <0.10 <0.10
PO,? <0.50 <0.50 <0.50
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Table 6-15 Daily Metal and Anion

Concentrations in Supply Water for
Bottom Ash Sluice
(Data in pg/ml)

9/3/93 9/4/93 9/5/93
Trace metals
Antimony 0.0119 0.0095 0.0057
Arsenic 0.0159 0.0125 0.0148
Barium 0.0238 0.0266 0.0299
Beryllium <0.0005 <0.0005 <0.0005
Boron <0.0625 <0.0625 <0.0625
Cadmium <0.0003 0.0016 0.0008
Chromium <0.006 <(0.006 <0.006
Caobalt <0.002 <0.002 <0.002
Copper 0.0086 0.0069 0.0077
Lead <0.005 <0.005 <0.005
Manganese <0.0125 <0.0125 0.0083
Mercury 0.00012 0.00015 0.00026
Molybdenum <0.006 <0.006 0.0087
Nickel <0.010 <0.010 <0.010
Selenium 0.0051 0.0095 0.0058
Vanadium <(0.003 <0.003 <0.003
Major metals
Aluminum- <0.10 <0.10 <0.10
Calcium 23.3 300 285
Iron <0.10 <0.10 0.154
Magnesium 10.08 10.33 10.49
Titanium <0.10 <0.10 <0.10
Aunions
F- <0.4 <04 <04
Cl- 13.36 16.46 14.38
S0,? 71.25 100.6 126.4
PO, <0.50 <0.50 <0.50
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Table 6-16 Daily Metal and Anion Concentrations in

Liquid Phase of Bottom Ash Sluice
{Data in yg/ml)

9/3/93 9/4/93 9/5/93
Trace metals
Antimony 0.0302 0.0210 0.0146
Arsenic 0.0566 0.0360 0.0222
Barium 0.0231 0.0263 0.0114
Beryllium <0.0005 0.00051 <0.0005
Boron <0.0625 <0.0625 <0.0625
Cadmium 0.0014 0.0006 <0.0003
Chromium <0.006 <0.006 <(0.006
Cabalt <0.002 0.0062 <0.002
Copper 0.0064 0.0084 <0.005
Lead 0.0059 <0.005 <0.005
Manganese <0.0125 0.0045 0.0028
Mercury 0.00018 0.00016 0.00017
Molybdenum <0.006 <0.006 0.0147
Nickel 0.0149 0.0151 0.0186
Selenium 0.0149 0.0111 0.0026
Vanadium <0.003 <0.003 <0.003
Major metals
Aluminum 0.258 <(.10 <{0.10
Calcium 21.7 321 26.8
Iron 0.334 <0.10 <0.10
Magnesium 10.21 10.71 10.56
Titanium <0.10 <0.10 <0.10
Anions
F~ <0.4 <0.4 <0.4
Cl- 12.28 12.98 12.80
SO,? 78.58 121.6 105.2
PO,> <(.50 <0.50 <0.50
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Table 6-17 Average Metal and Anion
Concentrations in Water Streams Associated with the Boiler

(Data in ug/mL)
Bottom ash sluice
Condenser { Condeaser Make-

inlet outlet up Supply | Discharge
Trace metals
Antimony <{.0006 <(.0006 <0.0006 0.011 0.022
Arsenic <0.0003 <(.0003 <0.0003 0.014 0.038
Barium 0.012 0.018 <0.006" 0.025 0.020
Beryllium <0.0005 <0.0005 <0.0005 <0.0005 <0.0005*
Boron 9.2 <0.062 20.5 <0.062 <0.062
Cadmium <0.0003 0.0012* <{.0003 0.0008 0.0010*
Chromium <0.006 <0.006 <0.006 0.0012* <0.006
Cobalt <0.002" <0.002 <0.002 <0.006 <0.0021*
Copper 0.0052 0.0085* 0.0033 0.0078 0.0074"
Lead <0.005 <0.005 <0.005 <0.005 <0.005*
Manganese <0.012 0.0021 <0.012 <0.012 0.036"
Mercury 0.00014 0.00014 (.00020 0.00014 0.00017
Molybdenum <0.006 <0.006 <0.006 <0.006" <{.006*
Nickel <0.010 <0y <0.016 <{.010 0.0162
Selenium <0.0006 <0.0006 0.0050* 0.0068 0.0095
Vanadium <0.003 <0.003 <0.003 <0.003 <0.003
Major metals
Aluminum <0.10 <0.10" <0.10 <0.10 <0.10"
Calcium 20.1 27.5 <{.10" 26.6 289
Iron <0.10 <(.10 <0.10 <0.10* <0.10*
Magnesium 11.2 11.2 <0.10" 10.2 10.5
Titanium <0.10 <(0.10 <0.10 " <010 <0.10
Anions
F- <(0.40 <0.40 <0.40 <0.40 <0.40
a- 106 12.7 <0.05 149 127
SO, 233 245 <0.10 859 101.8
poO,? <0.50 <0.50 <0.50 <(0.50 <0.50

*Based on two daily values, not three.
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Table 6-18

Carbonyl Compouncis
in Water Streams Associated with the Boiler

(September 6, 1983)
Stream Councn, pg/L

Condenser inlet

Formaldehyde 122

Acetaldehyde <5

Acetone 34
Condenser outlet

Formaldehyde 14

Acetaldehyde <5

Acetone 137
Make-up water

Formaldehyde 38

Acetaldehyde <5

Acetone 16
Sluice supply

Formaldehyde <5

Acetaldehyde <5

Acetone <5
Bottom ash sluice

Formaldehyde 15

Acetaldehyde <5

Acetone <5
Blanks

Formaldehyde 1457

Acetaldehyde <5

Acetone <5

*Range of values.
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Table 6-19

Target Volatile Organic Compounds
and Their Detection Limits*
Detection limits Detection limits
Compound Flue gas* | Water Compound Floe gas® | Water

sg/Nm’® ug/l pg/Nm® | gl
7  Chloromethane 0.12 048 1,2-Dichloropropane 0.12 0.48
v Vinyl chloride 0.16 0.64 Bromodichloromethane 0.12 0.50
v  Bromomethane 042 1.7 « cis-1,3-Dichloropropene 0.045 0.18
«+  Chloroethane 1.9 7.6 2-Hexanone 0.17 0.70
1,1-Dichloroethene 0.060 024 | v Toluene 0.60 0.24
Acetone 24 9.8 v trans-1,3-Dichloropropene 0.089 0.36
Methyl iodide - - v 1,1.2-Trichloroethane 0.11 0.44
v  Carbon disulfide 0.15 0.62 «  Tetrachloroethene 0.060 0.24
7  Methylene chloride 0.30 12 i 4-Methyl-2-pentanone 0.030 1.2
trans-1,2-dichloroethene 0.055 022 Dibromochloromethane 0.074 0.30
1,1-Dichloroethane 0.089 0.36 1 + Chlorobenzene 0.030 0.12
2-Butanone 13 51 || « Ethylbenzene 0.074 0.30
v/ Chloroform 0.11 0.46 {i»./ m- & p-Xylene 0.074 0.30
1,1,1-Trichloroethane 0.42 1.7 v 0-Xylene 0.030 0.12
v  Carbon tetrachloride 0.10 0.42 || v/ Styrene 0.064 0.26
# Benzene 0.064 0.26 v  Bromoform 0.054 0.22
+ 1,2-Dichloroethane 0.13 0.54 v 1,122 -Tetrachloroethane 0.13 0.52

‘/ Trichloroethene 0.084 0.34

*Compounds listed in Title III of the Clean Air Act Amendments of 1990 are designated by checkmarks.
*Based on gas volume of 20 L.
“Based on injection of 5 mL into the instrument.
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Table 6-20

Target Semi-Volatile Compounds and Their Detection Limits*®

Detection limit ]

Detection limit
Compound ug/L uﬂ"ﬂ’] Compound ugll. | ug/Nm’
v Phenol 1.9 0.16 2-Nitroaniline 24 0.20
« Aniline 1.6 0.14 Acenaphthene 3.6 0.30
v Bis(2-Chloroethyl) ether 1.1 0.09 2,4-Dinitrophenol 5.0 -
2-Chlorophenol 2.1 0.18 4-Nitrophenol 26 0.22
1,3-Dichiorobenzene 1.6 0.14 Dibenzofuran 1.5 0.13
v 1,4-Dichiorobenzene 1.5 0.13 2,4-Dinitrotoluene 1.0 0.08
Benzyl alcohol - - Diethyl phthalate 12 0.09
v 1,2-Dichiorobenzene 1.8 0.15 4-Chlorophenyl phenyl ether - -
2-Methylphenol 1.9 0.16 Fluorene 28 0.24
Bis(2-Chloroisopropyl) ether 1.0 0.08 4-Nitroaniline 32 0.27
4-Methylphenol 6.3 0.52 4,6-Dinitro-2-methylphenoi - -
N-Nitroso-di-N-propylamine 9.0 0.75 N-Nitrosodiphenylamine 0.7 0.06
v Hexachloroethane 1.2 0.10 4-Bromophenyl phenyl ether 0.5 0.04
¢ Nitrobenzene 1.9 0.16 Hexachiorobenzene 09 0.07
Isophorone 20 0.17 Pentachlorophenol - -
2,4-Dimethyiphenol 70 1.8 Phenanthrene 1.4 0.12
2-Nitrophenol 1.0 0.08 Anthracene 1.6 0.14
Benzoic acid 58 0.48 Di-n-Butyl phthaiate 36 0.63
Bis(2-Chloroethoxy) methane 1.0 0.08 Fluoranthene 14 0.12
2,4-Dichlorophenol 8.4 0.70 Benzidine 16.4 14
v 1,2.4-Trichlorobenzene 1.8 0.15 Pyrene 6.0 0.50
v Naphthalene 4.0 .34 Butyl benzyl phthalate 2.0 0.16
4-Chloroaniline 35 0.29 3,3’-Dichlorobenzidine 4.8 0.41
¢« Hexachlorobutadiene 20 0.17 Benzo(a)anthracene 1.0 0.08
4-Chloro-3-methylphenol - - Bis(2-Ethylhexyl) phthalate - -
2-Methylnaphthalene 1.6 0.14 Chrysene 21.2 0.14
2,4,6-Trichlorophenol 108 0.90 Di-N-Octyl phthalate - -
v Hexachlorocyclopentadiene 24 0.20 Benzo(b)fluoranthene 12.0 1.0
2,4,5-Trichlorophenol 15.1 1.3 Benzo(k)fluoranthene 20.4 1.7
2-Chloronaphthalene 2.0 0.17 Benzo(a)pyrene i1.2 0.93
3-Nitroaniline 0.9 0.07 Indeno(1,2,3-cd)pyrene - -
v Dimethyl phthalate 1.5 0.13 Dibenz(a,h)anthracene - -
2,6-Dinitrotoluene 09 0.07 Benzo(g,h,i)perylene - -
Acenaphthyiene 38 0.31

*Compounds listed in Title III of the 1990 Clean Air Act Amendments are designated by checkmarka
bNetection limits are given in the units ug/L for 0.5 L of a water sample, or ug/Nm® for 3 Nm® of a flue-gas

mple.
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6.1.3 Gas Streams

6.1.3.1 Metals
This section presents data on gas sireams at three locations:
« Inlet of the Unit 8 ESP
» Outlet of the Unit 8 ESP
+ Outlet of the Unit 7 ESP

The data on the gas stream in the stack are deferred for presentation in
Section 6.3. Not all of the data pertinent to the three locations adjacent to the ESPs
are presented here. The exceptions are 1) the metal concentrations in fly ash
segregated by size with cyclones and 2) the metal concentrations in flue gas that had
been sampled with the dilution device. The cyclone samples came from all three of
the locations listed above; the analytical data for these sampies appear in Section 8.3.
The dilution sampiing was performed at the outlet of the Unit 7 ESP; the results are
presented in Section 8.2.

The data on metals in the three locations enumerated above appear in three
sets of five tables each: Tables 6-21 through 25 for the Unit 8 ESP inlet, Tables 6-26
through 30 for the Unit 8 ESP outiet, and Tables 6-31 through 35 for the Unit 7 ESP
outlet. All of the data presented are blank-corrected; that is, the results for sampies
were reduced by the corresponding results for a blank train,

The first three tables for each iocation give the concentrations
measured in the particulate and vapor states and the sum in the two
states on the five successive sampling days {September 3, 4, and 5).
The units are micrograms per normal cubic meter (ug/Nm®. Each table
lists the sample volume used to calcuiate concentrations from the total
amounts of analytes found.

The fourth table for each location gives the averages, with standard
deviations, for the three days, in the same units (ug/Nm?).

The fifth table for each location presents the averages for the three
days, presented in the units micrograms per gram (ug/g). Data in these
units were calculated by dividing each daily metal concentration by the
corresponding total particulate concentration and computing the
average for all three days. The daily total particulate concentrations are
listed in the footnote of the table.

All of the data in these tables were obtained by analyzing samples from the
Method 29 train by ICP and related AAS methods. There are additional data for
mercury from the train with solid traps that were generated in the laboratory at Brooks
Rand. On September 3, only the iodated carbon traps were used for sampling; thus,
only data for total mercury in the vapor state were obtained. On September 4 and 5,
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however, the combination of soda lime and iodated carbon was used, and data for
both oxidized mercury and elemental mercury vapors were obtained. The data trom
samples in the traps are presented in detail in Table 6-36. A synopsis is given below:

» The average percentage of mercury found in the oxidized state
was 67.0%. Presumably, the specific form of mercury in the
oxidized state is the vapor HgCi,. A factor that is presumed to
be consistent with the finding of two-thirds of the mercury as the
divalent chloride is the occurrence of chiorine in the coal at the
concentration of 0.10% by weight. SRI investigators have seen
lesser fractions of total mercury in the flue gas in the oxidized
state when the coal contained less chlorine, and they have
found a higher fraction oxidized when the coal contained more
chlorine.

+ The concentrations of total mercury were lower when the two
types of traps permitting speciation were in use. This result may
have been coincidental. There is evidence, however, from the
mercury determinations in coal at Brooks Rand that the
concentrations in the coal were lower on the second and third
sampling dates, when the total concentrations of mercury in the
gas streams were lower.

« |t is appropriate to calculate the average mercury vapor
concentration in all three duct locations since no removal of
mercury from the vapor state should have occurred in either
ESP. The average based on sampling with solid sorbents is
8.0 ug/Nm? in the vapor state. The averages based on sampling
by Method 28 (calculated from the data in Tables 6-24, 6-29, and
6-34) are 4.0 ug/Nm® in the vapor state and 0.2 ug/Nm?® in the
particulate state. This comparison suggests that using the solid
sorbents led to only a negligible error from not collecting the
particuiate mercury but yielded, nevertheless, a substantially
higher recovery of mercury vapor.

The comparison of total vapor concentrations by both methods c¢an best be
discussed in the context of the expected mercury concentrations based on analyses
of the coal. The two sets of mercury determinations in the coal are in good
agreement; both are essentially 0.100 pg/g. The corresponding value for the flue gas
is obtained bg dividing this value by the expected volume of flue gas from the coal —
0.008204 Nm®/g, according to Table 6-2. Thus, the expected mercury concentration in
the flue gas is 0.100/0.008204 = 12.2 ug/Nm®. With this expected vaiue for reference,
the recovery of mercury with solid sorbents was 66%, that with Method 29 was just
33%.

it is appropriate to focus much of the discussion on mercury, as has been

done above, because of the high degree of interest of this particular metal as a
component of the emissions from coal combustion. Certain other highlights of the
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data on metals in the gas streams merit attention, however, such as those listed
below:

« Three metals occurred at higher concentrations as vapors than
as components of the particulate matter. These are boron,
mercury, and selenium. The following tabulation shows the
percentages of the total of each found in the vapor phase at
different locations:

Intet Outlet Outlet
Unit 8 ESP Unit 8 ESP  Unit 7 ESP
Boron 85 >899 99.6
Mercury 94 99 99
Selenium 57 99 79

The higher percentages at the outiet of the ESP of Unit 8 than at
the inlet indicate the removal of the element in the particuiate
phase. The higher percentages at the outlet of the Unit 8 ESP
than at the outlet of the Unit 7 ESP probably are the result of the
greater removal of particulate matter in the Unit 8 ESP than in
the Unit 7 ESP, as illustrated elsewhere in this report.

« Generally, the metals that occurred predominantly in the
particulate phase ranked in relative concentrations as follows:
highest at the Unit 8 ESP inlet, next highest at the Unit 7 ESP
outlet, and least at the Unit 8 ESP outlet. This order is illustrated
below for one trace metal (barium) and one major metal
(aluminum). The data are in pg/Nm?>;

Inlet Qutlet Outlet
Unit BESP Unit 8 ESP  Unit 7 ESP
Barium 1920 5.66 23.7
Aluminum 481000 606 4920

These data further illustrate the higher efficiency of the Unit 8
ESP for removing particulate matter.

On the issue of partitioning between the vapor and particulate states, a
necessary qualification about the data is that the indicated partitioning is due in part to
the performance characteristics of the sampling method. The filter in the Method 29
sampling train operates at 121 °C. This temperature is cooler than that of any of the
gas ducts adjacent to the ESPs; thus, it may cause the fraction of a metal in the
particulate matter to appear higher than the actual fraction in the duct. This means, of
course, that the above percentages of boron, mercury, and seienium in the vapor

6-32



phase may be understated. A contrary observation is that a metal in the particulate
matter may somehow penetrate or bypass the filter and appear as a vapor. Severai of
the metals of interest are not likely to have measurable vapor concentrations at the
duct temperatures (much less at the fiter temperature), and the apparent fractions in
the vapor state may be spurious. One example is barium. The occurrence of this
element at a concentration of 2.44 ug/Nm?® (as reported in Table 6-34) is problematical:
such a concentration, although low, corresponds to a concentration of barium vapor
of 4.27 x 10" atm, whereas the JANAF Tables (10) indicate that at 150 °C (the
approximate duct temperature) the vapor pressure of this metal is just 3.09 x 10" atm.
The possibility of erronecus high indications of vapor concentrations does not detract
from the observations about boron, mercury, and selenium, because high vapor
concentrations of these metals are consistent with their thermodynamic properties.

Table 6-37 compares the metal concentrations in the three gas streams
adjacent to the ESPs on the basis of the ratio to total particulate. The data here are in
the units ug/g; they were taken from the last columns of Tables 6-25, 6-30, and 6-35
which give totals (particulate pius vapor) in the three gas streams. The data columns
are arranged in Table 6-37 in the order Unit 8 ESP inlet, Unit 7 ESP outlet, and Unit 8
ESP autlet because total particulate concentration decreased in that order. Generally,
the data show very sharp increases as the total particulate concentration decreased,
which suggests either that the metals are either significantly in the vapor state or that
they occur primarily on the surfaces of particles, the smaller the particle size the
greater the specific surface area and the specific metal concentration. The most
notable trends are for boron, mercury, and selenium, which are predominantly vapors
that are removed in the ESPs. The trends for some of the other metals, however,
signify changes in particulate compaosition; examples are barium, cadmium, and
chromium, among others.

The data in Table 6-37 for the inlet of the Unit 8 ESP should compare weil in
general with the corresponding data for the ash from the Unit 8 ESP hoppers (see
Tabies 6-8 and 6-9). Examples of metals that are more concentrated in the inlet
(before collection) than in the hoppers (after collection) are the three that are
significantly volatile: boron (3490 vs. 981 ug/g), mercury (0.850 vs. 0.006 pg/g), and
selenium (81.1 vs, 7.91 ug/g). The most notable examples of other metals that differ in
the two locations are believed to be spurious, resulting from anaiytical error (for
example, antimony at 8.32 ug/g in the gas stream and 25.1 in the hopper).



Table 6-21
Metal Concentrations in the Gas Stream at the inlet of
the Unit 8 ESP (September 3, 1993)

(Data in ug/Nm’)
(All data here by Method 29; sample volume 2.329 Nm®)
Particulate Vapor Total
Trace metals
Antimony 25.8 <0.04 258
Arsenic 244 3.01 37
Barium , 1630 249 1630
Beryllium 87.8 <0.02 87.8
Boron 3310 15600 18900
Cadmium 127 0.54 127
Chromium 1940 2.28 1940
Cobalt 167 <0.20 167
Copper 763 0.34 763
Lead 1290 <0.20 1290
Manganese 1030 <0.80 1030
Mercury* 0.30 1.12/4.09 5.51
Molybdenum 575 <0.40 575
Nickel 1070 0.39 1070
Selenium 201 1m 2
Vanadium 2190 0.21 2190
Major metals
Aluminum 470000 277 470000
Caicium 90100 2300 92400
Iron 647000 137 647000
Magnesium 29900 753 30,000
Titanium 33900 12.2 34000

*The column for vapor gives separate data from peroxide and
permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-22
Metal Concentrations in the Gas Stream at the Inlet of
the Unit 8 ESP (September 4, 1933)

(Data in ug/Nm’)
(All data here by Method 29; sample volume 2.173 Nm"*
Particulate Vapor Total
Trace metals
Antimony 33.1 0.89 340
Arsenic 262 1.14 394
Barium 1850 3.80 1850
Beryllium 96.5 0.53 97.0
Boron 168 13700 13800
Cadmium 156 1.7 157
Chromium 1860 : 4.17 1870
Cobalt 189 <0.20 189
Copper 930 2.64 933
Lead 1690 1.88 1690
Manganese 1200 4.10 1200
Mercury* 0.25 0.93/2.50 3.68
Molybdenum 726 0.43 726
Nickel 1100 10.5 1100
Selenium 152 199 351
Vanadium 2600 2.58 2610
Major metals
Aluminum 479000 689 480000
Calcium 90000 2400 92600
Iron 629000 580 630000
Magnesium 31200 103 31300
Titanium 35600 429 35600

*The column for vapor gives separate data from peroxide and
permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-23

Metal Concentrations in the Gas Stream at the Inlet of

the Unit 8 ESP (September 5, 1993)

(Data in ug/Nm°)
(All data here by Method 29; sample volume 2.123 Nm?)
Particulate Vapor Total
Trace metals
Antimony 67.6 1.72 69.3
Arsenic 253 333 256
Barium 2280 431 2290
Beryllium 110 215 112
Boron 4470 14900 19400
Cadmium 199 4.62 204
Chromium 2380 7.24 2390
Cobalt 218 0.45 219
Copper 1170 2.34 1180
Lead 1350 27 1350
Manganese 1340 <0.80 1340
Mercury* 0.25 1.08/2.02 3.36
Molybdenum 978 2.70 981
Nickel 1490 3.50 1490
Selenium 180 322 502
Vanadium 2960 597 2960
Major metals

Aluminum 493000 1200 494000
Calcium 102000 2880 105000
Iron 638000 992 639000
Magnesium 33500 141 33700
Titanium 36400 81.7 36500

*The column for vapor gives separate data from peroxide and

permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-24

Average Metal Concentrations in the Gas Stream at

the Inlet of Unit 8 ESP*
(Data in ug/Nm®; with standard deviations)
Particulate Vapor Total
Trace metals
Antimony 422 + 223 0.858  0.701 430 : 23.1
Arsenic 129 + 517 2.49 1 0.963 132  5.19
Barium 1920 1 311 353 +0.768 1920 1+ 332
Beryllium 98.1 + 11.1 0.895 £ 0.917 99.0 + 123
Boron 2650 + 2230 14700 + 788 17400 + 3080
Cadmium 160 + 36.4 228 1 1.72 163 + 384
Chromium 2080 & 282 4.57 + 2.04 2080 1 284
Cobalt 191 + 25.7 0.132 £ 0.223 191 + 25.9
Copper 956 & 207 1.78 + 1.02 958 + 208
Lead 1440 + 214 1.53 £ 1.14 1440 + 215
Manganese 1200 + 154 0.784 :+ 24 1200 ¢ 154
Mercury 0.266 + 0.0279 3.92 + 0.926 4.2 + 1.16
Molybdenum 759 £ 204 1.04 : 1.18 760 + 205
Nickel 1240 3 237 5.14 £ 421 1240 £ 236
Selenium 177 + 243 231 £ 65.6 408 + 81.7
Vanadium 2580 + 383 298 + 237 2590 :+ 386
Major metals
Aluminum 481000 + 11700 721 1+ 376 481000 + 12200
Calcium 94200 + 7060 2530 3+ 252 96700 + 7370
Iron 638000 + 8690 570 1 349 638000 = 8480
Magnesium 31500 1+ 1870 107 £ 27.1 31600 + 1900
Titanium 35300 ¢ 1250 45.6 + 285 35400 + 1280

*Data based on Tables 6-21, 6-22, and 6-23.
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Table 6-256
Ratios of Metal Concentrations in the
Gas Stream at the Inlet of the Unit 8 ESP
to the Total Concentration of Entrained Solids"
(Data in pg/g; averages of daily results)

Particulate Vapor Total
Trace metals
Antimony 8.16 0.164 8.32
Arsenic 50.1 0.504 50.6
Barium 378 0.698 378
Beryllium 19.3 0.171 19.5
Boron 529 2960 3490
Cadmium 314 0.441 319
Chromium 411 0.893 412
Cobalt 37.7 0.0251 37.7
Copper 187 0.342 188
Lead 285 0.292 285
Manganese 235 0.135 236
Mercury 0.0530 0.797 0.850
Molybdenum 148 0.199 149
Nickel 244 0.987 245
Selenium 354 45.0 80.4
Vanadium 508 0.571 509
Major metals
Aluminum 95300 140 95400
Calcium 18600 504 19100
Iron 127000 110 127000
Magnesium 6240 211 6260
Titanium 6990 881 7000

*Calculated by dividing the individual concentrations in Tables 6-21, 6-22,
and 6-23 by the appropriate total particulate concentrations. The three

daily concentrations of total particulate were, in succession, 4.556, 5.243,
and 5.404 g/Nm’>.
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Table 6-26
Metal Concentrations in the Gas Stream at
the Outlet of the Unit 8 ESP (September 3, 1993)

(Data in ug/Nm’)
(All data here by Method 29; sampie volume 2.870 Nm®)
Particulate Vapor Total
Trace metals
Antimony <0.20 0.16 0.26
Arsenic 0.80 0.92 1.72
Barium 4.53 198 6.52
Beryllium 0.09 <0.02 0.10
Boron <0.2 11900 11900
Cadmium 4.42 2.18 6.60
Chromium 4.74 329 8.03
Cobalt <0.20 0.08 0.18
Copper 1.33 0.8t 2.14
Lead 6.81 0.53 7.34
Manganese 0.27 0.90 1.17
Mercury® 0.06 0.9173.15 4,12
Molybdenum 427 <0.40 447
Nickel 2.10 6.91 9.01
Selenium 2.32 110 112
Vanadium an 0.08 3.80
Major metals
Aluminum 494 229 723
Calcium 613 174 2350
Iron 887 114 1000
Magnesium 29.3 54.5 83.7
Titanium 44.4 8.77 53.2

*The coiumn for vapor gives separate data from peroxide and
permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-27
Metal Concentrations in the Gas Stream at
the Outlet of the Unit 8 ESP (September 4, 1993)

(Data in pg/Nm®)
(All data here by Method 29; sample volume 2.826 Nm”’)
Particulate Vapor Total
Trace metals
Antimony <0.20 0.01 0.11
Arsenic 0.71 1.59 2.29
Barium 254 257 5.11
Beryllium 0.12 <0.02 0.13
Boron <0.2 14500 14500
Cadmium 1.58 1.49 3.07
Chromium 5.24 2.87 8.11
Cobalt <0.20 <0.20 <0.20
Copper 1.32 3.44 4.76
Lead 437 0.68 5.05
Manganese ) 0.62 <0.80 1.02
Mercury* 0.01 1.15/2.73 3.89
Molybdenum 4.60 <0.40 4.70
Nickel 233 247 4.80
Selenium 1.39 194 195
Vanadium 495 0.21 5.16
Major metals

Aluminum 306 275 581
Calcium 103 2200 2300
Iron 532 82.2 614
Magnesium 29.7 T71.6 101
Titanium 38.0 11.2 49.2

*The column for vapor gives separate data from peroxide and
permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-28

Metal Concentrations in the Gas Stream at

the Qutiet of the Unit 8 ESP (September 5, 1993)

(Data in xg/Nm’)
(All data here by Method 29; sample volume 2.644 Nm?)
Particulate Vapor Total
Trace metals
Antimony <0.20 0.24 0.34
Arsenic 0.58 1.71 2.29
Barium 23 3.03 5.34
Beryllium <0.02 <0.02 <0.02
Boron <0.2 14300 14300
Cadmium 054 0.82 .75
Chromium 3.80 3.30 7.10
Cobalt <0.20 0.26 0.36
Copper 234 0.95 3.29
Lead 0.45 0.85 1.30
Manganese 1.24 <(.80 1.64
Mercury® 0.02 1.63/2.39 4.04
Molybdenum 4.83 <(.40 5.03
Nickel 323 1.57 4.80
Selenium 1.76 204 206
Vanadium .08 - 0.21 3.29
Major metals

Aluminum 194 320 514
Calcium 56.9 2560 2620
Iron 357 152 509
Magnesium 20.1 87.1 107
Titanium 251 14.2 393

*The column for vapor gives separate data from peroxide and

permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-29

Average Metal Concentrations in the Gas Stream at

the Outlet of Unit 8 ESP*
(Data are in ug/Nm®*; with standard deviations)

Particulate Vapor Total
Trace metals
Antimony <0.20 0.135 1 0.0929 0.235
Arsenic 0.696 + 0.0897 1.4 + 0.347 2.10 £ 0.33
Barium 3.13 + 0.998 2.53 1+ 0.429 5.66 + 0.753
Beryllium <0.07 <0.02 £0.09
Boron <0.20 13600 ¢ 1180 13600 + 1180
Cadmium 231 2 1.51 1.5 1+ 0.558 3.81 + 2.51
Chromium 4.59 1 0.594 315 £ 0.2 7.75 1 0.555
Cobalt <0.20 0.0582 + 0.177 0.158
Copper 1.67 + 0.480 1.73 + 1.21 3.40 + 1.31
Lead 3.88 + 2.62 0.688 + 0.134 4.57 1 3.05
Manganese 1.73 + 0.380 0.00195 1 0.681 1.73 + 0.84
Mercury 0.0303 £ 0.0219 3.97 1+ 0.0755 4.02 + 0.110
Molybdenum 4.57 1+ 0.228 <0.40 4.57
Nickel 2.56 + 0.488 394 £ 233 6.50 + 2.43
Selenium 1.82 + 0.382 169 1 42.3 171 + 51.4
Vanadium 4.1 + 0.774 0.215 + 0.0614 4.32 : 0.962
Major metals
Aluminum 332 + 124 275 + 373 606 + 107
Calcium 257 £ 252 2160 1 337 2420 + 171
Iron 592 + 24 116 + 286 708 + 259
Magnesium 264 3 4.42 71 + 133 97.4 £ 122
Titanium 359 + 8.02 114 + 223 472+ 711

*Based on data in Tables 6-26, 6-27, and 6-28.




Table 6-30

Ratics of Metal Concentrations in the Gas Stream

at the Outlet of the Unit 8 ESP to the
Total Concentration of Entrained Solids®
(Data in ug/g; averages of daily results)

Particulate Vapor Total
Trace metals
Antimony <26 19.6 <46
Arsenic 86.6 200 287
Barium 363 353 716
Beryilium 7.85 <26 <104
Boron <26 1830000 1830000
Cadmium 230 167 397
Chromium 581 414 995
Cobalt <26 231 <49
Copper 240 228 468
Lead 372 97.1 469
Manganese 114 <64 <178
Mercury 3.06 520 523
Molybdenum 610 <52 <662
Nickel 359 366 725
Selenium 228 24100 24400
Vanadium 413 24.5 438
Major metals
Aluminum 37100 37900 75000
Calcium 22100 265000 287000
Iron 66400 16000 82400
Magnesium 3260 4000 7250
Titanium 4280 1600 5890

*Calculated by dividing the individual concentrations in Tables 6-26, 6-27, and
6-28 by the appropriate total particulate concentration. The three daily
concentrations of total particulate were, in succession, 0.01456, 0.00778, and

0.00511 g/m®.
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Table 6-31

Metal Concentrations in the Gas Stream at the
QOutlet of the Unit 7 ESP (September 3, 1993)

(Data in ug/Nm’)
(All data here by Method 29; sample volume 3.518 Nm”)
Particulate Vapor Total
Trace metals
Antimony 0.43 0.14 0.56
Arsenic 7.72 4.41 121
Barium 222 2.13 243
Beryllium 1.77 <0.02 1.78
Boron 62.3 10900 11000
Cadmium 8.84 3.64 125
Chromium 29.9 2.26 321
Cobait 2.66 0.14 2.80
Copper 15.5 1.64 17.1
Lead 28.2 0.76 290
Manganese 10.2 <0.80 11.0
Mercury* 0.03 0.83/3.08 394
Molybdenum 16.3 <0.40 16.5
Nickel 8.68 1.18 9.86
Selenium 11.5 135 146
Vanadium 432 0.45 437
Major metals
Aluminum 7010 249 7260
Calcium 744 1640 2380
Iron 8120 166 8280
Magnesium 277 572 334
Titanium 425 113 436

*The column for vapor gives separate data from peroxide and

permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-32 _
Metal Concentrations in the Gas Stream at the
Outiet of the Unit 7 ESP (September 4, 1993)

(Data in ug/Nm)
(ANl data here by Method 29; sample volume 2.457 Nm?)
Particulate Vapor Total

Trace metals
Antimony 0.25 <0.04 0.27
Arsenic 3.07 0.88 3.95
Barium 17.0 2.57 19.5
Beryllium 1.08 <0.02 1.09
Boron 380 14900 14900
Cadmium 4.11 3.23 7.33
Chromium 178 2.89 20.7
Cobalt 1.52 <0.20 1.62
Copper 10.8 273 13.5
Lead 20.1 <0.50 203
Manganese . 6.61 <0.80 7.01
Mercury* 0.05 1.98/2.97 5.00
Molybdenum 14.9 <040 15.1
Nickel 1.56 1.96 3.52
Selenium 71.0 482 553
Vanadium 331 0.10 332
Major metals
Aluminum 3190 287 3480
Calcium 754 2380 3130
Iron 5500 92.9 5590
Magnesium 223 779 300
Titanivm 334 12.0 346

*The column for vapor gives separate data from peroxide and
permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-33

Metal Concentrations in the Gas Stream at the Outlet of

the Unit 7 ESP (September 5, 1993)

(Data in ug/Nm?)
(All data here by Method 29; sample volume 2.518 Nm°)
Particulate Vapor Total
Trace metals
Antimony 0.43 0.03 0.46
Arsenic 2.58 0.54 3.12
Barium 24.8 2,61 274
Beryllium 1.27 <0.02 1.27
Boron 51.0 13900 13900
Cadmium 6.59 1.97 8.56
Chromium 27.6 290 30.5
Cobalt 1.77 <0.20 1.87
Copper 13.8 0.79 14.6
Lead 21.0 <0.50 21.0
Manganese 9.36 <0.80 9.76
Mercury® 0.08 1.38/2.23 3.68
Molybdenum 19.0 <0.40 19.0
Nickel 8.51 230 10.8
Selenium 134 206 340
Vanadium 368 0.19 37.0
Major metals
Aluminum 3780 258 4040
Caicium 1010 2250 3260
Iron 6570 143 6720
Magnesium 282 69.2 351
Titanium 384 110 395

*The column for vapor gives separate data from peroxide and

permanganate impingers. See Table 6-36 for other mercury data.
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Table 6-34
Average Metal Concentrations in the Gas Stream at

the Outlet of Unit 7 ESP*
(Data in ug/Nm?®; with standard deviations)

Particulate Vapor Total
Trace metals
Antimony 0.369 + 0.0855 0.0472 + 0.189 0.416 + 0.173
Arsenic 4.46 1 2.31 1.94 ¢+ 1.44 6.40 + 498
Barium 21.3 + 3.24 2.44 ¢ 10.6 23.7 £+ 3.95
Beryllium 1.37 £+ 0.288 <0.02 1.38
Boron 504 £ 9.95 13200 £ 6260 13300 + 2040
Cadmium 6.51 + 1.93 294 + 1.5 9.45 x 2.69
Chromium 32.8 + 4.52 2.68 + 15.8 354 + 537
Cobalt 1.98 £ 0.489 <0.20 2.18
Copper 13.3 + 1.94 1.72 + 5.49 15.1 + 1.84
Lead 23.1 + 3.62 0.255 £ 9.75 234 £+ 487
Manganese 10.3 £ 1.37 <0.80 10.7
Mercury 0.0518 £ 0.0207 4.16 + 2.1 4.21 £ 0.697
Molybdenum 16.7 + 1.68 <0.40 16.9
Nickel 14.9 £+ 2.77 21176 17.0 £ 3.52
Selenium 722 2+ 50 274 1+ 164 347 &+ 204
Vanadium 379 1 4.16 0.293 + 17.3 382 + 5.27
Major metals
Aluminum 4660 :+ 1680 265 + 1650 4920 + 2040
Calcium 837 £ 125 2090 : 558 2930 + 474
Iron 6730 + 1070 134 1 3040 6860 + 1350
Magnesium 260 1 26.9 68.1 + 101 329 £ 258
Titanium 381 + 373 114 2 176 392 : 453

*Based on data in Tables 6-31, 6-32, and 6-33.




Table 6-35

Ratios of Metal Concentrations in the Gas Stream at the Outlet
of Unit 7 ESP to the Total Concentration of Entrained Solids*

(Data in pg/g; averages of daily results)

Particulate Vapor Total
Trace metals
Antimony 5.25 0.615 5.87
Arsenic 66.1 28.7 94.7
Barium 307 36.4 34
Beryllium 20.1 <0.26 20.2
Boron 732 199000 200000
Cadmium 93.2 45.3 138
Chromium 475 40.1 515
Cobalt 29.0 <15 29.7
Copper 194 28 222
Lead 342 3.65 346
Manganese 150 <11 155
Mercury 0.745 63.7 64.4
Molybdenum 244 <53 246
Nickel 213 31.1 244
Selenium 1013 4480 3490
Vanadium 559 42 563
Major metals
Aluminum 68000 3980 72000
Calcium 122000 31400 43600
Iron 98500 1930 100000
Magnesium 3800 1030 4830
Titanium 5600 172 5770

*Calculated by dividing the individual concentrations in Tables 6-31, 6-32, and
6-33 by the appropriate total particulate concentration. The three daily
concentrations of total particulate were, in succession, 0.0698, 0.0527, and

0.0877 g/Nm®.




Table 6-36

Concentrations of Mercury Vapor
Based on Sampiling with Solid Sorbents
at Locations Adjacent to the ESPs
Concn?®, |1g/NlllJ
Percent
Date Hg(M) Hg(0) Total oxidized
U8 inlet 93 -- - 103 -
9/4 5.19 131 6.50 79.8
9/5 4.79 2.40 7.19 66.6
U8 outlet 93 - - 10.2 -
9/4 3.25 4.46 7.7 422
9/5 5.05 1.97 7.02 719
U7 outlet 93 - - 8.81 -
9/4 491 273 7.64 64.3
9/5 4.88 143 6.31 77.3
Ambient® 9/4 0.02 0.11 0.13 15
9/5 0.03 0.11 0.14 21

*All data here were derived by subtracting blanks from raw data.
*These data, unlike the remainder, are for the actual O, concentration.
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Table 6-37
Comparison of Metal Concentrations in

the Different Gas Streams
Adjacent to the ESPs*
(Data in ug/g)
Unit 8 Unit 7 Unit 8
injet outlet outlet
Trace metals
Antimony 8.32 5.87 <46
Arsenic 26.1 94.7 287
Barium 378 34 716
Beryllium 19.5 20.2 <104
Boron 3490 200000 1830000
Cadmium 319 138 397
Chromium 412 515 995
Cobalt 377 29.7 <49
Copper 188 222 468
Lead 285 346 469
Manganese 236 155 <178
Mercury 0.850 64.4 523
Molybdenum 149 246 <662
Nickel 245 244 725
Selenium 81.1 5490 24400
Vanadium 509 563 438
Major metals
Aluminum 95400 72000 75000
Calcium 19100 43600 787000
Iron 127000 100000 82400
Magnesium 6260 4830 7250
Titanium 7000 5770 5890

*Data from Tables 6-25, 6-30, and 6-35.




6.1.3.2 Acid Gases

Table 6-38 presents the apparent concentrations of anions in fiue gas in the
three gas ducts associated with the boiler and ESPs. Table 6-39 gives the
corresponding concentrations of the acid gases that contain these anions (or, more
exactly, in the case of SO,, the sulfate produced by reaction in the sampling medium).
The following tabulation gives the expected concentrations based on the coal analysis
and the average observed concentrations at each location:

Concn, ppmv
HE HC) S0,  HPO,
Expected 15.2 80.1 2900 11.2
Observed, Unit 8 ESP inlet 15.5 67.7 2820 <3.0
Observed, Unit 8 ESP outlet 18.4 69.2 2820 <3.0
Observed, Unit 7 ESP outiet 16.4 72.2 2760 <29

For HF, HCI, and SO,, the agreement between expected and observed values
is excellent. Clearly, SO, as a gas must be the antecedent of the sulfate measured.
The agreement between the calculated values for HF and HCI signify that fluoride and
chloride also occur as the gaseous compounds, not as salts in the particulate matter.

For H,PO,, on the other hand, the agreement is much poorer, although it is
indefinite because of insufficient sensitivity in the measurement of phosphate. Not
more than 25% of the possible concentration of H,PO, actually occurred; moreover,
because of high recoveries of phosphorus as phosphate in particulate matter, it is
reasonabie to conclude that H,PO, was an inconsequential or even nonexistent
component of the flue gas.

For reasons to be discussed subsequently, sulfate was measured in the solids
entrained in the gas streams. The solid matter coliected on the filter of the acid gases
train was used for this purpose; the solids were exiracted with water and sulfate was
determined in the exiract. The results were as follows:

Concentration, wi%

Sept. 3 Sept. 4 Sept. §
inlet, Unit 8 ESP 4.8 5.9 4.5
QOutlet, Unit 8 ESP 39 48 16.6

Outiet, Unit 7 ESP 324 544 59.3
None of these concentrations in the solids represents a significant concentration of

S0, in the gas phase. Some of the results are quite unexpected, however, especially
the very high concentrations at the outiet of the Unit 7 ESP. Some elevation at an
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ESP outlet is plausible because of the decreased particle size and increased specific
particle surface area (sulfate is regarded as a surface constituent of ash in the main).
Clearly, the elevation at the outlet of the Unit 7 ESP is abnormal compared to that at
the outlet of the Unit 8 ESP, especially since the Unit 7 ESP was less efficient than the
Unit 8 ESP. Perhaps for reasons not known the ESP causes a higher degree of
conversion of SO, to SO, (or suifuric acid).
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Table 6-38

Anion Concentrations in Ducts
Adjacent to the ESPs
(Data in pg/Nm’)
9/3/93 9/4/93 9/5/93 Avg Std.dev.
Unit 8 ESP inlet
Fluoride 9890 15600 11300 12300 3000
Chloride 90800 107000 102000 99900 8300
Sulfate 11400000 11300000 11200000 11300000 100000
Phosphate <8800 <11900 <8500 <11900
Ugit 8 ESP outlet
Fluoride 11100 19200 13200 14500 4200
Chloride 87900 116000 103000 102000 14000
Sulfate 10600000 12300000 1000000 11000000 1100000
Phosphate <10300 <11700 <7600 <11700 -
Unit 7 ESP outlet
Fluoride 12400 14600 11800 12900 1500
Chloride 86600 127000 106000 106000 20000
Sulfate 10600000 11400000 11000000 11000000 4000000
Phosphate <10800 <11300 <9900 <11300 -
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Table 6-39

Acid Gas Concentrations in Ducts
Adjacent to the ESPs
(Data in ppimw)
9393 9/4/93 9/5/93 Avg. Std.dev.

Unit 8 ESP inlet

HF 12.5 19.7 14.4 15.5 3.7

HCl 61.5 72.8 68.8 67.7 5.7

SO, 2850 2820 2800 2820 25

H,PO, <22 <3.0 <22 <3.0 -
Unit 8 ESP outlet

HF 14.1 243 16.7 184 53

HCl 59.6 78.3 69.7 69.2 94

SO, 2640 3080 2740 | 2m0 230

H,PO, <26 <3.0 <19 <3.0 -
Unit 7 ESP outlet

HF 15.7 18.5 15.0 16.4 18

HCl 58.7 86.0 71.9 72.2 13.6

SO, 2650 2860 2760 2760 110

H,PO, <27 <29 <2.5 <29 --
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6.1.3.3 Ammonia and Hydrogen Cyanide

The concentrations of these two components of the gas phase in the three
sampling ducts adjacent to the ESPs are listed in Table 6-41. Each analyte is reported
in two units: pg/Nm® and ppmv. All of the data are from September 6; only one
sampling run was performed at each location. On this date, all injection of ammonia
had reportediy terminated.

Ammonia was measurable at the inlet of the Unit 8 ESP (0.06 ppmv) but not at
the outlet of this ESP. It was measurable at the outlet of the Unit 7 ESP, on the other
hand (0.03 ppmv). If, as NIPSCO reported, the injection of ammonia to treat the
problem of excess sulfuric acid vapor had been discontinued two days eartier, the
ammonia observed on September 6 presumably has to be attributed to boiler
operation.

Hydrogen cyanide, in contrast to ammonia, appeared at roughly the same
concentration (approximately 0.3 ppmv) at each site. This gas has to be considered a
product of boiler operation.

