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1 .o ExEcurM! SUMMARY 

1.1 Background 

This work is in response to the mandates of the 1996 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, Ballly Station, which is also the site of a Clean Coal Technology project 
demonstrating the Pure Air Advanced Flue 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. 

12 GailfystatkX 

1.2.1 Power Ptant Deacrtotkxr 

Bailty 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 Station with 
a combined capacity of 526 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 8 Wilcox cyclone boiler and a steam turbine 
generator. Both units burn an Illinois/Indiana basin high-sutfur 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 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 
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ESP. Ammonia is injected upstream of the ESPs for the control of SOa to prevent 
acid mist emissions. The flue gas streams from the two units join to form a single 
stream. 

1.2.2 Scrubber Desorttiorl 

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 Atlentown, 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 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. 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 466foot stack exclusive to the project. 

1.23 plant Operation 

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 9096 
of the combined full load capacity of the two units we continued sampling. There 
were three conditions that affected the plant 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 fields. 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 9/3 we had nominally 
15 ppm ammonia to both Unit 7 and Unit 6 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. 

Unit 7 . . . . . . . . . . . . . . . 163 MWe (4 B&W cyclone burners) 
Unit 6 . . . . . . . . . . . . . . . . . . 345 MWe (6 B&W cyclone burners) 
Bottom Ash/Fly Ash Split . . . . . . . . . . 63/37 

Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Captain Mine (Illinois/Indiana basin) 
Coal CalorificValue . . . . . . . . . . . . . 11,100 Btu/lb 
Coal Sulfur . . . . . . . . . . . . . . . . 3.2% 
Coal Ash . . . . . . . . . . . . . . . . . . . . . . . 10.7% 

Unit 6 ESP Inlet Fly Ash Concentration . . . 5.07 g/Nm3 
Unit 6 ESP Outlet Fly Ash Concentration . . . . 0.009 s/Nm3 
Unit 6 ESP Particulate Removal Efficiency . 99.62% 

Unit 7 ESP Outlet Fly Ash Concentration . . . 0.07 g/Nm3 

Unit 6 Gas Volume Flow Rate . . . . . . . . . . 309 Nm’/s 
Unit 7 Gas Volume Flow Rate . . . . . . . . 165 Nm3/s 

AFGD Inlet SO, Concentration . . . . . . . . . 2620 ppm 
AFGD Ca/S Ratio.. . . . . . . . . . . . . . . . 1.04 
AFGD SO, Removal Efficiency . . . . . . . . . . . 93% 

Stack Particulate Emissions . . . . . . . . . 0.05 g/Nm3 

. 

1 See Section 10.0 Glossarv for reference conditions on flue aas volume in Nm’. 

1.3 Sampling 

1.3.1 Locatkns 

Samples were collected from Bailly Station Units No. 7 8 6 and the AFGD 
Demonstration Plant. Material balance for the Bailly Station was limited to Unit 6. A 
separate material balance was conducted around the AFGD scrubber. The process 
components which were sampled in order to perform material balances were: 

Unit 6 Boiler -The input streams for this subsystem are the coal and the 
combustion air. Output streems are the flue gas and bottom ash. 
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Bottom Ash Sluice -The input streams to this system are the bottom ash, sluice 
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 flue 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 samples were collected. We 
sampled the inlet ducts on both the east and west ESPs on Unit 6, 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 samples were collected, in both the generating plant 
and the AFGD system, are illustrated later in Figures 31 and 3-2. Later sections of 
this report refer to samples from ducts adjacent to the ESPs; Figure 3-l makes clear 
that these locations are the inlet to the Unit 6 ESP and the outlets to the Units 7 and 6 
ESPs before the gas streams merge and enter the AFGD system. 