Ammonia was measured in selected samples of entrained solids as well as in
the gas phase. The filter solids from the acid gases train on September 3-5 (three
days in advance of the gas-phase sampling while ammonia injection was still in
progress) were extracted with water and the extracts analyzed for ammonia. The
analyses were performed by two methods: the electrochemical method based on the
ammonia-selective electrode and the colorimetric method. Both methods gave the
same rasult for each solid sample; the results are listed below (%), along with the
corresponding equivalent concentrations for the gas phase (ppmv):

Concentration, % (ppmv)

Sept. 3 Sept. 4 Sept. 5
Inlet solids, Unit 8 ESP 002(1.4 01 (0.7) <0.1 (<0.7)

Outlet solids, Unit 8 ESP  0.30 (0.016) 0.45 (0.025) 1.2 {0.13)
Outlet sofids, Unit 7 ESP 3.3 (2.5) 0.59 (0.45)  0.31 (0.24)

There is not necessarily any error in the apparent inconsistency between the
solid-phase and the calculated equivalent gas-phase data; the apparent inconsistency
is explained by the very large differences in concentrations of entrained particulate
matter at the three locations. The solid matter accounts for very little ammonia in
comparison with the reported injection level of about 15 ppmv on September 3 in both
Units 7 and 8 and again 15 ppm on September 4 in Unit 8 (see Table 3-6). The data
give little indication of the cessation of ammonia injection on September 5.
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Table 6-40
Ammonia and Sulfate Concentrations in Fly Ash
in Ducts Adjacent to the ESPs
(Concentrations in solids are given in %, comresponding
equivalent concentrations in the gas phase
are given in ppmv within parenthesis.}

9393 9/4/93 9/5/93
Inlet, Unit 8 ESP

NH,, % (ppmv) 0.02 (1.3) 0.01 (0.7) <0.01 (<0.7)

SO,?, % (ppmv) 4.8 (55) 59 (17 4.5 (61)
Outlet, Unit 8 ESP

NH;, % (ppmv) 0.30 (0.06) 0.45 (0.05) 1.2 (0.09)

SO % (ppmv) 3.9 (0.14) 4.8 (0.09) 15.6 (0.20)
Outlet, Unit 7 ESP

NH,, % (ppmv) 33 (2.5) 0.59 (0.4) 0.31 (0.4)

SO,2 % (ppmv) 32.4 (4.4) 54.4 (7.2) 59.3 (13.0)
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Table 6-41
Concentrations of Ammonia and Hydrogen Cyanide
in Ducts Adjacent to the ESPs
(September 6, 1993)

Concn, pgNw® | Concn, ppmv
NH, HCN NH, HCN
Iniet, Unit 8 ESP 41.0 340 0.058 0.31
Outlet, Unit 8 ESP <3.0 305 <0.007 027
Outlet, Unit 7 ESP 118 407 0.030 0.36

6-57



6.1.3.4 Carbonyl Compounds

The information presented here pertains to all three sampling ducts adjacent to
the ESPs. It is limited, however, to a single sampling day — September 6, 1993 — for
reasons already discussed.

Three carbonyl compounds were detected. The individual compounds and
their calculated concentrations are listed in Table 6-42. Formaldehyde was found at
the highest apparent concentration at each duct. Acetone was evidently present in
the ducts at Unit 8 but was evidently present at a lower concentration, or absent, at
the outlet of the Unit 7 ESP. Acetaidehyde followed the same pattern as acetone.

There is a serious question as to whether the carbonyl compounds can be
correctly measured with the sampiing train employed. This statement is made
because of the result of an experiment with a spiked sampling train. The usual
impingers containing the DNPH trapping reagent were employed; in addition,
downstream from the usual impingers, two spiked impingers were added in series.
Auditors from RTI injected 16 ug of formaldehyde into each of the extra impingers (the
amount was only disclosed to SRI several months later, after the impingers were all
analyzed). The sampling train with the spikes was actually used for sampling at the
stack, with the results described later in Section 6.3. The crux of the results, however,
is that no formaldehyde was found in the spiked impingers. The absence of the
spikes, or any detectable fraction, would seem to say that the actual concentration of
formaldehyde in a duct or stack may be much higher than is found. The mechanism
of loss of tormaldehyde in the experiment at Bailly is not known.
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Table 6-42

Concentrations of Carbonyl Compounds
in Ducts Adjacent to the ESPs
(September 6, 1993}
Mass Calculated
Streams collected, pg concn,’ pg/Nm®

Iniet, Unit 8 ESP

Formaldehyde 10.6 6.5

Acetaldehyde 14 0.3

Acetone 5.2 3.0
QOutlet, Unit 8 ESP

Formaldehyde 19.1 14.5

Acetaldehyde 1.3 0.3

Acetone 4.1 23
Outlet, Unit 7 ESP

Formaldehyde 11.6 8.4

Acetaldehyde <1.0 <10

Acetone <1.0 <1.0
Blanks

Formaldehyde 37,2514 --

Acetaldehyde 12, <1.0, <10 -

Acetone 14, <1.0,2.5 -

*Corrected for average blanks — 2.5 pg for formaldehyde, 1.0 pg for
acetaldehyde (estimated value), and 1.5 pg/ffor acetone.
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6.1.3.5 Volatile Organic Compounds

Presentation of the data from experiments on volatile organic compounds is
deferred to Appendix D. These data are not credibile, for reasons discussed in the
Appendix. Briefly stated, the hydrocarbons found are believed to be unlikely
components of the gas streams at Bailly — certainly unlikely at the concentrations that
are apparent from the analytical data. The anomalous high concentrations are
believed due to generation of the compounds from organic constituents in a heating
tape located within the annuilus of the sampling probes.

6.1.3.6 Semi-Volatile Organic Compounds

This class of compounds was sampled at all three duct locations adjacent to
the ESPs. in common with ali the other organics, however, sampling was limited to
just one day, September 6, 1993.

The samples from the Modified Method 5 sampling train — both front half
(principally the filter) and the back half {principally the XAD sorbent) — were examined
particularly for evidence of polycyclic aromatic hydrocarbons (PAHSs). There are 16 of
these compounds, listed below first in Column 1 and then in Column 2 in order of
increasing retention time during analysis by gas chromatography:

Naphthalene Benzo(a)anthracene
Acenaphthalene Chrysene
Acenaphthene Benzo(b)fluoranthene
Fluorene Benzo(k)fluoranthene
Phenanthrene Benzo(a)pyrene
Anthracene Indeno(t,2,3-cd)pyrene
Fluroanthene Dibenzo(a h)anthracene
Pyrene Benzo(g,h,i)perylene

The absence of these compounds in samples from each sampling location is a
plausible indication of their absence in the duct, since each compound was detected
in blind audit samples prepared by RTl. The amounts in the audit spikes
corresponded to levels corresponding to concentrations as low as 0.1 pg/Nm? in the
flue gas (see Table 6-20).

There were certain compounds detected other than those listed above. They
can be identified as artifacts, however, rather than as presumed components of the
flue gas. Generally, they are residues of impurities in the solvents used for sample
work-up or phthalate esters introduced from contaminated laboratory apparatus.

6.1.3.7 Dioxins and Furans
This class of compounds was sampled from the outlet of the Unit 7 ESP but
not from either duct adjacent to the Unit 8 ESP. Because only one sampling day was

involved (September 6, 1993), there are only two samples to be discussed — one
from the front half of the sampling train and one from the back half:
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Front half (particulate) — No compound having the characteristics of
any dioxin or furan with chlorine substituents at the 2, 3, 7, and 8
positions was detected. These are the compounds with particular
toxicity. Likewise, no compound with four, five, six, seven, or eight
chlorine constituents REGARDLESS of ring location was detected.

Back half (vapor) — Several compounds were detected, but the
significance of detection is ambiguous. All but one of the compounds
was detected in an amount BELOW the routine level used for confirmed
detection (the lowest amount used for calibration of the analytical
procedure). The resuits are listed in Table 6-43 beside the normal
reporting level (all data are in picograms). Formally speaking, only one
specific compound can be reported present; this is the 1,2,3,4,6,7 8-
substituted furan. Also, with substituent locations ignored, only two
groups of compounds can be reported present; these are the tetra-
substituted dioxins and the hexa-substituted furans. The improbably of
finding dioxins and furans in the vapor state when none was found in
the particulate state essentially eliminates any creditability of compound
detection in the vapor state.



Table 6-43

Dioxins and Furans identified
as Vapor-Phase Fractions at the
Outlet of the Unit 7 ESP

Compounds with 2,3,7,8-Substitution

Substituent Individual Amount Reporting
group compound found, pg level, pg
Tetra None 20
20
Penta 1,2,3,7,8-PeCDF 2 100
2,3,4,7,8-PeCDF 6 100
Hexa 1,2,3,4,7,8-HxCDF 20 100
1,2,3,7,89-HxCDF 7 100
2,3,4,6,7,8-HxCDF 40 100
Hepta 1,2,3,4,6,7,8-HpCDF 218 100
1,2,3,4,7,8,9-HpCDF 51 100
Octa OCDF 184 200
OCDD 123 200
All Compounds
Substituent Compound Amount Reporting
group type found, pg | level, pg
Tetra Furans 18 20
Dioxins 42 20
Penta Furans 22 100
Dioxins 15 100
Hexa Furans 139 100
Dioxins 69 100
Hepta Furans 22 100
Dioxins 68 100
Octa Furans 184 200
Dioxins 123 200
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6.2 Scrubber
6.2.1 Solids

Tables 6-44 and 6-45 give the concentrations of metals and anions in the two
solids associated with the scrubber: 1) the limestone feed and 2) the gypsum product.
The analyses of these materials required certain auxiliary procedures to correct for
obvious errors encountered by the ordinary procedures cited previously in this report:

» The calcium concentrations averaging 38.1% for the limestone
were obtained by dissoiving the material in hydrochloric acid and
determining calcium by flame injection AAS. The results
originally obtained, by sample digestion with the mixed acids in
the microwave oven and subsequent analysis by ICP, averaged
47.4%, which is clearly higher than expected. The formuia value
for CaCO, is 40.1%.

« All four of the major metals in the gypsum were redetermined by
sample digestion according to ASTM method and solution
analysis by flame injection AAS. The average result for calcium
by this method was 25.2%, in reasonable agreement with the
formula value of 23.3% for CaSO,- 2H,0. Owing to incomplete
dissolution of the samples in the microwave procedure, ICP
yielded values below 10%.

In addition to calcium, two other components of these two solids can be
checked by the analyses performed. One of these is carbon in limestone. The data
from CHN analyses are presented in Table 6-46. For limestone, the carbon
concentration is 12.1%, in satisfactory agreement with the formula vaiue of 12.0% for
CaCO,. The other constituent that can be checked is sulfate in gypsum. The average
result is 56.8%; the formula value is 55.8%.

The anions listed in the analytical tables are the four species customarily
determined in the Bailly samples. Sulfite was another species determined in the
gypsum because of the uncertainty that oxidation of sulfite to sulfate would be
complete. The analytical results showed that the sulfite concentration in the gypsum
was negligible; whereas the sulfate concentration was approximately 56%, the sulfite
concentration was about 0.5%. This sulfite level was not established clearly; the
actual sulfite level may have been less than that stated.

The average concentration of carbon in the gypsum was 0.34%. [f this is
assumed to be a residue of carbonate from the original limestone, the apparent
residue of limestone is about 3% by weight in the gypsum. The slight excess of
sulfate over that calculated from the formula for gypsum, however, suggests that there
cannot be this much residual limestone present. Hydrogen found in the gypsum may
be explained as a component of the water of hydration. Nitrogen is not significant in
either limestone or gypsum.



The activities of radionuclides in the limestone and gypsum are shown in
Table 6-47. The activities are generally too low to be significant.

The average concentration of mercury in the gypsum, 0.25 ug/g, is of particular
interest because gypsum seems to be the primary form of disposal of mercury
removed from the flue gas in the scrubber. As later data will show, the mercury
removed in the scrubber represents about 50% of the mercury in the flue gas at the
scrubber inlet or about 33% of the mercury supplied by the coal. The comparative
levels of mercury in the coal and gypsum and their relative flow rates indicate that the
gypsum contains about 33% of the mercury from the coal. Thus, the loss of mercury
to the scrubber is balanced by the appearance of mercury in the gypsum.

As indicated later by data on material balance (Table 7-23), closures for the
AFGD system based on the trace metal concentrations in Tables 6-44 and 6-45 were
quite unsatisfactory in some instances. Some of the poor closures are illusory, in the
sense that they depend on assumed concentrations that were set at one-haif of the
detection limits. Most of the poor closures seemed attributable to doubtful results for
the limestone and gypsum. Thus, in an effort to obtain improved closures, composites
of the limestone and the gypsum for the three test days (9/3, 9/4, and 9/5} were
submitted to Galbraith Laboratories for independent analyses by ICP and related AAS
methods. The results from Galbraith are listed beiow:

Concentrations, pg/g

Limestone Gypsum
Antimony <1.0 <1.0
Arsenic 1.5 <1.0
Barium 1.0 1.0
Beryllium <1.0 <1.0
Boron 5.9 19.1
Cadmium <1.0 <1.0
Chromium <1.0 1.0
Cobalt <1.0 <1.0
Copper 1.2 <1.0
Lead 1.2 1.0
Manganese 45.9 5.1
Mercury <0.04 0.20
Molybdenum <1.0 <1.0
Nickel 1.7 1.2
Selenium <2.4 39
Vanadium 2.4 2.0

Boron is one of the metals for which major differences exist between the analytical
results above and those in Tables 6.44 and 6.45. Other metals have less obvious
differences, but the effects on closures are still dramatic.



Table 6-44

Metal and Anion Concentrations in the Limestone

(Data are in ug/g)
9/3/93 9/4/93 9/5/93 Average Std.dev.

Trace metals
Antimony 1.87 0.642 0.456 0.989 0.768
Arsenic 0.292 0.260 0.327 0.293 0.034
Barium 1.30 1.48 1.36 1.38 0.095
Beryllium <0.008 <0.008 <0.008 <{.008 --
Boron 145 105 138 129 21
Cadmium <(.005 <0.005 0.097 <0.097 -
Chromium 0.563 0.636 0.613 0.604 0.037
Cobalt 0.390 0.302 0.149 I 0.280 0.122
Copper 2.23 2.33 2.26 N 2.27 0.05
Lead <(.125 <0.125 <0.125 " <0.125 --
Manganese 712 67.9 69.1 69.4 171
Mercury <(.002 <0.002 <0,002 <0.002 -
Molybdenum 0.785 0.198 0.104 0.362 0.369
Nickel 2.63 2.46 2.60 " 2.56 0.091
Selenium <(.10 <0.10 <0.10 «<0.10 -~
Vanadium 3.62 3.64 3.64 l 3.63 0.01
Major metals
Aluminum 4160 4150 3050 3790 638
Calcium® 380000 380000 382000 H 381000 1150
Iron 811 751 735 766 40

| Magnesium 3570 3460 3430 ﬂ 3490 72
Titanium 13.3 15.4 14.7 I 14.5 1.1
Anions
Fluoride <400 <400 <400 ﬁ <400 -
Chloride 967 460 2030 I 1150 800
Sulfate 4470 1870 9200 5180 3720
Phosphate <1000 <1000 <1000 ﬂ <1000 -

*The true value is 401,000 ug/g.
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Table 645
Metal and Anion Concentrations in Gypsum

(Data are in ug/g)

9393 9/4/93 95/93 Avenage Std.dev.
Trace metals
Antimony 0.29 0.33 0.78 0.47 0.27
Arsenic 1.60 1.71 1.60 1.64 0.06
Barium 1.38 1.19 0.99 1.18 0.19
Beryllium 0.41 0.41 0.40 0.41 0.01
Boron 387 408 287 361 65
.Cadmium <0.020 <0.020 <0.020 <0.020 --
Chromium 80.2 13.9 12.6 35.6 38.7
Cobalt <0.30 <().30 <0.30 <0.30 --
Copper 0.95 0.18 0.17 0.43 0.45
Lead <0.50 <0.50 <0.50 <(0.50 -
Manganese 7.43 5.38 5.35 6.05 1.19
Mercury 0.24 0.25 0.25 0.25 0.01
Molybdenum 12.5 1.8 2.0 5.4 6.1
Nickel 320 7.3 12.2 17.2 13.1
Selenium 4.14 3.98 4.42 4.18 0.22
Vanadium 2.36 1.92 2.06 2.11 0.22
Major metals
Aluminum 4500 5500 6700 5600 1100
Calcium* 284000 281000 290000 285000 4600
Iron 615 716 805 712 95
Magnesium 988 976 870 M5 65
Titanium 24.2 283 42.6 31.7 9.7
Anions
Fluoride 600 600 800 670 120
Chloride 1300 134 504 650 600
Sulfate® 563000 568000 572000 568000 4500
Phosphate <1000 <1000 <1000 <1000 -

“The true values for CaSO,+2H,0 are: Calcium, 232000; sulfate, 558000 ug/g.




Table 6486

Carbon/Hydrogen/Nitrogen Analysis
of Limestone and Gypsum
9/3/93 9/4/93 9/5/93 Avg. Std.dev.
Limestone
Carbon % 12.09 12.10 12.12 12.10 0.02
Hydrogen % <0.1 <0.1 <0.1 <0.1 -
Nitrogen % <0.1 <0.1 <0.1 <0.1 -
Gypsum
Carbon % 0.26 0.34 0.42 0.34 0.08
Hydrogen % 0.88 1.0t 1.19 1.03 0.16
Nitrogen % <(.1 <0.1 <0.1 <0.1 -




Table 647 Activities of Radionuclides"

in the Limestone and Gypsum
(All data in pCi/g)
9393 | 9493 953
Activity | Bmor | LLD || Activity | Eror | LLD | Activity | Brror | LLD
Limestone “
Lead 210 17 0.8 L1 1.4 0.7 1.1 F 1.8 0.8 L1
Potonium 210 0.9 0.4 0.4 1.1 0.4 0.3 0.9 04 0.2
Radium 226 1.5 06 | 06 09 05 | 06 1.0 05| 06
228 0.1 1.4 24 08 1.5 24 55 1.7 24
Thorium 228 02 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.2
230 1.3 03 0.4 12 03 0.3 1.5 03 03
232 ND 0.1 01 ] o1 0.1 0.1 ' 0.2 0.1 0.1
Uranium 234 1.2 04 0.2 0.5 0.3 0.2 ” 0.4 0.2 03
235 0.1 0.2 0.2 0.1 0.1 0.3 ND 0.1 0.2
238 1.3 0.5 0.1 1.2 0.5 0.3 03 0.3 0.3
Total 1.7 - - 1.7 - - 1.9 - -
e N
Lead 210 1.2 0.7 1.1 14 0.7 1.1 1.0 0.7 1.1
Polonium 210 0.5 0.3 0.3 0.7 0.3 04 n 0.5 0.4 0.4
Radium 226 0.1 04 0.6 0.6 0.5 06 § 03 0.4 0.6
228 0.7 1.7 2.8 1.4 1.5 24 0.8 1.4 2.4
Thorium 228 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.1 0.2
230 0.8 03 0.4 0.7 0.3 0.4 0.9 0.3 0.4
232 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.1 02
Uraninm 234 1.1 04 0.2 0.7 03 0.3 0.6 03 0.3
235 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2
238 0.9 0.3 0.2 0.4 0.2 0.2 0.5 0.2 0.2
Total 0.8 - - 0.8 - - 1.0 - -

*See footnote on Table 6-4, page 6-7, for definitions of terms.
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6.2.2 Water Streams

There are four aqueous streams associated with the scrubber:
Makeup water
Absorber recirculating pump slurry
Bleed pump slurry
Waste water

The first and last of the streams listed above contained negligible amounts of
suspended solids; thus, they were analyzed only for dissolved metals and anions.
The two slurries contained 22-23% solids by weight. The solids and aqueous phases
of each were separated and analyzed for metals and anions; the compositions of the
composites were then calculated. All of these data are presented in Tables 6-48
through 6.55.

The solids in the slurries were expected to be essentially gypsum. This
expectation was satisfied by the measured concentrations of calcium and sulfate,
which were essentially the same as for the gypsum product (Table 6-45). The mercury
concentrations in all three materials were nearly the same, as they should have been;
the range was 0.25-0.30 pg/g. Sulfite was a negligibie component of the slurry solids,
just as it was in the gypsum product.

Table 6-56 gives the measured concentrations of carbonyl compounds in the
water streams. The concentrations in the makeup water are about the same as those
in the condenser iniet water for the boiler but substantially higher than those in the
makeup water for the boiler.

The concentrations in the slurries and the waste water are higher than those of the
scrubber makeup water.

Concentrations of volatile and semivolatile organic compounds were also
measured in the water. The results were similar 1o the results for water streams at the
boiler. In summary, the resuits were variable and logically attributed to artifacts, such
as contaminants introduced inadvertently.



Daily Metal and Anion Concentrations

Table 6-48

in Scrubber Makeup Water
(Data in pg/ml)

9393 9/4/93 9/5/93
Trace metals
Antimony <0.0006 <0.0006 <0.0006
Arsenic <(0.0003 <0.0003 <0.0003
Barium 0.0162 0.0194 0.0189
Beryllium <0.0005 <0.0005 <0.0005
Boron <(.0625 <0.0625 <0.0625
Cadmium 0.0009 0.0010 0.0018
Chromium <0.006 <0.006 <0.006
Cobalt «<(.002 <0.002 0.0037
Copper 0.0057 0.0058 0.0046
Lead <0.005 <0.005 <0.005
Manganese 0.0027 <0.0125 <0.0125
Mercury 0.00009 0.00011 0.00009
Molybdenum <0.006 0.0660 <0.006
Nickel <0.010 0.0053 <0.010
Selenium <0.0006 <0.0006 0.0032
Vanadium <0.003 <0.003 <0.003
Major mctals
Aluminum <0.10 <0.10 <0.10
Calcium 17.7 17.4 18.0
Iron <0.10 <90.10 <0.10
Magnesium 10.94 11.35 11.28
Titanium <0.10 <0.10 <0.10
Anions
Fluoride <0.4 <0.4 <0.4
Chloride 11.32 12.14 12.13
Sulfate 23.36 24.30 24.38
Phosphate <0.50 <0.50 <0.50
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Table 6-49

Daily Metal and Anion Concentrations in the Liquid Phase

of the Absorber Recirculating Pump Slurry

(Data in pg/mL)

9393 9/4/93 9/5/93
Trace metals
Antimony 0.0070 0.018 0.0058
Arsenic 0.0061 0.0062 0.0062
Barium 0.207 0.256 0.240
Beryilium 0.00085 0.0006 <0.0005
Boron 974 1001 1059
Cadmiym 0.0483 0.0513 0.0050
Chromium «<0.006 0.0558 0.0061
Cobalt 0.0905 0.0917 0.0961
Coppet 0.0090 0.0102 0.0082
Lead 0.0059 <0.005 <(.005
Manganese 52.9 56.0 599
Mercury 0.00018 0.00013 0.00032
Molybdenum 0.138 0.165 0.192
Nickel (.884 0.876 0.946
Selenium 0.304 0.378 0.371
Vanadium <0.003 <0.003 0.0056
Major metals
Aluminum 0.146 0,222 <0.10
Calcium 1904 2042 1746
Iron <0.10 <010 <(.10
Magnesium 2370 2281 2305
Titanium <0.10 <0.10 <0.10
Anions
Fluoride 15.2 15.2 12.1
Chloride 6047 6010 6716
Sulfate 2270 2216 2122
Phosphate <250 <25.0 <25.0
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Table 6-50

Daily Metal and Anion Concentrations in
the Liquid Phase of the Bleed Pump Slurry

(Data in pg/mL)

9/3/93 9/4/93 9/5/93
Trace metals
Antimony 0.005 0.0048 0.0044
Arsenic 0.0066 0.0062 0.0068
Barium 0.2261 0.2329 0.2604
Beryllium 0.00053 <0.0005 - <0.0005
Boron 1024 1033 1062
Cadmium 0.0438 0.0444 0.0449
Chromium <0.006 0.0042 <0.006
Cobalt 0.1072 0.0911 0.1006
Copper 0.0126 0.0124 0.0133
Lead <{.005 <(.005 <0.005
Manganese 59.9 57.0 60.0
Mercury (.00035 0.00020 0.00029
Molybdenum 0.144 0.140 0.174
Nickel 0.9242 0.8922 0.9152
Selenium 0.355 0.354 0.461
Vanadium <0.003 0.0047 0.0072
Major metals
Aluminum 0.156 <{.10 <(.10
Calcium 2124 2081 2248
Iron 0.243 <0.10 0.236
Magnesium 2339 2259 2233
Titanium <0.10 <0.10 <0.10
Anions
Fluoride 14.0 14.2 11.7
Chloride 6018 6238 6707
Sulfate 2226 2189 1682
Phosphate <25.0 <25.0 <25.0
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Table 6-51
Daily Metal and Anion Concentrations

in the Scrubber Waste Water
(Data in pg/ml)
9/3/93 9/4/93 9/5/93
Trace metals
Antimony 0.0063 0.0053 0.0069
Arsenic 0.013 0.011 0.010
Barium 0.204 0.257 0.1614
Beryllivm <0.0005 <(.0005 <0.0005
Boron 58.8 863 891
Cadmium 0.039 0.0386 0.0325
Chromium 0.0082 <0.006 <0.006
Cobalt 0.0657 0.0840 0.0939
Copper 0.0086 0.0089 0.0077
Lead <0.005 <0.005 <0.005
Manganese 40.3 42.5 44.8
Mercury 0.00034 0.00042 0.00026
Molybdenum 0.121 0.1177 0.1233
Nickel 0.697 (.7359 0.7767
Selenium 0.283 0.296 0.345
Vanadium 0.0095 0.0126 0.0142
Major metals
Aluminum 0.225 0.185 0.229
Calcium 1746 2010 2192
Iron 0.193 0.121 0.220
| Magnesium 1304 1521 1579
Titanium <0.10 <0.10 <0.10
Anions
Fluoride 16.6 16.0 15.8
Chloride 4706 4878 5165
Sulfate 2292 2300 2234
Phosphate <10.0 <10.0 «<10.0
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Table 6-52 Average Metal and Anion Concentrations
in Water Streams Associated with the Scrubber

(Data in ug/ml)

Makeup ARP slurry BP slarry Waste water
Trace metals
Antimony <0.0006 0.0103 0.0048 0.0062
Arsenic <0.0003 0.0062 0.0065 0.0113
Barium 0.0182 0.2343 0.2398 0.2075
Beryllium <0.0005 0.0007* <0.0005* <0.0005
Boron <0.062 101 1040 605
Cadmium 0.0012 0.0349 0.0444 0.0367
Chromium <0.0061 0.031" <0.006* <0.006"
Cobalt <0.002* 0.0928 0.0996 0.0812
Copper 0.0054 0.0091 0.0128 0.0084
Lead <0.0005 <0.0005* <0.0005 <0.0005
Manganese <0.012 56.3 59.0 42.5
Mercury 0.0001 0.0002 0.0003 0.0003
Molybdenum <0.006" 0.1650 0.1527 0.1207
Nickel <0.010" 0.9020 0.9105 0.7365
Selenium <0.0006" 0.3510 0.3900 - 0.3080
Vanadium <0.003 <0.003" 0.0040 0.0121
Major metals
Aluminum <0.10 0.184 <0.10° 0.2130
Calcium 17.7 1500 2150 1980
Iron <0.10 <0.10 0.240¢ 0.178
Magnesium 11.19 2320 2240 1470
Titanium <0.010 <0.10 <0.10 <0.10
Anions
F- <0.40 14.2 133 16.1
Ci- 119 6260 6320 4920
80, 240 2200 2030 2280
PO,? <0.50 <0.50 <0.50 <0.50

*Based on two daily values, not three.
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Table 6-53

Metal and Anion Concentrations in Solids from

the Absorber Recirculating Pump Slurry

(Data are in ug/g)

9393 9/4/93 9593 Avenage Std.dev.
Trace metals
Antimony 0.37 0.27 0.29 0.31 0.05
Arsenic 1.26 0.51 0.60 0.79 0.41
Barium 1.72 2.95 3.07 2.58 0.75
Beryllivm <0.03 <0.03 <0.03 <0.03 -
Boron 124 135 139 133 8
Cadmium <(.02 <0.02 <(.02 <{.02 -
Chromium 0.778 1.496 0.504 0.926 0.51
Cobalt <(0.30 <0.30 <{.30 <0.3 -
Copper 0.62 1.40 1.00 1.01 0.39
Lead «(.50 <0.50 <0.50 <0.50 -
Manganese 6.95 15.00 11.69 11.21 4.05
Mercury 0.25 0.27 0.33 0.28 0.04
Molybdenum <0.50 1.34 - <0.50 <1.34 --
Nickel 1.79 3.05 2.75 2.53 0.66
Selenium 4.68 7.06 8.89 6.88 2.11
Vanadium 2.50 5.14 4.17 3.94 134
Major metals
Aluminum 764 695 914 790 112
Calcium 278000 282000 289000 283000 5600
Iron 716 826 1160 901 231
Magnesium 1050 1220 1720 1330 348
Titanium 36.5 72.0 322 46.9 21.9
Anions
Fluoride 600 800 1000 800 200
Chloride <100 <100 <100 <100 --
Sulfate 547,000 544,000 543,000 545,000 2100
Phosphate <1000 <1000 <1000 <1000 --
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Table 6-54
Metal and Anion Concentrations in Solids from the Bleed Pump Slurry

(Data are in ug/g)

9/3/93 9/4/93 9/5/93 Average Std.dev.
Trace metals
Antimony 0.31 0.25 0.37 0.31 0.06
Arsenic 0.92 0.46 0.59 0.66 0.24
Barium 247 1.94 3.09 2.50 0.57
Beryllium <0.03 <0.03 <0.03 <0.03 -
Boren 117 129 137 128 10.07
Cadmium <0.02 <0.02 <0.02 <0.02 -
Chromium 1.44 1.11 1.91 1.49 0.40
Cobalt <0.30 <0.30 0.304 <0.30 -
Copper 1.21 0.65 1.24 1.04 0.33
Lead <0.50 <0.50 <0.50 <0.50 -
Manganese 8.68 8.06 11.46 9.40 1.81
Mercury 0.27 0.25 0.37 0.30 0.06
Molybdenum <0.50 <0.50 <0.50 <0.50 -
Nickel 2.07 1.95 3.07 2.36 0.62
Selenium 5.43 4.82 9.34 6.53 2.45
Vanadium 3134 2.78 4.45 3.53 0.85
Major metals
Aluminum 442 738 755 . 645 176
Calcium 284000 278000 284000 282000 3465
Iron 721 820 879 807 80
Magnesium 1060 1150 1860 1360 440
Titanium 40.8 30.2 37.9 36.3 5.5
Anions
Fluoride 600 600 1000 730 230
Chloride 158 <100 598 <285 -
Sulfate 526,000 531,000 545,000 534,000 9800
Phosphate <1000 <1000 <1000 <1000 --
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Table 6-55
Compasite Concentrations of Metals and Anions in the
Absorber Recirculating Pump and Bleed Pump Shuries®

(Data in ug/g)
ARP slurty BP slurry

Trace metals
Antimony 0.0776 0.0786
Arsenic 0.181 0.165
Barium 0.757 0.790
Beryllium <0,0071 <0.0077
Boron 815 817
Cadmium <0.032 0.038
Chromium 0.222 0.363
Cobalt <0.14 0.0753
Copper 0.231 0.262
Lead <0.11 <0.12
Manganese 46.2 46,9
Mercury 0.0630 0.0724
Molybdenum 0.128 <0.237
Nickel 1.26 1.26
Selenium 1.81 189
Vanadium 0.880 0.863
Major metals
Aluminum 1030 1070
Calcivm 64600 70400
Iron 201 197

| Magnesium 2100 2050
Titanium 10.5 885
Anions
Fluoride 189 189
Chloride 4860 6320
Sulfate 123000 132000
Phosphate <220 <240

*Calculated from proportions of solids and liquid and average
concentrations in each: ARP slurry, 22.3% solids and 77.7% liquid;
BP slurry, 24.4% solids and 75.6% liquid.
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Table 6-56

Carbonyl Compounds
in Water Streams Associated with the Scrubber

(September 6, 1993)

Stream Conca, ug/L

Makeup

Formaldehyde 116

Acetaldehyde <5

Acetone 31
Absorber recirculating
pump slurry

Formaldehyde n

Acetaldehyde 46

Acetone 87
Bleed pump slurry

Formaldehyde 185

Acetaldehyde 65

Acetone 26
Waste water

Formaldehyde 198

Acetaldehyde 23

Acetone 99
Blanks

Formaldehyde 14-57*

Acetaldehyde <5

Acetone <5

*Range of values.
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6.3 Stack Gas Stream
6.3.1 Metals

Metal concentrations in the stack are given in Tables 6-57 through 6-60.
Attention may be focused on the last two of these tables, which give average
concentrations for the three days of testing. Table 6-60 presents the averages in
pQ/Nm?; Table 6-61 gives the averages in ug/g where, as in similar tables earlier, the
numerator counts both particulate and vaporous forms of the metals and the
denominator counts only the total particulate matter.

Mercury concentrations based on sampling with solid sorbents are presented
saparately in Table 6-62. These data for mercury are believed to be more reliable than
the data for this element in the preceding tabies, which were based on samples from
Method 29. Table 6-62 includes the resuits of calculations to show the degree of
mercury removal in the scrubber. The average in three days of sampling was about
50% of that entering the scrubber from the combination of ducts leaving the Units 7
and 8 ESPs. Apparently, the mercury removed was mainly that occurring in the
divalent form; this is logical, since divalent mercury, especially in the form of HgCl,, is
readily dissoived in water, whereas elemental mercury is not.

Nearly all of the metals concentrations expressed in pg/Nm® are lower than the
corresponding values at either ESP outlet. This fact, of course, implies some degree
of removal of all metals in the scrubber. The exceptions are intermediate
concentrations for antimony, manganese, and selenium for the stack; these exceptions
are believed to be due to spurious data at one of the three locations of concern. The
spray-chamber type of scrubber at Bailly is not expected to be highly efficient for
particulate removal; nevertheless, it is not likely to vary in effectiveness for different
metals except through discriminating between the forms in the particulate matter and
the vapor phase.

Approximate values of the fractional penetrations of the scrubber efficiencies
may be caiculated by dividing the stack concentrations of individuai metals by the
average ESP outlet concentrations, where the average ESP outlet value is two-thirds of
the Unit 8 outlet concentration plus one-third of the Unit 7 outlet concentration. (Unit 8
has approximately twice the gas flow of Unit 7.) The discrimination between an
element that is present mainly in the particulate matter (barium) and one present
mainly as vapor (boron) can thus be illustrated:

Barium — Penetration = 1.43/{{0.667(2.10) + 0.333(0.416)] = 0.40
Efficiency = 60%

Boron — Penetration = 1230/[0.667(13600) + 0.333(13300)] = 0.091
Efficiency = 90.9%

For mercury (utilizing the data from Brooks Rand in Table 6-62), the efficiency

is about 50%. The impiied reason for limited efficiency is that only part of the mercury
is oxidized (divalent) and thus soluble in the aqueous phase of the scrubber.
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For selenium, there is an anomaly: the calculated efficiency is negative; the
stack concentration is 1.14 times the average ESP outlet concentration. The daily

average selenium concentrations (ug/Nm?) in the three locations of concern are as
follows:

Particulate Vapor Total
Unit 8 outlet 1.82 169 171
Unit 7 outlet 72 274 347
Stack 13N 130 261

The stack particulate concentration is, in a sense, "impossibie;" it is higher than either
ESP outlet concentration. The lower gas temperature in the stack, however, makes

conversion of vapor to particulate likely, and this tentative effort to find the flawed item
of data may be misleading.



6.3.2 Anions and Acid Gases

Data on these species for the gas phase in the stack appear in Table 6-63.
They reveal sharp reductions in the concentrations of HF, HCI, and SO, from the ieveis
seen at the outlets of the ESPs. if a composite concentration of each of these gases
at the inlet of the ESP is caiculated (the average of twice the Unit 8 outiet value and
one times the Unit 7 ESP, since the gas flows are essentially in a 2:1 ralio), the data in
Table 6-63 lead to caicuiated acid gas removals in the scrubber as foliows:

Gas Removal, %
HF 96
HCI a9
SO, 93

Phosphate was not measurable in the stack gas. This is not a result of any
significance, since phosphate was never found as the constituent of the gas phase in
the preceding ducts.

Sulfate was measured in the particulate phase of the stack gas. The results
were as follows:

Date §0,% %
Sept. 3 72.6
Sept. 4 75.6
Sept. 5 73.6

These data suggest that only about 25% of the particulate matter in the stack was fly
ash from the two boilers and that 75% was suffate entrained from the scrubber. A
tentative conclusion, to be moderated somewhat in a later paragraph, embraces the
following concepts: '

« Caicium represents, on the average, 1.1% of the stack particulate.
Some of this is in the ash; the balance may be considered to be
gypsum from the scrubber. The gypsum content of the stack
particulate cannot exceed 4.7% (the mole formula of gypsum
weighs 172 g; that of calcium is 40 g and the ratio is 4.3).

« The average concentration of stack particulate was 0.0543 g/Nm”.
If 75% of this were sulfate from condensed sulfuric acid vapor, the
original concentration of sulfuric acid, or SO,, would be 10 ppmv,
a level that is easily consistent with the composition of
combustion gas from a coal containing 3% sulfur. Certainly, if the
gas preceding the scrubber contained 10 ppmv sulfuric acid, the
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cooler gas at the outlet would necessarily contain that
concentration as the condensate, probably in the form of fine
aerosol particles.

Thus, the tentative argument that 75% of the mass of the stack particulate is a
contribution from the scrubber can be supported to a minor degree in terms of
entrained gypsum but entirely in terms of condensed sulfuric acid vapor. This
conclusion must be tempered, however, for two reasons:

» The particulate matter at the outlet of the Unit 7 ESP contained,
- for no evident reason, about 50% sulfate, as indicated previously
in Section 6.1.3.2. Thus, not all of the sulfate in the stack can be
traced to the scrubber.

« The variability of the observed concentrations of stack particulate
matter undermines confidence in the conclusion above that is
based on the average stack concentration of particulate matter,
On successive days, the concentrations were 0.0270, 0.0543, and
0.0815 g/Nm?, of which 75% would correspond to sulfuric acid
concentrations of 5, 10, 15 ppmv. It is not possible to say why
variable concentrations of sulfuric acid might be expected, unless
the trend toward higher particulate concentrations is a result ot
decreasing rates of ammonia injection.
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6.3.3 Am ia and Hydr anide

These gases were measured only on September 6. Their observed
concentrations in the stack were as follows;

Ammonia 20.2 pg/Nm®, equivalent to
0.029 ppmv of NH,
Hydrogen cyanide 15.6 ug/Nm®, equivalent to

0.014 ppmv as HCN

The concentration of NH, is not consistent with both of the ESP outlet
concentrations, which were <0.007 ppmv in Unit 8 and 0.030 ppmv in Unit 7.
Aithough NH; is a basic gas and might be expected to pass through a limestone
scrubber without being absorbed, NH, is solubie at the pH levels observed in the
waste water (around pH 6.9).

The concentration of HCN above is less than the values at the ESP outlets —
0.27 ppmv in Unit 8 and 0.36 ppmv in Unit 7. Logically, HCN should be removed in a
limestone scrubber, but with a scrubber pH of 6.9 the removal may be inefficient, as
the data suggest.

The particulate in the stack, as well as the flue gas, was analyzed for ammonia.
This, however, was done on September 3, 4, and 5, prior to the determination in the
gas phase, when there was the expectation initially that ammonia was being injected
from the conditioning system. The ammonia concentrations in the solid on the three
successive dates were 2.2, 1.1, and 0.27%, corresponding to gas-phase
concentrations of 0.84, 0.84, and 0.31 ppmv. The trend was downward, during the
period when ammonia injection was terminated.
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6.3.4 Organic Compounds

The findings with respect to organic compounds, each class being sampled
only on September 6, are as follows:

« The data for carbonyl compounds are given in Table 6-64,

« The data for volatile organics in the stack, as in the preceding
ducts, are believed to be erroneous, as discussed in Appendix D.

« No semi-volatile compound believed to be an authentic
component of the gas stream was identified. Those compounds
that were detected were similar to those detected in the
preceding ducts and were regarded similarly as artifacts.

» A few dioxins and furans were detected in particulate fractions of
samples from the stack. The names of the detected compounds
with 2,3,7,8 substitution, their apparent concentrations, and (in
parentheses} the lowest concentrations believed to be reliably
identifiable are listed below:

Compound Concn, pg/Nm*®
1,2,3,4,7,8-HXCDF 2 (23)
2.3,4.6,7,8-HxCOF 3 (23)
1,2,3,4,6,7,8-HpCDF 13 (23)
1,2,3,4,6,7,8-HpCDD 4 (23)
0CDD 7 (45)

The corresponding resuits for all compounds with a given number of
constituents were as follows:

TCDF 1 (45)
HxCOF 14 (29)
'HxCDD 7 (23)
HpCOF 22 (23)
HpCDD 8 (23)
OCDD 7 (45)
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Table 6-57 ,
Metal Concentrations in the Gas Stream at the Stack
(September 3, 1993)

(Data in xg/Nm°)
(All data here by Method 29)
Particulate Vapor Total
Trace metals
Antimony 0.02 1.01 1.04
Arsenic 3.50 1.68 5.18
Barium 1.89 <0.20 1.99
Beryllium 0.14 <0.01 0.14
Boron <0.2 944 944
Cadmium 0.63 0.16 0.79
Chromium 4.13 0.27 4.40
Cobalt 0.11 <0.10 0.16
Copper 2.74 1.32 4.06
Lead 3.05 0.47 3.52
Manganese 297 <0.40 317
Mercury* <0.01 0.14/3.14 3.28
Molybdenum 4.80 <0.20 4.90
Nickel 1.90 0.17 2.07
Selenium 131 43.0 174
Vanadium 4.64 0.03 4.67
Major metals

Aluminum 154 6.41 161
Calcium 570 14.1 584
Iron 330 27.5 358
Magnesium 112 2.20 114
Titanium 244 <0.2 24.5

*The column for vapor gives separate data from peroxide
and permanganate impingers.




Table 6-58
Metal Concentrations in the Gas Stream at the Stack
(September 4, 1993)

(Data in ug/Nm’)
(All data here by Method 29)
Particulate Vapor Total
Trace metals
Antimony <0.05 0.07 0.09
Arsenic 0.40 0.17 0.57
Barium 1.26 <0.20 136
Berytiium 0.07 <0.01 0.07
Boron <02 1150 1150
Cadmium 0.32 0.06 0.38
Chromium 3.17 0.14 331
Cobalt 0.09 <0.10 0.09
Copper 0.84 0.33 1.17
Lead 1.53 <0.25 1.65
Manganese 3.19 <(.40 3.19
Mercury* 0.01 0.16/2.37 2.54
Molybdenum 4.12 <0.20 422
Nickel 1.16 1.72 2.88
Selenium 69.9 124 193
Vanadium 353 0.08 3.61
Major metals

Aluminum 130 542 136
Calcium 593 6.33 600
Iron 256 270 283
Magnesium 107 111 108
Titanium 20.6 0.72 21.3

*The column for vapor gives separate data from peroxide
and permanganate impingers.
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Table 6-59
Metal Concentrations in the Gas Stream at
the Stack (September 5, 1993)

(Data in ug/Nm”)
(All data here by Method 29)
Particulate Vapor Total
Trace metals
Antimony <0.05 0.01 0.03
Arsenic 0.40 <0.05 0.42
Barium 197 <0.20 2.07
Beryllium <0.10 <0.10 |- <010
Boron <0.2 1600 1600
Cadmium 0.28 0.26 0.54
Chromium 3.25 0.13 338
Cobalt 0.09 <0.10 0.14
Copper 1.10 0.67 1.77
Lead 1.09 0.25 1.34
Manganese 2.68 <0.40 2.88
Mercury' 0.01 0.13/2.43 2.57
Molybdenum 4.63 <0.20 473
Nickel 1.84 1.40 324
Selenium 191 223 4135
Vanadium 2.84 <0.10 2.89
Major metals

Aluminum 114 114
Calcium 651 10.7 661
Iron 202 3.45 206
Magnesium 122 248 124
Titanium 17.8 <0.2 17.9

*The column for vapor gives separate data from peroxide
and permanganate impingers.
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Table 6-60
Average Metal Concentrations in the Gas Stream at the Stack®
(Data in ug/Nm®; with standard deviations)

Particulate Vapor Total
Trace metals
Antimony <0.05 0.36 + 0.56 0.38 + 0.56
Arsenic 143 + 1.79 <0.62 1.43 : 1.79
Barium 1.71 + 0.39 <0.20 1.71 x 0.39
Beryllium <0.09 <0.10 <0.10
Boron <0.2 1230 + 340 1230 + 340
Cadmium 0.41 1 0.193 0.16 + 0.10 0.57 £+ 0.21
Chromium 3.52 £+ 053 0.18 £ 0.07 3.70 + 0.61
Cobalt 0.099 : 0.011 <0.10 <0.10
Copper 1.56 + 1.03 0.77 £ 0.50 233 + 1.52
Lead 1.89 + 1.03 0.24 + 0.24 213 £ 1.21
Manganese 3.96 + 0.22 <0.40 4.16 + 0.22
Mercury 0.0106 + 0.006 2.79 £ 0.43 2.80 £ 042
Molybdenum 4.51 + 035 <0.20 4.61 x 0.35
Nickel 1.63 + 0.41 1.28 1+ 0.82 292 1+ 0.61
Selenium 131 £ 61 130 + 90 261 + 134
Vanadium 3.79 + 0.90 <0.05 381 £ 090
Major metals
Aluminum 133 £ 20 <8 137 + 20
Calcium 605 + 41 104 1z 3.9 615 + 41
Iron 263 + 64 19.3 £ 13.7 282 + 76
Magnesium 114 + 7 1.93 + 0.72 116 + 8
Titanium 209 + 33 <0.4 21.0 + 33

‘Based on data in Tables 6-57, 6-58, and 6-59.
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Table 6-61

Ratios of Metal Concentrations in the Gas Stream
at the Stack to the Total Concentration of Entrained Solids*®

(Data in ug/g; averages of daily results)

Particulate Vapor Total
Trace metals
Antimony <0.8 13 13
Arsenic 47 <22 58
Barium 16 <5 18
Beryllium <2.6 <23 <5
Boron <5 25,300 25,300
Cadmium 10.9 34 14.3
Chromium 83.7 4.7 88.4
Cobalt 347 <23 358
Copper 43.5 21.1 64.6
Lead 13.8 <84 18.0
Manganese 67.2 <4.5 69.4
Mercury <0.2 66.5 66.6
Molybdenum 103 <3 104
Nickel 29.0 18.4 474
Selenium 2830 2200 5030
Vanadium 90.6 <13 91.2
Major metals
Aluminum 3160 <153 3240
Calcium 10900 169 11,100
fron 6470 180 6650
Magnesium 2540 4 2580
Titanium S00 <5 500

*Caiculated by dividing the individual concentrations in Tables 6-57, 6-58,
6-59 by the appropriate total particulate concentration. The three daily
concentrations of total particulate were, in succession, 0.0270, 0.0543, and

0.0815 g/Nm®.
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Table 6-62

Concentrations of Mercury Vapor
Based on Sampling with Solid Sorbents
at the Stack
Concan, pg/Nm®
Percent
Date Hg(In) Hg(0) Total axidized®
Data from the stack
9/3/93 - - 348 --
9/4/93 0.09 3.50 3.59 25
9/5/93 0.08 342 3.50 23
Calculated data for the scrubber inlet
9/3/93 -- - 9.18 -
9/4/93 3.84 384 7.68 50.0
9/5/93 499 1.78 6.77 73.7
Calculated removals of the scrubber
9/3/93 - - 5.70 (62.1%)"
9/4/93 3.75 034 4.09 (53.3%)"
9/5/93 491 -1.64 3.27 (48.3%)"

*The last three lines show instead the percentage of total mercury
removed in scrubber.
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Table 6-63
Acid Gas Concentrations at the Stack

9/3/93 9/4/93 9/5/93 Avg Std.dev.