1.3.2 Samole Collectton 

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 sampling times for most of the flue 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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Conatnuent &Qgg Sinale Point _minutes 
g& m 7oul &&c 

Baml-vobtib orgenbe MMSlSWS45-OO10 T 240 280 280 350 
Vobtils oroanba VOST S 1020.40 10.20.40 10.20.40 10,2Q,4a 

30 
., 

Aldehydes ImpIngera 30 30 30 
Ammonia and Cyanide Impinger8 30 30 30 
Simulated plume SRI diluter T 350 
Gas lbwe M2 T 4 / 
Metals km T 192 240 2; 
Merculy carbon trap S 60 so so 
Acid gases M5 T 4s so 50 
RadbnuClides Ml7 
Particle size lmpsctorlcycbne ; 

72 144 144 
60 500 so0 

Bile frectbnated metals Dual cyclones l+ 102Q 1020 
Bulk gee composnion Orsid -f / / / 

30 

360( 
so 
45 

3so 
480 

4 
Notes: a U c4 W Mk V Impactor at the eteck and ESP outlet& 5 Seriee Cyclone a the ESP Inlet 

b. Samplee from 5 Se&a Cyclone train for pcmble size meaeurernent used ?or the 
8 Inlet slzetraclloMled earnplea for trace metals enatyeie. 

c. lntsgretad esmple taken In conjunctbn with M5 type eampling. 
/ Methods not requlrlng a spw%b sampling dwatbn. 

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

1.4 otJalii- arKJQtJaliiconbd 

1.4.1 lntemal QAmc 

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, Commercial Testing and 
Engineering, and Core Laboratories, was required since no formal auditing of these 
subcontractors was planned. 

The QA Audiior 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 sample, 
including 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. 
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1.4.2 RTl 

Shirley J. Wasson and Lori Pearce of Research Triangle Institute vistted the 
Bailly Station on September 5 and 6 while we were sampling. They conducted an 
audii of the sampling. The scheduling of their visit permitted them to ObS8N8 one day 
of organics sampling and on8 day of inorganics sampling. There were four facets of 
the audit: 1) observe the sampling and laboratory proc8dur8S, 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, w8 
provided them with our calibration dOCum8ntatiOn and preliminary data from our 
testing. We did not receive a formal report of their audit. 

1.4.3 Round Robin Coal Analwes 

SRI participated in a round robin analysis of coal samples administered by 
CONSOL, Inc. for DOE. We analyZ8d 17 coal samples in duplicate under the round 
robin. There were two samples from each of th8 eight plants being tested in th8 DOE 
air toxics assessment program, plus one reference coal. Analyses Specified included 
proximate and ultimate, 10 major ash constituents, the 16 trac8 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 
th8 rang8 of results among the other participants. One specific improvement 
Suggested by these results is the us8 of the method of standard additions for 
analyzing antimony and arsenic. Because of this finding w8 altered our analytiil 
protocols accordingly prior to analyzing the samples from Bailly. 

1.5 Analyttcal Results 

1.51 Trace M8tals 

Sixteen trace metals were determined in a variety of samples. These metals 
are listed b8lOW: 

Antimony Copper 
Arsenic Lead 
Barium Mangan8se 
Beryllium Mercury 
Boron Molybdenum 
Cadmium Nickel 
Chromium Selenium 
Cobalt Vanadium 

Five major metals were also determined: 

Aluminum 
Calcium 
Iron 

Magnesium 
Titanium 
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Not all of the 16 trace elements listed above satisfy all of the classical criteria of 
metals. Arsenic, boron, and selenium may be considered nonmetallic in some of their 
properties (certainly not, however, to the d8gr88 that four elements discussed on page 
l-9 ar8 considered non-metallic). Nev8rthel8Ss, the classification of all 16 trace 
elements as metals is retained in this report, which is consistent with th8 usage In 
DOE’s solicitation for this research program. 

Grab samples of the process solids were analyz8d 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 v8sseI. 
Also, 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 th8 aqua regia procedure. 

Inductively coupled argon plasma emission spectroscopy (CP) was US8d 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 sp8ctroscopy (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 prOC8dureS 8mploy8d were those described in the EPA 
manual for the analysis of solid wastes, referred to commonly as SW-646 (1). 

Liquid samples (all aqueous) were digested with added nitric acid in a 
microwave oven. Th8 individual metals were then determined by the prof+ures 
described above. 

Samples of metals from the gas streams were collected according to EPA’s 
so-called Method 29. This is a method in tentative wording that will ultimately b8 
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 th8 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). Th8 first type 
of trap traversed by the gas stream consists of soda lime, which selectively adsorbs 
oxidized forms of mercury vapor, such as HgCI,. The second type of trap, in a 
back-up location, coll8cts elemental mercury vapor. M8rCUn/ in th8Se traps was 
analyz8d by CVAFS by a subcontractor, Brooks Rand, Ltd., of Seattle, Washington. 

l-7 



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 limestone 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 materials 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 as/g, although beryllium, cadmium, 
lead, and selenium were also undetected (albell at somewhat 
higher limits). 

. How are the metals partitioned between bottom ash and fty 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 flue gas at 
the inlet of the Unit 6 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 follow 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 fty ash. For some of the metals, 
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 ffy ash, rather than 
in the vapor state, were removed in the Unit 6 ESP to roughfy 
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 Unk 6 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; HgCI,, the presumed dominant oxidized 
vapor, is water soluble. Selenium in the vapor state is probably 
SeO,, which is an acidic oxide that the alkaline scrubber is likely 
to convert to a dissolved selenite salt. 

. 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 
fly ash collected in the ESPs. The relative masses of the metals 
in the stack and wastes from the scrubber (gypsum and waste 
water) are quite small. 

. The fate of mercury, because of its volatility, is quite diierent. 
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 relative 
concentrations. 

. What influence does the cooling and dilutlon of the plume have 
on metal concentrations emitted from the stack? This question 
was not addressed directly. The procedure followed was to 
sample 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 
Sailly 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 cycfones. This trend is also 
revealed 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 26 
and by adsorption on soda lime and iodated carbon traps? The 
impingers of Method 26 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 26 (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 SRI, is to favor the traps over the impingers. 

Material balance 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. 

1.52 other lnoraanic Subetancea 

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-specilc 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 chloride were recovered at the scrubber inlet at levels 
reasonably commensurate with the expected HF and HCI concentrations. A fourth 
non-metallic element, phosphorus, was accounted for not as a component of the Rue 
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 external source used to reduce stack 
concentrations of sulfuric acid mist. 

The acid gases (HF, HCI, and SOJ 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 Oraanlc Comoounds 

Carbonvl comoounds (aldehvdes 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 stable reaction products with 2,4dinitrophenylhydrazine (DNPH) and 
the measurement of each reaction product by high performance liquid 
chromatography. The rellabilii of all the results 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 hvdrocarbons. Volatile organic compounds (generally, those boiling 
below 100 OC) were collected in the so-called 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. 

Sy. These compounds were collected along 
wfth 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 semivolatiles (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 dioxins and furans seemed to be present but the 
undependable detection of the PAH compounds in spiked sampling media detracts 
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. 

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 nonmetallic elements such as fluorine, chlorine, and sulfur, although 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. 
lf the sums agree exactly, the closure is 100%. 11 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 4-6, 4-9, and 4-l 0 
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 closure of 100% 
for stream flow rates pertinent to the entire system or each selected subsystem. 
Table 4-11 shows that for the Unit 6 boiler the average of daily closures based on 
mass is 1 W%, and for the AFGD system the average is again 100%. 

The data on wncentrations 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 (Fg/g) or on a mass/volume basis 
(pg/Nm3). (The reference conditions for expressing gas volume in the units Nm5 are: 
temperature, 293.16 K; pressure, 1 atm, 0, 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/l/93 edition. Constant Oz in dry gas is employed to facilitate 
comparisons of concentrations without perturbations due to inleakage of afr 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 6 boiler; another is the condenser for 
the Unit 6 boiler; and the third is the scrubber. The individual main systems and 
subsystems for which material balances are presented are listed below: 

Unit 6 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. 

Unlt 6 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 6 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 optfon exercised in 
calling the Unit 6 condenser a separate system, it Is necessary to consider the 
scrubber separately because it deals with the ESP exit gas from two boilers, 
not just one.) 

Table l-1 following shows the material balances of elements 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. 