Data in yg/Nm®

Fluoride <487 <556 <444 <556 --

Chloride 1480 1220 1440 1380 140

Sulfate 646000 848000 904000 800000 140000

Phosphate <3000 <3000 <2300 <3000 -
Data in ppmv

HF <0.62 <0.70 <0.56 <0.70 -

HC(C] 1.0 0.8 1.0 0.9 0.1

SO, 162 212 226 200 34

H,PO, <08 <0.8 <0.6 <0.8 -
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Table 6-64

Carbonyl Compounds in the Stack
(September 6, 1993)

Mass Calculated
Stream collected, pg concn, ug/Nm®
Formaldehyde 13.2 15.0
Acetaldehyde <10 <12
Acetone 10.0 114
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7.0 DATA ANALYSIS AND INTERPRETATION
7.1 Material Balances

The mass flow rates presented previously as Tables 4-8 through 4-10 were
used to calcuiate material balances for the major metals and trace metal species
around each of the system defined in Section 3.2. The measured concentrations of
the metals for each day were used with that day’s flows to calculate a material balance
for each day of the inorganic testing. If the concentration was below the detection
limit, the detection limit was divided by two and that concentration was used for the
material balance. Since this procedure inevitably leads 1o extreme imbalances, the
mass flows derived from non-detectable concentrations are identified in the mass
balances with italics. if a multi-phase flow has one component with a non-detectable
concentration and it is more than 20% of the iotal mass flow, then the total flow is
identified with italics also. Closures in which one flow is a non-detect and is more
than 20% of the summed input or output are also presented in italics. Using this
procedure, it is easy 10 see whether an extreme imbalance is the result of non-
detectable concentrations.

Appendix E provides an annotated example calculation for trace metal material
balances, using cobalt as an example.

7.1.1 Major Element Balances

Five metals, iron (Fe), aluminum (Al), titanium (Ti), calcium (Ca), and
magnesium (Mg), were chosen as tracers to gvaluate the overall material balance
procedures. These metals are refractory and should serve as a tracer for ash flows.
The mass balances are presented as Tabiles 7-1 through 7-5. The material balances
were calculated for each day, and the average fiows for the three days of testing are
shown in the tables. The average of the closures for each day is caiculated and
shown along with the ciosure of the average flows. (Closure is defined as the sum of
the output mass fiows divided by the sum of the input fiows, expressed as a
percentage.) Tabies 7-1A through 7-5A list the sample standard deviations for the
mass flows and the daily closures. The mass balance closures are summarized in
Table 7-23, with the variability as sample standard deviation summarized in ‘
Table 7-23A. '

The closures for the major metals for the boiler system overall are good, with
numbers ranging from 101% for iron to 111% for calcium. This result, along with the
good closures for the subunits in the boller system, indicate that the total flow rates
are reliable. The condenser closures range from 70% for aluminum (non-detect) to
137% for calcium. Howaever, the closures for the AFGD system are poorer, with a
range of 92% for magnesium to 196% for aluminum. The closures for only iron,
calcium, and magnesium lie within the 80 to 120% range.
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7.1.2 Trace Metal Balances

Mass balances were calculated for each day of testing for each of 16 trace
metal species. These balances are presented as Tables 7-6 through 7-22, which
inciudes two balances for mercury. The mass balance closures (average of three daily
closures) are summarized in Table 7-23, with the variability as sample standard
deviation summarized in Table 7-23A. Alternate values of mass balance closures for
the AFGD system are given in Table 7-23B. The two sets of numbers compare
closures calculated from the SRl data on average daily metal concentrations in
limestone and gypsum and closures caiculated from the Galbraith data on metal
concentrations in composites of the three daily limestone and gypsum samples (see
Section 6.2.1).

The trace metal balances for the boiler system are typical for this type of
testing, with overall good results for some elements and poor results for others. The
average closures range from 29% for mercury to 256% for selenium. Of the
17 balances (16 elements with a second mercury balance), five lie within an 80 to
120 percent range, and 13 lie within a 60 to 140 percent range. For the overall
balances, non-detectable concentrations do not affect these balances using the 20%
criterion mentioned above. The worst balances are calculated for the elements that
typically give poor results: 256% for selenium, 141% for lead, 29% and 55% for
mercury, and 64% for cadmium. The poor mercury results are from a coal
concentration that appears to be too high (by 2x} as compared to the consistent fiue
gas measurements. Table 7-18, which shows the balance for mercury using Brooks
Rand as the analytical subcontractor, presents data from the measurement of mercury
contamination in the ambient air. The mass flow of mercury in the combustion air is
about 1% of the mercury contained in the coal and about 2% of the mercury found in
the flue gas.

It is usually not possible to attribute poor closures to specific analytical data
that are in error. Nevertheless, certain useful suggestions can be offered, as follows:

+ The poor closures for antimony in the Unit 8 boiler and the Unit
8 ESP would be overcome to significant degrees if the fly ash
between the boiler and ESP contained more of this element than
reported. Raising the antimony concentration in the fly ash
would raise the closure at the boiler and lower the closure at the
ESP.

+ The poor closures for iead at the same two locations would be
improved if the fly ash could be shown to contain less of the
element then reported (just the opposite from the shift
hypothesized for antimonyj).

« The poor closures of selenium at the same two locations would
be improved if the fly ash concentration of this element were
lowered.



« The poor closure for cadmium at the condenser may be
regarded as largely an illusion that stems from limitations in
analytical sensitivity. For three days at the condenser inlet, the
results reported are all less than 0.0003 ug/ml. For the three
days at the condenser outlet, one result is <0.0003 ug/ml and
the other two are 0.0008 and 0.0012 pg/mL. In the judgment of
the SRI staff, the data do not justify computation of a closure.
However, following instructions on data treatment, one lists
0.00015, 0.0008, and 0.0016). The ratio of outlet to inlet is 5.67,
or the recovery is reported as 567%. As a matter of fact, of
course, there may have been contamination from an
unrecognized source in the real system, or there may have been
contamination in handling of the outlet sampies.

The trace metal balances for the AFGD system, as summarized in Table 7-228,
are disappointing, with a range of 24% for cadmium to 2750% for chromium. Of the
17 balances, only 5 lie within an 80 to 120% range and 7 within a 60 to 140% band.
The AFGD mass balances are dominated by the comparison of trace metal
concentrations in the limestone to that in the gypsum.

Some of the poorest closures for the AFGD system were improved by use of
the Galbraith data, as revealed in Table 7-23B. Notably improved closures occurred
for arsenic, beryilium, cadmium, chromium, molybdenum, and nickel when the
Galbraith data were used. Only two of the closures — for cobalt and manganese —
were degraded by the substitute data.
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Table 7-1

Bailly Mass Balance for lron
Average of 9/3, 9/4, 9/5/93

Process Soiid, Uquid, Gas, Total,
Stream g/s g/s g/s gfs
UNIT 8 BOILER
In Coal 524 524
Combustion Air
Makeup Water 0.000208 0.000208
Qut |Flue Gas 173 0.152 173
Bottom Ash 315 315
Average of Daily Closures, % 93.3
Closure of Average Flows, % 93.1
UNIT 8 ESP '
In Flue Gas 173 0.152 173
Out [ESP Hopper Ash 175 175
Flue Gas to AFGD 0.183 0.0362 0.219
Average ot Daily Closures, % 101
Closure of Average Flows, % 101
CONDENSER
In inlet Water 0.573 0.573
QOut  |Qutlet Water 0.573 0.573
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 315 315
Sluice Return 0.00230 0.00230
Out |Bottom Ash Sluice 315 0.00381 315
Average of Daily Closures, % 100
[Closure of Average Flows, % 100
BOILER QVERALL BALANCE
In Coal 524 524
Combustion Air
Makeup Water 0.000208 0.000208
Sluice Return 0.00230 0.00230
Out [Bottom Ash Sluice 315 0.00381 315
ESP Hopper Ash 175 175
Flue Gas to AFGD 0.183 0.0362 0.219
Average of Daily Closures, % 93.6
Closure of Average Flows, % 93.4

Italics indicate numbers derived from non-detectable concentrations.




Table 7-1

{Continued)

Bailly Mass Balance for kon
Average of 9/3, 9/4, 9/5/93

" Process - Solid, Uquid, Gas, ~ Total,
Stream _9fs _ofs g/s g/s
FLUE GAS MIXING
in Unit 7 Flue Gas 1.13 0.0224 1.15
Unit 8 Flue Gas 0.183 0.0362 0.219
Out [Flue Gas to AFGD 1.31 0.0587 1.37
verage of Daily Closures, % 100
IClosure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
in Fiue Gas 1.31 0.0587 1.37
Limestone 5.19 519
Service Water 0.00432 0.00432
Compressed Air
Out Stack Flue Gas 0.124 0.00915 0.133
Gypsum 6.45 6.45
Wastewater 0.00167 0.00167
verage of Daily Closures, % 101
Closure of Average Flows, % 100

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-1A

Bailly Mass Balance for iron
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, ~ Gas, Total,
Stream _g/s g/s gfs g/s
UNIT 8 BOILER
In Coal 46.0 46.0
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 7.41 0.111 7.30
Bottom Ash 223 22.3
Std Dev of Daily Closures, % 3.48
UNIT 8 ESP
In Fiue Gas 7.41 0.111 7.30
Qut [ESP Hopper Ash 11.0 11.0
Flue Gas to AFGD 0.0861 0.0125 0.0839
Std Dev of Daily Closures, % 6.44
CONDENSER
In Inlet Water 0.00814 0.00814
Out |Outlet Water 0.00814 0.00814
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
in Bottom Ash 223 223
Sluice Return 0.00161 0.00161
Out |Bottom Ash Sluice 22.3 0.00418 223
Std Dev of Daily Closures, % ' 0.00169
BOILER OVERALL BALANCE
In Coal 46.0 46.0
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.00161 0.00161
Out |Bottom Ash Sluice 23 0.00418 22.3
ESP Hopper Ash 11.0 11.0
Flue Gas to AFGD 0.0861 0.0125 0.0839
Std Dev of Daily Closures, % 3.31

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-tA  (Continued)

Bailly Mass Balance for Iron
Std Dev of 9/3, 9/4, 9/5/93

" Process Solid, Uquid, Gas, | Total,
Stream os | g gis os
FLUE GAS MIXING
in Unit 7 Flue Gas 0.260 0.00693 0.267
Unit 8 Flue Gas 0.0861 0.0125 0.0839
Out |Flue Gas to AFGD 0.334 0.0176 0.343
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.334 0.0176 0.343
Limestone 0.286 0.286
Service Water 0.0000844 0.0000844
Compressed Air
Qut |Stack Flue Gas 0.0299 0.00651 0.0356
Gypsum 0.853 0.853
Wastewater 0.000516 0.000516
Std Dev of Daily Closures, % 19.6

Italics indicate numbers derived from non-detectable concentrations.




Table 7-2

Bailly Mass Balance for Aluminum
Average of 9/3, 9/4, 9/5/93

Process Saiid, Liquid, " Gas, Total,
Stream g/s _gls g/s g/s_
UNIT 8 BOILER
In Coal 416 416
Combustion Air
Makeup Water 0.000208 0.000208
Out |[Fiue Gas 130 0.193 131
Bottom Ash 269 269
Average of Daily Closures, % 96.2
[Closure of Average Fiows, % 96.1
UNIT 8 ESP
in Flue Gas 130 0.193 131
Out |ESP Hopper Ash 132 132
Flue Gas to AFGD 0.102 0.0849 0.187
IAverage of Daily Closures, % 101
|Closure of Average Flows, % 101
CONDENSER
In inlet Water 0.573 0.573
Out  |Outlet Water 0.398 0.398
Average of Daily Closures, % 70.0
Closure of Average Fiows, % 69.5
BOTTOM ASH SLUICE
In Bottom Ash 269 269
Sluice Retumn 0.00136 0.00136
Out |Bottom Ash Sluice 269 0.00316 269
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 416 416
Combustion Air
Makeup Water 0.000208 0.000208
Sluice Return 0.00136 0.00136
Out |[Bottom Ash Sluice 269 0.00316 269
ESP Hopper Ash 132 132
Flue Gas to AFGD 0.102 0.0849 0.187
Average of Daily Closures, % 96.5
Closure of Average Flows, % 96.5

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-2

(Continued)

Bailly Mass Balance for Aluminum
Average of 9/3, 9/4, 9/5/93

~ Process Solid, Tiquid, Gas, Total,
Stream g/s_ g/s g/s _g/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.784 0.0440 0.828
Unit 8 Flue Gas 0.102 0.0849 0.187
Out |Flue Gas to AFGD 0.886 0.129 1.01
Average of Daily Closures, % 100
[Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANGE
In Flue Gas 0.886 0.129 1.01
Limestone 25.6 25.6
Service Water 0.00432 0.00432
Compressed Air
Out |Stack Flue Gas 0.0627 0.00187 0.0646
Gypsum 50.4 50.4
Wastewater 0.00199 0.00199
Average of Daily Closures, % 197
Closure of Average Flows, % 189

ltalics indicate numbers derived from non-detectable concentrations.




Table 7-2A

Bailly Mass Balance for Aluminum
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, tquid, Gas, Total,
Stream g/s_ g/s g/s _g/s
UNIT 8 BOILER
in Coal 23.8 238
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 1.45 0.118 1.34
Bottom Ash 20.4 20.4
Std Dev of Daily Closures, % 1.96
UNIT 8 ESP
In Flue Gas 1.45 0.118 1.34
Out |ESP Hopper Ash 11.1 11.1
Flue Gas to AFGD 0.0481 0.0160 0.0353
Std Dev of Daily Closures, % 8.29
CONDENSER
In Inlet Water 0.00814 0.00814
Qut |Qutlet Water 0.294 0.294
Std Dev of Daily Closures, % 52.0
BOTTOM ASH SLUICE
in Bottom Ash 20.4 20.4
Sluice Return 0.0000794 0.0000794
Out |Bottom Ash Sluice 20.4 0.00304 20.4
Std Dev of Daily Closures, % 0.00126
BOILER OVERALL BALANCE
In Coal 23.8 23.8
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0000794 0.0000794
Out |[Bottom Ash Sluice 20.4 0.00304 204
ESP Hopper Ash 111 111
Fiue Gas to AFGD 0.0481 0.0160 0.0353
Std Dev of Daily Closures, % 3.68

Italics indicate numbers derived from non-detectable concentrations.




Table 7-2A  (Continued)

Baiily Mass Balance for Aluminum
Std Dev of 9/3, 9/4, 9/5/93

Process 'Solid, Liquid, Gas, Total,
Stream g/s s g/s g/s
FLUE GAS MIXING
in Unit 7 Flue Gas 0.374 0.00196 0.373
Unit 8 Flue Gas 0.0481 0.0160 0.0353
Out |Fiue Gas to AFGD 0.418 0.0154 0.408
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Fiue Gas 0.418 0.0154 0.408
Limestone 4.02 4.02
Service Water 0.0000844 0.0000844
Compressed Air
Out |Stack Flue Gas 0.00931 0.00163 0.0108
Gypsum 9.95 9.95
Wastewater 0.000306 0.000306
Std Dev of Daily Closures, % 73.0

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-3

Bailly Mass Balance for Titanium
Average of 9/3, 9/4, 9/5/93

Process Soiid, Uquid, Gas, " Total,
Stream g/s g/s g/s __go/s
UNIT 8 BOILER
in Coal 229 229
Combustion Air
Makeup Water 0.000208 0.000208
Out |Flue Gas 9.58 0.0122 9.59
Bottom Ash 13.2 13.2
fAverage of Daily Closures, % 99.7
IClosure of Average Flows, % 99.6
UNIT 8 ESP
In Flue Gas 9.58 0.0122 9.59
Out |ESP Hopper Ash 9.70 9.70
Fiue Gas to AFGD 0.0110 0.00353 0.0146
Average of Daily Closures, % 101
Closure of Average Flows, % 101
CONDENSER
In Intet Water 0.573 0.573
Out |[Outlet Water 0.573 0.573
[Average of Daily Closures, % 100
ICiosure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 13.2 13.2
Sluice Return 0.00136 0.00136
Qut |Bottom Ash Sluice 13.2 0.00136 13.2
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 229 229
Combustion Air
Makeup Water 0.000208 0.000208
Sluice Return 0.00136 0.00136
Out |Bottom Ash Sluice 13.2 0.00136 13.2
ESP Hopper Ash 9.70 9.70
Flue Gas to AFGD 0.0110 0.00353 0.0146
Average of Daily Closures, % 100
Closure of Average Flows, % 100

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-3

(Continued)

Bailly Mass Balance for Titanium
Average of 9/3, 9/4, 9/5/93

" Process "Salid, Tiquid, Gas, ~ Total,
|| Stream gs o's g g's
FLUE GAS MIXING
in Unit 7 Flue Gas 0.0636 0.00190 0.0655
Unit 8 Flue Gas 0.0110 0.003563 0.0146
Out |Flue Gas to AFGD 0.0746 0.00543 0.0801
JAverage of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Fiue Gas 0.0746 0.00543 0.0801
Limestone 0.0981 0.0981
Service Water 0.00432 0.00432
Compressed Air
Out |Stack Flue Gas 0.00990 0.000146 0.0100
Gypsum 0.287 0.287
Wastewater 0.000466 0.000466
JAverage of Dalily Closures, % 163
163

Closure of Average Flows, %

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-3A

Bailly Mass Balance for Titanium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Liquid, "Gas, Total,
Stream g/s g/s g/s g/s
UNIT 8 BOILER
In Coal 1.07 1.07
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 0.121 0.00898 0.122
Bottom Ash 0.571 0.571
Std Dev of Daily Closures, % 1.71
UNIT 8 ESP
In Flue Gas 0.121 0.00898 0.122
Out {ESP Hopper Ash 0.848 0.848
Flue Gas to AFGD 0.00297 0.000931 0.00208
Std Dev of Daily Closures, % 7.50
CONDENSER
In Inlet Water 0.00814 0.00814
Out |Outlet Water 0.00814 0.00814
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
In Bottom Ash 0.571 0.571
Siuice Return 0.0000794 0.0000794
QOut |Bottom Ash Sluice 0.571 | 0.0000794 0.571
Std Dev of Daily Closures, % 0.00
BOILER OVERALL BALANCE
In Coal 1.07 1.07
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0000794 0.0000794
Out [Bottom Ash Sluice 0.571 | 0.0000794 0.571
ESP Hopper Ash 0.848 0.848
Flue Gas to AFGD 0.00297 0.000931 0.00208
Std Dev of Daily Closures, % 1.93

ltalics indicate numbers derived from non-detectable concentrations.

7-14




Table 7-3A (Continued)

Bailly Mass Balance for Titanium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, " Total,
Stream g/s _g/s g/s g/s
FLUE GAS MIXING
in Unit 7 Flue Gas 0.00979 0.0000703 0.00980
Unit 8 Flue Gas 0.00297 0.000931 0.00208
Out |Flue Gas to AFGD 0.0116 0.000861 0.0112
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.0116 0.000861 0.0112
Limestone 0.00655 0.00655
Service Water 0.0000844 0.0000844
Compressed Air :

Out |[Stack Fiue Gas 0.00153 0.000171 0.00154
Gypsum 0.0878 0.0878
Wastewater 0.0000261 0.0000261

Std Dev of Daily Closures, % 46.9

ltalics indicate numbers derived from non-detectable concentrations.
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Table 7-4

Bailly Mass Balance for Calcium
Average of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
_____ Stream g/s_ als ais gls
UNIT 8 BOILER
In Coal 126 126
Combustion Air
Makeup Water 0.00235 0.00235
Out |Flue Gas 25.5 0.684 26.2
Bottom Ash 102 102
Average of Daily Closures, % 105
Closure of Average Flows, % 101
UNIT 8 ESP
In Flue Gas 25.5 0.684 26.2
Out |ESP Hopper Ash 303 30.3
Flue Gas to AFGD 0.0805 0.505 0.586
Average of Daily Closures, % 118
|Closure of Average Flows, % 118
CONDENSER
In Inlet Water 230 230
Out  |Outlet Water 316 316
Average of Daily Closures, % 137
Closure of Average Flows, % 137
BOTTOM ASH SLUICE
In Bottom Ash 102 102
Sluice Return 0.748 0.748
Out |Bottom Ash Sluice 102 0.791 103
Average of Daily Closures, % 100
Closure of Average Fiows, % 100
BOILER OVERALL BALANCE
In Coal 126 126
Combustion Air
Makeup Water 0.00235 0.00235
Sluice Retum 0.748 0.748
Out Bottom Ash Sluice 102 0.791 103
ESP Hopper Ash 30.3 30.3
Flue Gas to AFGD 0.0805 0.505 0.586
Average of Daily Closures, % 109
Closure of Average Flows, % 105

Italics indicate numbers derived from non-detectable concentrations.

7-16




Tabile 7-4

(Continued)

Bailly Mass Balance for Calcium
Average of 9/3, 9/4, 9/5/93

~Process Solid, | Uquid, - Gas, “Total,
Stream _os g/s o/s g/s
FLUE GAS MIXING
in Unit 7 Fiue Gas 0.139 0.347 0.486
Unit 8 Flue Gas 0.0805 0.505 0.586
Out |Flue Gas to AFGD 0.220 0.852 1.07
verage of Daily Closures, % 100
Closure of Average Flows, % . 100
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.220 0.852 1.07
Limestone 2580 2580
Service Water 1.83 1.53
Compressed Air
Out |Stack Flue Gas 0.286 0.00490 0.2
Gypsum 2580 2580
Wastewater 18.4 18.4
Average of Daily Closures, % 101
Closure of Avergge Flows, % 101

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-4A

Bailly Mass Balance for Calcium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, |  Gas, Tota),
Stream g/s g/s g/s g/s
UNIT 8 BOILER
In Coal 272 27.2
Combustion Alr
Makeup Water 0.00370 0.00370
Out |Fiue Gas 1.07 0.0597 1.12
Bottom Ash 11.1 11.1
Std Dev of Daily Closures, % 24.6
UNIT 8 ESP
In Fiue Gas 1.07 0.0597 1.12
Out |ESP Hopper Ash 4.48 4.48
Flue Gas to AFGD 0.0978 0.401 0.305
Std Dev of Daily Closures, % 18.8
CONDENSER
In Inlet Water 5.39 5.39
Out |Outlet Water 124 124
Std Dev of Daily Closures, % 50.9
BOTTOM ASH SLUICE
In Bottom Ash 11.1 11.1
Sluice Return 0.135 0.135
Out  jBoftom Ash Sluice 11.1 0.122 11.2
Std Dev of Daily Closures, % 0.0846
BOILER OVERALL BALANCE
In Coal 27.2 27.2
Combustion Air
Makeup Water 0.00370 0.00370
Sluice Return 0.135 0.135
Out |Bottom Ash Sluice 11.1 0.122 11.2
ESP Hopper Ash 4.48 4.48
Flue Gas to AFGD 0.0978 0.401 0.305
Std Dev of Daily Closures, % 25.5

Italics indicate numbers derived from non-detectable concentrations.

7-18




Table 74A (Continued)

Bailly Mass Balance for Calcium
Std Dev of 9/3, 9/4, 9/5/93

Process “Soild, Uquid, Gas, Total,
Stream _g/s _g/s g/s _gis
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0247 0.0550 0.0663
Unit 8 Flue Gas 0.0978 | 0.401 0.306
Out |Flue Gas to AFGD 0.0901 0.453 0.371
Std Dev of Daily Closures, % 0.00
"OVERALL AFGD SYSTEM BALANCE _
In Fiue Gas 0.0901 0.453 0.371
Limestone 53.0 53.0
Service Water 0.0280 0.0280
Compressed Air
Out [Stack Flue Gas 0.0198 0.0¢181 0.0193
Gypsum 53.0 53.0
Wastewater 1.48 1.48
Std Dev of Daily Closures, % 0.0356

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-5

Bailly Mass Balance for Magnesium
Average of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
Stream g/s _g/s g/s _ais
UNIT 8 BOILER
In Coal 27.4 27.4
Combustion Air
Makeup Water 0.000688 0.000688
Out ([Fiue Gas 8.55 0.0287 8.58
Bottom Ash 18.6 18.6
Average of Daily Closures, % 99.2
Closure of Average Flows, % 99.0
UNIT 8 ESP
In Flue Gas 8.55 0.0287 8.58
Out ESP Hopper Ash 9.40 9.40
Flue Gas to AFGD 0.00810 0.0220 0.0301
Average of Daily Closures, % 110
Closure of Average Flows, % 110
CONDENSER
In Inlet Water 129 129
Qut  |Outlet Water 128 128
Average of Daily Closures, % 99.6
Closure of Average Flows, % 99.4
BOTTOM ASH SLUICE
In Bottom Ash 18.6 18.6
Sluice Return . 0.281 0.281
Out {Bottom Ash Sluice 18.6 0.287 18.9
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 27.4 27.4
Combustion Air
Makeup Water 0.000688 0.000688
Siuice Return 0.281 0.281 -
Out [Bottom Ash Sluice 18.6 0.287 18.9
ESP Hopper Ash 9.40 9.40
Flue Gas to AFGD 0.00810 0.0220 0.0301
Average of Daily Closures, % 102
Closure of Average Flows, % 102

Italics indicate numbers derived from non-detectable concentrations.




Table 7-5

(Continued)

Bailly Mass Balance for Magnesiumn
Average of 9/3, 9/4, 9/5/93

~Process ~ Solid, Uquid, - Gas, “Total,
| Stream g/s_ g/s o/s _gls
FLUE GAS MIXING
In Unit 7 Fiue Gas 0.0435 0.0113 0.0548
Unit 8 Fiue Gas 0.00810 0.0220 0.0301
Qut |Flue Gas to AFGD 0.0516 0.0333 0.0849
verage of Daily Closures, % 100
|Closure of Average Flows, % _ 100
OVERALL AFGD SYSTEM BALANCE
In Fiue Gas 0.0516 0.0333 0.0849
Limestone 23.6 23.6
Service Water 0.967 0.967
Compressed Air
Out  |Stack Flue Gas 0.0537 0.000911 0.0547
Gypsum 8.56 8.56
Wastewater 13.6 13.6
Average of Daily Closures, % 90.1
IClosure of Average Flows, % 90.1

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-5A

Bailly Mass Balance for Magnesium
Std Dev of 9/3, 9/4, 9/5/93

" Process Solid, Lquid, | Gas, Total,
Stream gfs g/s _g/s g/s
UNIT 8 BOILER
In Coal 275 275
Combustion Air
Makeup Water : 0.000832 0.000832
Out |Flue Gas 0.191 0.00789 0.199
Bottom Ash 2.09 2.09
Std Dev of Daily Closures, % 4.65
UNIT 8 ESP
in Flue Gas 0.191 0.00789 0.199
Out |ESP Hopper Ash 0.176 0.176
Flue Gas to AFGD 0.00146 0.00551 0.00406
Std Dev of Daily Closures, % 4.43
CONDENSER
In Iniet Water 4.71 4.71
Out |Outlet Water 4.70 4.70
Std Dev of Daily Closures, % 7.34
'BOTTOM ASH SLUICE
In Bottom Ash 2.09 2.09
Sluice Return 0.0196 0.0196
Out |Bottom Ash Sluice 2.09 0.0233 2.10
Std Dev of Daily Closures, % 0.0259
BOILER OVERALL BALANCE
In Coal 2.75 2.75
Combustion Air
Makeup Water 0.000832 0.000832
Sluice Return 0.0196 0.0196
Out |Boftom Ash Sluice 2.09 0.0233 2.10
ESP Hopper Ash 0.176 0.176
Flue Gas to AFGD 0.00146 0.00551 0.00406
Std Dev of Daily Closures, % 4.80

ltalics indicate numbers derived from non-detectable concentrations.




Table 7-5A

(Continued)

Bailly Mass Balance for Magnesium
Std Dev of 9/3, 9/4, 9/5/93

" Process Solid, Uquid, ~ Gas, Total,
| Stream _grs als _g/s g/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.00657 0.00134 0.00546
Unit 8 Flue Gas 0.00146 0.00551 0.00406
Qut |Flue Gas to AFGD 0.00641 0.00620 0.00741
Std Dev of Daily Closures, % 0.00
| _
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.00641 0.00620 0.00741
Limestone 0.648 0.648
Service Water 0.0371 0.0371
Compressed Air
Out |Stack Flue Gas 0.00338 0.000337 0.00366
Gypsum 0.582 0.582
Wastewater 0.789 0.789
Std Dev of Daily Closures, % 3.07

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-6

Bailtly Mass Balance for Antimony
Average of 9/3, 9/4, 9/5/93

Process ~ Soid, Liquid, "Gas, Total,
Stream mg/s_ mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 252 25.2
Combustion Air
Makeup Water 0.00125 0.00125
Out |Flue Gas 11.3 0.233 11.5
Bottom Ash 5.31 5.31
Average of Daily Closures, % 66.7
{Closure of Average Flows, % 66.8
UNIT 8 ESP
In Flue Gas 11.3 0.233 11.5
Qut |ESP Hopper Ash 37.6 376
Flue Gas to AFGD 0.0309 0.0435 0.0744
Average of Daily Closures, % 375
Closure of Average Flows, % 326
CONDENSER
In Inlet Water 344 344
Out  |Outlet Water 3.44 3.44
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 5.31 5.31
Sluice Return 0.246 0.246
Qut |Bottom Ash Sluice 5.31 0.595 5.91
Average of Daily Closures, % 107
Closure of Average Flows, % 106
BOILER OVERALL BALANCE
In Coal 25.2 252
Combustion Air
Makeup Water 0.00125 0.00125
Sluice Return 0.246 0.246
Out Bottom Ash Sluice 5.3 0.595 5.91
ESP Hopper Ash 37.6 37.6
Flue Gas to AFGD 0.0309 0.0435 0.0744
Average of Daily Closures, % 169

Closure of Avergge Fiows, %

171

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-6

(Continued)

Bailly Mass Balance for Antimony
Average of 9/3, 9/4, 9/5/93

‘Process "~ Soiid, Liquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0619 0.0108 0.0727
Unit 8 Flue Gas 0.0309 0.0435 0.0744
Qut |Flue Gas to AFGD 0.0928 0.0543 0.147
JAverage of Daily Closures, % 100
Closure of Average Flows, % _ 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.0928 0.0543 0.147
Limestone 6.71 6.71
Service Water 0.0259 0.0259
Compressed Air
Qut |Stack Fiue Gas 0.0110 0.1 0.182
Gypsum 4.23 423
Wastewater 0.0576 0.0576
#verage of Daily Closures, % 103
Closura of Average Flows, % 64.9

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-6A
Bailly Mass Balance for Antimony
Std Dev of 9/3, 9/4, 9/5/33

~Procass ~ Soiid, Liquid, Gas, | Total,
Stream mg/s mg/s mo/s mg/s
UNIT 8 BOILER
in Coal 1.48 1.48
Combustion Air
Makeup Water 0.00 0.00
Out |Fiue Gas 5.58 0.222 5.79
Bottom Ash 1.04 1.04
Std Dev of Daily Closures, % 264
UNIT 8 ESP
In Flue Gas 5.58 0.222 5.79
Out |ESP Hopper Ash 15.1 15.1
Fiue Gas to AFGD 0.00166 0.0376 0.0392
Std Dev of Daily Closures, % 206
CONDENSER
In Inlet Water 0.0488 0.0488
Out |Outlet Water 0.0488 0.0488
Std Dev of Daily Closures, % 0.00
[BOTTOM ASH SLUICE
In Bottom Ash 1.04 1.04
Sluice Retumn 0.0810 0.0810
Out jBottom Ash Sluice 1.04 0.194 0.850
Std Dev of Daily Closures, % 3.09
BOILER OVERALL BALANCE .
In Coal 1.48 1.48
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0810 0.0810
Out |Bottom Ash Siuice 1.04 0.194 0.850
ESP Hopper Ash 15.1 15.1
Flue Gas to AFGD 0.00166 0.0376 0.0392
Std Dev of Daily Closures, % 48.3

ltalics indicate numbers derived from non-detectable concentrations.
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Tabie 7-6A (Continued)

Bailly Mass Balancs for Antimony
Std Dev of 9/3, 9/4, 9/5/93

"Process Solid, tiquid, " Gas, Total, |
. Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0188 0.0116 0.0276
Unit 8 Flue Gas 0.00166 0.0376 0.0392
Out |Flue Gas to AFGD 0.0204 0.0419 0.0621
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Fiue Gas 0.0204 0.0419 0.0621
Limestone 5.24 5.24
Service Water 0.000507 0.000507
Compressed Air

Out |{Stack Flue Gas 0.00143 0.263 0.262
Gypsum 247 2.47
Wastewater 0.00908 0.00908
Std Dev of Daily Closures, % 98.6

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-7

Bailly Mass Balance for Arsenic
‘Average of 9/3, 9/4, 9/5/93

Process Soiid, Uquid, Gas, Total,
Straam mg/s mg/s mg/s mg/s
UNIT 8 BOILER
in Coal 110 110
Combustion Air
Makeup Water 0.000625 0.000625
Out |Flue Gas 68.7 0.675 69.4
Bottom Ash 0.954 0.954
Average of Daily Closures, % 69.7
[Closure of Average Flows, % 63.7
UNIT 8 ESP
In Flue Gas 68.7 0.675 69.4
Out |ESP Hopper Ash 90.9 90.9
Flue Gas to AFGD 0.215 0.434 0.648
Average of Daily Closures, % 132
Closure of Average Flows, % 132
CONDENSER :
in inlet Water 1.72 1.72
Out |Outlet Water 172 172
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
in Bottom Ash 0.954 0.954
Siuice Return 0.391 0.3
Out |Bottom Ash Sluice 0.954 1.04 1.99
Average of Daily Closures, % 168
Closure of Average Flows, % 148
BOILER OVERALL BALANCE
In Coal 110 110
Combustion Air
Makeup Water 0.000625 0.000625
Sluice Return 0.391 0.391
Out |Bottom Ash Sluice 0.954 1.04 1.99
ESP Hopper Ash 90.9 90.9
Flue Gas to AFGD 0.215 0.434 0.648
Average of Daily Closures, % 91.9
Closure of Average Flows, % 84.4

ltalics indicate numbers derived from non-detectable concentrations.
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Table 7-7

(Continued)

Bailly Mass Balance for Arsenic
Average of 9/3, 9/4, 9/5/93

~Procass . Soid, Giquid, Gas, “Yotal,
tf Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.752 0.331 1.08
Unit 8 Flue Gas 0.215 0.434 0.648
Out |Flue Gas to AFGD 0.967 0.765 1.73
lAverage of Daily Closures, % 100
Closure of Average Flows, % 100
| OVERALL AFGD SYSTEM BALANCE
n Flue Gas 0.967 0.765 1.73
Limestone 1.89 1.99
Service Water 0.0130 0.0130
Compressed Air
Out |Stack Flue Gas 0.675 0.294 0.969
Gypsum 14.8 14.8
Wastewater 0.106 0.106
IAverage of Daily Closures, % 436
|Closure of Average Flows, % 426

ltalics indicate numbers derived from non-detectable concentrations.




Table 7-7A

Baiily Mass Balance for Arsenic
Std Dev of 9/3, 9/4, 9/5/93

Process olid, Liquid, Gas, Total,
Stream ma/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 425 42.5
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 2.70 0.316 2.41
Bottom Ash 0.403 0.403
Std Dev of Daily Closures, % 23.3
UNIT 8 ESP
in Flue Gas 2.70 0.316 2.41
Out |ESP Hopper Ash 2.45 2.45
Flue Gas to AFGD 0.0338 0.132 0.0982
Std Dev of Daily Closures, % 3.48
CONDENSER
In Inlet Water 0.0244 0.0244
Out  [Qutlet Water 0.0244 0.0244
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
In Bottom Ash 0.403 0.403
Sluice Return 0.0255 0.0255
Out |Bottom Ash Sluice 0.403 0.432 0.251
Std Dev of Daily Closures, % 53.5
BOILER OVERALL BALANCE
In Coal 425 425
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0255 0.0255
Out |Bottom Ash Sluice 0.403 0.432 0.251
ESP Hopper Ash 2.45 2.45
Flue Gas to AFGD 0.0338 0.132 0.0982
Std Dev of Daily Closures, % 29.3

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-7A  {Continued)

Bailly Mass Baiance for Arsenic
Std Dev of 9/3, 9/4, 9/5/93

‘Process Solid, Uquid, "Gas, Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.505 0.374 0.879
Unit 8 Flue Gas 0.0338 0.132 0.0982
Out |Fiue Gas to AFGD 0.538 0.249 0.785
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.538 0.249 0.785
Limestone 0.262 0.262
Service Water 0.000253 0.000253
Compressed Air
Out |[Stack Flue Gas 0.840 0.430 1.27
Gypsum 0.478 0.478
Wastewater 0.0199 0.0199
Std Dev of Daily Closures, % 74.9

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-8

Bailly Mass Balance for Barium
Average of 9/3, 9/4, 9/5/93

Process Soliid, Liquid, Gas, “Total,
Stream mg/s ma/s mg/s mg/s
UNIT 8 BOILER
In Coal 1640 1640
Combustion Air
Makeup Water 0.0140 0.0140
Out |Flue Gas 519 0.954 520
Bottom Ash 1080 1080
|Average of Daily Closures, % 97.4
[Closure of Average Flows, % 97.6
UNIT 8 ESP
In Flue Gas 519 0.954 520
Out |ESP Hopper Ash 692 692
Fiue Gas to AFGD 0.969 0.781 1.75
Average of Daily Closures, % 136
Closure of Average Flows, % 133
CONDENSER
In inlet Water 204 204
Out |[Outlet Water 210 210
Average of Daily Closures, % 103
|[Closure of Average Flows, % 103
BOTTOM ASH SLUICE
In Bottom Ash 1080 1080
Sluice Return 0.732 0.732
Out |Bottom Ash Sluice 1080 0.556 1080
Average of Daily Closures, % 100.0
Closure of Average Flows, % 100.0
BOILER OVERALL BALANCE
In Coal 1640 1640
Combustion Air
Makeup Water 0.0140 0.0140
Sluice Return 0.732 0.732
Out |Bottom Ash Sluice 1080 0.556 1080
ESP Hopper Ash 692 692
Flue Gas to AFGD 0.969 0.781 1.75
Average of Daily Closures, % 108
Closure of Average Flows, % 108

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-8

(Continued)

Bailly Mass Balance for Barium
Average of 9/3, 9/4, 9/5/93

Closure of Average Flows, %

Process - Solid, Uquid, Gas, ~Total,
| L Stream mg/s mg/s ma/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 3.56 0.405 3.97
Unit 8 Flue Gas 0.969 0.781 1.76
Out |Flue Gas to AFGD 4.53 1.19 5.72
Average of Dally Closures, % 100
[Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 4.53 1.19 5.72
Limestone 9.35 9.35
Service Water 1.57 1.57
Compressed Air
Out  |Stack Flue Gas 0.806 0.0473 0.854
Gypsum 10.8 10.8
Wastewater 1.93 1.93
Average of Daity Closures, % 81.6
81.3

Ttalics indicate numbers derived from non-detectable concentrations.




Tabie 7-8A

Bailly Mass Balance for Barium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, | Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 89.9 89.9
Combustion Air
Makeup Water 0.00264 0.00264
Out |Flue Gas 70.7 0.226 70.9
Bottom Ash 95.3 95.3
Std Dev of Dally Closures, % 5.81
UNIT 8 ESP
In Flue Gas 70.7 0.226 70.9
Out |ESP Hopper Ash 112 112
Flue Gas to AFGD 0.398 | 0.178 0.287
Std Dev of Daily Closures, % 38.6
CONDENSER
In Inlet Water 7.19 7.19
Out {Outlet Water 6.34 6.34
Std Dev of Daily Closures, % 6.65
BOTTOM ASH SLUICE
in Bottom Ash 95.3 95.3
Sluice Return 0.102 0.102
QOut |Bottom Ash Sluice 95.3 0.230 95.1
Std Dev of Daily Closures, % 0.0238
BOILER OVERALL BALANCE
In Coal - 89.9 89.9
Combustion Air
Makeup Water 0.00264 0.00264
Siuice Return 0.102 0.102
QOut {Bottom Ash Sluice 95.3 0.230 95.1
ESP Hopper Ash 112 112
Flue Gas to AFGD 0.398 0.178 0.287
Std Dev of Daily Closures, % 5.13

Italics indicate numbers derived from non-detectable concentrasions.
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Table 7-8A (Continued)

Bailly Mass Balance for Barium
Std Dev of 9/3, 9/4, 9/5/83

“Process Solid, Uquid, " Gas, Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.724 0.0332 0.723
Unit 8 Fiue Gas 0.398 0.178 0.287
Out |Flue Gas to AFGD 0.935 0.208 0.935 |
Std Dev of Daily Closures, % 0.00
[OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.935 0.208 0.935
Limestone 0.496 0.496
Service Water 0.176 0.176
Compressed Air
Qut |Stack Flue Gas 0.179 0.000393 0.178
Gypsum 1.79 1.79
Wastewater 0.410 0.410
Std Dev of Daily Closures, % 14.2

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-9

Bailly Mass Balance for Beryllium
Average of 9/3, 9/4, 9/5/93

"Process olid, Liquid, Gas, ~Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
n Coal 67.3 67.3
Combustion Air
Makeup Water 0.00104 0.00104
Out |Flue Gas 26.6 0.237 26.8
Bottom Ash 24.1 24.1
Average of Daily Closures, % 7.1
Closure of Average Flows, % 75.7
UNIT 8 ESP
In Flue Gas 26.6 0.237 26.8
Out |ESP Hopper Ash 28.5 28.5
Flue Gas to AFGD 0.0221 0.00309 0.0252
Average of Daily Ciosures, % 107
Closure of Average Fiows, % 106
CONDENSER
In inlet Water 2.86 2.86
QOut |Outlet Water 2.86 2.86
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 24.1 24.1
Sluice Return 0.00682 0.00682
QOut |Bottom Ash Sluice 241 0.00934 24.1
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 67.3 67.3
Combustion Air
Makeup Water 0.00104 0.00104
Sluice Return 0.00682 0.00682
Out |Bottom Ash Siuice 24.1 0.00934 24.1
ESP Hopper Ash 28.5 28.5
Fiue Gas to AFGD 0.0221 0.00309 0.0252
Average of Daily Closures, % 80.0
Closure of Averaie Flows, % 78.2

Italics indicate numbers derived from non-detectable concentrations.