1-12 



The outside ranges for the boiler subsystems (if the preferred result for 
mercury, on the line denoted BR is used) are 55-255% for the boiler itself, 59375% for 
the ESP, and 1 W-1 58% 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 9 boiler system are superior to those in the boiler 
proper and ESP subsystems, for the outside range of closures is 55-l&5%. 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 overall 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 l-1 
Closures, %, in Unit 6 Subsystems 

I Element I Symbol I Ze? I Y&6 I adze I 
I Antimonv I Sb I 67 I 376 I 107 I 

Arsenic As 70 162 156 

Barium Ba 97 136 106 

Beryllium Be 77 107 166 

Boron B 65 122 166 

I Cadmium I cd I 64 I 115 I 160 I 
I Chromium I Cr I 79 I 105 I l&Y I 

Cobalt co 116 127 166 

Cooper cu 107 122 100 

I Lead I Pb I 141 I 110 I 100 I 
Manganese Mn 105 111 166 

Mercurv Ho 29 116 162* 

Mercury (BR) W 55 126 102* 

Molybdenum MO 79 166 102* 

Nickel Ni 72 106 166 

I Selenium I Se I 256 I 59 I 115 I 
I Vanadium I v I 86 I 126 I 160 I 

I Aluminum I Al I 96 I 101 I loo I 
I Calcium I Ca I 165 I 116 I 166 I 

Iron Fe 93 101 100 

Magnesium Mg 69 110 loo 

Tttanium Ti 106 101 1w 

BR=Brooks Rand Laboratory. 
*Closures heavilv influenced bv non-detectable concentrations. 
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Table l-2 
Closures, %, in Overall Systems 

I Element I Symbol I uZZr I Condenser I ~~s?fl I 

I Antimonv I Sb I 169 I loo’ I 103 I 
Arsenic As 92 loo’ 436 

Barium Ba 106 103 62 

I Bervllium I Be I 80 I 1w* I 1260 I 
Boron B 76 0’ 126 

Cadmium Cd 71 567* 24 

Chromium Cr 61 loo’ 2750 

Cobalt 

Copper 

Lead 

co 130 73* 94’ 

cu 120 130 26 

Pb 151 loo* 57. 

Manganese Mn 106 34* 96 

Mercury Hg 31 119 162 

Mercury (BR) 4 65 119 loo 

Molvbdenum MO 65 loo’ 795 

Nickel 

Selenium 

Ni 

Se 

75 126” 750 

149 loo” 161 

I Vanadium I v I 94 I loo* I 65 I 

Aluminum Al 97 70. 197 

Calcium Ca 109 137 101 

Iron Fe 94 loo* 101 

Magnesium Mg 102 loo 90 

Titanium Ti loo 1w* 163 

BR=Brooks Rand Laboratory. 
*Closures heaviiv influenced bv nondetectable concentrations. 
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1.7 Ernbsion Factors 

The emission factors for the inorganic substances are presented in Table l-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 
SO,: 365,000 lb/l 0” Btu. The minimum is for beryllium or cobalt: ~0.07 lb/l 0” Btu. 

The Clean Air Act Amendments of 1990 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 tonslyr. Units 7 and 6 
at Bailly consume 5.03 x 1 ti 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 3.06 x 10” Btu. Thus, a substance with an emission 
factor of 1 lb/l 0” Btu will 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. ton&r 

so2 6090 

Chloride 15.7 

Selenium 2.97 

Mercury 0.040 

Beryllium <0.0002 
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Table 13 
EtlliiF~calarlated fromstackriamqem~ 

oJncwairltvu. 95% a3ilMmm lImItsI 

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 I <0.03 co.07 

Boron 391 f 269 909+625 

I Cadmium 0.181 * 0.166 I 0.421 * 0.3% I 
Chromium 

Cobalt 

1.18 * 0.48 2.73 * 1.11 

co.03 co.07 

I comer 0.741 * 1.20 I 1.72 * 279 

Lead 0.677 * 0.956 1.57 * 222 

Manganese 1.32 * 0.18 3.07 * 0.42 

Mercuryb 0.890 * 0.334 2.07 * 0.78 
1.12 * 0.07 2.60 * 0.16 

Moivbdenum 1.47 * 0.28 3.41 * 0.65 

0.928 * 0.483 I 216 +v 1.07 

Selenium 83.0 * 106 ! 193 f 246 1 
Vanadium 1.21 * 0.71 I 2.81 * 1.65 

43.6 A 15.9 I Aluminum 101 * 37 

Calcium 1%*33 454 * 76 

Iron 89.6 * 60.1 208 * 148 

Magnesium 36.9 * 6.5 8.5.7 * 15.0 

Titanium 6.68 + 2.62 I 15.5 * 6.08 

I Fluoride 

Chloride 440 * 112 1020 * 260 
I 

so* 170000 l 74MM 395OfB l 172000 

‘Based on stack concentration of analyte (ngINm3), calculated volume of flue 
gas from unit mass of coal (Nms/g), and calorific value of coal (J/g). i/’ 