Table 7-9

(Continued)

Bailly Mass Balance for Beryllium
Average of 9/3, 9/4, 9/5/93

P

“Process Soiid, ~Uquid, " Gas, Total,
| Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.230 0.00167 0.232
Unit 8 Flue Gas 0.0221 0.00309 0.02562
Out |Flue Gas to AFGD 0.252 0.00475 0.257
ﬁverage of Dally Closures, % 100
|Closure of Average Fiows, % 100
OVERALL AFGD SYSTEM EALANCE
In Flue Gas 0.252 0.00475 0.257
Limestone 0.0271 0.0271
Service Water 0.0216 0.0216
Compressed Air
Out |Stack Flue Gas 0.0409 0.00944 0.0504
Gypsum 3.68 3.68
Wastewater - 0.00233 0.00233
Average of Daily Closures, % 1260
Closure of Average Flows, % 1220

Ialics indicate numbers derived from non-detectable concentrations.
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Table 7-9A

Bailly Mass Balance for Beryliium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
| Stream mg/s_ mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 11.8 11.8
Combustion Air
Makeup Water 0.00 0.00
Out |Fiue Gas 2.08 0.291 2.37
Bottom Ash 2.23 2.23
Std Dev of Daily Closures, % 12.1
UNIT 8 ESP
In Flue Gas 2.08 0.291 2.37
Out |ESP Hopper Ash 0.630 0.630
Flue Gas to AFGD 0.0167 0.000166 0.0166
Std Dev of Daily Closures, % 7.13
CONDENSER
in Inlet Water 0.0407 0.0407
Out |{Outlet Water 0.0407 0.0407
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
in Bottom Ash 2.23 223
Sluice Return 0.000397 0.000397
Out |Bottom Ash Siuice 2.23 0.00473 2.23
Std Dev of Daily Closures, % 0.0178
BOILER OVERALL BALANCE
In Coal 11.8 11.8
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.000397 0.000397
Out  |Bottom Ash Sluice 2.23 0.00473 2.23
ESP Hopper Ash 0.630 0.630
Flue Gas to AFGD 0.0167 0.000166 0.0166
Std Dev of Daily Closures, % 14.9

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-8A (Continued)

Bailly Mass Balance for Beryllium
Std Dev of 9/3, 9/4, 9/5/93

" Process . Solid, Uquid, Gas, Votal,
I Stream _mg/s _mg/s mg/s ma/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.0680 0.0000583 0.0681
Unit 8 Fiue Gas 0.0167 0.000166 0.0166
Out |Flue Gas to AFGD 0.0710 0.000210 0.0711
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.0710 0.000210 0.0711
Limestone 0.000492 0.000492
Service Water 0.000422 0.000422
Compressed Air
Out |Stack Flue Gas 0.0221 0.0123 0.0164
Gypsum 0.0518 0.0518
Wastewater 0.000131 0.000131
Std Dev of Daily Closures, % 241

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-10

Bailly Mass Balance for Boron
Average of 9/3, 9/4, 9/5/93

Process Solid, iquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 7880 7880
Combustion Air
Makeup Water 85.4 85.4
Out |Flue Gas 714 4000 4720
Bottom Ash 422 422
|Average of Daily Closures, % 65.1
[Closure of Average Flows, % 64.5
UNIT 8 ESP
in Flue Gas 714 4000 4720
Out [(ESP Hopper Ash 1450 1450
Flue Gas to AFGD 0.0309 4180 4180
fAverage of Daily Closures, % 122
Closure of Average Flows, % 119
CONDENSER
In inlet Water 106000 106000
Qut  [Outlet Water 358 358
Average of Daily Closures, % 0.348
Closure of Average Flows, % 0.338
BOTTOM ASH SLUICE
In Bottom Ash 422 422
Sluice Return 0.853 0.853
Qut |Bottom Ash Sluice 422 0.853 423
Average of Daily Closures, % 100
[Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 7880 7880
Combustion Air
Makeup Water 854 85.4
Sluice Return 0.853 0.853
Out [Bottom Ash Siuice 422 0.853 423
ESP Hopper Ash 1450 1450
Flue Gas to AFGD 0.0309 4180 4180
Average of Daily Closures, % 76.3
Closure of Average Flows, % 76.1

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-10

(Continued)

Bailly Mass Balance for Boron
Average of 9/3, 9/4, 9/5/93

~ Process Soiid, tiquid, Gas, “Yotal,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 8.44 2200 2200
Unit 8 Flue Gas 0.0309 4180 4180
Out |Flue Gas to AFGD 8.48 6380 6390
verage of Dally Closures, % 100
Closure of Average Flows, % L 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 8.48 6380 6390
Limestone 879 879
Service Water 270 2.70
Compressed Air
Out |Stack Flue Gas 0.0473 582 582
Gypsum 3270 3270
Wastewater 5480 5480
verage of Daily Closures, % 126
Closure of Averagg Fiows, % 128

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-10A

Ballly Mass Balance for Boron
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
Stream ma/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 652 652
Combustion Air
Makeup Water 30.9 30.9
Out |Flue Gas 591 330 815
Bottom Ash 63.3 63.3
Std Dev of Daily Closures, % 13.5
UNIT 8 ESP
In Flue Gas 5N 330 815
Out |ESP Hopper Ash 147 147
Flue Gas to AFGD 0.00166 423 423
Std Dev of Daily Closures, % 22.6
CONDENSER
In Inlet Water 22100 22100
Out |Outlet Water 5.09 5.09
Std Dev of Daily Closures, % 0.0667
BOTTOM ASH SLUICE
In Bottom Ash 63.3 63.3
Sluice Return 0.0497 0.0497
Qut |Bottom Ash Sluice 63.3 0.0497 63.4
Std Dev of Daily Closures, % 0.00
BOILER QVERALL BALANCE
In Coal 652 652
Combustion Air
Makeup Water 30.9 30.9
Sluice Return 0.0497 0.0497
Out |Bottom Ash Sluice 63.3 0.0497 €63.4
ESP Hopper Ash 147 147
Flue Gas to AFGD 0.00166 423 423
Std Dev of Daily Closures, % 3.43

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-10A {Continued)
Bailly Mass Balance for Boron
Std Dev of 9/3, 9/4, 8/5/83

Frocess Solid, Uquid, " Gas, “Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 2.32 275 273
Unit 8 Fiue Gas 0.00166 423 423
Out |Flue Gas to AFGD 2.32 662 660
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 2.32 662 660
Limestone 157 167
Service Water 0.0528 0.0528
Compressed Air
Out |Stack Fiue Gas 0.000393 158 158
Gypsum 577 577
Wastewater 4250 4250
Std Dev of Daily Closures, % 50.4

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-11

Ballly Mass Balance for Cadmium
Average of 9/3, 9/4, 9/5/93

Process Salid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
in Coal 104 104
Combustion Air
Makeup Water 0.000625 0.000625
Out {Flue Gas 43.4 0.608 44.0
Bottom Ash 19.6 19.6
Average of Daily Closures, % 64.4
Closure of Average Fiows, % 61.2
UNIT 8 ESP
In Flue Gas 43.4 0.608 44.0
Out |ESP Hopper Ash 49.0 49.0
Flue Gas to AFGD 0.718 0.461 1.18
Average of Daily Closures, % 115
Closure of Average Fiows, % 114
CONDENSER
In inlet Water 1.72 172
Out |Outlet Water 9.67 9.67
Average of Daily Closures, % 367
Closure of Average Flows, % 363
BOTTOM ASH SLUICE
In Bottom Ash 19.6 19.6
Sluice Return 0.0240 0.0240
Out {Bottom Ash Sluice 19.6 0.0192 19.6
Average of Daily Closures, % 100
Closure of Average Flows, % 100.0
BOILER OVERALL BALANCE
In Coal 104 104
Combustion Air
Makeup Water 0.000625 0.000625
Sluice Return 0.0240 0.0240
Out |[Bottom Ash Sluice 19.6 0.0192 19.6
ESP Hopper Ash 49.0 49.0
Flue Gas to AFGD 0.718 0.461 1.18
Average of Daily Closures, % 71.3
Closure of Average Flows, % 67.1

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-11

{Continued)

Bailly Mass Balance for Cadmium
Average of 9/3, 9/4, 9/5/93

Closure of Average_Flows. %

Process ~ Solid, Liquid, Gas, Yotal,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
in Unit 7 Fiue Gas 1.09 0.492 1.59
Unit 8 Flue Gas 0.718 0.461 1.18
Out |Fiue Gas to AFGD 1.81 0.953 2.76
verage of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 1.81 0.953 2.76
Limestone 0.234 0.234
Service Water 0.107 0.107
Compressed Air
Out |Stack Fiue Gas 0.194 0.0755 0.269
Gypsum 0.0906 0.0906
Wastewater 0.342 0.342
verage of Daily Closures, % 23.6
22.6

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-11A

Bailly Mass Balance for Cadmium
Std Dev of 9/3, 9/4, 9/5/93

“Process Solid, LUquid, Gas, Total,
| Stream mg/s mg/s mg/s mg/s
NIT 8 BOILER
In Coal 33.3 33.3
Combustion Air
Makeup Water 0.00 0.00
Out [Flue Gas 8.24 0.543 8.78
Bottom Ash 13.4 13.4
Std Dev of Daily Closures, % 29.5
UNIT 8 ESP
in Flue Gas 8.24 0.543 8.78
Out |ESP Hopper Ash 9.90 9.90
Flue Gas to AFGD 0.590 0.213 0.798
Std Dev of Daily Closures, % 8.49
CONDENSER
In Inlet Water 0.0244 0.0244
Out |Qutlet Water 8.22 8.22
Std Dev of Daily Closures, % 484
BOTTOM ASH SLUICE
In Bottom Ash 13.4 13.4
Sluice Return 0.0214 0.0214
QOut |Bottom Ash Sluice 13.4 0.0162 13.4
Std Dev of Daily Closures, % 0.504
BOILER OVERALL BALANCE
in Coal 333 33.3
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0214 0.0214
Out |Bottom Ash Sluice 134 0.0162 13.4
ESP Hopper Ash 9.90 9.90
Flue Gas to AFGD 0.590 0.213 0.798
Std Dev of Daily Closures, % 31.6

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-11A {Continued)

Bailly Mass Balance for Cadmium
Std Dev of 9/3, 9/4, 9/5/93

Process "Salid, ‘Liquid, Gas, “Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
n Unit 7 Flue Gas 0.432 0.153 0.508
Unit 8 Flue Gas 0.590 0.213 0.798
Out [Flue Gas to AFGD 0.970 0.363 1.28
Std Dev of Daily Closures, % 0.00
[ GVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.970 0.363 1.28
Limestone 0.376 0.376
Service Water 0.0427 0.0427
Compressed Air
Out |Stack Flue Gas 0.0893 0.0470 0.0957
Gypsum 0.000604 0.000604
Wastewater 0.0441 0.0441
Std Dev of Daily Closures, % 4.34

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-12

Bailly Mass Balance for Chromium
Average of 9/3, 9/4, 9/5/93

Closure of Avergge Flows, %

Process Said, Liquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 1640 1640
Combustion Air
Makeup Water 0.0125 0.0125
Out |Fiue Gas 558 1.22 559
Bottom Ash 692 692
Average of Daily Closures, % 78.9
Closure of Average Flows, % 76.3
UNIT 8 ESP
In Flue Gas 558 1,22 559
Out |ESP Hopper Ash 584 584
Fiue Gas to AFGD 1.41 0.977 2.39
Average of Daily Closures, % 105
{Closure of Average Fiows, % 105
CONDENSER
In Inlet Water 344 34.4
Out |Outlet Water 344 34.4
Average of Daity Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 692 692
Sluice Return 0.0819 0.0819
Out |Bottom Ash Sluice 692 0.0819 692
Average of Daily Closures, % 100
Closure of Average Fiows, % 100
BOILER OVERALL BALANCE
In Coal 1640 1640
Combustion Air
Makeup Water 0.0125 0.0125
Sluice Return 0.0819 0.0819
Out |[Bottom Ash Sluice 692 0.0819 692
ESP Hopper Ash 584 584
Flue Gas to AFGD 1.41 0.977 2.39
Average of Daily Closures, % 80.7
78.0

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-12  {Continued)
Bailly Mass Balance for Chromium
Average of 9/3, 9/4, 9/6/93

Closure of Aveggg Flows, %

"Process "Soid, Liquid, ~Gas, Total,
Stream mg/s mg/s _mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 4.20 0.446 4.65
Unit 8 Flue Gas 1.41 0.977 2.39
Out |Flue Gas to AFGD 5.61 1.42 7.04
verage of Daily Closures, % 100
IClosure of Average Fiows, % 100
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 5.61 1.42 7.04
Limestone 4.10 410
Service Water 0.259 0.259
Compressed Air
QOut |Stack Flue Gas 1.66 0.0850 1.75
Gypsum 323 323
Wastewater 0.0451 0.0451
Average of Daily Closures, % 2750
2850

Italics indicate numbers derived from non-detectable concentrations.

7-49




Tabie 7-12A
Baiily Mass Balance for Chromium
Std Dev of 9/3, 9/4, 9/56/93

" Process Sclic, tiquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 501 501
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 58.5 0.631 59.0
Bottom Ash 141 141
Std Dev of Daily Closures, % 14.8
UNIT 8 ESP
In Fiue Gas 58.5 0.631 59.0
Out |ESP Hopper Ash .7 , 71.7
Flue Gas to AFGD 0.165 0.126 0.129
Std Dev of Daily Closures, % 5.97
CONDENSER
in Inlet Water 0.488 0.488
Out [Outlet Water 0.488 0.488
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
in Bottom Ash 141 141
Sluice Return 0.00477 0.00477
Out |Bottom Ash Sluice 141 0.00477 141
Std Dev of Daily Closures, % 0.00
BOILER OVERALL BALANCE
In Coal 501 501
Combustion Air
Makeup Water 0.00 0.00
Siuice Return 0.00477 : 0.00477
Out |Bottom Ash Siuice 141 0.00477 141
ESP Hopper Ash 7.7 7.7
Flue Gas to AFGD 0.165 0.126 0.129
Std Dev of Daily Closures, % 16.4

Italics indicate numbers derived from non-detectable concentrations.



Table 7-12A (Continued)

Bailly Mass Balance for Chromium
Std Dev of 9/3, 9/4, 9/5/93

“Process ~ Solid, Uquid, Gas, “Yotal,
| Stream mg/s mg/s mg/s ma/s
FLUE GAS MIXING
In Unit 7 Flue Gas 1.19 0.0483 1.16
Unit 8 Flue Gas 0.165 0.126 0.129
Out |Flue Gas to AFGD 1.186 0.122 1.23
Std Dev of Daily Closures, % 0.00
] OVERALL AFGD SYSTEM BALANCE
In Fiue Gas ' 1.15 0.122 1.23
Limestone 0.228 0.228
Service Water 0.00507 0.00507
Compressed Air
Out |Stack Fiue Gas 0.241 0.0363 0.277
Gypsum 353 353
Wastewater 0.0312 0.0312
Std Dev of Daily Closures, % 2840

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-13

Bailly Mass Balance for Cobalt
Average of 9/3, 9/4, 9/5/93

Process Solid, Liquid, Gas, Total,
Stream mg/s mg/s mg/s ma/s
UNIT 8 BOILER
In Coal 98.1 98.1
Combustion Air
Makeup Water 0.00416 0.00416
Out |Flue Gas 51.8 0.0577 51.9
Bottom Ash 60.8 60.8
Average of Daily Closures, % 116
[Closure of Average Flows, % 115
UNIT 8 ESP
In Flue Gas 51.8 0.0577 51.9
Out [ESP Hopper Ash 65.8 65.8
Flue Gas to AFGD 0.0309 0.0459 0.0768
Average of Daily Closures, % 127
Closure of Average Flows, % 127
CONDENSER
In Inlet Water 26.6 26.6
Out |Outlet Water 1.5 11.5
Average of Daily Closures, % 73.3
{Closure of Average Flows, % 43.1
BOTTOM ASH SLUICE
In Bottom Ash 60.8 60.8
Sluice Return 0.0273 0.0273
Out |Bottom Ash Sluice 60.8 0.0776 60.9
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
in Ceal 98.1 98.1
Combustion Air
Makeup Water 0.00416 0.00416
Sluice Return 0.0273 0.0273
Out Bottom Ash Sluice 60.8 0.0776 60.9
ESP Hopper Ash 65.8 65.8
Flue Gas to AFGD 0.0309 0.0459 0.0768
Average of Daily Closures, % 130
Closure of Avegge Flows, % 129

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-13  (Continued)

Bailly Mass Balance for Cobalt
Average of 9/3, 9/4, 9/5/93

Closure of Average Flows, %

"Process ~Solid, Tquid, Gas, | Jota,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
in Unit 7 Flue Gas 0.333 0.0190 0.352
Unit 8 Flue Gas 0.0309 0.0459 0.0768
Out |Fiue Gas to AFGD 0.363 0.0649 0.428
Average of Daily Closures, % 100
[Closure of Average Flows, % _ 100
QVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.363 0.0649 0.428
Limestone 1.90 1.90
Service Water 0.164 0164
Compressed Air
Qut |Stack Flue Gas 0.0457 0.0236 0.0693
Gypsum 1.36 1.36
Wastewater 0.752 0.752
Average of Daily Closures, % 94.1
87.6

ltalics indicate numbers derived from non-detectable concentrations.
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Table 7-13A

Bailly Mass Balance for Cobalt
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
in Coal 10.4 10.4
Combustion Alr
Makeup Water 0.00 0.00
Out |Flue Gas 5.09 0.0520 5.14
Bottom Ash 3.54 3.54
Std Dev of Daily Closures, % 10.6
UNIT 8 ESP
In Flue Gas 5.09 0.0520 5.14
Out |ESP Hopper Ash 11.5 115
Flue Gas to AFGD 0.00166 0.0326 0.0337
Std Dev of Daily Closures, % 11.6
CONDENSER
in Inlet Water 26.1 26.1
Qut |OQutlet Water 0.163 0.163
Std Dev of Daily Closures, % 46.2
BOTTOM ASH SLUICE
In Bottom Ash 3.54 3.54
Sluice Return 0.00159 0.00159
Out [Bottom Ash Sluice 3.54 0.0886 3.58
Std Dev of Daily Closures, % 0.139
BOILER OVERALL BALANCE
In Coal 104 10.4
Combustion Air
Makeup Water 0.00 0.00
Siuice Return 0.00159 0.00159
QOut |Bottom Ash Sluice 3.54 0.0886 3.58
ESP Hopper Ash 115 11.5
Flue Gas to AFGD 0.00166 0.0326 0.0337
Std Dev of Dally Closures, % 5.30

Italics indicate numbers derived from non-detectable concentrations.




Table 7-13A (Continued)

Bailly Mass Balance for Cobalt
Std Dev of 9/3, 9/4, 9/5/93

~ Process Solid, tquid, Gas, | lotal,
L _ Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.113 0.00453 0.117
Unit 8 Flue Gas 0.00166 0.0326 0.0337
Out {Flue Gas to AFGD 0.113 0.0306 0.111
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.113 0.0306 0.111
Limestone 0.820 0.820
Service Water 0.135 0.135
Compressed Air
Out |Stack Fiue Gas 0.00519 0.000196 0.00506
Gypsum 0.00906 0.00906
Wastewater 0.105 0.105
Std Dev of Daily Closures, % 32.9

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-14

Bailly Mass Balance for Copper
Average of 9/3, 9/4, 9/5/93

Closure of Average Flows, %

Process olid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
in Coal 369 369
Combustion Air
Makeup Water 0.0139 0.0139
Out |Flue Gas 258 0.476 258
Bottom Ash 132 132
|Average of Daily Closures, % 107
[Closure of Average Flows, % 106
UNIT 8 ESP
In Flue Gas 258 0.476 258
Out |ESP Hopper Ash 309 309
Flue Gas to AFGD 0.518 0.519 1.04
Average of Daily Closures, % 122
Closure of Average Flows, % 120
CONDENSER
In Inlet Water 59.6 59.6
Out |Outlet Water 74.1 741
Average of Daily Closures, % 130
Closure of Average Flows, % 124
BOTTOM ASH SLUICE
In Bottorn Ash 132 132
Sluice Return 0.210 0.210
Qut |Bottom Ash Sluice 132 0.159 132
Average of Daily Closures, % 100.0
Closure of Average Fiows, % 100.0
BOILER OVERALL BALANCE
In Coal 369 369
Combustion Air
Makeup Water 0.0139 0.0139
Sluice Return 0.210 0.210
Out |Bottom Ash Siuice 132 0.159 132
ESP Hopper Ash 309 309
Flue Gas to AFGD 0.518 0.519 1.04
Average of Daily Closures, % 120
120

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-14

(Continued)

Bailly Mass Balance for Copper
Average of 9/3, 9/4, 9/5/83

Process . Solid, Liquid, " Gas, Total,
Stream mg/s mg/s mg/s mg/s §
FLUE GAS MIXING '
In Unit 7 Flue Gas 2.23 0.285 2.52
Unit 8 Flue Gas 0518 | 0.519 1.04
Out [Flue Gas to AFGD 2.75 0.804 3.56
Average of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 2.75 0.804 3.56
Limestone 15.4 18.4
Service Water 0.464 0.464
Compressed Air
Out |Stack Flue Gas 0.736 0.365 1.10
Gypsum 3.94 3.94
Wastewater 0.0783 0.0783
Average of Daily Closures, % 26.4
Closure of Average Flows, % 26.3

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-14A
Bailly Mass Balance for Copper
Std Dev of 9/3, 9/4, 9/5/93

Process Soid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 33.8 338
Combustion Air
Makeup Water 0.00307 0.00307
Out |Flue Gas 46.1 0.334 46.4
Bottom Ash 26.7 26.7
Std Dev of Daily Closures, % 24.3
UNIT 8 ESP
In Flue Gas 46.1 0.334 46.4
Out |ESP Hopper Ash 18.3 18.3
Flue Gas to AFGD 0.203 0.415 0.353
Std Dev of Daily Closures, % 19.6
CONDENSER
In Inlet Water 7.42 7.42
QOut  |OQutlet Water 39.2 39.2
Std Dev of Daily Closures, % 78.0
BOTTOM ASH SLUICE
In Bottom Ash 26.7 26.7
Sluice Return 0.0113 0.0113
QOut |Bottom Ash Sluice 26.7 0.0882 26.6
Std Dev of Daily Closures, % 0.0647
BOILER OVERALL BALANCE
In Coal 33.8 338
Combustion Air
Makeup Water 0.00307 0.00307
Sluice Return 0.0113 0.0113
QOut |Bottom Ash Sluice 26.7 0.0882 26.6
ESP Hopper Ash 18.3 18.3
Flue Gas to AFGD 0.203 0.415 0.353
Std Dev of Daily Closures, % ) 16.2

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-14A (Continued)

Bailly Mass Balance for Copper
Std Dev of 9/3, 9/4, 9/5/93

"Process Solid, Uquid, Gas, | Jotal,
Stream mg/s mg/s mg/s ma/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.470 0.1585 0.400
Unit 8 Flue Gas 0.203 0.415 0.353
Qut |Flue Gas to AFGD 0.546 0.851 0.0806
Std Dev of Dally Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.546 0.551 0.0806
Limestone 0.208 — 0.208
Service Water 0.0591 0.0591
Compreassed Air
Out |Stack Flus Gas 0.481 0.235 0.713
Gypsum 4.08 4.08
Wastewater 0.00731 0.00731
Std Dev of Daily Closures, % 24.9

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-156

Bailly Mass Balance for Lead
Average of 9/3, 9/4, 9/5/93

" Process Solid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
in Coal 298 298
Combustion Air
Makeup Water 0.0104 0.0104
Out |Flue Gas 392 0.417 392
Bottom Ash 18.2 16.2
IAverage of Daily Closures, % 141
[Closure of Average Flows, % 137
UNIT 8 ESP
In Flue Gas 392 0.417 392
Out |ESP Hopper Ash 424 424
Flue Gas to AFGD 1.19 0.212 1.40
Average of Daily Closures, % 110
Closure of Average Flows, % 108
CONDENSER
in Inlet Water 28.6 28.6
Out  |Outlet Water 28.6 28.6
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
4] Bottom Ash 16.2 15.2
Sluice Return 0.0682 0.0682
Out |Bottom Ash Sluice 18.2 0.0975 15.3
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 298 298
Combustion Air
Makeup Water 0.0104 0.0104
Sluice Return 0.0682 0.0682
Out |[Bottom Ash Sluice 15.2 0.0975 15.3
ESP Hopper Ash 424 424
Flue Gas to AFGD 1.19 0.212 1.40
Average of Daily Closures, % 151
Closure of Average Flows, % 148

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-15

{Continued)

Bailly Mass Balance for Lead
Average of 9/3, 9/4, 9/6/93

" Process 'Sold, Uquid, Gas, Total,
| Stream mg/s mg/s mg/s mg/s
LUE GAS MIXING
In Unit 7 Flue Gas 3.86 0.0710 3.93
Unit 8 Flue Gas 1.19 0.212 1.40
Qut (Flue Gas to AFGD 5.05 0.283 5.33
verage of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 5.05 0.283 533
Limestone 0.424 0.424
Service Water 0.216 0.216
Compressed Air
Out |Stack Flue Gas 0.893 0.133 1.03
Gypsum 2.26 226
Wastewater 0.0233 0.0233
|Average of Daily Closures, % 36.8
Closure of Average Flows, % 55.5

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-15A

Bailly Mass Balance for Lead
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
Stream ma/s mo/s mg/s mg/s
UNIT 8 BOILER
In Coal 46.2 46.2
Combustion Alr
Makeup Water 0.00 0.00
Qut |Flue Gas 60.3 0.350 60.3
Bottom Ash 2.63 2.63
Std Dev of Daily Closures, % 44.8
UNIT 8 ESP
in Flue Gas 60.3 0.350 60.3
Out |ESP Hopper Ash 23.0 23.0
Flue Gas to AFGD 1.00 0.0547 0.950
Std Dev of Dally Closures, % 10.7
CONDENSER
In Inlet Water 0.407 0.407
Out  |OQutlet Water 0.407 0.407
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
In Bottom Ash 2.63 2.63
Sluice Return 0.00397 0.00397
Out |Bottom Ash Sluice 2.63 0.0477 2.63
Std Dev of Daily Closures, % 0.335
BOILER OVERALL BALANCE
In Coal 46.2 46.2
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.00397 0.00397
Out |Bottom Ash Sluice 2.63 0.0477 2.63
ESP Hopper Ash 23.0 23.0
Flue Gas to AFGD 1.00 0.0547 0.950
Std Dev of Daily Closures, % 33.2

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-15A (Continued)

Bailly Mass Balance for Lead
Std Dev of 8/3, 9/4, 9/5/93

Process ~ Sold, “Uquig, - Gas, Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
in Unit 7 Flue Gas 0.881 0.0522 0.933
Unit 8 Flue Gas 1.00 0.0547 0.950
Out |Flue Gas to AFGD 1.76 0.0406 1.76
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BAILANCE
in Flue Gas 1.76 0.0406 1.76
Limestone 0.00768 0.00768
Service Water 0.00422 0.00422
Compressed Air
Out |Stack Flue Gas 0.480 0.0816 0.550
Gypsum 0.0151 0.0151
Wastewater 0.00131 0.00131
Std Dev of Daily Closures, % 7.03

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-16

Bailly Mass Balance for Manganese
Average of 9/3, 9/4, 9/5/93

Process Solig, Liquid, Gas, Total,
Stream _mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 1130 1130
Combustion Air
Makeup Water 0.0260 0.0260
Out |Flue Gas 322 0.445 323
Bottom Ash 860 860
Average of Daily Closures, % 105
{Closure of Average Flows, % 105
UNIT 8 ESP
In Flue Gas 322 0.445 323
QOut |ESP Hopper Ash 355 355
Fiue Gas to AFGD 0.221 0.176 0.397
Average of Daily Closures, % 111
[Closure of Average Flows, % 110
CONDENSER
In Inlet Water 71.6 71.6
Out |Outlet Water 245 24,5
Average of Daily Closures, % 34.2
Closure of Average Flows, % 34.3
BOTTOM ASH SLUICE
In Bottom Ash 860 860
Sluice Return 0.189 0.189
QOut |Bottom Ash Sluice 860 0.123 860
Average of Daily Closures, % 100.0
Closure of Average Flows, % 100.0
BOILER OVERALL BALANCE
In Coal 1130 1130
Combustion Air
Makeup Water 0.0260 0.0260
Sluice Return 0.189 0.189
Qut {Bottom Ash Sluice 860 0.123 860
ESP Hopper Ash 355 355
Flue Gas to AFGD 0.221 0.176 0.397
Average of Daily Closures, % 108
Closure of Avereige Flows, % 108

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-16

(Continued)

Bailly Mass Balance for Manganese
Average of 9/3, 9/4, 9/5/93

" Process ~ Solid, Cquid, Gas, Total,
al Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
in Unit 7 Flue Gas 1.46 0.0666 1.83
Unit 8 Fiue Gas 0.221 0.176 0.397
Qut |Flue Gas to AFGD 1.68 0.243 1.92
jAverage of Daily Closures, % 100
[Closure of Average Flows, % . 100
| OVERALL AFGD SYSTEM BALANCE
in Flue Gas 1.68 0.243 1.92
Limestone 471 471
Service Water 0.440 0.440
Compressed Air
Out }Stack Flue Gas 1.39 0.0946 1.49
Gypsum 54.9 54.9
Wastawater 396 396
verage of Daily Closures, % 95.5
Closure of Average Flows, % 95.6

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-16A

Bailly Mass Balance for Manganese
Std Dev of 9/3, 9/4, 9/5/93

"Process Solid, Liquid, "Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 10.8 10.8
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 31.2 0.584 31.2
Bottorn Ash 59.2 59.2
Std Dev of Daily Closures, % 6.51
UNIT 8 ESP
In Flue Gas 31.2 0.584 31.2
Out |ESP Hopper Ash 15.4 15.4
Fiue Gas to AFGD 0.161 0.0934 0.118
Std Dev of Daily Closures, % 15.9
CONDENSER
in Inlet Water 1.02 1.02
Out |Outlet Water 8.95 8.95
Std Dev of Daily Closures, % 12.1
BOTTOM ASH SLUICE
In Bottom Ash §59.2 59.2
Sluice Return 0.0321 0.0321
Qut |Bottom Ash Sluice 59.2 0.0435 59.2
Std Dev of Daily Closures, % 0.00899
BOILER OVERALL BALANCE
In Coal . 10.8 10.8
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0321 0.0321
Out |Bottom Ash Sluice 59.2 0.0435 59.2
ESP Hopper Ash 15.4 15.4
Flue Gas to AFGD 0.161 0.0934 0.118
Std Dev of Daily Closures, % 3.97

Italics indicate numbers derived from non-detectable concentrations.




Table 7-16A {Continued)
Bailly Mass Balance for Manganese

Std Dev of 9/3, 9/4, 9/5/93

Process - Solid, Uquid, Gas, Total,
- Stream mg/s mg/s mg/s mg/s |
FLUE GAS MIXING
In Unit 7 Fiue Gas 0.357 0.00233 0.359
Unit 8 Flue Gas 0.161 0.0934 0.118
Out |Flue Gas to AFGD 0.380 0.0956 0.432
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
in Flue Gas ' 0.380 0.0956 0.432
Limestone 17.2 17.2
Service Water 0.183 0.183
Compressed Air

Out |Stack Flue Gas 0.129 0.000786 0.130
Gypsum 11.9 111
Wastewater 16.7 16.7
Std Dev of Daily Closures, % 1.05

Italics indicate numbers derived from non-detectable concentrations.

7-67



Table 7-17

Bailly Mass Balance for Mercury
Average of 9/3, 9/4, 9/5/93

Process Solid, Uquid, - Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 4.09 4.09
Combustion Air
Makeup Water 0.000833 0.000833
Out |Flue Gas 0.0726 1.07 1.14
Bottom Ash 0.00370 0.00370
Average of Daily Closures, % 29.2
Closure of Average Flows, % 28.0
UNIT 8 ESP
In Flue Gas 0.0726 1.07 1.14
Out |ESP Hopper Ash 0.00887 0.00887
Flue Gas to AFGD 0.00941 1.23 1.24
verage of Daily Closures, % 116
{Closure of Average Fiows, % 110
CONDENSER
In Inlet Water 1.56 1.56
Qut |Outlet Water 1.64 1.64
Average of Daily Closures, % 119
Closure of Average Flows, % 105
BOTTOM ASH SLUICE
in Bottomn Ash 0.00370 0.00370
Siuice Return 0.00483 0.00483
Out |Bottom Ash Sluice 0.00370 0.00463 0.00833
Average of Daily Closures, % 102
Closure of Average Flows, % 97.7
BOILER OVERALL BALANCE
In Coal 4.09 4.09
Combustion Air
Makeup Water 0.000833 0.000833
Sluice Return 0.00483 0.00483
Out |[Boftom Ash Siuice 0.00370 0.00463 0.00833
ESP Hopper Ash 0.00887 0.00887
Flue Gas to AFGD 0.00941 1.23 1.24
{Average of Daily Closures, % 31.3
Closure of Average Fiows, % 30.8

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-17  (Continued)

Bailly Mass Balance for Mercury
Average of 9/3, 9/4, 9/5/93

Process Solid, | Uquid, "Gas, " total,
" Stream mg/s_ mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.00883 0.690 0.699
Unit 8 Flue Gas 0.00941 1.23 1.24
Qut |Flue Gas to AFGD 0.0182 1.92 1.94
Average of Daily Closures, % 100
{Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
in Fiue Gas 0.0182 1.92 1.94
Limestone 0.00678 0.00678
Service Water 0.00836 0.00836
Compressed Air
Out  |Stack Flue Gas 0.00395 1.32 1.32
Gypsum 2.23 2.23
Wastewater 0.00316 0.00316
Average of Daily Closures, % 182
Closure of Average Flows, % 182

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-17A

Bailly Mass Balance for Mercury
Std Dev of 9/3, 9/4, 9/5/93

Process 'Solid, Uiquid, " Gas, Total,
Stream mo/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 0.535 0.535
Combustion Air
Makeup Water 0.000314 0.000314
Out |Fiue Gas 0.0101 0.345 0.355
Bottom Ash 0.00182 0.00182
Std Dev of Daily Closures, % 13.4
UNIT 8 ESP
In Flue Gas 0.0101 0.345 0.355
Out |ESP Hopper Ash 0.00231 0.00231
Flue Gas to AFGD 0.00842 0.0930 0.0984
Std Dev of Daily Closures, % 32.2
CONDENSER
in Inlet Water 0.458 0.458
Out  {Outlet Water 1.32 1.32
Std Dev of Daily Closures, % 92.8
BOTTOM ASH SLUICE
In Bottom Ash 0.00182 0.00182
Sluice Return 0.00201 0.00201
Out |Bottom Ash Sluice 0.00182 | 0.0000312 0.00183
Std Dev of Daily Closures, % 26.2
BOILER OVERALL BALANCE
In Coal 0.535 0.535
Combustion Air
Makeup Water 0.000314 0.000314
Sluice Return 0.00201 0.00201
Out |Bottom Ash Sluice 0.00182 | 0.0000312 0.00183
ESP Hopper Ash 0.00231 0.00231
Flue Gas to AFGD 0.00842 0.0930 0.0984
Std Dev of Daily Closures, % 6.07

Italics indicate numbers derived from non-detectable concentrations.
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Tabie 7-17A (Continued)

Bailly Mass Balance for Mercury
Std Dev of 9/3, 9/4, 9/5/93

P

“Process Soild, Liquid, Gas, Total,
Stream mg/s mg/s mg/s mgls
FLUE GAS MIXING = = o
In Unit 7 Flue Gas 0.00409 0.101 0.0986
Unit 8 Flue Gas 0.00842 0.0930 0.0984
Out |Fiue Gas to AFGD 0.00669 0.0327 0.0354
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.00669 0.0327 0.0354
Limestone 0.000123 0.000123
Service Water 0.00115 0.00115
Compressed Air
Out |Stack Flue Gas 0.00138 0.192 0.191
Gypsum 0.0433 0.0433
Wastewater 0.000698 0.000698
Std Dev of Daily Closures, % 4.86

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-18
Bailly Mass Balance for Mercury (B-R)

Average of 9/3, 9/4, 9/5/93

Process Salid, Liquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 3.89 3.89
Combustion Air 0.0481 0.0481
Makeup Water 0.000833 0.000833
Out |Flue Gas . 2.18 2.18
Bottom Ash 0.00370 0.00370
verage of Daily Closures, % 54.8
Closure of Average Flows, % 55.4
UNIT 8 ESP
In Fiue Gas 2.18 2.18
Out {ESP Hopper Ash 0.00887 0.00887
Flue Gas to AFGD 2.57 2.57
Average of Daily Closures, % 120
Closure of Average Flows, % 118
CONDENSER
In Inlet Water 1.56 1.56
Out |Outlet Water 1.64 1.64
Average of Daily Closures, % 119
Closure of Average Flows, % 105
BOTTOM ASH SLUICE
In Bottom Ash 0.00370 0.00370
Sluice Return 0.00483 0.00483
Qut |[Bottom Ash Sluice 0.00370 0.00463 0.00833
Average of Daily Closures, % 102
Closure of Average Flows, % 97.7
BOILER OVERALL BALANCE
In Coal 3.89 3.89
Combustion Air 0.0481 0.0481
Makeup Water 0.000833 0.000833
Sluice Return 0.00483 0.00483
Out |Bottom Ash Sluice 0.00370 0.00463 0.00833
ESP Hopper Ash 0.00887 0.00887
Flue Gas to AFGD 2.57 2.57
Average of Daily Closures, % 65.2
Closure of Average Flows, % 65.5

Italics indicate numbers derived from non-detectable concentrations.
Bold entries show the Brooks-Rand mercury data.
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Table 7-18 (Continued)
Bailly Mass Balance for Mercury (B-R)
Average of 9/3, 9/4, 9/5/93

Process Solid, Oquid, ] Gas, “Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 1.27 1.27
Unit 8 Flue Gas 2.57 2.57
Out |Flue Gas to AFGD 3.84 3.84
verage of Daily Closures, % | 100
losure of Average Fiows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 3.84 3.84
Limestone 0.00678 0.00678
Service Water 0.00836 0.00836
Compressed Alr
Out |Stack Flue Gas 1.52 1.52
Gypsum 223 223
Wastewater 0.00316 0.00316
|Average of Daily Closures, % 89.7
|Closure of Average Flows, % 97.6

Italics indicate numbers derived from non-detectable concentrations.
Bold entries show the Brooks-Rand mercury data.
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Table 7-18A
Bailly Mass Balance for Mercury (B-R)

Std Dev of 9/3, 9/4, 9/5/93

Process Solid, tiquid, Gas, Total,
___Stream ma/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 0.589 0.589
Combustion Air 0.00214 0.00214
Makeup Water 0.000314 0.000314
Out |Flue Gas 0.614 0.614
Bottom Ash 0.00182 0.00182
Std Dev of Daily Closures, % 7.94
UNIT 8 ESP
In Flue Gas 0.614 0.614
Out |ESP Hopper Ash 0.00231 0.00231
Fiue Gas to AFGD 0.560 0.560
Std Dev of Daily Closures, % 7.37
CONDENSER
In Intet Water 0.458 0.458
Out |Outlet Water 1.32 1.32
Std Dev of Daily Closures, % 92.8
BOTTOM ASH SLUICE
In Bottom Ash 0.00182 0.00182
Sluice Return 0.00201 0.00201
Out |Bottom Ash Sluice 0.00182 | 0.0000312 0.00183
Std Dev of Daily Closures, % 20.2
BOILER OVERALL BALANCE
In Coal 0.589 0.589
Combustion Air 0.00214 0.00214
Makeup Water 0.000314 0.000314
Sluice Return 0.00201 0.00201
Out |Bottom Ash Sluice 0.00182 | 0.0000312 0.00183
ESP Hopper Ash 0.00231 0.00231
Flue Gas to AFGD 0.560 0.560
Std Dev of Daily Closures, % 5.46

Italics indicate numbers derived from non-detectable concentrations.
Bold entries show the Brooks-Rand mercury data.
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Table 7-18A (Continued)

Bailly Mass Balance for Mercury (B-R)
Std Dev of 9/3, 9/4, 9/5/93

" Process | Solid, Uquid, Gas, | Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.240 0.240
Unit 8 Flue Gas 0.560 0.560
Out |Flue Gas to AFGD 0.786 0.786
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.786 0.786
Limestone 0.000123 0.000123
Service Water 0.00115 0.00115
Compressed Air
Out |Stack Flue Gas 0.272 0.272
Gypsum 0.0433 0.0433
Wastewater 0.000698 0.000698
Std Dev of Daily Closures, % 17.3

Italics indicate numbers derived from non-detectable concentrations.
Bold entries show the Brooks-Rand mercury data.
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Table 7-19
Bailly Mass Balance for Molybdenum

Average of 9/3, 9/4, 9/5/93

Closure of Average Flows, %

Process " Solid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 283 283
Combustion Air
. Makeup Water 0.0125 0.0125
Out |Flue Gas 205 0.293 205
Bottom Ash 112 1.12
Average of Daily Closures, % 78.8
|Closure of Average Flows, % 72.9
UNIT 8 ESP
in Flue Gas 205 0.293 205
Out |ESP Hopper Ash 217 217
Flue Gas to AFGD 1.41 0.0618 1.47
JAverage of Daily Closures, % 108
[Closure of Average Flows, % 106
CONDENSER
In Inlet Water 34.4 34.4
Out |Outlet Water 344 34.4
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 112 112
Sluice Return 0.133 0.133
Out |Bottom Ash Sluice 1.12 0.187 1.30
Average of Daily Closures, % 102
Closure of Average Flows, % 104
BOILER OVERALL BALANCE
In Coal 283 283
Combustion Air
Makeup Water 0.0125 0.0125
Sluice Return 0.133 0.133
Out |Bottom Ash Sluice LI2 0.187 130
ESP Hopper Ash 217 217
Flue Gas to AFGD 1.41 0.0618 1.47
Average of Daily Closures, % 85.3
77.5

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-18  (Continued)
Bailly Mass Balance for Molybdenum

Average of 9/3, 9/4, 9/5/93

Process Solid, Lquid, - Gas, | lotal,
Stream ma/s ma/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Fiue Gas 279 0.0333 2.82
Unit 8 Flue Gas 1.41 0.0618 1.47
Out |[Flue Gas to AFGD 4.20 0.0951 4.29
Average of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 4.20 0.0951 4.29
Limestone 2.46 2.46
Service Water 211 211
Compressed Air
Out [Stack Flue Gas 2.14 0.0473 2.18
Gypsum 61.8 61.8
Wastewater 1.12 1.12
verage of Daily Closures, % 795
Closure of Average_Flows. % 735

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-19A
Bailly Mass Balance for Molybdenum

Std Dev of 9/3, 9/4, 9/5/93

~ Process Solid, Uquid, Gas, Total,
| Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 139 139
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 47.6 0.359 48.0
Bottom Ash 0.749 0.749
Std Dev of Daily Closures, % 21.0
UNIT 8 ESP
In Flue Gas 47.6 0.359 48.0
Out [ESP Hopper Ash 30.5 30.5
Fiue Gas to AFGD 0.123 0.00333 0.125
Std Dev of Daily Closures, % 15.4
CONDENSER
In Inlet Water 0.488 0.488
Out  [Outlet Water 0.488 0.488
Std Dev of Daily Closures, % 0.00
B8OTTOM ASH SLUICE
In Bottom Ash 0.749 0.749
Sluice Return 0.0884 0.0884
Qut |Bottom Ash Sluice 0.749 0.182 0.931
Std Dev of Daily Closures, % 4.22
BOILER OVERALL BALANCE
in Coal 139 139
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.0884 0.0884
Out |Bottom Ash Sluice 0.749 0.182 0.931
ESP Hopper Ash 30.5 30.5
Flue Gas to AFGD 0.123 0.00333 0.125
Std Dev of Daily Closures, % 24.0

Italics indicate numbers derived from non-detectable concentrations.

7-78




Table 7-19A (Continued)
Bailly Mass Balance for Molybdenum

Std Dev of 9/3, 9/4, 9/5/93

Process . Solid, Oqud, | Gas, Total,
d Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.374 0.00117 0.374
Unit 8 Flue Gas 0.123 0.00333 0.125
Qut |Flue Gas to AFGD 0.483 0.00420 0.487
Std Dev of Daily Closures, % 0.00
IOVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.483 0.00420 0.487
Limestone 252 252
Service Water 3.21 3.21
Compressed Air
Out |[Stack Flue Gas 0.150 0.000393 0.150
Gypsum 49.2 49.2
Wastewater 0.0760 0.0760
Std Dev of Daily Closures, % 543

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-20

Bailly Mass Balance for Nickel
Average of 9/3, 9/4, 9/5/93

Process Solid, Liquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 906 906
Combustion Air
Makeup Water 0.0208 0.0208
Out |Fiue Gas 330 1.30 331
Bottom Ash 273 273
Average of Daily Closures, % 72.3
[Closure of Average Flows, % 66.7
UNIT 8 ESP
In Flue Gas 330 1.30 331
Out |ESP Hopper Ash 349 349
Flue Gas to AFGD 0.792 1.13 1.93
Average of Daily Closures, % 106
Closure of Average Flows, % 106
CONDENSER
In inlet Water 57.3 57.3
Qut |[Outlet Water 73.6 73.6
Average of Daily Closures, % 128
Closure of Average Flows, % 128
BOTTOM ASH SLUICE
in Bottom Ash 273 273
Sluice Return 0.136 0.136
Out |Bottom Ash Siuice 273 0.442 274
Average of Daily Closures, % 100
Closure of Average Fiows, % 100
BOILER OVERALL BALANCE
In Coal 906 906
Combustion Air
Makeup Water 0.0208 0.0208
Sluice Return 0.136 0.136
Out [Bottom Ash Siuice 273 0.442 274
ESP Hopper Ash 349 349
Flue Gas to AFGD 0.792 1.13 1.93
Average of Daily Closures, % 74.9
Closure of Average Flows, % 68.9

Italics indicate numbers derived from non-detectable concentrations.




Table 7-20

(Continued)

Bailly Mass Balance for Nickel
Average of 9/3, 9/4, 9/5/93

Closure of Averagg Flows, %

" Process Solid, Tiquid, Gas, Total,
Stream mg/s mqg/s mg/s mg/s
FLUE GAS MIXING - — e |
in Unit 7 Fiue Gas 1.05 0.300 1.35
Unit 8 Flue Gas 0.792 1.13 1.93
Out |Flue Gas to AFGD 1.85 1.43 3.28
verage of Daily Closures, % 100
|Closure of Average Flows, % _ 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 1.85 1.43 3.28
Limestone 17.4 17.4
Service Water 0.441 0.441
Compressed Air
Out [Stack Flue Gas 0.771 0.520 1.29
Gypsum 156 156
Wastewater 6.85 6.85
verage of Daily Closures, % 750
777

Italics indicate numbers derived from non-detectable concentrations.
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Tabile 7-20A

Bailly Mass Balance for Nickel
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 396 396
Combustion Air
Makeup Water 0.00 0.00
Out |Flue Gas 51.6 1.42 513
Bottom Ash 30.3 30.3
Std Dev of Daily Closuras, % 19.9
UNIT 8 ESP
in Flue Gas 51.6 1.42 51.3
Out [ESP Hopper Ash 43.8 48.8
Flue Gas to AFGD 0.213 0.911 0.796
Std Dev of Daily Closures, % 1.94
CONDENSER
In inlet Water 0.814 0.814
Out |Outlet Water 29.0 29.0
Std Dev of Daily Closures, % 48.5
BOTTOM ASH SLUICE
In Bottom Ash 30.3 30.3
Sluice Return 0.00794 0.00794
Qut |Bottom Ash Sluice 30.3 0.0588 30.4
Std Dev of Daily Closures, % 0.00934
BOILER OVERALL BALANCE
In Coal 396 396
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.00794 0.00794
Out |Bottom Ash Sluice 30.3 0.0588 30.4
ESP Hopper Ash 48.8 48.8
Flue Gas to AFGD 0.213 0.911 0.796
Std Dev of Daily Closures, % 21.3

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-20A (Continued)

Bailly Mass Balance for Nickel
Std Dev of 9/3, 9/4, 9/5/93

~ Process Solid, Oquid, Gas, “Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.696 0.0896 0.682
Unit 8 Flue Gas 0.213 0.911 0.796
Out |Flue Gas to AFGD 0.808 0.825 1.29
Std Dev of Daily Closures, % 0.00
[OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.808 0.825 1.29
Limestone 0.897 0.897
Service Water 0.0230 0.0230
Compressed Air
Out |Stack Flue Gas 0.189 0.390 0.287
Gypsum 120 120
Wastewater 0.293 0.293
Std Dev of Daily Closures, % 490

Italics indicate numbers derived from non-detectable concentrations.




Table 7-21

Bailly Mass Balance for Selenium
Average of 9/3, 9/4, 9/5/93

Process olid, Liquid, Gas, Total,
Stream mg/s _mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 51.3 513
Combustion Air
Makeup Water 0.0142 0.0142
Out |Flue Gas 48.3 62.2 110
Bottom Ash 0.817 0.817
verage of Daily Closures, % 256
|\Closure of Average Flows, % 217
UNIT 8 ESP
in Flue Gas 48.3 62.2 110
Out |ESP Hopper Ash 11.7 11.7
Flue Gas to AFGD 0.567 52.2 52.7
|Average of Daily Closures, % 58.5
[Closure of Average Flows, % 58.3
CONDENSER
in Inlet Water 344 3.44
Out |Qutlet Water 3.44 3.44
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 0.817 0.817
Sluice Return 0.188 0.188
Out |Bottom Ash Sluice 0.817 0.259 1.08
Average of Daily Closures, % 115
[Closure of Average Flows, % 107
BOILER OVERALL BALANCE
In Coal 51.3 51.3
Combustion Air
Makeup Water 0.0142 0.0142
Sluice Return 0.188 0.188
Out |Bottom Ash Sluice 0.817 0.259 1.08
ESP Hopper Ash 117 11.7
Flue Gas to AFGD 0.567 52.2 52.7
Average of Daily Closures, % 149
Closure of Average Flows, % 127

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-21

(Continued)

Bailly Mass Balance for Selenium
Average of 9/3, 9/4, 9/5/93

~ Process Solid, Liquid, Gas, Yotal,
Stream mgys | mgs | mgs | mgss
FLUE GAS MIXING
in Unit 7 Flue Gas 11.9 45.0 56.9
Unit 8 Flue Gas 0.567 522 52.7
Out |Flue Gas to AFGD 12.4 97.2 110
Average of Daily Closures, % 100
Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 12.4 97.2 110
Limestone 0.339 0.339
Service Water 0.109 0.109
Compressed Air
Out |Stack Flue Gas 61.7 61.5 123
Gypsum 37.9 37.9
Wastewater 2.86 2.86
Average of Daily Closures, % 161
149

Closure of Avergge Flows, %

Italics indicate numbers derived from non-detectable concentrations.
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Table 7-21A
Bailly Mass Balance for Selenium
Std Dev of 9/3, 9/4, 9/5/93

"Process Soiid, Liquid, Gas, Total,
Stream mg/s mo/s mg/s _mg/s
UNIT 8 BOILER

In Coal 324 324

Combustion Air ‘
Maksup Water 0.0125 0.0125
Out |[Flue Gas 7.50 19.4 18.5
Bottom Ash 0.416 0.416
Std Dev of Daily Closures, % 92.5

UNIT 8 ESP
In Flue Gas 7.50 19.4 18.5
Out |ESP Hopper Ash 1.83 1.83
Flue Gas to AFGD 0.164 15.8 15.7
Std Dev of Daily Closures, % 11.3
CONDENSER
In Inlet Water 0.0488 0.0488
Out [Outlet Water 0.0488 0.0488
Std Dev of Daily Closures, % 0.00
BOTTOM ASH SLUICE
In Bottom Ash 0.416 0.416
Sluice Return 0.0768 0.0768
Out |Bottom Ash Sluice 0.416 0.167 0.385
Std Dev of Daily Closures, % 31.5
BOILER OVERALL BALANCE
In Coal . 324 324
Combustion Air

Makeup Water 0.0125 0.0125
Sluice Return 0.0768 0.0768
Out |Bottom Ash Sluice 0.416 0.167 0.385
ESP Hopper Ash 1.83 1.83
Flue Gas to AFGD 0.164 15.8 15.7
Std Dev of Daily Closures, % 61.4

Italics indicate numbers derived from non-detectable concentrations.



Table 7-21A (Continued)

Bailly Mass Balance for Selenium
Std Dev of 8/3, 9/4, 8/5/83

Process Soiid, Oquid, Gas, ~ Total,
Stream mg/s mg/s mg/s mo/s
FLUE GAS MIXING
in Unit 7 Flue Gas 10.1 28.8 31.9
Unit 8 Flue Gas 0.164 15.8 15.7
Out |Flue Gas to AFGD 10.0 38.0 44.0
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 10.0 38.0 44.0
Limestone 0.00614 0.00614
Service Water 0.145 0.145
Compressed Air
Out |Stack Flue Gas 28.4 425 62.7
Gypsum 217 217
Wastewater 0.271 0.271
Std Dev of Daily Closures, % 62.1

Italics indicate numbers derived from non-detectable concentrations.
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Tabie 7-22
Bailly Mass Balance for Vanadium
Average of 9/3, 9/4, 9/5/93

Process Soid, Tiquid, Gas, Total,
Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER
In Coal 1860 1860
Combustion Air
Makeup Water 0.00625 0.00625
Out |Flue Gas 699 0.775 700
Bottom Ash 869 869
Average of Daily Closures, % 86.2
Closure of Average Flows, % 84.5
UNIT 8 ESP
In Flue Gas 699 0.775 700
Out |ESP Hopper Ash 833 833
Fiue Gas to AFGD 1.20 0.0512 1.25
jAverage of Daily Closures, % 120
[Closure of Average Flows, % 119
CONDENSER
In iniet Water 17.2 17.2
Out [Outlet Water 17.2 17.2
Average of Daily Closures, % 100
{Closure of Average Flows, % 100
BOTTOM ASH SLUICE
In Bottom Ash 869 869
Sluice Return 0.0409 0.0409
Out |Bottom Ash Sluice 869 0.0409 869
Average of Daily Closures, % 100
WCIosure of Average Flows, % 100
BOILER OVERALL BALANCE :
In Coal 1860 1860
Combustion Air
Makeup Water 0.00625 0.00625
Sluice Return 0.0409 0.0409
Out |Bottom Ash Sluice 869 0.0409 869
ESP Hopper Ash 833 833
Flue Gas to AFGD 1.20 0.0512 1.25
Average of Daily Closures, % 93.5
Closure of Average Flows, % ) 91.7

Italics indicate numbers derived from non-detectable concentrations.



Tabla 7-22 (Continued)

Bailly Mass Balance tor Vanadium
Average of 9/3, 9/4, 9/5/93

Process Solid, Uquid, Gas, ~ Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Fiue Gas 6.30 0.0418 6.34
Unit 8 Flue Gas 1.20 0.0512 1.25
Out |{Flue Gas to AFGD 7.50 0.0930 7.59
|Average of Daily Closures, % 100
[Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Fiue Gas 7.50 0.0930 7.59
Limestone 24.6 246
Service Water 0.130 0.130
Compressed Air
Qut |Stack Flue Gas 1.73 0.0253 1.76
Gypsum 19.2 19.2
Wastewater 0.112 0.112
Average of Daily Closures, % 64.9
HCIosure of Average Flows, % 65.0

ltalics indicate numbers derived from non-detectable concentrations.
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Table 7-22A
Bailly Mass Balance for Vanadium
Std Dev of 9/3, 9/4, 9/5/93

Process Solid, Lquid, Gas, Total,
___Stream mg/s mg/s mg/s mg/s
UNIT 8 BOILER -
In Coal 317 317
Combustion Air
Makeup Water 0.00 0.00
Out [(Flue Gas 80.5 0.753 81.3
Bottom Ash 116 116
Std Dev of Dally Closures, % 18.4
UNIT 8 ESP
(] Fiue Gas 80.5 0.753 81.3
Out |ESP Hopper Ash 235 ' 235
Flue Gas to AFGD 0.224 0.0227 0.224
Std Dev of Daily Closures, % 11.6
CONDENSER
In Inlet Water 0.244 0.244
Out |Outlet Water 0.244 0.244
Std Dev of Daily Closures, % ’ 0.00
BOTTOM ASH SLUICE
in Bottom Ash 116 116
Sluice Return 0.00238 0.00238
QOut |Bottom Ash Sluice 116 0.00238 116
Std Dev of Daily Closures, % 0.00
BOILER OVERALL BALANCE
In Coal 317 317
Combustion Air
Makeup Water 0.00 0.00
Sluice Return 0.00238 0.00238
Out |Boftom Ash Sluice 116 0.00238 116
ESP Hopper Ash 235 23.5
Flue Gas to AFGD 0.224 0.0227 0.224
Std Dev of Daily Closures, % 17.6

Italics indicate numbers derived from non-detectable concentrations.



Table 7-22A (Continued)

Bailly Mass Balance for Vanadium
Std Dev of 9/3, 9/4, 9/5/93

~ Process Solid, Liquid, " Gas, Total,
Stream mg/s mg/s mg/s ma/s
FLUE GAS MIXING
in Unit 7 Fiue Gas 1.08 0.0321 1.11
Unit 8 Flue Gas 0.224 0.0227 0.224
Out [Flue Gas to AFGD 0.998 0.0140 1.01
Std Dev of Daily Closures, % 0.00
OVERALL AFGD SYSTEM BALANCE
in Flue Gas 0.998 0.0140 1.01
Limestone 0.440 0.440
Service Water 0.00253 0.00253
Compressed Air

Out |Stack Flue Gas 0.422 0.0121 0.417
Gypsum 2.15 2.15
Wastewater 0.0181 0.0181
Std Dev of Daily Closures, % 5.33

ltalics indicate numbers derived from non-detectable concentrations.
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Table 7-23B
AFGD Closures from Two Data Sources

Closure %

Elements SRI analysis* Galbraith analysis
Antimony 65 134
Arsenic 426 47
Barium 81 86
Beryllium 1220 ' 123
Boron 128 91
Cadmium 67 90
Chromium 2850 98
Cobalt 88 135
Copper 26 47
Lead 56 73
Manganese 96 142
Mercury 182 132
Molybdenum 735 50
Nickel 717 125
Selenium 149 135
Vanadium 65 82

*Data from the last line of entries in Tables 7-6 through 7-22, which are
based on averages of daily flows. (They are not the averages of closures for
each three days, which are found in Table 7-23.)

*Data equivalent to those in the second column, except that flows of
limestone and are based on the results at Galbraith (see page 6-64).
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7.2 Efficiencies of Removal of Trace Species

There are two direct ways for expressing the efficiency of removal of trace
species from the Bailly investigation:

» Removal within the Unit 8 ESP. This is based on the direct
comparison of concentrations expressed in ug/Nm® or ppmy
(either at constant, 3% O,) at the inlet and the outlet of the ESP.

« Removal within the scrubber. This is based on a comparison of
a weighted average of the concentrations at the outlets of the
Units 7 and 8 ESPs and the stack. Weighting takes into account
the relative gas volume fraction and the species concentrations
in the two outlet ducts. The volume fraction for Unit 7 is
approximately 0.33 and that for Unit 8 is approximately 0.67. It
will be understood that the removal of fly ash in the scrubber
may not be equal to the net removal of particulate matter,
because the entrainment of scrubber solids, such as gypsum,
and the condensation of sulturic acid vapor within the scrubber
will make the net removal less than the removal of incoming fly
ash.

It is also possible to compute an approximate efficiency of ash removal across
the Unit 7 ESP. The two units burned the same coal and have the same type of
boiler, The uncertainty about Unit 7 is the carryover of coal ash to fiy ash at the ESP
inlet. it seems reasonable to use the inlet concentration observed at Unit 8 as the
value at Unit 7. Even if the actual concentration of inlet ash in Unit 7 were just 75% of
that at Unit 8, the error in the ESP efficiency would not change proportionally. If, for
example, the removal efficiency were stated to be 89.00% with an inlet concentration
of 4.0 g/Nm®, the efficiency would change only to 98.67% if the inlet concentration
were corrected to 3.0.

7.2.1 Metals

The efficiencies of removal of metals across the two ESPs and the scrubber are
listed in Tables 7-24, 7-25, and 7-26. The vaiue for the Unit 7 ESP is based on an
assumed equality of metal concentrations at the inlet of two ESPs each sampling day.
The efficiencies were calculated from the blank-corrected data with no effort to mask
irregularities. The anomalies thus entered in the table are commented on in the
following paragraphs.

The equation used to caiculate efficiencies of the two ESPs is of the following
simple form:

Efficiency = 100[1 - (ESP outlet concn.}/(ESP iniet conen.}]



Table 7-24

Efficiencies of Metal Removal in the Unit 8 ESP

(Data in %)

u 93193 9/4/93 9593 | Average | Stddev.

Antimony 998 | 10023 99.83 99.97 022
Arsenic #‘_ 98.64 98.26 ®33 | osal 020
Barium 99.60 9.72 99.77 99.70 0.09
Beryllium % 99.90 9988 | 100.00 L 99.92 0.07
Boron 36.86 5.04 26.49 19.43 21.83
Cadmium | o4st 98.05 9.14 9733 2.25
Cobalt 99.59 99,57 99.70 99.62 0.07
Chromium 9997 | 10033 | 10010 | 10014 0.18
Copper %.72 99.49 9.72 ‘; 99.64 0.13
Lead X 99.70 99.90 99.68 024
Manganese | 9974 99.88 99.92 99.85 0.09
Mercury | =m 550 | 2034 0.04 23.52
097 | -1862 236 5.10 1173

Molybdenum 99.26 99,37 99.51 u 99.38 013
Nickel 99.15 9955 99.66 99.45 027
Selenium 69.88 44.36 58.95 “ 57.73 1281
Vanadium 99,82 99.79 99,88 9,83 0.05
Aluminum 99,85 99.88 99.90 l 99.87 0.03
Calcium | 9746 97.51 97.51 97.50 0.03
fron {9985 99.90 99.92 99.89 0.04
Magnesium || 99.72 99.68 99.68 F 99.69 0.02
Titanium | 9984 99.86 989 | 9987 0.02

*The second line is based on data from the solid traps, which purportedly measure only
vapor and thus should not show any ESP effect.




Table 7-25

Efficiencies of Metal Removal in the Unit 7 ESP

(Data in %)

]L 9393 9/4/93 9/5093 i Average | Stddev.

Antimony 97.82 99.33 99.34 98.83 0.88
Arsenic 90.43 97.01 97.72 95.05 4.02
Barium 98.51 98.94 98.80 98.75 0.22
Beryllium 97.99 98.88 98.86 98.58 0.51
Boron 41.79 -7.67 28.27 20.80 25.57
Cadmium T 90.20 95.34 95.80 93.78 3.1
Cobalt 98.05 98.45 98.38 98.29 0.21
Chromium 98.32 99.30 99.28 | 98.97 0.56
Copper ] 97.76 98.55 98.76 98.36 0.53
Lead l 91.76 98.81 98.44 98.34 0.53
Manganese 99.00 99.42 99.26 99.22 0.22
Mercury* 28.47 -35.90 9.72 -5.72 32.38
13.63 0.91 10.11 822 6.57

Molybdenum 97.16 97.95 98.07 97.72 0.49
Nickel | 98.45 98.80 98.64 98.63 0.17
Selenium 60.62 -57.68 3221 11.71 61.77
Vanadium 98.00 98.72 98.74 98.49 0.42
Aluminum 98.46 99.28 99.18_‘ 98.97 0.45
Calcium 97.42 96.62 96.90 96.98 0.41
Iron 11_‘ 98.72 99.11 98.95 98.93 0.20
Magnesium 98.88 99.04 98.96 98.96 0.08
Titanium 98.72 99.03 98.92 98.89 0.16

*The second line is based on data from the solid traps, which purportedly measure only
vapor and thus should not show any ESP effect.
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Table 7-26

Efficiencies of Metal Removal in the Scrubber

(Data in %)

o | w3 | osms | Avemge | Suddov.
Antimony 335.83 258 | 12076 [ 5750 | 24424
Arsenic 10.75 78.39 85.64 58.26 4131
Barium T 88.11 9,61 88.82 89.18 129
Beryllium 81.51 84.60 100.00AIT 88.70 9.91
Boron 92.55 91.41 89.53 91.16 1.52
Cadmium 91.60 90.94 87.90 %.15 197
Cobalt 78.13 76.92 8283 79.30 3.12
Chromium | 9959 | 2140 | 1047 60.98 7141
Copper | 4920 83.75 7139 “ 70.11 18.39
Lead ‘k 78.20 £4.01 84.85 82.35 3.62
Manganese 69.88 2.43 75.03 62.45 1735
Mercury ‘I 25.10 34.92 39.10 33.04 7.19

60.50 53.01 44,53 52.68 7.99
Molybdenum |  47.88 45.77 4992 5.45
Nickel | e s8.71 69.70 ﬂ 70.34 11.96
Selenium L 29.65 463 | 5201 L 15.68 44.99
Vanadium 75.21 73.55 81.95 7692 4.4
Aluminum 95.07 90.89 94.54 93.50 228
Calcium 71.20 74.65 78.43 76.76 193
Iron 90.70 87.19 929 | 9026 288
Magnesium 38.51 3138 40.33 36.74 47
Titanium 87.99 85.06 89.95 ﬂ> 87.67 2.46

*The second line is based on data from the solid traps, and.it presumed to show the

scrubber effect more accurately.
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The equation for the scrubber is more compiex; it includes the measured flow rate of
gas at each location:

Efficiency = 100C,F/[C,F, + C,Fy]

where the C and F terms designate concentration and flow rate,
respectively; the subscripts S, 7, and 8 indicate stack, Unit 7 outlet, and
Unit 8 outlet.

Table 7-24 for the Unit 8 ESP shows four values that exceed 100%, three for
daily values and one for an average. These are the results of relatively large errors in
small numbers that make the outlet concentration negative (that Is, the blank
correction exceeds the value corrected). The consequence of this anomaly is that the
efficiency is not defined; certainly, a conservative conclusion is that the efficiency is
very close to 100%. There are three daily efficiencies and one average that are
negative, signifying that the outiet concentration was higher than the iniet
concentration as the result of errors in sampling or analysis. Not surprisingly, all of
these anomalies are for elements that are largely in the vapor state and not well
controlled in an ESP; the anomalies are for boron and mercuty.

The data in Table 7-24 are based on Method 29. The results for mercury
based on sampling with solid traps (Table 6-36) are aiso negative (- 5%).

The following is a summary of the averages of the efficiencies for the Unit 8
ESP (Table 7-24):

Efficiency range, % Elements

<20 B, Hg

20-60 Se

60-96 Cd, Ca

98-99 As

99.0-99.9 Ba, Co, Cu, Pb, Mn, Mo,
Ni, V, Al, Fe, Mg, Ti

>99.9 Sb, 8e, Cr

Table 7-25 for Unit 7 ESP has the anomaly of negative efficiencies.
Classification of the individuai elements gives the following:

Efficiency range _Elements
<20 Hg, Se
20-60 B
60-98 As, Cd, Mo, Ca
98-99 Sb, Ba, Be, Co, Cr, Cu,
Pb, Ni, V, Al, Fe, Mg, Ti
>99 Mn
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Generally, the efficiencies in Unit 7 ESP are shifted to lower vaiues from those seen in
Unit 8 ESP. This shift follows that of total particulate removal efficiency: 98.7% for
Unit 7 and 99.8% for Unit 8 (assuming the same inlet concentration at both ESPs).

The data in Table 7-26 sutfer severely from the anomalies due to large reiative
errors in small numbers. Some of the conclusions that can neverthaless be drawn
from these data are as follows:

« The average efficiency of removal of boron (largely in the vapor
state and subject to absorption in the aqueous spray droplets in
the scrubber) is 91% — one of the highest values, but not
significantly different from efficiencies of removal of metais in the
particulate state {barium and beryllium, for example).

« The average efficiency for mercury is listed as 33%. The data
based on sampling with solid traps indicate that the value is
nearer 50% (Table 6-62). The extent of mercury removal is
believed to be controlled by the fraction in the oxidized (divalent)
state.

« The efficiency for the third volatile metal, selenium, is not
defined. The difficulty with this metal was previously discussed
in Section 6.3.

» The efficiency for antimony is not defined.

« The efficiencies of the remaining metais can be classified by
range, but the uncertainties of some of the data are clearly very
large. An effort to interpret all of the differences on a rational
basis can hardly be worthwhile. Nevertheless, the classification
(including all metals except the two not defined) is as follows:

Efficiency range, % Elements
<50 Hg. Mo, Mg
50-80 As, Co, Cr, Cu,
Mn, Ni, V, Ca
80-90 Ba, Be, Pb, Ti
>90 B, Cd, Al, Fe
7.2.2 Anions and Acid Gases

Anions that are components of particulate matter are probably removed by the
ESPs and scrubber about to the same degree as the particulate matter itself. This
report contains very little data to support this assumption; whether it is precisely
correct is of little consequence, however, because of the compslling evidence that
except for phosphate the anions occur mainly in the gas phase as acid gases.
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The control of the acid gases HF, HCl, and SO, in the ESPs is negligible {see
Table 6-35). The control in the scrubber is very effective, on the other hand. The
following data were previously given in Section 6.3.2:

QGas Removal in scrubber, %
HF 96
HCI g9
SO, 93

7.2.3 Organic Compounds

The data for organic compounds are not sufficiently definitive to justify any
conclusion about their removatl in either the ESPs or the scrubber.
7.3 Emission Factors

Emission factors were calculated from three items of information:

+ Concentration of the species in the stack (pg/Nm¥)

« Flue gas production per unit mass of coal (Table 6-2 shows that the volume
is, on the average, 0.008204 Nm?® per gram of coal burned).

» Calorific value of the coal (Table 6-1 shows that the average value is 25809
J per gram of coal).

The emission factor for the unit concentration in the stack (1.0 pg/Nm®) is thus
calculated as follows:

1.0 ug/Nm® x 0.008204 Nm®/g x 1 g/25809 g/J = 0.318 x 10°® g/l
or
1.0 pg/Nm?® = 0.318 9/10%2 J = 0.739 ib/10" Btu
The product of the second two terms in the above equation gives the value

0.318 x 10® m*J. This value can be compared with the value based on coai feed
rates and gas flow rate in the stack. The daily values are as follows:

September 3 0.320 x 10 Nm?¥/J
September 4 0.316 x 10° Nm®/J
September 5 0.320 x 10 Nm®/J
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Thus, the calculated volume of flue gas gives essentially the same ratio of gas volume
to thermal energy as the recorded rate of coal consumption and the measured rate of
gas flow in the stack.

As an example, mercury has an average stack concentration of 3.52 ug/Nm?®,
Hence, the emission factor of this metal is 1.12 g/10" J or 2.60 Ib/10" Btu. (This
resuit is based on the analysis at Brooks Rand.)

The emission factors of the metals and anionic substances are given in
Table 7-27. The uncertainty range given for each is the 95% confidence interval. This
range is derived by use of the theory of error propagation (11). The uncertainty
analysis is discussed in Appendix F.
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Table 7-27

Emission Factors® Caiculated from Stack Concentrations

(Uncertainty, 95% confidence limits)

g/10'2J Ib/10"2 Btu

Antimony 0.121 3 0.442 0.281 + 1.03
Arsenic 0.455 + 141 1.06 + 3.28
Barium 0.544 1+ 0.309 1.26 £ 0.716
Beryllium <0.03 <0.07
Boron 391 + 269 909 + 625
Cadmium 0.181 1 0.166 0.421 + 0.386
Chromium 1.18 + 0.48 273 + 1.11
Cobalt <0.03 <0.07
Copper 0.741 1+ 1.20 172 + 2.79
Lead 0.677 + 0.956 1.57 &+ 2.22
Manganese 132 + 0.18 3.07 + 0.42
Mercury® 0.890 + 0.334 207 £ 0.78

1.12 + 0.07 2.60 + 0.16
Molybdenum 1.47 + 0.28 3.41 + 0.65
Nickel 0.928 + 0.483 2.16 + 1.07
Selenium 83.0 + 106 193 + 246
Vanadium 1.21 + 0.71 281 + 1.65
Aluminum 43.6 + 159 101 &+ 37
Calcium 196 + 33 454 + 76
Iron 89.6 + 60.1 208 + 140
Magnesium 369 + 6.5 85.7 + 15.0
Titanium 6.68 + 2.62 15.5 £+ 6.08
Fluoride <180 <420
Chloride 440 + 112 1020 + 260
SO, 170000 + 74000 395000 + 172000

*Based on stack concentration of analyte (ug/Nm®), calculated volume
of flue gas from unit mass of coal (Nm®/g), and calorific value of coal

/).

*The first value for mercury is based on samples from Method 29.

The second is based on sampling with solid traps.
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8.0 SPECIAL TOPICS
8.1 Particulate and Vapor Phase Partitioning

The pariitioning of a metal between the particulate and vapor phases can, in
general, be a continuous process as the gas progresses from the boiler to the much
lower temperatures at the stack. A gradual shift from the vapor state to the particulate
state as the temperature decreases can be expected for two reasons: 1) the vapor
pressure of any given species of a metal falls as the temperature falls, and thus
condensation or adsorption ensues; 2) the chemical state of the metal will change,
typically toward greater molecular complexity, and thus the tendency to change from
the vapor state to the particulate state will be enhanced. An example of a metal
shifting in species is mercury, which is most stable at the high temperatures in the
boiler as the element {a highly volatile species, even at ambient temperature} but
becomes increasingly more stable and less volatile as the compounds HgO and HgCl,
at lower temperatures.

A comparison of trace metal concentrations in bottom ash and fiy ash gives an
indication of how partitioning between solid and gas occurs in the boiler. Table 6-8 in
an earller section of this report presented data making that comparison possible, The
conclusions were as follows:

Antimony, arsenic, beryllium, boron, cadmium, copper,
lead, molybdenum, mercury, and selenium were present
at higher concentrations in the ESP ash than in the
bottom ash, as the presumed consequence of volatility at
boiler temperatures, causing exit from the boiler in the
gas phase but partial transfer to the particulate phase
before the gas stream reached the ESP.

Boron, mercury, and selenium were poorly recovered in
the ESP ash, as the presumed occurrence in the gas
phase even at the ESP temperature (about 150 °C).

A comparison of the specific metal concentrations in the ducts adjacent to the
ESPs was given earlier, in Table 6-37. This table confirms the predominance of boron,
mercury, and selenium in the vapor state and indicates that many or most of the other
metals were in the vapor state at high temperatures upstream from the ESPs, because
their concentrations in the units ug/Nm? increase sharply as particie size decreases.

A further comparison can be made by inspecting the data in the stack
(Table 6-61). Here the trends toward increasing specific concentration with decreasing
particle size break down because each of the volatile metais is appreciably absorbed
in the scrubber.



8.2 Plume Simulation Dilution Sampling
8.2.1 SRl Condensibles Air Dilution Train

Sampling both without dilution and with dilution was performed at the Unit 7
ESP outlet. Sampling with diiution lowers both the flue gas concentrations and the
gas temperature, thus simulating the two important changes that occur in the plume
as stack gas smerges into the atmosphere. These processes will cause condensation
of certain vaporous substances or, alternatively, may cause adsorption of these
substances on pre-existing particulate matter. The net effect, whether there is
homogeneous or heterogeneous condensation, is the transfer of vapors to particulate
of small particle size.

Sulfuric acid vapor is the primary condensibie substance in flue gas other than
water vapor. If flue gas exits a stack at a typical temperature, 150 °C, it may contain
up to 75 ppm of H,80, vapor; when the gas is cooled, however, the vapor will
essentially disappear and the corresponding amount of acid will be found as a fine
aerosol mist. There is also evidence that certain metal vapors will condense and be
concentrated on small aerosol particies. This has been demonstrated for As and Se,
for example, with a dilution sampler of the type to be described in the following
paragraphs. Certainly, this increase of metal concentrations on fine particulate matter
in the plume from a stack is to be expected; there is compelling evidence that this
phenomenon occurs before the gases reach the exit from the stack, while the flue gas
is being cooled on passage from the boiler to the base of the stack. A continuation
and amplification of the process in the plume must occur. The corresponding
condensation of certain organic matter is to be expected also.

During the last 15 years, SR! developed several sampling trains incorporating
dilution and cooling for purposes similar to those of present concern. The most
recent dilution train was developed for widespread measurement of condensibles; it is
called the CADT {Condensibles Air Dilution Train). It is illustrated in Figure 81, it was
designed and built for EPA under the scenario that in-stack total particulate matter {or
PM, ) is a material separate from condensibles. For condensibies measurement with
the CADT, process gas is conveyed to the dilution chamber through an in-stack filter,
Msthod 5 probe, and heated sample flow-measuring orifice. Process gas is diluted in
rapid mixing with filtered, cooled ambient air to obtain a final gas mixture near 20 °C.
A residence time of 2 to 3 sec, sufficient for condensation, is provided prior to
collection of condensed particulate matter on a quanz filter, 150 mm in diameter.
Tests indicated that condensation on walis of the dilution chamber is low (<10%]).
The criteria of practical operation and precise measurements, which are needed for
formai emission measurement methodology, were of primary concern in design of the
CADT. Although losses of particulate passing through the CADT have not been
specifically measured, it is believed that particles smailer than 5 ym would reach the
condensibles filter with high efficiency and that this size fraction is the more important.
Details of CADT operation are given in the following paragraphs.
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Description and operation of the CADT

The condensible air dilution train is iliustrated in Figure 8-1. The portion of the
sampling train from the nozzle up to and including the Method & filter is identical to
the Method 5 train. The in-stack portion may be replaced by probes specified for
Method 17 or the Constant Sampling Rate (CSR) approach for PM,,. Sample flow and
dilution air flow are established by the pump at the exhaust end of the CADT and
regulated with valves in the dilution air inlet and the exhaust branches. Sample gas is
passed to the sample orifice meter through a heated glass tube. The sample orifice
meter is located at the apex of the perforated diluter cone where dilution gas is
injected to rapidly mix with the sample gas. The diluted sample then passes through
the mixing zone to the filter for condensibles where condensed particulate matter is
collected. Gas passing this filter then passes through the total fiow orifice meter and
fiow control valves before being exhausted through the pump.

The sampile orifice meter, diluter cone, the housing of the cone, and ali internal
surfaces downstream to the diluter exit are coated with Teflon. The sample orifice
meter is fabricated from stainless steel, and all components of the diluter are
fabricated from aluminum. The overall weight of the diluter cylinder is about 15 kg, its
length is 85 cm, and the outside diameter, including filanges and insulation, is 23 cm.

The dilution air consists of ambient air conditioned by cooling in an ice bath
condenser, passing through a column of silica get, passing through a bed of activated
charcoal, and being filtered through an absolute filter. The temperature of the dilution
air must be controiled at less than 20 °C to obtain the desired temperature of the total
diluted gas (sample gas and dilution air). Insulation of the dilution air conduit serves
to prevent overheating of the dilution air during warm weather. A heater is inciuded on
the dilution air conduit to warm the dilution air in cokd weather. The purpose of the
bypass around the dilution air filter in the illustration is to permit passage of a small
fraction of particles from the ambient air to pass into the diluter if needed as
condensation nuclei.

Dilution factor and flow rates

While the dilution approach is attractive conceptually because it simulates a
source/ambient interface more nearly than other approaches, its major procedural
advantage is that sufficient dilution prevents condensation of large quantities of water
vapor from the stack gas. For a specified sampling rate, the amount of dilution is
limited by sizes and costs of the train components that are reasonable. The gas flow
rate of the cyclone identified for PM,, measurements is limited to about 0.5 scim to
obtain a particle cut size at 10 um, and limiting the sampling rate with a Method 5 train
to less than about 0.5 scfm is reasonable. Pumps with a ioaded capacity of 10 scfm
(which is about 20 times the PM,, flow rate value) are practical for source sampling.
These factors ied to selection of 20 for the maximum volume dilution factor. This
dilution factor is high enough to avoid condensation of water for moisture contents up
to 35%, higher than moisture contents of most sources including many with wet
scrubbers. At Bailly we selected a target dilution factor of 10, giving sample and total
diluted gas flow rates for the CADT of 0.5 and 5 scfm, respectively. This dilution factor
was selected to maximize the detection limits for the analytes without severely
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compromising the effect of dilution cooling on condensation or causing problems from
the condensation of moisture.

Dilution and mixing zone

The geometry of the diluter cone is a 50% scale-up of one used extensively to
extract flue gas for measurement of size distribution. The 82 dilution air jets are
designed for high, small-scale turbulence and low net swirl to produce a fiat velocity
distribution at the cone exit. The length of the cone is 23 cm, and its exit diameter is
15.2 cm. The inside diameter of the mixing zone is 15.2 cm, and its length is 48.9 cm.
The primary criterion for selecting these dimensions was to provide residence time in
the range 1.5 to 2 sec, previously recommended by the literature survey performed by
McCain and Williamson of our staff (12}, at a total diluted gas flow rate of 10 scfm.

Sample orifice meter {sample gas flow rate and volume

The sample gas temperature from the probe up to and including the orifice
disc of the sample orifice meter is maintained at 120 °C to prevent condensation of
moisture in the sample gas. The orifice meter serves the same purpose as that used
in Method 5, the monitoring of sample flow rate required to maintain isokinetic
sampling. In addition, it serves the purpose of the dry gas meter in Method 5; the
total sample gas volume is measured at this point, before dilution of the sample.
Calibration of the orifice meter is performed in the same manner as in Method 5 (with
a wet test meter installed upstream of the orifice meter and a leak check to verify that
gas flow through the wet test meter and orifice meter is the same). Sample gas
volume is measured in the CADT through digital electronic integration of the signal
from a differential pressure transducer across the orifice.

8.22 Plume Simulation Dilution Sampling at Bailly

The CADT was operated to collect samples at the outlet of the Unit 7 ESP each
day. Particles larger than about 8 um were removed by means of a cyclone mounted
at the inlet end of the probe to minimize/prevent possible fouling of the sample
flow-metering orifice. Multiple gas trains were used behind the filter for parallel
sampling each day. Two of the trains were identical — for metals on the days of
inorganic sampling and for semi-volatile organics and dioxins/furans on the one day of
organic sampling. The third sampler on the inorganics days consisted of solid
sorbents for mercury, and the fourth collected acid gases. There were only two gas
samples on the organics day, for the purpose already indicated.

Several sample components were recovered each day. Different types of
analytes were determined on the basis of the following components:

s Metals. The quantity in the particulate fraction was a composite
of the amounts found in three fractions: 1) probe rinse, 2) filter,
and 3) dilution chamber rinse. The combined amounts in the
three fractions were assumed to be all of the particutate matter in
the total gas volume. The original concentration of each metal in
the duct was calculated by correcting the total gas volume
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8.2.3.2 Acid Gases

Table 8-4 compares the observed concentrations of the acid gases HF, HCI,
and SO, (in ppmv at 3% O, for the duct, before diiution).

The data indicate that the only likely effect of dilution and sampling was a
reduction in the concentration of HCl. The average HCI concentration decreased from
72.2 ppmv with direct sampling to 53.4 ppmv with dilution sampling. The question to
be considered is whether the loss of HCl was due to condensation or adsorption.

This question can be considered by attempting to assign a value to the dew point of a
gaseous mixture of HCl and water vapor: would 75 ppmv of HCI and 9% water vapor
(the approximate concentrations in the duct) reach the dew point on being diluted
1:10 and cooled to 20-25 °C, with air containing about 1% water vapor (dew point

40 °F)? Unpublished work by the author does not address this question specifically,
but it indicates that the answer is very likely no. The loss of HCI, therefore, is more
likely due to adsorption.

8.2.3.3 Organic Compounds

No clear-cut effect on either semi-volatile compounds or dioxins and furans
could be detected. The possible presence of semi-volatiles was obscured by
contaminants, as elsewhere in the system. The dioxins and furans were reduced to
even lower concentrations than those present in the duct; they were undetactable after
dilution.



Table 8-1
Metal Concentrations in the Gas Stream at the Outiet of

the Unit 7 ESP from Dilution Sampling (September 3, 1993)

(Comparison with undiluted metals
at the same location; data in pg/Nm®)
(All data by Method 29)
Particulate Vapor ﬂ Total
w/Diln (w/o Diln) w/Diln (w/o Diln) w/Dila (w/o Diln)
Trace metals
Antimony 0.87 (0.43) <0.04 (0.14) 0.89 (0.56)
Arsenic 254 (1.72) 3.07 (4.41) 28.4 (12.1)
Barium - 463 (222) 3.83 (2.13) 50.2 (24.3)
Beryllium 179 (1.77) <002 (<02) | 1.80 (1.78)
Boron 12010 (62.3) 6530 (10900) I 18540 (11000)
Cadmijum 6.03 (8.84) 0.05 (3.64) 6.08 (12.5)
Chromium 36.8 (29.9) 2.43 (2.26) | 39.2 (32.1)
Cobalt 6.85 (2.66) 0.47 (0.14) 732 (2.80)
Copper 18.6 (15.5) 3.16 (1.64) 21.8 (17.1)
Lead 23.8 (28.2) <0.10 (0.76) 23.8 (29.0)
Manganese 11.6 (102) I <080 (<080 12.0 (11.0)
Mercury* 2.97 (0.03) u_o.ﬁmm (0.83/3.08) 6.70 (3.94)
Molybdenum 20.9 (16.3) <0.40 (<0.40) 21.1 (16.5)
Nickel 16.7 (8.68) IL 0.76 (1.18) 17.5 (9.86)
Selenium 165 (11.5) 46.5 (135) 212 (146)
Vanadium 42.7 (43.2) 0.28 (0.45) 42.9 (43.7)
Major metals
Aluminum 4080 (7010) 260 (249) 4340 (7260)
Calcium 980 (744) 1840 (1640) 2820 (2380)
Iron 6180 (8120) B 160 (166) i 6340 (8280)
Magnesium 234 (277) 64.3 (57.2) 298 (334)
Titanium 356 (425) 109 (11.3) 367 (436)

*The column for vapor gives separate data from peroxide and permanganate

impingers.
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Table 82

Metal Concentrations in the Gas Stream at the

Outlet of the Unit 7 ESP from Dilution Sampling (September 4, 1953)

(Comparison with undiluted metals
at the same location; data in pg/Nm®)
(All data here by Method 29)
Particulate Vapor Total
w/Diln (w/o Diln) w/Diln (w/o Diln) w/Diln (w/o Diln)
Trace metals
Antimony 0.68 (0.25) <0.04 (<0.04) 0.70 (0.27)
Arsenic 153 (3.07) 0.35 (0.88) 15.7 (3.95)
Barium 52.4 (17.0) 3.26 (2.57) 55.7 (19.5)
Beryllium 1.22 (1.08) <0.02 (<0.02) 1.23 (1.09)
Boron 13508 (38.0) 5590 (14900) 19098 (14900)
Cadmium 3.13 (4.11) <0.10 (3.23) 3.18 (7.33)
Chromium 30.4 (17.8) 3.53 (2.89) 34.0 (20.7)
Cobalt 227 (1.52) <0.20 (<0.20) 2.37 (1.62)
Copper 17.4 (10.8) 3.79 (2.73) 212 (13.5)
Lead 1747 (20.1) <0.50 (<0.50) 1.7 (20.3)
Manganese 14.4 (6.61) <0.80 (<0.80) 14.8 (7.01)
Mercury* 4.72 (0.05) 0.66/1.94 (1.9872.97) 7.32 (5.00)
Molybdenum 22.0 (14.9) <0.40 (<0.40) 22.2 (15.1)
Nickel 11.4 (1.56) 0.99 (1.96) 12.4 (3.52)
Selenium 473 (71.0) 113 (482) 586 (553)
Vanadium 35.6 (33.1) 0.1 (0.10) 357 (33.2)
Major metals

Aluminum 3480 (3190) 298 (287) 3780 (3480)
Calcium 760 (754) 2240 (2380) 3010 (3130)
Iron 5170 (5500) 162 (92.9) 5330 (5590)
Magnesium 180 (223) 80.8 (77.9) 261 (300)
Titanium 286 (334) 12.6 (12.0) 299 (346)

*The column for vapor gives separate data from peroxide and permanganate impingers.
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Table 83

Metal Concentrations in the Gas Stream at the Outlet
of the Unit 7 ESP from Dilution Sampling (September 5, 1993)

(Comparison with undiluted metals
at the same location; data in ug/Nm?)
(All data here by Method 29)
Particulate Vapor Total
w/Diln (w/o Diln) w/Diln (w/o Diln) w/Diln (w/o Diln)
Trace metals
Antimony 0.63 (0.43) <0.04 (0.03) 0.65 (0.46)
Arsenic 11.6 (2.58) 0.14 (0.54) 11.7 (3.12)
Barium 42.0 (24.8) 3.66 (2.61) 45.7 (27.4)
Beryllium 0.87 (1.27) <0.02 (<0.02) 0.88 (1.28)
Boron 12075 (51.0) 6656 (13900) 18732 (13900)
Cadmium 2.71 (6.59) <0.10 (1.97) 2.76 (8.56)
Chromium 263 (27.6) 4.82 (2.90) 31.1 (30.5)
Cobalt 0.79 (1.77) <0.20 (<0.20) 0.89 (1.87)
Copper 11.7 (13.8) 3.58 (0.79) 15.3 (14.6)
Lead 12.1 (21.0) <0.50 (<0.50) 123 (21.2)
Manganese 6.03 (9.36) <0.80 (<0.80) 6.43 (9.76)
Mercury* 7.68 (0.08) 0.67/1.84 (1.38/2.22) 10.2 (3.68)
Molybdenum 17.8 (19.0) <0.40 (<0.40) 18.0 (19.2)
Nickel 8.36 (8.51) 3.11 (2.30) 11.5 (10.8)
Selenium 508 (134) 9.4 (206) 517 (340)
Vanadium 25.9 (36.8) 0.03 (0.19) 25.9 (37.0)
Major metals

Aluminum 2410 (3780) 292 (258) 2700 (4040)
Calcium 560 (1010) 2140 (2250) 2700 (3260)
Iron 3010 (6570) 128 (143) 3130 (6720)
Magnesium 119 (282.0) 97.0 (69.2)° 215 (351)
Titanium 198 (384) 12.7 (11.0) 210 (395)

*The column for vapor gives separate data from peroxide and permanganate impingers.
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Table 84
Anion and Corresponding Acid
Gas Concentrations at the Outlet of the Unit 7 ESP from
Dilution Sampling
(Comparison with undiluted metals

at the same location; data in ug/Nm®)

September 3, 1993 September 4, 1993 September 5, 1993
w/Diln (w/o Diln) w/Diln (w/o Diln) w/Diln (w/o Diln)
Anions - yg/Nm®
Fluoride 10,400 (12,400) 11,100 (14,600) 13,600 (11,800)
Chloride 66,100 (86,600) 78,800 (127,000) 91,500 (106,000)
Sulfate 11.05 x 10° (10.60 x 10%) | 9.50 x 10° (11.40 x 10F) | 10.3 x 10° (11.00 x 10%)
Phosphate <9400 (<10,800) <8300 (<11,300) <8500 (<11,300)
Acid gases - ppmv
HF 13.1 (15.7) 14.1 (18.5) 17.2 (16.4)
HCl 44.8 (58.7) 53.4 (86.0) 62.0 (71L.9)
SO, 2760 (2650) 2380 (2860) 2570 (2760)
H,PO, <24 (<2.7) <21 (<2.9) <22 (<2.5)
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8.3 Particle Size
8.3.1 Particle Mass versus Particle Size

Particle size distributions of the particulate matter suspended in the flue gases
were measured in-situ using cascade impactors at the ESP outlet iocations and stack
and series (cascade) cyciones at the ESP inlet location. A University of Washington
(Pilat) Mark V/Ill impactor was used with an SRI/EPA right angle precollector at the
ESP outlets and stack to provide data in seven size fractions with separation
diameters ranging from 0.19 .m to 9.5 um. SRI/EPA Five Series Cyclones were used
at the Unit 8 ESP inlet to provide data in six size fractions with separation diameters
ranging from 1.06 um to 10.3 um.

Resuits of the size distribution measurements are shown in Figures 8-2, 8-3, 8-
4, and 8-5 in the conventional cumulative percentage of mass concentration
contributed by particles smaller than the indicated diameter. The data are shown on
an aerodynamic diameter basis - one in which the actual particle behaves in air as
though it were a unit density sphere of the indicated size, The physical size of the
particle may differ from the aerodynamic size because of its shape and/or density.
The extrapolations to sizes larger than the first stage D,, and smaller than the last
stage D,, were obtained by means of cubic splines with forced continuity in slope and
value and subject to the conditions that there is zero accumulated concentration at
some minimum diameter (0.01 um in this case) and no further accumulation at sizes
greater than some maximum diameter {1000 .m in this case) as described in
"Procedures Manual for the Recommended ARB Particie Size Distribution Method
(Cascade Impactors)” (13).

The result of series cyclone measurements at the Unit 8 ESP inlet is presented
in Figure 8-2. The solid line in this figure represents the average result for the three
runs and the broken lines show the 90% confidence limits for the average based on
the scatter in the data from the individual runs. Figure 8-3 presents the results of the
particle size measurements made with a cascade impactor at the Unit 8 outlet (as only
one sample was obtained, confidence limits cannot be shown). There was a reduction
in mean diameter from ~20 um to ~4 um across the ESP. Figure 8-4 shows the size
distribution measured with a cascade impactor at the outiet of the Unit 7 ESP. This
distribution has a mean diameter of ~8 um. The coarser distribution of particle sizes
leaving the Unit 7 ESP than were measured leaving Unit 8 ESP is consistent with the
higher mass emissions from the Unit 7 ESP. Figure 8-5 shows the average particle
size distribution and associated 90% confidence intervals for triplicate cascade
impactor measurements in the stack. The distribution has a mean size of ~0.55 um.
The fineness of this distribution is largely attributable to condensed acid droplets
which we determined constituted about 75% of the total mass emissions,

The collection efficiency of the Unit 8 ESP as a function of particle size is
shown in Figure 8-6. The figure shows the typical dependence on size that
characterizes ESPs, and causes the shift in size distributions presented in Figures 8-2,
and 8-3. Figure 8-7 is the ratio of outlet to inlet mass concentrations across the AFGD
scrubber and across the Unit 8 ESP. The AFGD system inlet mass concentration was
determined by combining the fractional mass flow rates from Units 7 and 8 weighted
by the measured gas flow rates. This plot shows that acid vapor condensation affects
the fractional penetration of submicron particies through the scrubber.
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Ratio of Qutlet to Inlet Mass Concentration
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Figure 8-7.  Ratio of Outiet to inlet Mass Across the AFGD System and the Unit 8 ESP.
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8.3.2 Concentrations of Trace Metals versus Particle Size

Tables 8-5 through 8-9 give metal concentrations as a function of ash particle
size in samples collected from the entrained state with series cyclones. The top of
each table presents the particle range and the percentage of the total particulate mass
in that range. The first three tabies present the resuits for samples collected at the
inlet of the Unit 8 ESP; the last two tables give data for the outlets of the two ESPs.

The particles in the two larger size ranges were collected separately, in the first
two cyclones of the series. For the Unit 8 inlet location, the particies in the finer size
ranges, on the other hand, were collected in different size ranges in different cyclones
and combined as a composite for analysis. For the ESP outlet locations the finer size
ranges were all collected on a filter downstream of two cyciones. The last column in
the tabies gives the weighted average metal concentrations in the three size ranges.

The metals that do NOT show increasing concentrations with decreasing
particle size are more the exception than the rule. The more notable exceptions to the
ruie of the inverse relationship between concentration and particle size in the data sets
at the ESP inlet are found in one but not three of the data sets. There are more
frequent exceptions to the rule in the outlet data, especially for the Unit 8 ESP. In this
instance, the middle-size particles present most of the anomaly, but represent only a
very small fraction of the total mass.

Table 8-10 compares, for the inlet of the Unit 8 ESP, the averages of the
concentrations in the cyclone composites with the averages from the Method 28 filter.
The concentrations of the trace metals agree remarkably well. ironically, the
concentrations of the major metals, which should be more easily established, do not
agree as well.
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Table 8-9

Metal Concentrations in Cyclone
Fractions at the Unit 7 ESP Outlet

on September 5, 1993

(Data in xg/g)
Stage 1 Stage 2 Stage 3 Composite
Particle size, pm >10.4 6.7-10.4 <6,7 --
Mass, % 4542 16.51 3807 100.00
Trace metals, pg/p
Antimony 17.8 33.7 61 36.9
Arsenic 359 97.9 169 96.9
Barium 397 494 --* >262
Beryllium 28.3 34.3 394 33.5
Boron -- - - -
Cadmium 42.2 115 127 86.7
Chromium 503 984 2450 1320
Cobalt 51.2 65.0 60 56.8
Copper 258 308 373 310
Lead 381 539 1260 740
Manganese 377 277 282 325
Mercury 0.172 0.277 0.232 0.21
Molybdenum 245 390 1570 775
Nickel 345 673 634 509
Selenium 156 112 145 145
Vanadium 589 842 1260 887
Major metals, pg/g
Aluminum 77900 55400 126000 92400
Calcium 17000 20700 18700 18200
Iron 755000 79900 261000 455000
Magnesium 4980 5910 5410 5300
Titanium 6370 8310 8820 7620
*Not reported.
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Table 8-10
Comparison of Metal Concentrations at
the Inlet of the Unit 8 ESP in Samples from
the Method 29 Filter and the Series Cyclones

(Data in xg/g)

M29 Cyclone

filter* composite®
Antimony 82 10.4
Arsenic 25.6 29.0
Barium 378 367
Beryilium 19.3 18.2
Boron 529 676
Cadmium 314 26.2
Chromium 411 403
Cobalt 377 376
Copper 187 183
Lead 285 247
Manganese 235 224
Mercury 0.053 0.070
Molybdenum 148 162
Nickel 244 228
Selenium 354 : 13.2
Vanadium 508 527
Aluminum 95300 55400
Calcium 18600 11900
Iron 127000 73100
Magnesium 6240 5290
Titanium 6990 . 6460

*From first data column of Table 6-25 (averages).
*From last columns of Tables 8-5, 8-6, and 8-7 {averages,
except for the single value for boron).
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Table 8-11 (Concluded)
Comparison of Mercury Concentrations from

Two Sampiling Trains
Concentration, pg/Nm*
% of
9/3/93 9/4/93 9/5/93 Average Total
Solid traps*
Unit 8 Hg(II) 5.19 4.79 49 | 62%
ESP
Iniet Hg(0) 1.31 2.40 1.86 23%
TOTAL 10.30 6.50 7.19 8.00
Unit 8 Hg(ID) 3.25 5.05 4.15 50%
ESP
Outlet Hg(0) 4.46 1.97 322 39%
TOTAL 10.20 7.7 7.02 8.31
Unit 7 Hg(II) 491 4.88 4.90 65%
ESP
Outlet Hg(0) 273 1.43 2.08 27%
TOTAL 881 7.64 6.31 7.59
Stack Hg(II) 0.09 0.08 0.09 2%
Hg(0) 3.50 3.42 3.46 98%
TOTAL 348 3.59 3.50 352

*On 9/3/93, only traps of iodated carbon were used, and only total mercury
was determined.
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Table 8-11
Comparison of Mercury Concentrations from
Two Sampling Trains
Concentration, pg/Nm®
% of
Method 29 9/3/93 9/4/93 9/5/93 Average Total
Unit 8 Filter 0.30 0.25 0.25 0.27 6%
ESP Inlet Iy 0/HNO, L12 093 1.08 104 | 25%
KMnO, 4.09 2.50 2.02 287 69%
TOTAL 5.51 3.68 3.35 418
Unit 8 Filter 0.06 0.01 0.02 0.03 1%
- H,0,/HNO;, 0.91 115 1.63 13 | 31%
KMnO, 3.15 2.73 239 276 69%
TOTAL 412 3.89 4.04 4.02
Unit 7 Filter 0.03 0.05 0.08 0.05 1%
ESP
Outlet H,0,/HNO, 0.83 1.98 138 140 | 33%
KMnO, 3.08 2.97 2.23 2.76 66%
TOTAL 3.94 5.00 3.69 421
Stack Filter 0.01 0.01 0.01 0%
H,0,/HNO, 0.14 0.16 0.13 0.14 5%
KMnO, 3.14 237 243 2.65 95%
TOTAL 3.28 2.54 2.57 2.80
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8.4 Comparison of Method 29 and Carbon Traps for Mercury Measurements

Concentrations of mercury in the vapor state were determined on the filter and
in the peroxide and permanganate impingers of Method 29 and the solid traps devised
by Bloom (2). The data from the two methods are compared in Table 8-11.

One of the observations from this tabie is that the total mercury concentration
in the gas stream at each location was usuaily lower when measured by Method 29.
Anocther observation is that at duct locations preceding the stack the proportions as
divaient and elemental mercury were essentially opposite by the two methods. This
statement is based on the prevailing concept that the peroxide impingers of
Method 29 should capture divalent mercury selectively, leaving only elemental mercury
to be captured in the permanganate. One possible interpretation is that the retention
of the divalent vapor in the peroxide was incomplete and the vapor that penetrated the
peroxide was subsequently coilected in the permanganate. This interpretation,
however, is at variance with other studies that have shown excelient correlation
between speciation results from the two methods,

The two methods do, however, seem in sensible agreement as to total mercury
at the stack. They are aiso in agreement as to speciation at the stack, where both
concur in showing evidence for nearly complete removal in the scrubber of the
divalent vapor.
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10.0 GLOSSARY

AAS
acfm
AFGD
ALD
Amm/HCN
ARP
BP

Btu
CADT
CT&E
CVAAS
CVAFS

DIL
DOE
DNPH
DQO
dscfm
EPRI
ESP

FGD

GC/MS

Atomic absorption spectroscopy

Actual cubic feet per minute

Advanced Flue Gas Desulfurization (Pure Air scrubber for SO, at Bailly)
Aldehyde sampling train

Ammonia/hydrogen cyanide sampling train

Absorber recirculation pump

Bleed pump

British thermal unit

Condensibles Air Dilution System (device for plume simulation)
Commercial Testing & Engineering Company

Cold vapor atomic absorption spectroscopy

Cold vapor atomic fluorescence spectroscopy

Particle size at which an impactor stage retains 50% of the incoming
sample and passes the balance

Dilution sampling train
Department of Energy

2,4-Dinitrophenyihydrazine

'Data Quality Objective

Dry standard cubic fest per minute (at 273 K)
Electric Power Research Institute
Electrostatic precipitator

Flue gas desulfurization

gram

Gas chromatography/mass spectroscopy
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GFAAS
HAP
MG
HGAAS
HPLC
ICCT

ICP

M2

M5
MSAT
MSMMT

M17

MACT
mg
ug
um
MM5
MMD
MMT

Mw

Graphite furnace atomic absorption spectroscopy
Hazardous air poilutant

Mercury sampling train

Hydride generation atomic absorption spectroscopy
High performance liquid chromatography
Innovative Clean Coal Project

Inductively coupled argon plasma emission spectroscopy
Joule

pound

jower limit of detection

meter

EPA Method 2

EPA Method 5

EPA Method 5 train for acid gases

EPA Method 5 train for multiple metals

EPA Method 17

EPA Method 29

Maximum Available Control Technology
milligram

microgram

micrometer

Modified Method 5

Mass-median diameter

Multiple Metals Train

Megawatt net
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MWe
ND
NIPSCO

Nm?

NR
PAH
PCDD
PCDF
PETC
P9
PISCES
PM,,
ppbv
ppmv
QA
Qc
Rl
SIE
SOP
SRI
sV
sVoC

SW-846

Megawatt electrical

Not determined

Northern Indiana Public Service Company

Normal cubic meter (dry gas volume adjusted to reference conditions of
293.15 K, 1 atm, 3% O,) (This temperature and pressure are the vaiues
stipulated as standard conditions for reporting performance
characteristics of stationary sources. See 40 CFR, Part 680, Subpart A,
page 15, in 7/1/93 edition.)

No result

Polycyclic aromatic hydrocarbon

Perchlorinated dibenzodioxin

Perchlorinated dibenzofuran

Pitisburgh Energy Technology Center

picogram

Power Plant Integrated Systems: Chemical Emission Studies

Particles smaller than 10 um

parts per billion by volume

parts per million by volume

Quality Assurance

Quality Control

Research Triangle Institute

Specific ion Electrode

Standard Operation Procedure

Southern Research Institute

Semi-volatile (organic compound)

Semi-volatile organic compounds

Manual for the analysis of solid wastes (EPA; Reference 6)
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TCLP

Uof WMk V
UARG

uv

VOST

XAD

Toxicity characteristic Jeaching procedure
University of Washington Mark V impactors
Utility Air Regulatory Group

Ultraviolet

Volatile Organic Sampling Train

Resin for adsorbing organic vapors
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APPENDIX A1
ROUND ROBIN COAL ANALYSES

SRI participated in round robin analyses of coal samples administered by
CONSOL, Inc. for DOE. We analyzed 17 coal samples in duplicate under the round
robin. There were two samples from each of the eight plants being tested in the DOE
air toxics assessment program, plus one reference coal. Analyses specified included
proximate and ultimate, 10 major ash constituents, the 16 trace elements in the DOE
program scope of work, and fluorine.

Results of the analyses of those two coal samples determined to be from Bailly
are presented in the following tables. SRI was designated as Lab V in the CONSOL
compilation of results; Lab V designation is used in the following tables. BRL stands
for Brooks Rand, Ltd., which provided additional determinations of mercury under
" arrangement with SRI.

On a relative basis, the worst flaw in the SRI results was with antimony, the
concentration of which was not really defined. For most of the metals, the SR! data
were not at either extreme (high or low) in the resuits compiled by all five laboratories.
The exceptions were SRI data showing the lowest concentrations of chromium, cobalt,
and selenium and the highest concentrations of beryllium and vanadium.



Table A1-1

Round Robin Proximate and Ultimate
Analytical Data on Bailly Coal
(Data in wt% or Btu/lb for moisture-free coal)

Lab 1 Lab I Lab I Lab IV LabV
Ash 12.68 12.69 12.56 12.45 12.43
12.54 1272 12.53 12.55 12.48
12.59 12.63 12.44 12.47 12.44
12.38 12.6 12.49 12.46 12.62
Carbon 68.33 70.23 70.12 68.86 63.84
67.79 70.07 69.95 68.82 68.78
68.06 70.23 69.61 68.99 68.7
81.55 70.02 69.21 68.92 68.93
Hydrogen 5.1 4.82 4.83 4.51 4.68
5.29 4,84 4.81 4.56 4.68
4,98 4.82 4.91 4.55 4.69
4.6 4.87 4.9 4.53 4.7
Nitrogen 1.26 1.33 142 1.35 133
1.23 1.44 14 L3 1.27
1.33 1.34 1.41 1.29 1.33
1.35 1.32 1.36 1.35 1.26
Sulfur 3.63 343 346 348 3.51
3.63 349 347 347 348
4 34 351 3.48 3.4
3.88 3.43 354 345 339
Chlorine 0.05 0.084 0.079 ND 0.1
0.05 0.077 0.078 ND 0.12
0.04 0.073 0.086 ND 0.07
0.03 0.09 0.088 ND 0.07
Fluorine <0.001 0.093 0.0090 ND 0.0073
<0.001 0.092 0.0090 ND 0.0078
0.000001 0.088 0.0080 ND 0.0056
<0.001 0.089 0.0080 ND (.0056
Calorific 11900 12398 12376 12390 12350
value 11480 12402 12367 12378 12321
11326 12359 12391 12392 12384
11013 12363 12411 12389 12388




Na,©O
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Table A1-2 Concluded
Round Robin Data on Metal Oxides
in Ash from Bailly Coal
(Data in wt% for moisture-free coal)

Coal Lab I Lab I Labm | LabIv Lab V

PO, B 0.3 0.26 0.51 ND 0.43
03 0.27 0.51 ND 03

K 0.26 031 0.59 ND 039

027 0.28 0.51 ND 032

SO, B ND 1.94 ND ND 3

ND 1.96 ND ND 32

K ND 1.87 ND ND 3.56

ND 1.86 ND ND 3.54




Table A1-3

Round Robin Data on Major
Metals in Bailly Coal
(Data in wt% for moisture-free coal)*
Metal Coal Lab 1 Lab I Lab IT Lab IV Lab V
Aluminum B 1.23 1.29 121 1.26 1.26
1.24 1.29 1.29 - 1.25
K L4 1.28 1.24 1.23 1.23
1.16 1.29 1.13 -- 1.22
Calcium B 0.165 0.353 0.165 ND 0.323
0.145 0.345 0177 ND 0.296
K 0.134 0.341 0.172 ND 0.314
0.126 0.330 0.162 ND 0.314
Iron B 1.44 1.58 146 ND 1.50
1.45 1.56 1.44 ND 1.96
K 1.24 1.67 0.153 ND 1.59
1.37 1.66 0.139 ND 1.53
Magnesium B 0.023 0.082 0.058 ND 0.083
0.027 0.083 0.058 ND 0.083
K . 0023 0.082 0.056 ND 0.083
0.020 0.082 0.061 ND _0.083
Titanium B 0.076 0.075 0.065 0.072 0.060
0.075 0.074 0.059 ND 0.060
K 0.071 0.074 0.064 0.126 0.068
0.074 0.074 0.053 ND 0.075

*Calculated from the average ash content calculated from Table A3-1 (12.54%) and the

individual oxide concentrations the coal ash.
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Round Robin Data on Trace

Table A1-4

Metals in Bailly Coal*
(Data in xg/g for moisture-free coal)
Metal Coal Lab I Lab II Lab I Lab IV Lab V
Antimony B 1.97 1.72 1.38 1 4.43
0.99 172 1.63 1 3.22
K 1.42 1.7 L.77 2 2.6
1.97 1.73 1.55 1 ND
Arsenic B 1.53 2.53 1 2 0.75
i.65 2.57 i ND 1.21
K 1.75 2.48 1 1 23
2.19 2.6 1 ND 2.4
Barium B 95.36 404.6 402 250 365
88.87 4174 461 250 389
K 82.08 397.2 495 230 385
79.87 37178 462 240 374
Beryllium B 1.53 133 1.2 1 1.47
1.21 14 1.2 13 - 139
K 1.42 1.14 1.2 1.3 1.32
1.42 1.16 14 1.1 1.35
Boron B 95.36 87.94 86 82 60.7
74.61 90.9 34 65 474
K 89.74 75.17 80 82 45.2
90.81 75.9 77 74 65.9
Cadmium B <0.06 0.01 <04 <06 0.036
<0.06 <0.01 <04 <0.6 034
K <0.06 <0.1 <04 <0.6 0.018
2.95 <(.1 <(0.4 <0.6 ND
Chromium B 10.96 12.89 10.2 9 7
8.56 10.44 10 10 15
K 10.84 9.42 10.8 10 76
10.72 9.9 9.9 9 7.4
Cobait B 5.59 3.96 4.24 4 2.34
483 4.07 4.38 4 2.38
K 6.24 4.15 4.34 5 274
6.24 4 3.97 3 34l
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Table A1-4 Concluded

Round Robin Data on Trace

Metals in Bailly Coal*
(Data in ug/g for moisture-free coal)
Metai Coal Lab I Lab IT Lab II Lab IV Lab V
Copper B 52.61 10.44 <40.5 10 14.1
10.53 10.47 <429 10 14.7
K 13.13 11.56 <39.2 11 13.7
14,22 11.49 <35.7 10 13.4
Lead B 6.25 10.02 12 10 6.1
5.05 10.06 12 11 7.5
K 7.33 9.45 11 10 6.72
8.1 9.63 9 9 7
Manganese B 54.81 99.5 739 77 763
50.47 100.7 82.7 82 75.5
K 51.44 90.6 82.5 87 77.1
47.05 90.6 79.1 79 754
Mercury B <0.1 0.097 0.08 0.07 0.078
<0.1 0.093 0.08 0.07 0.071
K <D.1 0.082 0.07 0.08 0.078
0.16 0.089 0.08 0.08 0.077
Molybdenum B 252 1.75 6.65 <6 0.429
<2 1.73 592 <6 0.795
K 2.96 1.68 <19.6 <8 (0.488
2.95 1.66 <17.8 <8 ND
Nickel B 7.45 84 <15.2 6 6.4
6.69 1.74 <16.1 4 64
K 854 728 <14.7 5 59
8.1 8.23 <13.4 6 7.3
Selenium B <0.6 1.62 1 2 1.07
<0.6 1.84 1 ND 1.77
K 12 1.59 ] <1 0.79
1.03 1.72 1 ND 0.26
Vanadium B 29.6 24.82 pat 27 27
24.14 25.52 268 26 279
K 26.27 22.37 26.1 28 27
27.35 23.81 21.6 26 26.1

*The data here are for dry coal and thus differ, in principle, from the daia for the
as-received coal presented in the body of the report.
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APPENDIX A2
RESULTS OF AUDIT SPIKE ANALYSES

Tables A2-1 through A2-4 present the results of analyses of sampies intended
to contain only the spikes placed in the sampling media by the auditing team from
Research Triangle Institute. The application of spikes was performed at the Bailly site
on September 6, 1993. The spiked samples were subsequently analyzed as biind
sampies at SRI during the subsequent months; that is, the analysts were not aware
that the samples were supposed to contain only the spikes applied by RTI. All of the
spikes were in the four anatyte classifications discussed; none of the spikes were
dioxins or furans.

The amounts of analytes in the spikes were disclosed by DOE to SRl in a
communication on December 17, 1893. Later, on July 26, 1994, Shrikant Kulkarni of
RTI notified the SRI staff about an error in the amounts of the formaldehyde spikes in
the DOE communication. The data in Table A2-2 are based on the corrections
supplied by RTI.

a. Metals. Two filters, two impingers containing the peroxide sampling medium,
and two impingers containing the permanganate sampling medium were spiked. The
resuits from the SRI laboratory and the specified spike amounts are given in
Table A1-1. The recoveries of the five metals applied as spikes are listed below; the
answers 1o the question of whether or not the recoveries were in accord with the data
quality objectives (DQO, 80-120% recovery) are also listed:

Satisfaction of

Recovery DQO?
Arsenic Fifter 1 27% * No
Filter 2 18% No
impinger 1 85% Yes
Impinger 2 50% No
Cadmium Filter 1 116% Yes
Filter 2 115% Yes
Impinger 1 7% No
impinger 2 76% No
Lead Filter 1 120% Yes
Filter 2 120% Yes
Impinger 1 76% No
Impinger 2 90% Yeos
Mercury Impinger 1 142% No
Impinger 2 81% Yes
Selenium Filter 1 76% No
Filter 2 78% No
impinger 1 69% No
Impinger 2 85% Yes
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In addition to the rather mediocre record of spike recovery, we also had several
false positive results for metals that were detected even though they were not spikes
from RTl. The data, it will be acknowiedged, have not been corrected for blanks.
Nevertheless, the possible effects of blank corrections have been considered carefully,
and the considered judgment is that blank correction, although required for a rigorous
data analysis, could not make a large change in the results. Correction would, in
principle, lower the recoveries of actual spiked metals, but the magnitude of correction
would be small.

b. Carbonyl compounds. Two pairs of DNPH impingers were spiked. The
pertinent data are presented in Table A2-2. There was initially uncertainty about the
actual amounts of formaidehyde, the only compound introduced by RTI, as indicated
by the preceding discussion. The corrected data on these spikes indicated that the
formaldehyde recoveries were 74 and 108%, which are reasonably consistent with the
DQO — thatis, recovery between 80 and 120%.

¢. Volatile organic compounds. Three pairs of sampling tubes (Tenax and
Tenax/charcoal) were used to collect analytes from a mixture supplied by RTl in a
cylinder. Only one cylinder was provided, and sample volumes were near the same
value each time. Consequently, the analyte amounts did not vary significantly.

The data for this group of compounds are given in Table A2-3 on three
successive pages. The compounds listed were all of those detected or applied by
RTi. The table shows that some false positive detections occurred, and three
compounds in the spikes were never reported by the analysts because they were not
in the group the SR laboratory is programmed to detect and quantify, The tabie
designates the compounds that met the DQO (recovery within the limits 50-150%).
The score with respect to DQO is as follows:

Detections Detections
within DQO outside DQ
limits limits Misses False +
Audit 1 13 3 3 1
Audit 2 9 5 3 3
Audit 3 g 6 4 1

d. Semivolatile organic compounds. Two filters and two XAD cartridges were
spiked with a single mixture which contained 16 polycyclic aromatic hydrocarbons.
Table A2-4 lists the compounds and their amounts in the spiked sampling media; this
table also lists the amounts found in the SRI analysis. Those data marked with
asterisks conform to the DQO limits (recoveries of 20-150%).

Obviously, the analytical results for the XAD are much superior to the reported
resuits for one of the filters. All 16 compounds were found in both resin samples, and
all results satisfied the DQO. For the one spiked filter reported, 12 of the
16 compounds were detected, although three did not satisfy the DQO. The remaining
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four compounds were detected but at such low levels that their detection must be said
to be equivocal. For the other spiked filter, no data are reported because part of the
extract of this filter was spilled; recoveries of analytes were certainly incomplete.
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Table A2-1

Audit Spikes of Metals in M29 Filter and Impingers

(Data in ug)
Observed at SRI Reported by RTI
Filter ; Peromide | Permanganate | Filter | Peroxide | Permanganate
Spike set 1
Arsenic 54 8.49 200 10
Cadmium‘l 16.2 7.74 14 10
Lead 170 15.2 142 20
| Mercury <0.02 0.031 14.2 10
Selenium 60.7 10.3 ﬂ 80 15
Spike set 2
Arsenic 1.81 4.96 10 10
Cadmium 1 11.5 7.65 10 10
Lead 36.0 18.0 || 30 20
Mercury 4 <0.02 <0.02 8.09 i 10
Selenium J 38.9 25.6 50 30
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Table A2-2
Audit Spikes of Carbonyt Compounds in DNPH Impingers

(Data in ug)
[ Spike No. 1 Spike No. 2
| st [ ree | smi | rre
Formaldehyde & 11.9 16 863 8
Acetaldehyde 1.22 1.42
Acetone [ 7.02 8.26

*The recoveries for Spikes Nos. 1 and 2 are 74 and 108%, respectively,
approximately the lower and upper limits of the DQO.
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Audit Spikes of Volatile Organic Compounds in VOST Media

Table A2-3

(Data in ng)
| Observed at SRI |
Tenax | Tihar | Toul | puscall Rl

Audit 1

Chloromethane 0 I 0 .-*
Vinyl chloride 558 56 243 1 23
Bromomethane 492 132 &2 | 13 46
Methyiene chloride 395 26.5 422 0 False +
Chloroform 486 486 498 98*
1,1,1-Trichloroethane 140 140 432 32
Carbon tetrachloride 618 8.46 626 527 119*
Benzene 330 5.73 336 310 j 108*
1,2-Dichloroethane 408 408 427 96*
Trichlorethene 551 551 553 100*
1,3-Dichloropropane 160 160 145 110*
Toluene 153 28 181 137 132+
Tetrachloroethene 701 701 645 109*
Chlorobenzene 154 154 I 156 || 99*
Ethylbenzene 129 129 146 88*
m- & p-xylene 0 0 -*
o-xylene 123 123 150 82*
Trichlorofluoromethane® 0 187 § 0
1,2-Dibromoethane® 0 259 i 0
1,3-Butadiene® 0 229 0

*The asterisks designate results that were compatible with the DQO: recovery between
50 and 150%. False + indicates an erroneous compound detection.
*The last three compounds were not within SRI's detection capability.
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Table A2-3 Continued
Audit Spikes of Volatile Organic Compounds in VOST Media

(Data in ng)
Observed at SRI |
Tenax T/char. Total I R:ypoRr'Il‘o;d Reu;:my"
i 2 i
Chloromethane ﬁ 56.6 57 F 0 L False +
Vinyl chloride 92 | 135 174 u6 | 7
Bromomethane 53.9 168 71 138 || 510
Methylene chloride 499 49.2 548 0 I False +
Chioroform 464 464 504 " 92+
1,1,1-Trichloroethane 179 179 | 438 I: 41
Carbon tetrachloride 580 580 534 109*
Benzene 248 313 79*
12-Dichloroethane [| 391 391 e Bt
Trichlorethene 441 441 560 u 79*
1,3-Dichloropropane #14 114 1 147 H 78*
Toluene H 60 H» 139 | 43
Tetrachloroethene ll 366 366 653 S6*
Chlorobenzenc | 549 55 158 35
Ethylbenzene n' 46.6 47 147 12
m- & p-xylene 37 37 0 False +
o-xylene :| 43.7 44 IL 152 t 29
Trichlorofluoromethane® 0 \ 189 | 0
1,2-Dibromoethane® I 0 262 0
1,3-Butadiene® | 0 232 0

*The asterisks designate results that were compatible with the DQO: recovery between
50 and 150%. False + indicates an erronecus compound detection.
*The last three compounds were not within SRI's detection capability.
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Audit Spikes of Volatile Organic Comounds in VOST Media

Table A2-3 Concluded

(Data in ng)
I Obscrved at SRE
Tenax | Tkhar. | Total m‘;ﬂ Recov.%

Audit 3

Chloromethane 0 0 -
Vinyl chloride 41.3 142 183 250 73*
Bromomethane 52.3 14.9 67 140 48
Methylene chloride 500 29.5 530 0 False +
Chloroform 496 496 511 97"
1,1,1-Trichloroethane 189 14.2 203 444 46
Carbon tetrachloride 614 614 542 113*
Benzene 270 270 318 8s*
1,2-Dichloroethane 399 399 438 91+
Trichlorethene 468 468 I 568 82+
1,2-Dichloropropane 115 115 149 77*
Toluene 40.7 41 141 29
Tetrachloroethene 307 307 663 46
Chlorobenzene 289 29 ¢ 160 18
Ethylbenzene 0 | 149 0
m- & p-xylene 0 0 -*
o-xylene 128 13 154 8
Trichlorofluoromethane® 0 192 0
1,2-Dibromoethane® 0 266 0
1,3-Butadiene® 0 236 0

'The asterisks designate results that were compatible with the DQO: recovery between
50 and 150%. False + indicates an erroncous compound detection.
*The last three compounds were not within SRI’s detection capability.
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Table A2-4

Audit Spikes of Semi-Volatiles in Modified Method 5 Sampling Media

(Data in ug)

| FerigeeNowy | Filter 2

| st | RT1 | Recovs | SRI | RTI | Recovs
Naphthalene 90 <0.166 75 <02
Accnaphthalene l 180 <0413 | 150 <0.3
Acenaphthene | % I 12 | 7 2
Fluorene H 18 | 265 | 1 18
Phenanthrene || 2.7 7.5 36*
Anthracene 9 “ <0.304 7.5 <4.0
Fluoranthrene 18 H 6 15 40*
Pyrene 9 1.82 7.5 24+
Chrysene 9 4.24 7.5 57+
Benzo(a)anthracene 9 1.17 7.5 16
Benzo(b){luoranthene ‘l' 18 20.1 15 134*
Benzo(k)fluoranthene 9 || 9.5 1.5 127+
Benzo(a)pyrene | 9 | <042 | 75 <56
Indeno(1,2,3-cd)pyrene 9 H 5.55 1.5 74+
Dibenzo(ah)anthracene 18 | s | s 77°
Benzo(a)perylene 18 l 10.2 15 68*

*Within DQO Limits (20 - 150%).

Note: No valid data were obtained because of partial sample loss.




Table A2-4 Concluded
Audit Spikes of Semi-Volatiles in Modified Method § Sampling Media

(Data in ug)
| XAD 1 i XAD 2
SRI | RTT | Recov®% | SRI | RTI | Recov%
Naphthalene 627 | % o0 | s1s | 7 69*
Acenaphthalene 130 180 72* 84.5 150 56*
Acenaphthene 61.2 90 68* 1|7 51.5 75 69*
Fluorene 11 18 61* 9.01 15 60*
Phenanthrene 584 9 65* 5.05 7.5 67"
Anthracene 2.9 9 32* 4.14 7.5 55*
Fluoranthrene 11.7 18 65* 9.69 15 65*
Pyrene 6.22 9 69* 5.45 7.5 73*
Chrysene 6.65 9 74* 5.25 7.5 70*
Benzo(a)anthracene 5.89 9 65* I 54 1.5 72*
Benzo(b)fluoranthene 1’ 11.3 18 63* 10.1 15 67*
Benzo(k)fluoranthene | 63 o | 0 s29 | 75 | e
Benzo(a)pyrene % 2.38 9 26* 3N 7.5 49*
Indeno(1,2,3-cd)pyrene 6.97 9 77* 59 7.5 79*
Dibenzo(a,h)anthracene 108 18 60* 9.82 15 65*
Benzo(gh,i)perylene :I 113 18 63* 992 | 15 66*

*Within DQO limits (20 - 150%).
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APPENDIX B

SAMPLING PROTOCOL
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Sample Name:
Process Location:

Equipment;

Collection Frequency:

Procedure Summary:

Particle Size
Stack

University of Washington Mark WV/Il cascade
impactor with SoR//EPA Right Angle Precollector
and EPA M5 sampling train with stainiess steel
probe; tared quartz fiber substrates and filters with
plastic Petri dishes for each.

Sampling time based on particle concentrations
found at time of test. A single sample may be run
over several tests depending on the time required to
obtain optimum stage catches.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration as described in
the Quality Assurance Plan. An initial traverse is
made with a pitot tube at each sample port following
EPA Methods 1 and 2 to establish sample traverse
points, gas velocity profile, temperature, and flow
rate, and to check for cyclonic air flow. The
sampling train is assembled with tared substrates
and particulate filter, a stainless steel condenser for
moisture, and a dryer containing 200 to 300 grams
of silica gel. EPA Method 5 procedures are
followed for pre-test and post-test leak checks,
isokinetic sampling rate, and data recording. If the
velocity distribution is flat, sampling will be done by
traversing in a standard Method 5 fashion, but at a
constant sampling rate. Otherwise, sampling is
done at a constant sampling rate at four points
within the duct which are seiected by virtue of
having velocities equal to the average duct velocity.
The impactor section of the sampling train is moved
intact to the cleanup area for sample recovery as
follows:

The coilection substrates and particulate filter are
removed from the impactor and precoliector,
carefully placed into their originat plastic Petn dishes
and placed in a desiccator to equilibrate before
weighing. All weighing is done on site with a Cahn
microbalance with weights recorded to the nearest
10 micrograms.

The intemmal surfaces of the nozzie, and precollector
are cleaned by brushing intc a tared aluminum foil
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container which is weighed with the precollector
collection substrate.

The contents of the condenser and dryer are
weighed to nearest 0.5 gram to determine the
amount of water condensed.

Methods 1, 2, 3, 4, and 5, Appendix A, Reference
Methods, New Source Performance Standards, 40
CFR 80, revised 7/9/85

J. D. McCain et al, Procedures Manual for the
Recommended ARB Particle Size Distribution
Method (Cascade Impactors). Attachment No. 1 to
the Final Report for ARB Contract A3-092-32
"Recommended Methodoiogy for the Determination
of Particle Size Distribution in Ducted Sources”.
SoR|-EAS-86-466, May 1986. NTIS PB 86-
218666/WEP.




Sampie Name:

Process Location:

Equipment:

Collection Frequency:

Procedure Summary:

Particle Size and Size Fractionated Samples for
Chemical Analysis

Particle Size: Unit 8 ESP Inlet

Size Fractionated Sampie for Analysis: Unit 8 ESP
Inlet, and Units 7 & 8 ESP Outlets.

SRI/EPA Five Serias Cyclone with stainless steel
probe; tared quartz fiber filters with plastic Petri
dishes and glass vials for cyclone catches. Only the
first two cyclones and a filter were used at the ESP
outlet locations.

Sampling times will be in based on particle
concentrations found at time of test: typicaily about
60 to 1000 minutes at the ESP inlet and outlet
locations, respectively. One sample per pair of test
days at the inlet. The sampling time at the outlets
may run over several tests depending on the time
required to obtain optimum stage catches.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration as described in
the Quality Assurance Plan. An initial traverse is
made with a pitot tube at each sample port following
EPA Methods 1 and 2 to establish sample traverse
points, gas velocity profile, temperature, and flow
rate, and to check for cyclonic air flow. The
sampling train is assembled with clean cyciones and
a 63 mm quarz fiber particulate filter, a stainless
steel condenser and a dryer containing 200-300
grams of silica gel. EPA Method 5 procedures are
followed for pre-test and post-test leak checks,
isokinetic sampling rate, and data recording. If the
velocity distribution is flat, sampling will be done by
traversing in a standard Method 5 fashion, but at a
constant sampling rate. Otherwise, sampling is
done at a constant sampling rate at four points
within the duct which are selected by virtue of
having velocities equal to the average duct velocity.
Alternatively, sampling may be confined to the high
velocity portion of the duct if the velocity distribution
is badly skewed on the basis that the bulk of the
particle transport would be expected to occur in the
high velocity area. The cyclone/filter section of the
sampling train is moved intact to the cleanup area
for sample recovery as follows:
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The cyclone catches are removed in two portions
for each cyclone. First, loose particles in a cyclone
are poured or brushed into a tared vial. The
remaining material in a cyclone is then rinsed out
with a stiff bristie brush and acetone. Both portions
are then desiccated (the acetone is evaporated prior
to desiccation). The filter is removed separately
and is carefully placed into its original plastic Petri
dish. All catches are then weighed after 24 hours of
desiccation. All weighing is done on site with a four
or five place Mettier balance with weights recorded
to the nearest 0.1 milligrams.

The contents of the condenser/drier are weighed to
nearest 0.5 gram to determine the amount of water
condensed.

Methods 1, 2, 3, 4, and 5, Appendix A, Reference

Methods, New Source Performance Standards, 40
CFR 60, revised 7/9/85

J. D. McCain et al, Procedures Manual for the
Recommended ARB Sized Chemical Sampling
Method {Cascade Cyclones). Attachment No. 2 to
the Final Report for ARB Contract A3-092-32
"Recommended Methodology for the Determination
of Particle Size Distribution in Ducted Sources".
SoRI-EAS-86-467, May 1986. NTIS PB 86-
218674/WEP.




Sample Name:
Process Location:

Equipment:

Collection Frequency:

Procedure Summary:

Dilution Sampie (Simulated Plume)
Unit 7 ESP Outiet

Custom SRI air dilution sampling train SoRI/EPA
Cyclone Precollector and glass lined probe;
conditioned, scrubbed and filtered dilution air at
approximate 10:1 dilution ratio; tared quartz fiber
fiters with sealed teflon envelopes; various EPA
and other impinger trains and sorbent traps for
vapor phase constituents behind the filter.

One sample per test day.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration as described in
the Quality Assurance Plan. An initial traverse is
made with a pitot tube at each sample port following
EPA Methods 1 and 2 to establish sample traverse
points, gas velocity profile, temperature, and flow
rate, and to check for cyclonic air flow. The sampie
flow is metered using a calibrated orifice located at
the diluter inlet. The integrated sample volume is
totalized continuously by means of an electronic
flow totalizer which receives a signal from a
pressure transducer across the  orifice.
Compensation is made in the totalizer for absoilute
gas pressure, temperature and density. The
moisture content of the stack gas is obtained from
concurrent Method 5 train samples.

The sampling train is assembled with a tared quartz
fiter mounted at the exit of the diluter to collect
particulate phase material. Sample takeoffs are
used as needed behind the filter to supply diluted
gases to various traps and/or impingers for vapor
phase components. EPA Method 5 procedures are
followed for pre-test and posti-test leak checks
separately for the dilution train and the individual
vapor phase samplers to be run downstream of the
filter. EPA Method 5 techniques are also used for
isokinetic sampling rate, and data recording.
Sampling will be done by traversing in a standard
Method 5 fashion.

After sampling is completed the diluter section of

the sampling train is moved intact to the cleanup
area for sample recovery as follows:
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The particulate filter is removed from the diluter and
is carefully placed into its teflon jacket for transport
to the lab.

The probe and cyclone catches are recovered like
Method 5 nozzle and probe washes.

Finally, the intemal surfaces of the diluter are
washed with solvents appropriate to the primary
target species for the sampling day.

Methods 1, 2, 3, 4, and 5, Appendix A, Reference
Methods, New Source Performance Standards, 40
CFR 80, revised 7/9/85

W. E. Farthing, Development of Sampling
Methodoiogy for Dilution Air Sampling of
Condensible Emissions from Stationary Sources.
Southem Research Institute Task Report on
Contract 68-02-4442 with the US EPA, AREAL,
RTP, NC. August, 1890
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Sample Name:

Process Location:

Equipment:

Collection Frequency:

Procedure Summary:

Multiple Metals and Particulates -- EPA Method 29
(Tentative; 40 CFR) or Method 0012 (SW-846)

Unit 8 ESP Iniet, Units 7 & 8 ESP Qutlets, Stack,
Dilution Sampler at Unit 7 ESP Outlet

Multiple metals sampling train (Figure A.1); plastic
Petri dish with tared particulate filter; 8 glass jars
(500 mL) with Teflon-iined lids

Filters used by SRI are preweighed quartz fiber
fiters. Woeights are obtained with a Mettler Model
HK balance, or equivalent, after filters are
desiccated to constant weight.

Sampling time will be in accordance with EPA
procedures which require 60 min of sampling to
acquire a 1.25 m® or greater sample. One sample
at each location per inorganic test day.

Stack gas sampling equipment is calibrated no later
than 60 days after last previous calibration. An
initial traverse of the duct to be sampled is made
with a pitot tube at sach sample port following EPA
Methods 1 and 2 to establish sample traverse
points, gas velocity profile, temperature, and flow
rate, and to check for cyclonic air flow. The
sampling train is assembled with a tared particulate
fiiter, 100 mL of 5% HNOy/10% H,0O; in the first and
third impingers, with the second and fourth
impingers empty, 100 mL of 4% KMnQO,/10% H,SO,
in the fifth and sixth impingers, an empty seventh
impinger, and 200-300 g of silica gel in a final
impinger. EPA Method 5 procedures are followed
for pre-test and post-test leak checks, isokinetic
sampling rate, filter change-cuts (if needed), and
data recording. The impinger section of the
sampling train is moved intact to the cleanup area
for sample recovery as follows:

The particulate filter is removed from its holder,
carefully placed into a 250 ml glass bottle and
sealed with a tefion lined lid.

The intemal surfaces of the nozzie, probe and front
haif of the filter holder are cleaned by rinsing and



Samplas for analysis:

References:;

brushing with acetone, foliowed by a final rinsing
with a 0.1 normal nitric acid solution into a separate
sample jar (probe rinse sample).

The liquid contents of each impinger is measured to
nearest milliliter to determine the amount of water
condensed. After emptying the contents of
impingers one through three into one or more
sample bottles as needed, the back half of the filter
holder, connecting glassware, and impingers one
through three are thoroughly rinsed with 0.1 normal
nitric acid. The rinsate is added to the liquig
contents of the impingers. The liquid contents of
impingers four through six are then poured into one
or more sample jars as needed and these impingers
are rinsed with a 10 normal HCI solution with the
rinsate being added to the sample jar containing the
impinger solutions. The silica gel contents of the
final impinger are recovered and weighed to the
nearest 0.5 g to determine the amount of water
coliected.

Acetone rinse of probe and front housing
Nitric acid rinse of probe and front housing
Filter

HNO; impingers and rinse

H,S0/KMNO, impingers and rinse

Methods 1, 2, 3, 4, and 5, Appendix A, Reference
Methods, New Source Performance Standards, 40
CFR 60, revised July 1, 1991,

Methodology for . the Determination of Metais
Emissions in Exhaust Gases from Hazardous
Waste Incinerator and Similar Combustion
Processes., EPA Method 29 (tentative) - pp 3-1
through 3-47, Methods Manual for Compliance with
the BIF Regulations, EPA/530/SW-91- 010,
December 1990.




Sample Name:

Process Location:

Equipment:

Collection frequency:

Procedure summary:

Acid Gases and Anions.

Acid Gases and Anions: Unit 8 ESP Inlet, Units 7 &
8 ESP Outlets, Stack, Dilution Sampler at Unit 7
ESP Qutlet

Method 5 sampling train (Figure A.2); plastic Petri
dish with tared particulate filter; 8 glass jars (500
mL) with Teflon-lined lids.

Sampling time will be in accordance with the
method procedure. One sample at each location
per inorganic test day.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration. An initial
traverse is made with a pitot tube at each sample
port following EPA Methods 1 and 2 to establish
sample traverse points, gas velocity profile,
temperature, and flow rate, and to check for
cyclonic air flow. The sampling train is assembled
with tared particulate filter, an empty first impinger,
and 100 mL of a solution consisting of 25 g/l of
sodium carbonate, 25 ¢/l of sodium bicarbonate,
and 100 mi/l of 33% hydrogen peroxide in the
second and third impingers. These are followed by
a dry impinger and a final impinger loaded with 200
to 300 g of silica gel. Method 5 procedures are
followed for pre-test and post-test leak checks, filter
change-outs (if needed), and data recording. The
impinger section of the sampiing train is moved
intact to the cleanup area for sample recovery as
follows:

The particulate filter is removed from its holder,
carefully placed in a 250 mi glass bottle which is
sealed with a teflon lined lid.

The internal surfaces of the nozzle, probe and front
half of the filter holder are cleaned by rinsing,
brushing, and final rinsing with acetone into a
separate sample jar {probe rinse sample).

The liquid contents of the impingers are measured
to nearest milliliter to determine the amount of water
condensed; the liquid contents of the first three
impingers are collected in a separate container and
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the back hailf of the fiiter holder, connecting
glassware, and the impingers are thoroughly rinsed
with distiled water. The rinsate is added to the
sample jar(s) containing the impinger contents; the
silica gel contents of the final impinger are
recovered and weighed to the nearest 0.5 g to
determine amount of water collected.

Methods 1, 2, 3, 4, and 5, Appendix A, Reference
Methods, New Source Performance Standards, 40
CFR 60, revised July 1, 1991.

Isokinetic HCI/Cl; Emission Sampling Train (Method
0050) - pp 3-70 through 3-96, Methods Manuai for
Compliance with the BIF Regulations,
EPA/530-SW-91-010, December 1990.
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Sample Name:

Process Location:

Equipment:

Collection frequency:

Procedure summary:

Volatile Organics - EPA Method 0030 (SW-846)

Unit 8 ESP inlet, Units 7 & 8 ESP Qutlets, Stack,
and ambient air

Volatile organic sampling train (VOST); sorbent
cartridges, glass culture tubes with screw caps,
aluminum foit

Continuous run at approximately 0.5 L/min with
replacement of sorbent tube pairs after each of the
prescribed sampling intervals (for example, 4, 10,
and 20 min). Various intervals are used to ensure
that the capacity of the sorbents is not exceeded
and that, at the same time, sufficient sample is
collected. One group of samples at each location
per organic test day.

Sorbent cartridge preparation. The procedures for
preparing, handling, storing, and analyzing the
cartridges will be those described in the EPA
protocol referenced below. As described in the
protocol, new sorbent material (Tenax resin and
charcoal) will be Soxhlet-extracted, vacuum-dried,
thermally conditioned with organic-free nitrogen,
and loaded into cartridges which are subsequently
pressure-leak tested. Three of the conditioned
cartridges will be analyzed to confirm that they are
free of background contamination before sample
collection. Each sorbent tube will be labeled with an
identification number.

The sorbent cartridges wili be protected from
contamination by placing them in culture tubes
which contain clean charcoal. The cartridges will be
stored at 4 °C in an area free from sources of
organic contamination. The cartridges will be
packed separately and kept cold with "blue ice" in
insulated containers during transport to the test site.

Before each replicate sampling run, the sample
coordinator will supply the resin cartridges, including
a field blank, to the stack sampling manager. At the
end of each run, the sample coordinator will recover
the cartridges, pack them in cold chests, and
complete the appropriate records.
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VOST operation. The sample collection procedures
is described in the EPA protocol referenced below.
As described in the protocol, the sample train will be
cleaned and assembled before installing the resin
cartridges. The caps to the cartridges will be stored
in a clean glass jar while the cartridges are in the
train. The train will then be leak tested at 10 in. Hg
above the train's operating vacuum in such a
manner as to prevent exposure of the train
components to the ambient air.

Before sampling is started, ice water will be
circulated throughout the condensers and the probe
will be purged of ambient air and located in the
stack at a point with a typical stack velocity and
temperature. The probe will be heated to 130 to 150
°C (266 to 302 °F). The train will be operated under
"SLOW-VOST" conditions, i.e., at a rate of 0.5
L/min for up to 40 min to collect a maximum volume
of 20 L. for each pair of sorbent cartridges. Four
pairs of cartridges will be collected during each test
run. The SLOW-VOST conditions were selected ta
make the VOST sampling period approach the time
required for collecting semivolatile organics from the
stack gas by the modified EPA Method 5.

Two cartridges will be removed and the end caps
replaced; the cartridges will be labeled with date,
time, and test-run number, wrapped in ajuminum
foil, and retumed to the culture tubes. Samples of
the condensate water will also be collected as
described in the EPA protocol to prevent the ioss of
volatile organics.

The sample collection data will be recorded for each
cartridge pair. The samples will be given to the
sample coordinator along with the chain-of-custody
sheet. The VOST will be removed from the stack to
a organic-free area where it will be cleaned and
prepared for the next test run.

U.S. EPA, November 1986, Test Methods for
Evaluating Solid Wastes, Method 0010, SW-846.
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Sample Name:

Process Location:

Equipment:

Collection frequency:

Procedure summary:

Semi-Volatile Organics (known as Modified Method
5 or Semi-VOST) —~ EPA Method 0010 (SW-846)
and PCDDs and PCDFs

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack,
Dilution Sampler at Unit 7 ESP Outlet (back half
only). (PCDDs and PCDFs at Unit 7 Qutlet and
Stack only.)

Modified EPA Method 5 sampling train; sorbent
cartridges, aluminum foil, glass jars with Teflon-lined
lids

Continuous except for possible filter changes and
port moves with a minimum 3 m3 sample voiume to
be collected. One sample at each location per
organic test day except for the diluter where two will
be run in parallel .

Sorbent cartridge preparation. The procedures for
preparing, handling, storing, and analyzing the
cartridges wiil be those described in the EPA
method referenced below. New sorbent material
will be cileaned by Soxhlet extraction and one of the
conditioned tubes will be analyzed to confirm that
the tubes are free of background contamination.

Before each sampling run, the sample coordinator
will supply the sorbent tubes, including a field blank,
to the stack sampling team. At the end of each run,
the sampie coordinator will recover the sorbent
tubes, along with a sample collection data sheet.
The samples will be stored in insulated cold chests
in an area that is free from sources of organic
contamination.

The sampling train is assembied as follows:

All openings are kept covered until just prior to
assembly, to prevent contamination

Particulate filter in holder

Organic collection module (gas conditioning section,
sorbent trap, condensate knockout trap)

First impinger empty with a short stem to collect the
condensate; 100 mL distilled water in second and

B-14



Stack sampling:

Recovery:

third impingers; fourth impinger empty; fifth impinger
containing indicating silica gel weighed to nearest
0.5 g. The condensate impinger bottle must be
large enough to contain all of the expected
condensate without overflowing.

Silicone grease may not be used in train.

The MMS5 unit, exclusive of the sorbent trap and the
particulate filters, will be provided by the stack
sampling manager. With the exception of the
necessary modification for installing and recovering
the condenser and sorbent trap, the sampling
procedures will be as specified in EPA Methods 1
and 2 for stack gas air flow measuraments, and
Method 5 for moisture content and particulates. ice
water is circulated around the condenser and
sorbent trap to maintain a gas exit temperature
below 20°C at the exit of the sorbent module. The
sampling technicians record the data as
recommended in Method 5.

The sampling equipment will be calibrated no later
than 6Q days after the last calibration. The sampling
train wili be operated according to standard
procedures so that at least 3 m® of sample will be
obtained.

The sampies will be recovered from the MMS5 train
as follows:

Particulate filter - Will be removed from the holder,
placed in an amber glass bottle with a Teflon-lined
lid, sealed with tape, then wrapped in aluminum foil,
placed in a plastic bag, and sealed.

Probe rinse -- The nozzle, probe and front half of
the filter holder and any connecting glassware will
be brushed and rinsed three times each with
methanol and methylene chioride. The rinses will
be measured volumetrically and placed in a glass
sample jar with a Teflon-lined lid. A toluene rinse
will also be made at the Unit 7 outlet and stack for
PCCD/PCDF analysis.

Condensate -- The condensate will be volumetrically
measured and placed in a glass sample jar. The
glassware from the back half of the filter will be
rinsed through the condenser to the sorbent trap
with the same solvents as used for the front half of
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the train. The rinses will be measured volumetrically
and placed in a glass sample jar with a Teflon-lined
lid. '

Sorbent cartridge - Wil be removed from the
sampiing train, capped, wrapped with aluminum foil,
and seaied in a plastic bag.

Impinger water -- The contents of the first, second,
and third impingers will be volumetrically measured
and placed in amber glass sampie bottles along
with a distilled water rinse of these impingers and
connecting glassware.

Siiica gel - The silica gel impinger will be reweighed
to nearest 0.5 g.

All of the sample containers will be assigned
numbers and labeled with date, time and test-run
number. The samples will be tumed over to the
sample coordinator along with the chain-of-custody
sheet. The sampie coordinator will record the
appropriate data in the field log book and pack the
samples in the original shipping package which will
be stored in the sample cleanup area. The sample
train data sheet will be reviewed by the sampling
team manager and forwarded on to the sampiing
coordinator.

Method 5, Appendix A, Test ‘Methods and
Procedures, New Source Performance Standards,
40 CFR 80, revised July 1, 1991,

Method S008, Sampling and Analysis Methods for
Hazardous Waste Combustion, EPA-600/8-84-002,
February 1984.

Modified Method 5 Sampling Train (Proposed), Test
Methods for Evaluating Solid  Wastes;
Physical/Chemical Methods, SW-846, Second
Edition, NTIS PB85-103026, 1984,
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Sample Name:
Process Location:

Equipment:

Collection Frequency:

Procedure Summary;

References:

Aldehydes
Unit 8 ESP Inlet, Units 7 & 8 ESP Qutlets, Stack

Method 5§ sampling train (Figure A.2); particulate
filter; 3 giass jars (500 mL) with Teflon-lined lids

One sample at each location per organic test day.
Sample volumes of about 0.5 m® are collected.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration. Single point
samples The sampiing train is assembled with an
untared particulate filter (to be discarded), foliowed
by two impingers ioaded with 100 ml each of an
aqueous solution of DNPH (dinitrophenylhydrazine).
These are followed by a dry impinger and a final
impinger loaded with 200 to 300 g of silica gel.
Method 5 procedures are followed for pre-test and
post-test leak checks, and data recording. The
impinger section of the sampling train is moved
intact to the cleanup area for sample recavery as
foliows:

The particulate filter is removed and discarded.

The liquid contents of the impingers are measured
to nearest milliliter to determine the amount of water
condensed; the liquid contents of the two DNPH
impingers are collected in a glass container and the
back half of the filter holder, connecting glassware,
and the impingers are thoroughly rinsed with
distilled water. The rinsate is added to the sample
jar(s) containing the impinger contents; the silica gel
contents of the final impinger are recovered and
weighed to the nearest 0.5 g to determine amount
of water collected.

Methods 5, Appendix A, Reference Methods, New
Source Performance Standards, 40 CFR 60,
revised July 1, 1991,

EPA Method TOS for aldehydes.
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Sample Name:
Process Location:

Equipment:

Collection frequency:

Procedure summary:

Ammonia and Cyanide
Unit 8 ESP Inlet, Units 7 & 8 ESP Qutlets, Stack

Method 5 sampling train (Figure A.2); untared
particulate filter; 4 glass jars (500 mL) with
Teflon-lined lids.

Single point sampling will be done at point having a
typical gas temperature for the duct being samgled.
A sample gas volume of approximately 0.5 m” will
be collected. One sample will be coliected at each
location per pair of test days.

Stack gas sampling equipment is calibrated no later
than 60 days after last calibration. The sampling
train is assembled with an untared particulate filter
(to be discarded, two impingers containing 100 mL
of a solution consisting of 25 g/ of sodium
carbonate, 25 g/l of sodium bicarbonate in water, a
dry impinger, and a fourth and fifth impinger, each
containing 100 mi of a 0.1 normai H,SQ, solution.
The first two impingers coliect ammonia and
cyanide and the fourth and fifth collect any
ammonia passed by the previous impingers. These
are followed by a dry impinger and a final impinger
loaded with 200 to 300 g of silica gel. Method 5
procedures are followed for pre-test and post-test
leak checks, and data recording. The impinger
section of the sampling train is movad intact to the
cleanup area for sample recovery as follows:

The particulate filter is removed and discarded.

The liquid contents of the impingers are measured
to nearest milliliter to determine the amount of water
condensed; the liquid contents of the first and
second impingers are collected a one container and
the back haif of the filter holder, connecting
glassware, and the impingers are thoroughily rinsed
with distiled water. The rinsate is added to the
sample jar(s) containing the impinger contents of
the first two impingers; The contents of the third
impinger are poured into a separate container and
the impinger is rinsed with water with the rinsate
being added to the impinger contents. The silica gel
contents of the final impinger are recovered and
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References:

weighed to the nearest 0.5 g to determine amount
of water collected.

Methods 1, 2, 3, 4, and 5, Appendix A, Reference
Methods, New Source Performance Standards, 40
CFR 80, revised July 1, 1981.
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Sample Name:

Process Location:

Equipment:

Collection Frequency:

Procedure Summary:

References:

Mercury

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack,
Diluter, ambient air

Unit 8 ESP Inlet, Units 7 & 8 ESP Outiets, Stack:
Heated probe with glass or quartz wool plug to
remove particulate matter, two soda lime traps and
two iodated charcoal traps in series for collection of
mercuric compounds and mercury.

Diluter: Two soda lime traps and two iodated
charcoal traps for collection of mercuric compounds
and mercury.

One sample per inorganic test day.

Single point samples are obtained at a flow rate of
about 0.5 liters per minute to collect about 25 liters
(250 liters for dilution probe). The traps are
maintained at about 110°C to seliminate moisture
condensation. Traps are sealed with teflon caps at
the end of each run and the capped tubes are
placed in a sealed plastic bag.

Personal communications from Nicholas Bloom and
Eric Praestbo of Brooks-Rand Inc., Seattle, WA.

Bloom, Nicolas S. “Mercury Speciation in Flue

Gases: Overcoming the Analytical Difficulties.”
Presented at. Managing Hazardous Pollutants -
State of the Art. Washington, D.C. Nov. 4-6, 1991,
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Sample Name:
Process Location;

Equipment:

Collection Frequency:

Procedure Summary:

Particulates - EPA Method 17
Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack

Method 17 sampling train, sample bottle with tared
particulate thimble

Thimbles used by SRI are preweighed glass fiber
thimbles. Weights are obtained with a Mettler
Modet HK balance, or equivalent, after thimbies are
desiccated to constant weight.

Sampling time wili be 72 to 360 minutes to acquire a
1.0 m* or greater sample. One sample at each
location per organic test day.

Stack gas sampling equipment is calibrated no later
than 60 days after last previous calibration. An
initial traverse of the duct to be sampied is made
with a pitot tube at each sample port following EPA
Methods 1 and 2 to establish sample traverse
points, gas velocity profile, temperature, and flow
rate. The sampliing train is assembled with a tared
particutate thimble, stainless steel condenser, and
silica gel column. EPA Method 5 procedures are
followed for pre-test and post-test leak checks,
isokinetic sampling rate, thimble change-outs (if
needed), and data recording. The thimble and
nozzle section of the sampling train is moved intact
to the cleanup area for sample recovery as follows:

The particulate thimble is removed from its holder,
carefully placed into a 500 ml glass bottle and
sealed with a teflon lined lid.

The internal surfaces of the nozzle and thimble
holder are cleaned by rinsing and brushing with
acetone into a separate sample jar (probe rinse
sample).

The liquid content of the condenser is measured to
nearast 0.1 gram to determine the amount of water
condensed. The silica gel contents of the drying
column are weighed to the nearest 0.1 g to
determine the amount of water collected.

B-21



Samples for analysis: Acetone rinse of nozzle and filter holder
Filter

References:

Methods 1, 2, 3, 4, 5 and 17 Appendix A,
Reference Methods, New Source Performance
Standards, 40 CFR 60, revised July 1, 1991.
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APPENDIX C
ANALYTICAL METHODOLOGY AND QUALITY ASSURANCE/QUALITY CONTROL

C.1 QA Obijectives

The analytical objective for this project was to provide data to conduct
comprehensive assessments of toxic emissions from the Bailly Generating Station.
SRAI's compliance with the QA/QC requirements identified for this project in our Site
Specific Quality Assurance Plan for the Bailly faciiity is discussed in this appendix.

As part of our discussion, we describe changes to or deviations from the
analytical methods cited in our Site Specific Analytical Plan for the Bailly facility and
their likely impact on the quality of the data. We also describe any difficulties
encountered with the analysis and its impact on the data. We discuss instrument
calibration, precision of replicate determinations, and recovery of surrogates and
standard matrix spikes where appropriate. Precision and accuracy are caiculated and
reported as relative percent difference and as percent recovery respectively.

Precision and accuracy data are reported in the tables found in this Appendix
for:

Metals

Anions

Carbonyl compounds (aldehydes and kstones)
Volatile organic compounds

Semivolatile organic compounds

Dioxins and furans

Relative percent difference is calculated using the equation,
R%D = ((V, - V,) + {(V, + V,)/2)) x 100,
where:
R%D = relative percent difference,
V, = The higher result from duplicate analyses, and

V, = The lower result from duplicate analyses.



Recovery is calculated using the equation
%R = ((V, - V,) + V,) x 100,
where:
%R = percent recovery
V, = The result for a matrix spike sample,
V, = The result for the unspiked sample, and

V, = The known amount of spike added to the matrix spike
sample.

initially, no data base for any of the check samples existed from which to
calculate mean values and control limits based on standard deviations for precision,
accuracy and recovery. Although QC samples were analyzed with actual sampies, the
data points required to generate a data base large enough for each type of QC check
sample were not obtained. As stated in the Site Specific Quality Assurance Plan,
prescribed objectives were: for accuracy +10%; for precision 158% RSD; for recovery
80-120%; and for completeness 90%.

The analytical methods employed on this project have not been validated for
several of the matrices encountered. Performance characteristics such as recovery
and reproducibility for these methods when used to analyze coal, ash, and pollution
control by-products were not established at the start of this project. Throughout the
analytical effort, it became evident that the methods used to analyze the samples
collected at the Bailly facility would have to be modified and optimized to obtain data
suitable for use in establishing mass balances. Major method adaptations employed
on this project and our success or lack thereof will be described.

C.2 Sample Custody Procedures
C.2.1 Chain of Custody

Chain of custody procedures were established to identify and trace sampies
from collection to final analysis. Such documentation inciuded labels to prevent
mix-up, container seals to prevent unauthorized tampering with contents of the sample
containers, custody forms, and records necessary for documentation of the data.

The field sampling operations included:

+ Documentation of the procedure used for sample collection and
of information pertaining to the reagents or supplies that became
an integral part of the sample (e.g., filters and absorbing
reagent).



» Procedures and forms for recording the exact location and
specific considerations associated with sample acquisition.

» Documentation of specific sample-preservation method.

« Use of pre-prepared sample labels containing ail information
necessary for effective sample tracking.

« Standardized field-tracking reporting forms to establish sample
custody in the field prior to shipment.

c22 mentation

As needed, forms were updated or new ones were created as determined by
the QA Coordinator and the Program Manager. Completed forms were kept in files of
the Environmental Sciences Department or the Analytical Chemistry Division, as
appropriate.

€.2.3 Document Storage

All documents received with samples have been maintained by the sample
custodian. For all original documents retained by the analyst or other project
participants, a memo identifying the documents and location of the documents has
been prepared for submission to the QA Coordinator. The QA Coordinator will
maintain a directory for all outstanding documents that lists the project, the
document(s), the custodian, and the location of the documents.

C.2.4 Sample Custody

The analytical laboratories have maintained retrievable records of the chain of
custody for all samples collected and analyzed.

C.3 Analytical Method Descriptions and QA/QC Data

In this section, the methods used for analyses of the different classes of
analytes are described. In addition, the results of QA/QC experiments are presented
in tabular form.

C.3.1 Metals

Samples were prepared for metal analysis by digestion in a microwave oven.
The digestion procedures were based on recommendations from the oven
manufacturer, CEM Corporation. The principal steps in digestion are outlined below
(these steps apply to the simultaneous treatment of 12 filled digestion vessels):

Solids (coal, 0.5 g; other solids, 1.0 g}. The solid was placed in one of

the polytetraflucrethyiene microwave vessels; 10 mL of concentrated
nitric acid was added and then the first step of heating was foliowed.
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This first step required a power input of 75 W for a total of 20 min, with
gradually increasing pressure control points (maximum, 200 psi). Next,
5 mL of hydrofluoric acid and 1 mL of hydrochloric acid were added,
heating was performed with 60 W of power for 20 min with initial
pressure control at 150 psi and concluding control at 20 psi. Finally,
with 30 mL of saturated aqueous boric acid added, heating occurred
with 100 W of power input for 6 min with the pressure initially at 50 psi
and finally at 20 psi. The resulting liquid was diluted in a polyethylene
volumetric flask to a final volume of 100 mL.

Liquids (40 mL). After the liquid was placed in a microwave vessel, an
addition of 5§ mL of concentrated nitric acid was made. The mixture was
heated with 100 W of power for 20 min at an initial pressure of 70 psi
and a final pressure of 20 psi. The resulting solution was diluted with
water to a total of 50 mL in a polyethylene volumetric fiask.

C3.1.1 Methods for Aluminum, Barium, Beryllium, Calcium, Cadmium,
Cobalt, Chromium, Copper, Iron, Lead, Magnesium, Manganese,
Molybdenum, Nickel, Titanium, and Vanadium.

These metais were determined by inductively coupled plasma/atomic emission
spectroscopy (ICP/AES), SW-846 Method 6010. Yitrium and scandium were used as
the internal standards for determinations of both the trace metais and the major metals
(A}, Ca, Fe, Mg, and Ti). Section 3.1.3 below discusses alternative methods for
cadmium and lead.

C.3.1.2 Methods for Antimony, Arsenic, and Selenium.,

Arsenic determinations by gaseous hydride generation involve the reduction of
arsenic with potassium iodide in the presence of HCI to its trivalent form. Arsenic was
then reacted with sodium borohydride to form the hydride in a vessel being purged
with nitrogen to sweep the hydride into the absorption cell. In the cell lined up in the
optical path of the spectrophotometer the arsenic concentration was determined by
reading absorption at 193.7 nm.

Antimony determinations by gaseous hydride generation followed the
procedure outlined above for arsenic. Antimony was reduced with potassium iodide in
the presence of HCI then reacted with sodium borohydride to form the hydride.
Antimony concentrations were determined by reading absorption at 217.6 nm. This
method represented the best available technique for achieving the desired detection
levels for antimony.

Selenium determinations by gaseous hydride generation involve the reduction
of selenium in the presence of HCI. Selenium was then reacted with sodium
borohydride to form the hydride and purged from a reaction vessel into an absorption
cell with nitrogen. Selenium concentration was determined by reading absorption at
196.0 nm,



The method of standards addition was selected as the calibration technique for
antimony and arsenic. The analysis of antimony and arsenic by either GFAAS or by
HGAAS produced more accurate results when the method of standards addition was
employed. Selenium determination, on the other hand, by either GFAAS or HGAAS,
provided acceptable values with or without standards addition.

C.3.1.3 Alternative Methods for Cadmium and Lead.

Cadmium and lead were determined by GFAAS when element levels
necessitated lower detection levels. The method required that 20 ul of the sample be
introduced into a graphite tube. The tube was heated in a furnace to bring the sample
to dryness, further heating charred the sample eventually atomizing the slement of
interest. For cadmium, the absorption of light caused by the excitation of the
elements electrons was measured at a wavelength of 228.8 nm. For lead, absorption
was measured at a wavelength of 283.3 nm,

C.3.1.4 Mercury

Mercury was determined by cold-vapor AAS and AFS in a single experiment.
That is, the gas train bearing elemental mercury vapor was passed first through the
absorption cell and then through the fluorescence cell. Customarily, the data from
CVAFS were reported, the detection iimit for mercury by fluorescence was of the order
of 0.01 pg/mL in the solution in which elemental mercury was produced and
vaporized. On occasion, the data from CVAAS were used when the concentration was
above the range of the nine-point calibration curve.

Determination of mercury in coai using the sampie preparation technique
provided in SW-846 Method 7471 {in which the silicate component of the ash is not
chemicaily decomposed) provided resuits that proved to be systematically iow. Coal
digestion in the microwave procedure, on the other hand, was deemed satisfactory.
This procedure employs HF, which is capable of decomposing silicate and releasing
mercury that may be inaccessible otherwise.

C.3.1.5 Recovery of Metal Spikes in Various Types of Samples
Tables C-1 through C-9 present the results of analyses of samples of several

types both as received and after spiking with the metals of interest at known
concentrations. There are certain notations that are common to all of these tables:

NR No resuit
ND Not determined
NV No certified value
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The tables all have the same format:

the resuits of metal determinations in the sampie as received, usually in
duplicate;

the spike level calculated for the solution prepared to be analyzed;

the ratio of the spike concentration to the average of the sample
concentrations;

the results of dupiicate sample analyses with spikes added;
the relative percent difference in results for the spiked samples;

the recovery of the spike in duplicate analyses (that is, the difference
observed between spiked and unspiked samples, compared with the
spike level.

Generally, the values of relative percent difference are more satisfactory than
the values of percent recovery. This is hardly surprising, as will be explained. The
following show the maximum values of relative percent difference in the determinations
of metals other than mercury in spiked samples of various types:

Sample Maximum R%D

Coal 22%

Limestone 6% (with one exception, 66%)
ESP hopper ash 1%

Sluice water supply 18%

MMT front halt 20%

MMT back half 7%

ARP liquid phase 42%

ARP solids 23% (with one exception, 106%)

For mercury, the maximum vaiue is 18%. The two exceptions are noted above
specifically as exceptions to avoid conveying the impression that the highest values
are part of the general population of results.

Consider the result of 66% noted above as an exception. The result is for lead,
which was not detectable in the sample and the spike level was 0.1 ug/mi; the
concentrations found after spiking were 0.039 and 0.077 pg/mL. Consider also the
result of 106%, which occurred tor arsenic in the ARP solids. The duplicate results for
the sampile were 0.006 and 0.012 ug/mL; with a spike of 0.05 ug/mL added, results
were 0.044 and 0.014 yg/ml. The two elements associated with very poor replication,
arsenic and lead, were chronic causes of difficulty at the low concentrations that
occurred in these two instances.

Achieving satistactory results in terms of spike recovery was more difficult
because in many instances it involved measurement of small differences between
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relatively large numbers. Consider recoveries of 270 and 300% for boron spikes in the
ESP hopper ash. The spike was only about 5% of the background concentration in
the sample; hence, achieving poor recovery was not surprising. Consider even more
absurd results for the boron spike in the ARP liquid phase. The recoveries were
around 5000%, but then the spike was only 0.1% of the sampie concentration.

The mismatch in magnitude between boron spikes and boron spike
concentrations occurred because the unspiked sample and the spiked sample were
digested and analyzed at the same time and the appropriate magnitude of the spike
was not known. in retrospect, if the recovery of a boron spike in the given medium
had been an issue in itself, the sample would have been spiked again but at a more
appropriate ievel and reanalyzed. There are data for boron in other forms, however,
that suggest that determination of boron was not a matter for urgent attention.

C.3.1.6  Recovery of Metals at Known Concentrations in Laboratory QC
Samples and in Standard Reference Materials

Tables C-10 through C-14 present data showing recovery of metals in media
other than field samples — either laboratory QC solutions prepared to contain metals
at known concentrations or Standard Reference Materials purchased from the National
Institute of Standards and Technology or Brammer Standards Company.

Solutions obviously constitute easier analytical problems because the sources
of error encountered in putting a solid into solution are absent. This statement is
borne out by the data on the general set of metals in Table C-10 and the data for
mercury in particular in Table C-14. For mercury, the worst recovery value is 131% in
a solution where the concentration was quite low, For the other metals, there are two
indefensible results — recoveries around 300% for chromium and nickel, which may
have been due to laboratory contamination.

For the solid SAMs — either coal or ash — a major probiem is getting
compiete digestion and thus getting all of the metals to the anaiyzer. In both of the
coal SRMs, the cerlified value for antimony is quite low and thus even having
adequate sensitivity is a problem. Other sources of error are contamination during
sample digestion and during sample dilution and subsequent chemical processing as
is involved for the atomic absorption methods employed for antimony, arsenic,
cadmium, lead, and selenium.

The data for SRMs in Tables C-11, C-12, and C-13 reveal that several metals
frequently are not determined satisfactorily in solid media:

+ In one instance the concentration of antimony was twice the
certified value. in analyses of the NIST coal, the determination of
antimony was not completed successfully.

« Cadmium was always at a low concentration and not detarmined
adequately.

+« Components of stainless steel — chromium, molybdenum, and
nickel — were sometimes found at excessive concentrations.
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Table C-10

Recoveries of Metals at
Known Concentrations in a Laboratory QC Solution
(Data in ug/mi)
Analvais 1 1 Analvais 2 Analvais 3
Known
Element conc. Conc. | Recov.% | Conc. | Recov% | Conc. | Recov.%

Barium 4.00 421 105 4.3 106 | 4.18 105
Beryllium 1.00 0.93 93 1.04 104 0.94 94
Cadmium 0.25 0.33 130 0.27 108 0.33 131
Chromium 1.00 1.05 105 0.99 99 3.35 335
Cobalt 1.00 0.89 89 1.01 101 0.93 93
Copper 1.00 0.89 89 0.99 99 0.68 68
Lead 100 10| 110 0.5 ss | 19| 109
Manganese 1.00 0.93 93 0.88 88 u 1.03 103
Molybdenum 2.00 1.98 99 2.05 103 2.16 108
Nickel 100 | o092 92 0.94 94 295 | 295
Vanadium 250 | 246 | o8 2n | 18 | 227] &
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Table C-11

Recoveries of Metals at Certified Concentrations

in SARM 20 Coal"
(Data in usg/g)
Certified
Element value Conc. Recov. %
Antimony 0.4 0.88 220
Arsenic 4.7 5.42 115
Barium 372 353 95
Beryllium 25 111 4
Boron 9% NR -
Chromium 67 59.8 89
Cobalt 83 493 59
Copper 18 15.1 84
Lead 26 153 59
Manganese 80 714 89
Nickel 25 25.9 104
Selenium 0.8 0.295 37
Vanadium 47 42.6 N

*Purchased from Brammer Standard Company, Houston, TX.
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Table C-12

Recoveries of Metals at
Certified Concentrations in NIST 1632b Coal
(Data in »g/g)
Analysis 1 Analysis 2
Certified Relative
Element value Conc. | Recov% | Comc. | Recov% diff. %
Antimony 0.24 ND -- NR - -
Arsenic 372 3.60 97 2.57 69 33
Barium 67.5 67.4 100 69.9 104 4
Cadmium 0.0573 0.028 49 ND - -
Chromium 11 8 73 20 181 85
Cobalt 2.29 1.80 79 1.14 50 45
Copper 6.28 8.60 137 6.28 100 31
Lead 3.67 5.60 153 246 67 78
Manganese 124 11.0 89 10.7 86 3
Molybdenum 0.9 ND - 2.0 217 -
Nickel 6.1 5.6 92 1.7 192 T
Selenium 1.29 1.98 153 0.16 12 170
Vanadium 14 15 107 14 9 8

*Purchased from National Institute of Standards and Technology, Gaithersburg, MD.
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Table C-13

Recoveries of Metals at
Certified Concentrations in NIST 1633a Fly Ash"
(Data in ug/g)
Analysis 1 Analysis 2
Certified Relative
Element value Conc. Recov.% Conc. Recov. % | diff. %
Antimony 6.8 17.98 264.4 4.45 65.4 121
Arsenic 145 115 79.3 159 109.7 32
Barium 1500 1293 86.2 1358 90.5 5
Beryllium 12 16.02 1335 168 140 5
Cadmium 1 0.859 85.9 NR - -
Chromium 196 167.95 85.7 174.2 88.9 4
Cobalt 46 39.06 84.9 386 839 1
Copper 118 115 97.5 101 85.6 13
Lead 724 NR - NR - --
Manganese 179 159 88.8 159 88.8 0
Molybdenum 29 17.84 61.5 16.72 57.7 6
Nickel 127 1099 86.5 112 88.2 2
Selenium 10.3 79 76.7 7.88 76.5 0
Vanadium 297 306 103 286 96.3 7

*Purchased from National Institute of Standards and Technology, Gaithersburg, MD.
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Table C-14
Recoveries of Mercury in Various SRMs and

QC Standards
(Data in ug/g or ug/L)
Reference Observed
Sample” conc. conc. % Recovery
SARM 20 0.25 0.142 57
SARM 20 0.25 0.136 54
SARM 20 0.25 0.163 65
SARM 20 0.25 0.183 73
NBS 1633a 0.16 0.195 122
NBS 1633a 0.16 0.215 134
QQ095 250 24 110
QCo9s 230 92
QC0o9s 250 238 95
QC095 208 83
QQC095 275 110
QC095 250 249 100
QC095 250 229 92
QCo043 4.00 4.60 115
QC044 4.00 427 107
QC045 2.00 221 111
QC047 0.080 0.105 131
QCo048 0.120 0.066 55

*First group — solids (pg/g).
*Second group — solutions (pg/L).




The occurrence of these elements in stainless steel may be
coincidental, but the fact may point indirectly to a source of
contamination.

« Selenium was often recovered at very low levels although in one
instance reported here was found at a high level.

C.3.1.7 Blanks for Metals Recovered by Method 29

Table C-15 compares the quantities of metals recovered in actual sampiing
runs with the quantities from so-called "blank trains." The differences between
measured sample quantities and corresponding blank quantities were used for
calculating net sample amounis and for calculating the sample concentrations
reported in Section 6. Data are not presented for all sampling experiments; instead,
they are given for two experiments, one at the inlet and one at the outlet of the Unit 8
ESP. These two locations had the extremes in sample concentrations; thus, the blank
corrections had effects at these locations.

The first page of the tabie presents data for the front half of the sampling train
at each location. The second page gives data for the back half. Clearly, the blank
sometimes exceeded the sample amount and led to apparent negative concentrations
(which were reported as less than the appropriate detection limit). The absolute value
of the blank correction for the inlet filter is about 1.7 times the value for the outlet filter
because of the difference in filter sizes in the inlet sampling train and the blank train.

C.3.2 Anions

As described previously in Section 5, three anions (chloride, sulfate, and
phosphate) in acid gas impingers were determined by ion chromatography, and the
fourth (fluoride) was determined by use of an ion-selective electrode. These ions were
determined by use of the same techniques in water and solid samples. In the case of
the latter, the solids had first been made water-soluble by fusion with NaOH.

Tabie C-16 presents the results of measurements of anion spikes in selected
samples of the various media. The recoveries range, with just a few exceptions,
between 90 and 110%.

Tabie C-17 gives recoveries of spikes of cyanide and ammonia in impinger
solutions that had been used for sampling flue gas. The three examples given are in
the range 95-100%.

Blanks were inconsequential in comparison with reported sample quantities.

C.33 Compounds (Aldehydes and Ketones)

These compounds were analyzed by HPLC according to EPA Method 0011 (7),
which was written specifically for formaldehyde.
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Table C-15

Comparison of Sample and Blank
Amounts of Metals
Inkt, Unit SESP |  Outlet, Unit 8 ESP

Metal Sample, yg | Blank, ug Sample, pg Blank, pg
FRONT HALF
Antimony 61.3 1.13 0.31 0.66*
Arsenic 289 0.77 2.75 0.45
Barium 3810 9.4 18.5 5.5
Beryllium 205 0.043 0.29 0.025
Boron 7760 58 1.59 34*
Cadmium 296 1.0 13.3 0.
Chromium 4560 8.5 18.6 5.0
Cobalt 392 2.6 1.46 1.55*
Copper 1780 6.8 7.84 4.01
Lead 3010 0.43 198 0.25
Manganese 2420 2.6 6.62 1.48
Mercury 0.76 0.067 0.22 0.039
Molybdenum 1370 36 335 21.2
Nickel 2540 4.3 2.10 2.55*
Selenium 468 0.94 2.32 0.55
Vanadium 5105 0.43 3.90 0.25

*Produces a net result that is negative.
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Table C-15 (Concluded)

Comparison of Sample and Blank
Amounts of Metals
Inlet, Unit 8 ESP | Outlet, Unit 8 EsP

Metat Sample, pg Blank, pg F Sample, pg Blank, pg
BACK HALF
Antimony 0.56 0.10 0.16 0.10
Arsenic 2.74 0.10 0.92 0.10
Barium 8.23 2.54 1.98 2.54"
Beryllium 0.025 0.02 0.00 0.02*
Boron 34600 403 11900 403
Cadmium 6.28 0.01 2.18 0.01
Chromium 10.7 1.23 3.29 1.23
Cobalt 095 0.72 0.08 0.72*
Copper 6.57 42 0.81 4.2+
Lead 1.76 0.25 0.53 0.25
Manganese 16.8 143 0.90 14.3*
Mercury 11.6 0.03 4.03 0.03
Molybdenum 0.25 0.25 r 0.00 0.25*
Nickel 21.1 050 | 7.19 0.50
Selenium 316 125 | 110 125
Vanadium 0.62 02s |  on 0.25°

*Produces a net result that is negative.
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Table C-16

Recoveries of Anion Spikes in Various Samples

Type of Dil s Spike
o
sample Analyte | factor | Sample | Spike | recovery, %
Acid Train Impingers
Unit 8 inlet chloride 50 225 2.00 102
chloride 50 223 9.90 99.0
fluoride 1 1.00 16.3 100
Unit 8 outlet sulfate | 1000 | 128 | 196 98.0
suifate 1000 119 90.9 97.0
Unit 8 outlet sulfate 1000 17.7 19.6 99.0
Stack chloride 5 0.202 0.196 99.0
Diluter fluoride 1 13.8 2.00 95.0
Liquid Samples
Condenser inlet fluoride 1 <0.40 4.00 100
Condenser outlet sulfate 10 2.50 2.50 104
chloride 20 0.693 0.50 100
fluoride 1 <0.40 3.00 100
Boiler makeup water sulfate 1 <0.10 0.20 116
chloride 1 <0.05 0.10 108
Sluice water supply sulfate 50 2.53 2.50 111
chloride 20 0.719 1.00 106
Bottom ash sluice water phosphate 1 <0.50 1.00 104
fluoride 1 <0.40 1.00 90.0
Bleed pump slurry sulfate 200 B.41 8.00 105
chioride 2500 2.68 200 114
phosphate 20 <0.50 1.00 85.7
Abs. recirc. pump slurry phosphate 50 <0.50 1.00 83.3
Boiler waste water phosphate 20 <0.50 1.00 88.0
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Table C-16 Concluded
Recoveries of Anion Spikes in Various Samples

Conca, pg/ml.
Type of Dil Spike
sample Analyte | factor | Sample | Spike | recovery, %
Solid Samples
Bottom ash sulfate 2 0.565 0.50 104
chloride 1 0.111 0.107 115
phosphate 2 0.770 1.00 96.6
ESP hopper ash sulfate 5 3.07 3.00 98.2
chloride 1 0.781 1.00 108
phosphate 4 0.763 0.800 103
Abs. recirc. pump slurry sulfate 25 10.9 10.0 96.8
chloride 1 0.138 0.25 110
phosphate 1 <0.50 1 102
fluoride 1 0.50 0.50 140
Gypsum sulfate 25 11.45 10.0 101
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Table C-17

Recoveries of Cyanide and Ammonia Spikes in Impinger Sampies

Type of b Conca, pg/mL Spike

sample Analyte factor | Sample | Spike | recovery, %
Unit 8 inlet cyanide -- 0.3%4 0.741 99.0
Stack cyanide - 0.026 0.196 97.0
Unit 7 outlet ammonia - 0.041 0.069 97.1
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One of the significant handicaps to the method is obtaining the sampling
reagent DNPH in a sufficiently pure state. Normally, the 70%-pure reagent that is
‘widely available commercially is used for the method (the 30% balance of the reagent
content is mainly water). In the work at Bailly, however, an ultra-pure reagent was
purchased from Radian Corporation. Nevertheless, significant and variable blank
values were encountered, as revealed by the tables presenting sample data in the
body of this report.

Another factor introducing uncertainty in the data is the stabitity or lack of
stability of formaidehyde in the sampling reagent while sampling is in progress.
Section 6.1.3.4 recounts the experience in recovering formaldehyde that had been
spiked into sampling reagent before stack gas was drawn through the reagent. The
results of the spiking experiment suggest either that the complex between
formaidehyde and DNPH is not sufficiently stable to prevent the volatilization of the
aldehyde or that unknown constituents in flue gas can destroy the complex.

Opposing the possible loss of formaldehyde during sampling is the possibility
that some level of contamination occurred from the environment. The laboratory made
available for preparation and work-up of the sampling trains was a trailer that was
suspected to contain element of construction based on formaldehyde-containing
resins; thus, the trailer atmosphere was sampied with a blank train for about the twice
the volume sampled from flue gas. A quite significant amount of formaldehyde, 58 ug,
was collected, compared with 10-20 ug from flue gas. There was not necessarily a
significant contamination in any sample from the flue gas, but the possibility of some
level of contamination does exist.

The level of recovéry of spikes applied in the laboratory was disappointing.

For the unused sampling medium, recovery of formaidehyde spikes ranged from 72 to
97%. For aqueous media from the plant, the foliowing are illustrative results:

Formaldehyde recovery, %

Water sample Spike Duplicate
Condenser inlet -28 -23
Boiler makeup 117 68
Bleed pump slurry 35 112

The concentrations in the three samples before spiking were 112, 38, and 185 ug/lL,
respactively; the spike produced an increment of 97.5 ug/L. In the first instance,
where negative recoveries are listed, recalculation of recoveries assuming the true
sample value was zero yields recoveries of 97 and 103%. It is probable, but not
subject to proof at this date, that the observed concentration before spiking was near
zero and the recalculated recovery values are approximately the true resuits.

Data on blanks are given in Table 6-42 in the body of the report. The ranges

in micrograms were 1.4-3.7 for formaldehyde, <1.0-1.2 for actaldehyde and <1.0-2.5
for acetone. ‘
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C.3.4 Volatile Organic Compounds
C.3.4.1 Experimental Methods

EPA Methods 82408 and 5041 were maodified for the determination of volatile
organic compounds by replacing the packed column with a capillary column. At the
beginning of each day, the GC/MS system tuning performance criteria were checked
for a 50-ng sample of bromofluorobenzene (BFB). Three isotopically labelied
compounds were used as internal standards during calibration of the GC/MS system
to avoid matrix interferences. The analyst prepared calibration curves with calibration
standards at five concentration levels for each volatile organic compound. Each
calibration standard included a known, constant amount of internal standard.

Most system performance check compounds used to assess instrument
readiness for the analyses of liquids and VOST tubes met the minimum requirements
listed in Methods 8240B. Bromoform was the only SPCC that did not meet listed
method requirements. Calibration curves relative response factors were verified on
each working day by measurement of the middle calibration check standard. The
response of all calibration check compounds met method requirements, The
continuing calibration check compounds met method requirements.

C.3.4.2 QA/QC Data

Data on the recovery of compounds that were present in known concentrations
in samples analyzed for volatile organics are presented in Tables C-18, C-19, and
C-20. The first two of these tables give the recoveries of three so-called surrogates,
which were always added to the samples to be analyzed. One of the table deals with
samples of water, the second pertains to samples coliected on Tenax and
Tenax-charcoal sampling tubes from the VOST. The final table presents the data on
other compounds that were added as spikes in the water samples.

The specifications in SW-846 for acceptable recoveries of the individuai
compounds are included in the tables. Clearly, the actual recoveries were well within
the ranges of acceptable values.

The rejection of the field data as being of improbable value follows not from
any objective criteria in terms of laboratory performance but from the subjective
reasoning presented subsequently in Appendix D.

C.3.4.3 VOST Blanks

Table C-21 lists the quantities of volatile organics found in three types of
blanks as defined in the table. The lowest-boiling compounds in the first four columns
were found erratically as the result, it is believed, of poor laboratory handling. The
benzene and toluene in the blanks would have made inconsequential corrections in
the observed samples quantities of these compounds but, of course, are irrelevant
because the sample quantities are considered erroneous.
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Table C-18 Recovery of Swrogate

Volatile Organic Compounds
in Water Samples
Recovery, %
Sample Surrogate 1* Surrogate 2* Surrogate 3°
Boiler makeup water 91.9 95.4 92.6
Condenser inlet 89 98.3 94.9
Sluice water supply 90.7 95.7 95.9
Bottom ash sluice 89.4 95.5 92.3
Abs, recirc. pump slurry 90.7 93.7 95.2
Bleed pump slurry 93.1 97 9.1
Scrubber waste water 915 97.2 98.2

*1,2-Dichloroethane-d, (SW-846: 76-114%).
*Toluene-d, (SW-846: 88-110%).
4-Bromofluorobenzene (SW-846: 86-115%).
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Table C-19 Recovery of Suirogate

Volatile Organic Compounds
in VOST Samples
Recovery, %
Sample* Surrogate 1* Surrogate 2° Surrogate 24
Unit 8 inlet - T 101 98 101
T/C 93 97 102
Unit 8 outlet - T 93 97 95
T/IC 98 101 105
Unit 7 outlet - T 94 97 92
T/C 93 98 101
Stack - T 92 95 77
T/C 92 96 97

*T=Tenax; T/C=Tenax/charcoal. The samples indicated here are the 20-L samples
at the four VOST locations.
*1,2-Dichloroethane-d, (SW-846: 76-114%).
“Toluene-~d; (SW-846: 88-110%)
4-Bromofluorobenzene (SW-846: 86-115%).
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Table CG-21
Compounds Measured in VOST Blanks

Quantity in nanograms
Sampling Sample
location type* Bromo- Carbon | Methylenc
methane | Accione | disulfide chloride Benzene | Tolucne
Inlet, ESP T(LC) 17 8.6
Unit 8 TC(LOC) 25 6.0 58
T(FB) 2110
TC(FB) 19 20 2530 58
T(TB) 497
TC(TB) 45
Outlet, ESP | T(LC) 15 12 7.2
Unit 8 TC(LC) 26 7.2
T(FB)
TC(FB) 22
Qutlet, ESF | T(LC) 24 9.6
Unit 7 TC(L.C)
T(FB) 18 36 s1
TC(FB)
T(TB) 10
TC(TB) 10
Stack T(LC) 34 21 21 9.2 60
TC(LC) - 20 21 6.2
T(FB) 11 )
TC(FB) 10 57
T(TB)
TC(TB) 10 6.2
*T=Tenax

TC=Tenax/charcoal
LC=leak check blank (assembled apparatus checked for air leaks under vacuum with sampling
tubes installed)
FB=field blank (sample tubes opened momentarily in the field but not exposed to a flow of air)

TB=trip blank (sample tubes shipped to and from the field without ever being opened)
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C.3.5 Semivolatile Organic Compounds
C.3.5.1 Experimental Methods

Semivolatile organic compounds were analyzed by capillary column GC/MS
according to EPA Method 8270B from SW-846. A number of samples analyzed for
semivolatile organic compounds were also analyzed for dioxins. These samples were
prepared for semivolatile analysis as required by Method 82708 using toluene rather
than methylene chloride to extract the samples. The use of toluene as an extractant
resulted in some loss of the earlier eluting target compounds with lower boiling points.

A 50-ng sample of decafiuorotriphenyiphosphine (DFTPP) was analyzed at the
start of each day prior to analysis of semivolatile compounds. The spectrum-validation
criteria were met before any samples, blanks, or standards were analyzed. When the
criteria for this analysis were not achieved, the analyst retuned the mass spectrometer
and repeated the test until all criteria were achieved.

The analysts prepared calibration curves with calibration standards at five
concentration levels for each semivolatile organic compound of interest. Each
calibration standard included known, constant amounts of six internal standards.
Calibration curve relative response factors for target compounds were verified on each
working day by the measurement of one or more calibration check standards. If the
response for any calibration check compound (CCC) varied from the curve response
factor by more than +20, the analyst noted the variance and evaluated the potential
impact of the variance on the analysis to be performed. if the response for any
calibration check compound varied from the curve response by more than £25%, the
test was repeated with a fresh calibration standard. If the response of the check
compound still varied from the calibration curve by more than +25%, a new calibration
curve was prepared.

Difficulties encountered with several samples necessitated specific departures
from the method.

- For the samples extracted with toluene, the surrogates
with lower boiling points typically showed reduced
recoveries. This problem was not typically observed for
those samples extracted with methylene chloride. It is
believed that the higher temperature required to
evaporate toluene during the concentration step
contributed to the loss of the target compounds with a
lower boiling point.

- Contamination with very low levels of benzyl alcohol,
2-methylphenol, and 4-methyiphenol of samples and
blanks resuited from the toluene used to wash sampling
equipment in the field and to extract the samples in the
laboratory. The toluene used on this project was
purchased form our supplier for use only on this project.
The supplier worked with SRI to identify the source of the
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problem. Other contaminants that may have originated in
the toluene are benzoic acid and phenol.

- Analysis of a calibration check sample at the end of a
12-hr operating period and after completion of a
sequence of five samples showed a total loss of retention
and resolution on the column. The column was replaced
and the instrument retuned and recalibrated before
analysis was resumed. Analysis of the five sampies in
question had to be repeated.

C.3.5.2 QA/QC Data

QA/QC data for samples that contained known added concentrations of
seolected semivolatile compounds are presented in Tables C-22, C-23, and C-24.
Tables C-23 and C-24 give recoveries of surrogates that were added to the samples
after field sampling took place. The recoveries of the field spikes provide a measure
of the expected efficiency of analyte recovery throughout both fieid sampling and
laboratory analysis; the recoveries of the surrogates reflect the efficiency of recovery
as influenced by laboratory operations alone. Finally, Table C-24 presents recovery
data on other compounds that were added to the water samples as spikes.

SW-846 gives the following as acceptable limits for the surrogates:

2-Fluerophenol 21-100%
Phenol-d, 10-94%

Nitrobenzene-d, 35-114%
2-Fluorobiphenyl 43-116%
2,4,6-Tribromophenol 10-123%
p-Terphenyl 33-141%

Even though the specifications tolerate large deviations from 100% recovery,
the data in Tables C-22 and C-23 show recoveries that still are very poor. The first
two surrogates, with the lowest chromatographic retention times, were sometimes not
even observed in sample analysis; their absence may be attributed to loss by
evaporation during the removal of toluene processing solvent by evaporation.
Moreover, traces of unremoved toluene had retention times not very different from
these surrogates and cause interference in assessing recovery accurately. The very
high recoveries in some instances are attributed to reaction of some unknown sampile
component with the column, which effectively destroyed the usefulness of the column.

The recovery data of the spiking compounds in water (Table C-24) were far
more satisfactory. it is not known why the recoveries of compounds in the group
referred to a spiking compounds differed so markedly from those termed surrogates
when both were added and determined simultanacusly.



C.3.5.3 Blanks

The blank filters and blank XAD from the field (components of blank trains or
field and trip blanks) were all extracted with toluene. The analyses showed the
contamination already attributed to this solvent during the discussion of sample
analysis. The list below reveals the range of levels of individual contaminants:

Phenol 0-13 ug
Benzoic acid 277-6680 g
Benzoic acid 23-1340 ug
Naphthalene 0-4 ug
Phthalate ester 1-9 ug (total of all

phthalate compounds)
C.3.6 Dioxins and Furans

Dioxins and furans were determined using SW-846 Method 8290. Each sample
was fortified with PCDD/PCDF isotope dilution standards (14 isotopically-labeled
compounds) and was extracted with toluene in a Soxhlet extractor. The extracts were
concentrated and exchanged into hexane. One isotopically labeled clean-up
surrogate was added to the laboratory blanks at this point {0.8 ng/sample). For actual
samples, 2 ng of the surrogate was added to the XAD-2 resin before the resin was
sent to the fieid; 0.8 ng of the surrogate was added 1o filters being sent to the field.
The extract was partitioned against 5% NaCl, 20% aqueous KOH, 5% NaCl, several
portions of H,SO,, and 5% NaCl. The extract was concentrated and eluted through an
alumina column with further clean up on an AX-21 carbon/Celite 545 column. The
toluene eluant fraction was spiked with isotopically labeled internal standard,
concentrated, and exchanged into nonane. The finat sample extracts were analyzed
by high-resolution GC/MS.

A five-point calibration curve was generated, having the lowest concentration
corresponding to 0.02 ng of TCDD or TCDF in 20 L of solution; therefore the nominal
detection limit for TCDD and TCDF in MM5 samples was 0.02 ng. Similarly, the
nominal detection limits for PECDD, PECDF, HXCDD, HXCDF, HPCDD, and HPCDF
were 0.10 ng and for OCDD and OCDF 0.20 ng. Concentrations less than these
values were determined by extrapolating the calibration curve.

The linearity of the instrument response was verified by the successful initial
calibration of the instrument. The linear range of the analyte injected into the gas
chromatograph is 0.001 to 0.2 ng/puL of TCDD and TCDF; 0.005 to 1.0 ng/uL of
PECDD, PECDF, HXCDD, HXCDF, HPCDD, and HPCDF; and 0.01 to 2.0 ng/ulL of
OCDD and OCDF. The data indicate that the instrument retained its linearity of
response throughout the analyses.
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The surrogate 2,3,7,8-tetrachlorodibenzodioxin with chlorine-37 labels was used
as a spiking compound in both filters and XAD resin. The amount of the spiking
compound was 0.8 ng for filters and 2.0 ng for XAD cartridges (these amounts are to
be contrasted to the iowest reporting level of 0.01 ng). Recoveries were as follows:

Bianks
Field blank XAD 80%
Trip blank XAD 66%
Blank trains (2) filter 80, 89%
XAD 81, 106%
Samples
Unit 7 ESP outlet filter 77%
XAD 74%
Dilution device filter 74%
XAD 155%
Stack filter 82%
XAD 70%



Table C-22. Recoveries of Surrogates
from MM5 Samples

Recovery, % of Surrogate®
Sample® 1 2 3 4 5 6
Unit 8 Inlet -F 46 22 72 83 76 84
-B 61 60 95 90 N 114
Unit 8 Outlet -F 54 58 78 87 76 88
B 49 58 4 | 7B 53 89
Unit 7 Qutlet -F 0 0 55 451 446 148
-B 0 0 56 105 117 36
Stack -F 0 0 38 467 394 68
B 0 0 2 | 6 | 74

'F = front (filter); B = back (XAD)

"Surrogate 1 = 2-Fluorophenol
2 = Phenol-d,
3 = Nitrobenzene-d,
4 = 2-Fluorobiphenyl
5 = 2,4,6-Tribromophenol
6 = p-Terphenyl-d,,
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Table C-23. Recoveries of Surrogates

from Water Samples
Recovery, % of Surrogate'

Sampie 1 2 3 4 5 6
Boiler makeup 11 63 88 80 17 94
Condenser iniet 38 42 44 44 42 48
Sluice 81 83 76 79 77 86
ARP slurry 34 41 41 41 32 51

*Surrogate 1 = 2-Fluorophenol

2 = Phenol-d,

3 = Nitrobenzene-d;

4 = 2-Fluorobiphenyl

5 = 2,4,6-Tribromophenol
6 = p-Terphenyl-d,,
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Recovery of Spikes of Semivolatile
Compounds in Water Samples
Boller Condenser Boiller
Makeup Outiet ARP Uquid Wasto walar
Compounds c‘:;',_l MS | MSD | MS | MSD| MS | MSD | MS

Phenol 400 69 76 735 | 668 T77.4 66.7 | 68.3 78.3
2-Chlorophenol 400 72 795 | 755 | 69.8 779 678 | 663 78
1,4-Dichiorcbenzene 200 477 62.5 48 487 58.4 443 | 416 52
N-Nitroso-di-n-Propylamine 200 82 80.5 87 825 72 764 | 675 7.5
1,2,4-Trichlorobenzene 200 50.5 62.5 57 58 61.9 47.7 | 444 55
4-Chioro-3-methyiphenol 400 748 | 745 | 863 | 808 | 78.1 675 § 68.3 785
Acenaphthene 200 87 89 975 | 9 87.8 ™5 |75 86
4-Nitrophencel 400 628 61.3 825 | 863 855 755 | 73 70.3
2,4-Dinitrotoluene 200 86 88 97.5 | 92 90.2 86.7 | 825 93.5
Pentachlorophenc! 400 628 | 738 818 | 875 76.7 48.7 | 58 65
Pyrene 200 96 102 | 106 99.5 89.9 837 | 81 N
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APPENDIX D
DATA ON VOLATILE ORGANICS

D.1 INTRODUCTION

The previous study by SRI of air toxics at Tuscon Electric Power Company's
Springerville generating station provided part of the background for rejecting the data
on volatiles from Bailly. The first sampling trip to Springerville in June 1993 yielded
data somewhat like the data from Bailly presented here. A sacond sampling trip in
February 1994 (five months later than the investigation at Bailly) made use of certain
laboratory studies in the interim to identity possible causes of spurious high
concentration of the aromatic hydrocarbons (benzene, toluene, and xylenes). The
samples of the second trip yielded much lower concentrations and seemed to confirm
the conclusion from the interim studies as to the true source of these compounds.

The specific hypothesis tested during the interim studies was that ambient air
drawn into the inlet of the sample line introduces contamination. The assumed path of
in-leaking air is the annuius between the glass liner and the sheath of the probe,
where a tape-wrapped heating wire is used to keep the liner hot. A force tending to
promote the air sweep would, of course, be a negative duct pressure, drawing
ambient air into the duct in proximity to the inlet of the sampling line. Only recently
have probes from the commercial supplier had provisions for blocking the path of the
air sweep by a seal.

The findings were as follows:

1) Tape similar to that used by the probe manufacturer evoived
benzense, toluene, and xylenes when heated in the laboratory
under conditions quite independent of those associated with
the VOST probe.

2) Adjusting a probe supplied by a commercial source permitted
the investigators to raise or lower benzene, toluene, and
xylene impurities in the sample stream drawn from the pilot
combustor with gas firing. Pulling the liner into the probe, to
restrict the access of flue gas but improve the access of
leakage air to the probe inlet, increased the impurity levels. it
also decreased the recovery of a deuterated benzene spike
from the combustor flue gas. Extending the probe into the
flue gas, on the other hand — shifting the relative access to
the opposite of that first described — decreased the
contaminant level and increased the spike recovery.

3) Comparative measurements all indicated that negligible
concentrations of normal benzene were produced in the
combustor but that appropriate levels of a deuterated benzene
spike were recovered. These measurements consisted of:

D-2



a) VOST sampling with a probe extension to minimize
infiltration of heating tape off-gases, followed by
GC/MS analysis;

b) Carbon-tube sampling as prescribed by NIOSH,
followed by GC/FID analysis; and

¢) Tedlar-bag sampling, followed by analysis with a
portable GC equipped with an argon-ionization
detector.

With the VOST probe modified to minimize contamination from the tape source,
we then returned to Springerville in February 1994 and found previous erratic,
sometimes high concentrations of volatile hydrocarbons no longer present. The
carbon-tube sampling and the portable GC analysis yielded results similar to those
obtained with the modified VOST probe.

It cannot be said positively that the high concentrations of volatiles at Bailly
were spurious because of the heated tape as the source. Nevertheless, the
probability seems high that this is so.

D.2 DATA FROM BAILLY

The data on volatile organics from Bailly (all collected on September 6) are
presented in Table D-1, D-2, D-3, and D-4. These data are believed to be spurious for
the reason discussed above and, thus, do not appear in the body of the report.
Moreover, no excerpt of the data can be said to be credible. In other words, the entire
compilation of data have to be disregarded. it is appropriate, however, to comment
upon some aspects of the data.

Each table gives the quantities of the individual compounds in nanograms
observed in two of the three components of the Volatile Organics Sampling Train
(VOST) (described in SW-846, (1)). The first of these sampiing element is designated
as T, which stands for a sampling tube filled with Tenax resin. The second element is
designated as TC, which represents a sampling tube containing Tenax in the first half
and charcoal in the second half. The third element is not listed in these tables; it was
a water condensate, which did not usually contain a significant amount of any of the
analytes.

In each table there are data for three sampling runs, which differed in duration
and thus in gas volume sampled. The nominal values of the sample volumes were 20,
10, and 5 L, collected in runs of 40, 20, and 10 min duration.

There were numerous analytes identified. Some were definitely not
components of the gas streams sampled, however, because they also occurred in
blanks. Three of the components for which this NOT true are benzene, toluene, and
xylenes. Benzene can be singled out for particular remarks. Approximate
concentrations of benzene at the three locations, calculated for approximate sample
volumes of 20, 10, and 5 L, respectively, are as follows:

D-3



Location
Inlet, Unit 8 ESP
Outlet, Unit 8 ESP
Outlet, Unit 7 ESP

Stack

Conen Nm?®

3870, - , 2820
2785, 2070, 2420
129, 102, 160

514, 252, 192

There is remarkable difference in calculated benzene concentrations between
Unit 8 and Unit 7 or the stack. There is no justification, however, for believing that the
difference reflects a real difference in gas composition. For reasons described in the
preceding paragraphs, difference is attributed to unidentified differences in the
sampiing procedure, sampling apparatus, or environment.
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Table D-1
Apparent Quantities of Volatile Organics Collected at
the Inlet of the Unit 8 ESP
(Data in ng)
|

f Run 1 (ca. 20 L) 4 Run 2 (ca. 10 L) Run 3 (ca. 5 L)

T 5000 TC 5001 T 5002 TC 5003 T 5004 | TC 5005

Chioromethane 3430 832
Vinyl chioride 313
Bromomethane 50.7
Chloroethane

1,1-Dichloroethene

18.5

Acetone 207 387
Methyl iodide 24.1 158
“Carbon disulfide 249 483
Methyiene chioride 8.12
trans-1,2-Dichioroethene

150 101 46
315
470 45

158

1,1-Dichloroethane
2-Butanone
Chloroform
1,1,1-Trrichlorethane
Carbon tetrachloride

Benzene 7940 793
1,2-Dichlorethane 176
Trichloroethene
1,2-Dichioropropane
Bromodichloromethane

83.2 1410 19.3

cis-1,3-Dichlocopropene
2-Hexanone
Toluene 389 11.1

113 198 96
trans-1,3-Dichloropropene

1,1,2-Trichloroethene

Tetrachloroethene _ 133
4-Methyl-2-pentancne 10.6
Dibromochloromethane IJ
Chlorobenzene
Ethylbenzene 5.07

20.8 17.0

m- & p-xylene 19.6 535 - 165 13.5
o-xylene

Styrene

Bromoform

1,1,2 2. Tetrachloroethane




Table D-2
Apparent Quantities of Volatile Organics Collected at
the Outlet of the Unit 8 ESP
(Data in ng)

Run1{ca 20L)

Run 2

(ca. 10L)

Run 3

(ca 5 L)

TC 5033

T 5034

TC 5035

T 5036

TC 5037

Chlioromethane
Vinyl chioride
Bromomethane
Chloroethane
1,1-Dichioroethene

9.96 |

36

1120
5.16

1160
5.64
11.9

731

Acetone

Methyl iodide

Carbon disuifide
‘Methyiene chioride
trans-1,2-Dichloroethene

144 1

239

144

104

248
1680

71.6

1,1-Dichloroethane
2-Butanone
Chioroform
1,1,1-Trichlorethane
Carbon tetrachloride

505

Benzene
1,2-Dichlorethane
Trichloroethene
1,2-Dichloropropane
Bromodichicromethane

2070
49.5

1210
9.18

889

cis-1,3-Dichloropropene
2-Hexanone

Toluene
trans-1,3-Dichloropropene
1,1,2-Trichloroethene

5032
2340
140
5590
130
44.2

10.5

296

11

Tetrachloroethene
4-Methyi-2-pentanone
Dibromochloromethane
Chlorobenzene
Ethyibenzene

lT
|

289

24.8

388

13.5

322

m- & p-xylene

o-xylene

Styrene

Bromoform
1,1,2,2-Tetrachioroethane

235

19.7

315

11

25.6
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Table D-3

Apparent Quantities of Volatile Organics Collected at

the Outiet of the Unit 7 ESP

(Data in ng)

Run 1 (ca. 20 L)

Run 2 (ca 10 L)

Run 3

(. 5 L)

T 5016

TC 5017

T 5018

‘TC 5019

T 5020

TC 5021

Chloromethane
Vinyl chioride
Bromomethane
Chloroethane
1,1-Dichloroethene

1990

39

13000
291
1240

37.6

Acetone

Methyl iodide

Carbon disulfide
Methylene chloride
trans-1,2-Dichloroethene

123

278

259

122

174

7490

1800

1,1-Dichloroethane
2-Butanone
Chioroform
1,1,1-Trichlorethane
Carbon tetrachloride

19.6

Benzene
1,2-Dichlorethane
Trichloroethene
1,2-Dichloropropane
Bromodichloromethane

257

769

102

589

276

cis-1,3-Dichloropropene
2-Hexanone

Toluene
trans-1,3-Dichloropropene
1,1,2-Trichloroethene

452

10.7

368

8.69

24.6

Tetrachioroethene
4-Methyl-2-pentanone
Dibromochloromethane
Chlorobenzene
Ethylbenzene

22.7

308

45

2.3

6.93

1280

m- & p-xykene

o-xylene

Styrene

Bromoform
1,1,2,2-Tetrachloroethane

185

17.7

5.63
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Table D4
Apparent Quantities of Volatile Organics Collected at the Stack

(Data in ng)
l Run 1 (ca 20 L) 1 Run 2 (ca 10 L) I Run 3 (ea. 5 1)
T 5048 TC 5049 T 5050 TC 5051 I T 5052 | TC 5053
Chloromethane 225 223
Vinyl chloride
Bromomethane 19 386
Chloroethane 28 70.1
1,1-Dichlorocthene h
Acetone 302 n 189 134 145
Methy! iodide
Carbon disulfide 26.9 223 4712
Methylene chloride 70300 30000 48.8 66.8
trans-1,2-Dichloro¢thene
1,1-Dichloroethane
2-Butanone
Chloroform 213
1,1,1-Trichlorethane 59.7
Carbon tetrachloride 14.4
Benzene 257 59.2 126 55.8 95.9
1,2-Dichlorethane 28.6
Trichloroethene 145
1,2-Dichloropropanc 829
Bromodichloromethane
cis-1,3-Dichloropropene
2-Hexanone
Toluene 196 146 5838 13.8 58.3
trans-1,3-Dichloropropene
1,1,2-Trichloroethene
Tetrachloroethene 482 41 312
4-Methyl-2-pentanone 6.31
Dibromochloromethane 7
Chlorobenzene 127 19.7
Ethylbenzene 111 35.5 28
m- & p-xylene 54.8 282 325 315 129
o-xylene 97 i 123 164
Styrene
Bromoform
1,1,2,2-Tetrachloroethane
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APPENDIX E BAILLY MASS BALANCES EXAMPLE CALCULATION

This example uses the testing performed on September 3, 1993, as the basis for the example
calculation. First the mass flow of the input and output streams are calculated, then the
mass balance for a single element, cobalt in this case, is calculated. Table E-1 displays the
gross flows for the day, while Table E-2 shows the cobalt balance for this day. Table E-3
presents the measured concentrations for cobalt in the input and output streams.

The philosophy used to make mass balances in this report is to assume that there exists a
single flow for each stream that represents a pseudo-steady state operation of the power
piant. Because of storage capacities in the plant, there can be errors in using measured
flows without knowing the rate of change of various levels in storage tanks, bunkers, and
other equipment. Gross material balances, single phase material balances, and elemental
material balances are all used in calculating the plant flow conditions. Where the flows are
consistent, measured flows are used in the material balances. If obvious errors exist, other
measured flows are used in the material balances. In a few cases, intelligent guesses of flow
rates are made, such as the sluice water flow.

E.1  Gross Material Balances

E.1.1  Unit 8 Boiler

The Unit 8 boiler balance includes coal, makeup water, and combustion air as input streams
and flue gas and bottom ash as output streams.

1.1.1 Coal Flow Rate

The coal flow rate is taken from the plant data acquisition system. Table 3-3 presents the
data taken from the plant, and the coal feed rate is listed on Sheet 6, with units of thousand
pounds per hour. The average for the test period is 308.5 klb/hr.

308.5 klb IIOOO b | 0.454 kg‘ 1hr | 1 min
hr | kib | 1lb I60min|6{)sec

= 389 kg/s

E.1.1.2  Combustion Air

The combustion air calculation is performed on the coal flow rate above with the furnace
exit oxygen as reported in Table 4-5 as 5.4% (average of 5.5 and 3.3). That calculation can
be performed using Combustion Engineering’s Steam, or any combustion handbook, and will
not be repeated here. The combustion air result is 430 kg/s.




Table E-1

Baiily Mass Balance for  Total Flows
Data for September 3, 1893

Process m au. otal,
Stream kg/s kg/s kg/'s kg/s
UNIT 8 BOILER
In Coal 389 38.9
Combustion Air 430 430
Makeup Water 4.18 4.16
Out |Flue Gas 1.48 438 439
Bottom Ash 2.59 2.59
IClosure, % 93.4
UNIT 8 ESP
In Fiue Gas 1.46 438 439
Out |ESP Hopper Ash 144 1.44
Flue Gas to AFGD 0.0173 499 499
{osure, % 114
CONDENSER
In Inlet Water 11600 11600
Out  |Outlet Water 11600 11600
1Closure, % 100
BOTTOM ASH SLUICE
In Bottom Ash 259 2.59
Sluice Return 25.9 25.9
Qut  |Bottom Ash Sluice 259 25.9 28.4
KClosure, % 100
BOILER OVERALL BALANCE
In Coal 38.9 as.9
Combustion Air 430 430
Makeup Water 4.16 416
Sluice Return 25.9 25.9
Out  [Bottom Ash Sluice 259 25.9 284
ESP Hopper Ash 1.44 1.44
Flue Gas to AFGD 0.0173 499 499
IClosure, % 106
FLUE GAS MIXING
In Unit 7 Five Gas 0.0145 281 281
Unit 8 Flue Gas 0.0173 499 499
Out [Flue Gas to AFGD 0.0318 780 780
Closure, % 100.0
QVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.0318 780 780
Limestone 6.81 6.81
Service Water 84.7 84.7
Compressed Air 8.69 8.69
Out |Stack Fiue Gas 0.0207 806 806
Gypsum 9.11 9.11
Wastewater 9.90 9.90
IClosure, % 93.7
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Tabie E-2,

Bailly Mass Balance for Cobait
Data for September 3, 1993

Process ~ Solid, Lquid, - Gas, Total, |
Stream mg/s mg/s _n_'lg[s mg/s
UNIT 8 BOILER L_\
In Coal 91.3 91.3
Combustion Air
Makeup Water 0.00416 0.00416
Out |(Flue Gas 46.8 0.0280 46.8
Bottom Ash 63.1 63.1
Average of Daily Closures, % 120
Closure of Average Flows, % 120
UNIT 8 ESP
In Fiue Gas 46.8 0.0280 46.8
Out |ESP Hopper Ash 58.8 58.8
Flue Gas to AFGD 0.0315 0.0252 0.0567
jAverage of Daily Closures, % 126
Closure of Average Flows, % 126
CONDENSER
In inlet Water 11.6 11.6
Out [Outlet Water 11.6 11.6
verage of Daily Closures, % 100
Closure of Average Flows, % 100
BOTTOM ASH SLUICE
in Bottorn Ash 63.1 63.1
Sluice Return 0.0259 0.0259
Qut |Bottom Ash Sluice 63.1 0.0259 63.1
Average of Daily Closures, % 100
Closure of Average Flows, % 100
BOILER OVERALL BALANCE
In Coal 91.3 91.3
Combustion Air
Makeup Water 0.00416 0.00416
Sluice Return 0.0259 0.0259
Out  |Bottom Ash Sluice| 63.1 0.0259 63.1
ESP Hopper Ash 58.8 58.8
Flue Gas to AFGD 0.0315 0.0252 0.0567
Average of Daily Closures, % 134
Closure of Average Fiows, % 134

ltalics indicate numbers derived from non-detectable concentrations.
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Tabie E-2 (Continued)
Bailly Mass Balance for Cobalt
Data for September 3, 1993

Process Soild, Uquid, ~ Gas, “Total,
Stream mg/s mg/s mg/s mg/s
FLUE GAS MIXING
In Unit 7 Flue Gas 0.459 0.0242 0.484
Unit 8 Flue Gas 0.0315 0.0252 0.0567
Out |Flue Gas to AFGD 0.491 0.0494 0.540
JAverage of Daily Closures, % 100
[Closure of Average Flows, % 100
OVERALL AFGD SYSTEM BALANCE
In Flue Gas 0.491 0.0494 0.540
Limestone 2.65 ! 2.65
Service Water 0.0847 0.0847
Compressed Air
Out |Stack Flue Gas 0.0517 0.0235 0.0752
Gypsum 1.37 1.37
Wastewater 0.650 0.650
Average ot Daily Closures, % 63.8
Closure of Average Flows, % 63.8

Italics indicate numbers derived from non-detectable concertrations.
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Table E-3

Bailly Cobalt Concentrations for 9/3/93

Process
Stream

olid,
ug/g

Liquid,
ug/mi

art. In Gas,
ug/Nm3
3% 02

Vapor In Gas
ug/Nm3
_@3% 02

UNIT 8 BOILER

In

Coal
Combustion Air
Makeup Water

2.35 (6-3)

<0.002 (6-14)

Out

Flue Gas
Bottom Ash

167 (6-21)

<0.20 (6-21)

24.4 (6-6)

UNIT 8 ESP

In

Flue Gas

167 (6-21)

<0.20 (6-21)

Out

ESP Hopper Ash
Five Gas to AFGD

40.8 (6-7)

<0.20 (6-26)

0.08 (6-26)

CONDENSER

In

Inlet Water

<0.002 (612

Out

Qutlet Water

<0.002 (6-13

BOTTOM

ASH SLUICE

In

Bottom Ash
Sluice Return

24.4 (6-6)

<0.002 (6-15)

Out

Bottom Ash Sluice

24.4 (6-6)

<0.002 (6~16)

BOILER OVERALL BALANCE

in

Coal
Combustion Air
Makeup Water
Sluice Return

2.35 (6-3)

<0.002 (6-14)

<0.002 (6-15

Out

Bottom Ash Sluice
ESP Hopper Ash
Flue Gas to AFGD

24.4 (6-:6)

<0.002 (6-16

40.8 (6-7)

<0.20 (6-26)

0.08 {6-26)

FLUE GAS MIXING

In

Unit 7 Flue Gas
Unit 8 Flue Gas

2.66 (6-31)

0.14 (6-31)

<0.20 (6-26)

0.08 {6-26)

Out

Flue Gas to AFGD

QVERALL AFGD SYSTEM BALANCE

In

Fiue Gas
Limestone
Service Water
Compressed Air

0.390 (6-44)

<0.002 (6-48

Out

Stack Flue Gas
Gypsum

Wastewater

0.11 (6-57)

<0.10 {6-57)

<0.30 (6-45)

0.0657 (6-51)

E-6




E.1.1.3 Makeup Water

The makeup water flow rate is taken from the plant data acquisition system, as presented
in Table 3-3, Sheet 6. The rate is given as gallons per minute, and the average for the
testing period was 65.9 gpm.

659gal | 1min | 8331 | 0454k
mn | 60sec | lga | 1D

= 4.15 kg/s

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4
through 4-7. The total flow is reported in Table 4-4 as 594 kdscfm {average of 592 and 596).
The oxygen concentration is reported in Table 4-5 as 5.4% (average of 5.5 and 5.3). The
water content of the flue gas was measured as 10.25% (average of 10.0 and 10.5) from
Table 4-6.

594,000 dscf | (20.9-3) 1 min { 100 scf 1 Nm?

@ 3% 0O, dscf @ 5.4 %

min (20.9-5.4) 60 sec | (100-10.25) dscf | 35.31 scf
dscf @ 3%.

10001 | 1gmole |(460+32R St 1 | 20195 |1k
INm® | 224Std.1] (460+68)R Nor.1 | 1gmole | 1000

= 438 kg/s

The molecular weight was calculated from the composition of the flue gas using O, and CO,
from Tables 4-5, and the H,O from Table 4-6.

The particulate flow rate is calculated from the measured flue gas flow rate, 280 Nm/sec
(average of 279 and 281), and the measured fly ash loading. Table 4-7 lists the particulate
loading for the Unit 8 ESP inlet on 9/3/93 as 4.506 g/Nm?® (average of 4.556 and 4.455).

280 Nm® | 4.506 ¢ | (209-3) m* @ 54% O, | 1 kg
sc | Nm' | (209-5.4) m’ @3% O, | 1000 g

= 146 kg/sec



E.1.1.5 Bottom Ash

The bottom ash flow rate is calculated by difference from the flow rate of particulates into
the ESP and the ash entering with the coal. The coal analysis is shown in Table 6-1, and
the ash content is 10.4%. The fly ash is assumed to be completely ash, although the hopper
ash does contain a few percent of carbon.

38.9 kg coal I 10.41 kg ash 1.46 kg fly ash

sec | 100 kg coal sec = 2.59 kg/s bottom ash

E.1.1.6 Closure
The closure is defined as output divided by input expressed as a percentage. The sum of

inputs, coal plus air plus makeup water, equals 473.1 kg/s. The sum of the outputs, flue gas
plus particulates plus bottom ash, is 442.0 kg/s.

442.0 kg/s output l 100 percent
473.1 kg/s input | 1.0 fractional

= 93.4 percent

E.1.2 _ Unit 8 ESP

The Unit 8 ESP balarice consists of flue gas into the ESP as the input and flue gas out of
the ESP and ESP hopper ash as the output streams.

E.1.2.1 Flue Gas In

The flue gas in is the same as the flue gas out of the boiler system, 438 kg/s flue gas with
1.46 kg/s fly ash.

E.1.2.2 Flue Gas Qut
The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4
through 4-7. The total flow is reported in Table 4-4 as 668 kdscfm (average of 655 and 681).

The oxygen concentration is presented in Table 4-5 as 5.7%. The water content of the flue
gas was measured as 9.35% (average of 9.3 and 9.4) from Table 4-6.
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668,000 dscf | (20.9-3) 1 min | 100 scf 1 Nm®

@ 3% O, dscf @ 5.7%

min (20.9-5.7) 60 sec | (100-9.35) dscf | 35.31 scf
dscf @ 3%

10001 |1gmole |(a60+32)RStd.1 |2927g |1kg
1 Nm* | 224Std. 1| (460+68)R Nor.1 | 1gmole |1000g

499 kg/s

The moiecular weight was calculated from the composition of the flue gas using O, and CO,
from Tables 4-5, and the H,O from Table 4-6.

The particulate flow rate is calculated from the measured flue gas flow rate, 313 Nm’/sec
(average of 309 and 321), and the measured fly ash loading. Table 4-7 lists the particulate
loading for the Unit 8 ESP outlet on 9/3/93 as 0.0467 g/Nm" (average of 0.0145 and 0.0789).

315 N* | 00467 g | 09 -3) NP @57%0, |11g
sc  |Nm' [ (0957 Nm’@3%0, | 1000g

= 00173 kg/s

E.1.2.3 ESP Hopper Ash

The ESP hopper ash flow rate is calculated by difference from the flow rate of particulates
into the ESP and the fly ash leaving the ESP.

1.46 kg fly ash 0.0173 kg fly ash

- = 1.44 kg/s bottom ash
sec sec




E.1.2.4 Closure

The closure is defined as output divided by input expressed as a percentage. The sum of
inputs, flue gas plus particulates, equals 439.5 kg/s. The sum of the outputs, flue gas plus
particulates plus ESP hopper ash, is 490.3 kgf/s.

500.5 kg/s output I 100 percent
439.5 kg/s input I 1.0 fractional = 114 percent

E.13 _ Unit 8 Condenser
The condensers are assumed to be not leaking, and the input flow equals the output flow.
E.1.3.1 Condenser Inlet

The cooling water flow through the condensers is calculated by assuming that the condensate
flow on the steam side has to transfer the latent heat of vaporization from the steam to the
cooling water. The cooling water temperature change can be found from the Unit 8 plant
data. The inlet cooling water temperature is recorded as 72.9°F and the outlet cooling

water temperature was recorded as 95.6°F, for a delta of 22.7*F. The condensate flow was
recorded as 2097.8 klb/hr.

2,097,000 1b Cd | 1hr | 1000 Btu 11 -F | 0454
Cd cW

hr 3600s| 11bCd | 227F| 1Bu | 11 1HO0KEs
cw | cw

E.1.3.2 Condenser Outlet
The condenser outlet is assumeld to be equal to the inlet flow of 11,650 kg/s.
Since the inlet equals the outlet, the closure is 100% by definition.

E.1l.4 Bottom Ash Sluice
E.1.4.1 Bottom Ash

The bottom ash flow rate is calcujated above as 2.59 kg/s.
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E.1.4.2 Sluice Return
The sluice return is the water that is used to carry the bottom ash to the pond. It is
assumed to be 10 times the mass of the bottom ash, from collected samples and observations
of the process. Therefore, the siuice return is 25.9 kg/s.

E.1.4.3 Bottom Ash Sluice

The bottom ash sluice is the two phase flow that is sent to the pond. It is assumed that the

solids from the bottom ash and the water do not appreciably affect each other. Therefore,

the bottom ash sluice is assumed to be 28.49 kg/s (2.59 kg/s solids plus 25.9 kg/s water).
E.1.4.4 Closure

The closure, by definition, is 100%.

E.LS Boiler Overall Balance

E.1.5.1 Balance

The boiler balance is taken as the sum of the inputs: coal, air, makeup water, and sluice
return. The inputs equal 498.96 kg/s. The outputs, bottom ash sluice, ESP hopper ash, and
flue gas, equals 528.93 kg/s.

528.93 kg/s output | 100 percent
= 106 percent

49896 kgfs input | 1.0 fractional
E16 _ Flue Gas Mixin

E.1.6.1 Unit 7 Flue Gas

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4
through 4-7. The total flow is reported in Table 4-4 as 366 kdscfm. The oxygen
concentration is presented in Table 4-5 as 6.2%. The water content of the flue gas was
measured as 8.8% (average of 8.2 and 9.4) from Table 4-6.
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366,000 dscf | (20.9-3) 1 min | 100 scf 1 Nm?

@3% 0, |dscf@ 62%

min (20.9-6.2) 60 sec | (100-8.8) dscf | 3531 scf
dscf @ 3%

10001 |1gmole |(460+32)R St 1 | 20205 |1k
{Nm® |2245Std.1|(460+68)R Nor.1 |1gmole | 1000

= 281 kg/s

The molecular weight was calculated from the composition of the flue gas using O, and CO,
from Tables 4-5, and the H,O from Table 4-6.

The particulate flow rate is calculated from the measured flue gas flow rate and the
measured fly ash loading. Table 4-7 lists the particulate loading for the Unit 8 ESP outlet
on 9/3/93 as 0.0689 g/Nm® (average of 0.0698 and 0.0679).

173 Nm* | 0.0689 g | (20.9 -3) Nm® @ 6.2% O, 1 kg
sec Nm? (20.9-6.2) Nm* @ 3% O, 1000 g

= 0.0145 kg's

E.1.6.2 Unit 8 Flue Gas

The Unit 8 ESP outlet flue gas flow rates are calculated above: 499 kg/s of flue gas carrying
0.0173 kg/s of fly ash. '

E.1.6.3 Flue Gas to AFGD

The flue gas to the AFGD is assumed to be the algebraic sum of the two inlet streams. The
sum is: 780 kg/s of flue gas carrying 0.0318 kg/s fly ash.

E.1.6.4 Closure

The closure is 100%, by definition.
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E.1.7 Overall AFGD Balance

E.1.7.1 Flue Gas Input

The flue gas input calculated above is 780 kg/s flue gas carrying 0.0318 kg/s fly ash.
E.1.7.2 Limestone

The limestone is calculated from a calcium balance around the AFGD. The calcium content
of the gypsum exiting the AFGD is 28.4% as reported in Table 6-45. The calcium content
of the limestone is 38.0% as reported in Table 6-44. The gypsum flow rate of 9.08 kg/s is
calculated in a following section, in E.1.7.6.

9.08 kg gypsum l 28.4 kg Ca I 100 kg limestone
sec | 100 kg gypsum |  38.0kg Ca

= 6.79 kg/s limestone

E.1.7.3 Service Water

The service water used in the AFGD system is taken from the plant data. Table 3-4,
Sheet 6, lists total water to facility as 1350 gpm.

1350 gall 1 min ‘ 8331b | 0.454 kg
min I 60 sec | 1 gal | 1b

= 85.09 kg/s

E.1.7.4 Compressed Air

The compressed air is taken from the AFGD data in Table 3-4. Sheet 6 lists air to FAS and
air to ARS as 7268 scfm and 7997 scfm, respectively.

15265 dscf | 1min | 1Nm’
min | 60 sec | 3531 sct

10001 |1gmole |(460+32)RStd.1 |2883g |1kg
INm® |224Std.1](460+68)R Nor.| | 1gmole | 1000

= 864kgs
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E.1.7.5 Stack Flue Gas

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4
through 4-7. The total flow is reported in Table 4-4 as 996 kdscfm average of 1026 and
965). The oxygen concentration is presented in Tabie 4-5 as 6.3%. The water content of
the flue gas was measured as 15.55% (average of 15.1 and 16.0) from Table 4-6.

996,000 dscf | (20.9-3) 1 min | 100 scf 1 Nm®

@ 3% O, dscf @ 6.3 %

min (20.9-6.3) 60 sec | (100-15.55) 35.31 scf
dscf @ 3% dscf

10001 |1gmole |(460+32)RStd.1 |28415 |1kg
I Nm® | 22.45td.1 | (460+68)R Nor. 1 | 1gmole | 1000 g

= 806.6 kg/s

The moiecular weight was caiculated from the composition of the fiue gas using O, and CO,
from Tables 4-5, and the H,0O from Table 4-6.

The particulate flow rate is calculated from the measured flue gas flow rate and the
measured fly ash loading. -Table 4-7 lists the particulate loading for the Bailly stack on
9/3/93 as 0.0270 g/Nm>.

469.5 Nm® | 0.0360 g [ (209 -3) Nm* @ 62% 0, | 1kg
sec |Nm | (20963 Nm*@3%0, |1000g

= 0.0207 kg/s

E.1.7.6 Gypsum

The gypsum exiting the AFGD system is calculated from a sulfur balance around the system.
The SO, inlet concentration is taken from Table 3-4, Sheet 2, as 2184 ppm (assumed to be
dry). The exit SO, is also taken from Table 3-4, Sheet 3, as 167 ppm dry. The sulfur flow
rate into the scrubber is calculated below. Unit 7 supplies 366 kdscfm at 6.2% O, and
Unit 8 supplies 668 kdscfm at 5.7% Q,. The sum is 1034 kdscfm at 5.88% O,.
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1,034,000 dscf | (20.9-3) 1min | 100 dscf 2184 scf | 1 Nm?®
@3%0, |dscf@ 63 % SO,
min (20.9-5.88) 60 sec | (100-9.15) scf 10° scf 35.31 scf
dscf @ 3%
10001 |1gmole |(60+3RSt.1 |64 |1k
, = 3T2kgs
INm | 224Std.1| (460+68)R Nor.1 | 1gmole | 1000 g

The sulfur flow rate out of the scrubber is calculated below. The stack flow is 1026 kdscfm
at 6.3% O,

1,034,000 dscf | (20.9-3) 1 min 100 dscf 167 scf SO, | 1 Nm?
@ 3% O, dscf @ 6.3 %
min (20.9-6.3) 60 sec | (100-15.55) scf 10° scf 3531
dscf @ 3% scf
10001 | 1gmole | (460+32)R Sta.1 l 64 I 1 kg
; = 0315 kgfs
1 Nm® | 2245Std.1] (460+68)R Nor.1 | 1gmole | 1000 g

The captured SO, is 3.72 - 0.315 = 3.41 kg/s SO, or 1.71 kg/s of sulfur. Table 6-45 lists the
sulfate content of the gypsum as 563000 ppm by weight, or 56.3%. The sulfur in the gypsum
is equal to 56.3% * 32/96 = 18.77%. So, to capture the 1.71 kg/s of sulfur in the AFGD,
1.71*100/18.77 = 9.11 kg/s gypsum are required.

E.1.7.7 Wastewater

The wastewater flow is taken from the AFGD data summary. Table 3-4, Sheet §, lists the
average as 91.31 gpm for wastewater plus 65.48 gpm from the thickener underflow.

156.8 gal l 1 min | 8.33 1b | 0.454 kg
min | 60 sec l 1 gal | 11b

= 9.88 kg/s
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E.1.7.8 Balance

The sum of the inputs (flue gas, limestone, compressed air, and water) equals 880.6 kg/s.
The sum of the outputs (stack flue gas, gypsum, and wastewater) equals 825.6 kg/s.

E.1.7.9 Closure

825.6 kg/s output | 100 percent
8806 ky/s input | 1.0 fractional

= 93.7 percent

E.2 Cobalt Material Balance

The cobalt mass balance is shown in Table E-2 (the same as Table 7-13). Table E-3
contains the measured concentrations of cobalt in the process streams along with references
to the Tables where they are presented.

E.2.1 Solid_Phases

The solid concentrations are given in ppm by weight. The coal example is shown below.

[38.9 kg coal I 2.35 kg Co | 10° mg Co
sec I 10° kg coal | 1kg Co = 914 mg/s Co
Solid Mass Flow, kg/s Conc., ug/g Co Flow, mg/s
. Table E-1 Table E-3 Table E-2 J
Coal 38.9 2.35 914
Bottom Ash 2.59 24.4 63.2
ESP Hopper Ash 1.44 40.8 58.8
Limestone 6.81 0.390 2.66
_ Gypsum Jill J_i 0.15 1.37 _
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E.22 Liquid Phases

The liquid concentrations are given in ug per ml. The condenser inlet example is shown
below.

11,600 kg Cond In | 0001 ugCo | 1°mi | 1mgco

sec I 1 ml Cond In I 1kg | 1000 ug Co = 116 mgs Co
Liquid T Mass Flow, kg/s Conc., ug/ml Co Flow, mg/s
Table E-1 Table E-3 Table E-2
Makeup Water 4.16 0.001 0.0042
Cond Inlet 11600 0.001 11.6
Cond Outlet 11600 0.001 11.6
Sluice Return 25.9 0.001 0.0259 1
“ Sluice Water 259 0.001 00259
AFGD Service H,0O 84.7 0.001 0.0847
astewater - 9.90 0;06-57 0.650

E.2.2  Gas Phases

The flue gas concentrations are given in ug per Nm® at 3% O,. The flue gas exiting the
Unit 8 boiler example is shown below.

Solid Phase in the Flue Gas:

280 Nm® @ 3% | 167 ug Co | 1 mg Co
= 46.8
sec ‘ 1Nm® @ 3% I 10° ug Co mg/s Co
Vapor Phase in the Flue Gas:
280 Nm®* @ 3% | 0.10 ug Co | 1 mg Co
= (.0280mg/s Co

- sec | 1 Nm® @ 3% I 10° ug Co
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m
Vol. Flow, Nm® | Solid Conc,, Solid Co
Flue Gas Stream at 3% O, pg/Nm® 3% O, | Flow, mg/s
Table 4-4 Table E-3 Table E-2
Unit 8 ESP In 280 167 46.8
Unit 8 ESP Out 315 0.10 0.0315
Unit 7 ESP Out 173 2.66 0.460
AFGD In 488 0.492!
Stack 469.5 0.11 0.0516
! Calculated from the sum of Unit 7 outlet and Unit 8 outlet.
R __II
Vol. Flow, Nm® | Vapor Conc.,, | Vapor Co
Flue Gas Stream at 3% O, ug/Nm?® 3% O, | Flow, mg/s
Table 4-4 Table E-3 Table E-2
Unit 8 ESP In 280 0.10 0.0280
Unit 8 ESP Out 315 0.08 0.0252
Unit 7 ESP Out 173 0.14 0.0242
{  AFGD I 488 00494 |
Il Stack 469.5 0.05 0.0235 H
=

2 Calculaicd from the sum of Unit 7 outlet and Unit 8 outlet.
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APPENDIX F
UNCERTAINTY ANALYSIS OF EMISSION FACTORS

This analysis is based on the theory of error propagation as set forth in the
publication "Uncertainty Analysis" by the American Society of Mechanical Engineers
(14). This appendix first gives the relevant nomenclature, then the derivation of the
pertinent mathematical relationships, and finally an example of the input data and the
results for mercury.

Nomencilature

E = emission factor

Ue = uncertainty in emission factor

Be = bias component in Ug

S = imprecision component in Ug

fc = degrees of freedom in E

B, = bias error in parameter i

S, = sample standard deviation of parameter i
N, = number of measurements of parameter i
8, = sensitivity of E to a change in parameter i
w; = quotient of S/ N

¥, = product of 8, and w,

t = Student "t" factor, defined by degrees of freedom in E

Derivation

The uncertainty in the caiculated vaiue of an emission factor E is given as
follows:

Ug = [Be® + (Se H*) (M

where B is a factor associated with bias in each of the experimental measurements,
St is a factor associated with random errors in the measurements (as illustrated by
the sample standard deviation), and t is Student's t factor, as defined for the factor E.

Each p¢ term is a composite of similar terms for all of the parameters used in
computing E. Consider the three parameters discussed in Section 7.3 that are
combined for computing E:



C = stack concentration,;
V = ratio of fiue gas flow rate to coal firing rate;
H = the calorific value of the coal).

The equation for combining these parameters is as follows:
E =CVH @
Each of the three parameters, in principle, has associated with it a bias p,. Each of

these parameters also has associated with it a term 8, which is a measure of the
sensitivity of E to a change in the parameter:

8, = partiai derivative of E with respect to the parameter in question (3)
The definition of the composite term B¢ is then given by the following equation:

Be = [Z (B, 8)]* (4)

Similarly, each S term is a composite of corresponding terms involving each
parameter:

Se = [E (w)'" (6)

where ¢, is the product of the sensitivity factor, 8, for each parameter, as defined
above, and the term w,, as defined under Nomenclature:

¥ = 0w (6)

The final term in Equation 1 that requires comment is Student's t, which is
assigned the appropriate value from the conventional tables once the number of
degrees of freedom in E is calculated. The number of degrees of freedom f is
obtained from the following equation, which consists of terms already defined and the
degree of freedom {, of each parameter:

fe = (Sg)¥ T (w, 6)*A, )

In this report, the value of t selected is that corresponding the 95% confidence
intervais,



Hustration

The above concepts will now be illustrated in terms of the emission factor E for
mercury, for which the relevant data (from the carbon sorption traps) are presented as
follows:

Metal conen, Gas rate, Calorific value,
C (ug/Nm?) V (Nm¥g coal) H (J/g coal)
Mean value 3.52 8.20 x 10® 25,809
Std dev 0.06 0.70 x 10* 12
p Variable 2.05 x 10* 645
N 3 3 3
f 2 2 2
0 3.18x 107 1.36 x 10* -4.34 x 10"
o 0.03 404 x10° 6.93

a) As the first assumption, let there be zero bias in the concentration: For the
volume and calorific values, a bias of 2.5% is arbitrarily assumed for each term.
Conceivably, assignment of a higher bias to the volume and a lesser bias to the
calorific vaiue wouid be justified, but any such shift would be further arbitrariness.

The values of 8 and » are based on the mathematical definitions previously
given and require no further comment.

The intermediate derived quantities based on the above data are as follows:
Be = 3.96 x 10° Lol
Se = 1.25x10® g/
fe=3
t = 4303
Finally, there are the values of the emission factor and its uncertainty,
corresponding the 95% confidence interval. These results are obtained initially, by
direction calculation from the equations given here, in the units Lg/J. They are listed
below, however, in the more customary units:
E =1.12 g/10”J or 2.60 Ib/10" Btu
Ug = 0.066 g/10? J or 0.16 Ib/10™ Btu

b) As the second assumption, let the bias in concentration be 2,5%
(0.088 pg/L}. For this assumption:

Be = 4.85x 10® ug/J
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Sg = 1.25 x 10® pg/J (unchanged)

f. = 3 {unchanged)

t = 4.303 (unchanged)

E = 1.12x 10® yg/J (unchanged)

Ug = 0.072 g/10" J or 0.17 Ib/10™ Btu

The assumed 2.5% bias in concentration changes the uncertainty factor (Ug) by
9% (from 5.9% to 6.4% of the reported emission (E)).

¢} As the third assumption, iet the bias in concentration be 10% or 26%. The
uncertainty U(E) at 10% bias is 11.6%, or at 25% bias it is 25.6% of E. Thus, the larger
the bias in concentration at constant values of other uncertainty factors, the more
nearly the percentage bias in concentration and the percentage bias in E coincide.
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