?he first value for mercury is based on samples from Method 29. 
The second is based on samoline with solid trans. 
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20 I~ODUCT~ON 

21 Background 

Air toxics is a term designating certain hazardous pollutants that are addressed 
by the 1990 amendments to the Clean Air Act. Tile Ill of the 1990 legislation 
establishes a list of 169 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 toxic% The agency must then issue Maximum 
Achievable Control Technology (MACT) standards based on the best demonstrated 
control technology or practices in the industry to be regulated. Wthin 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 
regulation will take effect 6 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 chlorine 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 including 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 0~) 
Molybdenum (MO) 
Vanadium (V) 
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Other potentially hazardous pollutants are acidic inorganic gases derived from 
certain key nonmetallic elements. These include hydrogen ffuoride (HF), hydrogen 
chloride (HCI), sulfur oxides (SO,), and phosphates such as P,O, and H,PO,. 

There is not now available a sampling and analytical protocol that would cover 
all of the compounds listed in the 1990 Clean 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 analytical 
developments by the EPA. 

The EPA is charged wtth 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& 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 Utilii Air Regulatory 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 Plant 
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, Sailiy Statlon. 

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 “metals”) 
occur in different bituminous and subbituminous coals? Certainly there is a large 
body of data now in existence on this matter, especially in the unpublished PISCES 
wllection, but new information may be useful either because it fills in gaps in what is 
known or 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 partiioned between the malt-r streams 
emerging from a wallred 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 SO% 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. Specnic elements that are relatively volatile do not partition between 
bottom ash and fly ash as overall 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. Still, however, because of the difficulty of direct measurements on 
flue gas, lt is sometimes useful to compare specfflc concentrations of elements in the 
coal and in the bottom ash. lf an element occurs, for example, at 5 Ice/s in coal ash 
but at a substantialfy 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 wncern the fate of 
halogens and phosphorus in the coals, rather than the trace metals? These halogens 
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 halogens are the 
acid gases HF and HCI. Such evidence as we have seen indicates that very little of 
the halogens appears in bottom ash or fly ash, even ffy ash at 150 “C. Phosphorus, 
on the other hand, appears likely, on the basis of analyses we have seen, to partiiion 
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 wtth limtted air is noted for producing emissions of pofycyclic 
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 
wntrolling 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 volatile 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 low 
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 (unlikely for benzene) 
or adsorption onto fine fly ash particles that penetrate the control devices. 

me matter of material balances is important also, not as a fundamental issue 
itself, but as a discipline for evaluating 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 example, 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 objecma 

22.1 DOE Obiectives 

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

me 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 shall 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 I shall 
consist of assessing the Bailly Station of Northern Indiana Public 
Service Company (NIPSCO), which includes the ICCT Advanced Flue 
Gas Desuifurization (AFGD) demonstration project, the Springerville Untt 
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 II could 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 6 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 Tiie Ill of the 1990 Clean Air Act Amendments 
and to assess the potential level (concentration) of release of these 
pollutants, 

to determine the removal efficiencies of specified pollution-control 
subsystems for selected pollutants, 

to determine material balances for selected pollutants in specified input 
and output streams of Unit 6 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 wlth the 
particulate fraction of the flue gas stream as a function of particle size, 

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

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

2.2.2 Analvles to be Determined 

Table 2-l 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. 6, and the AFGD Demonstration Project, respectively. 
Table 2-4 lists the types of streams sampled and the components analyzed. 
Table 2-6 indicates the specifk anafytes 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. 

2-5 



Table 2-l 

ESP OUTPUT STREAM OF THE BAILLY STATION UNil NO. 7 
CATEGORIZED BY PHYSICAL STATE 

PhvskalState 

SOLIDS- 
Entrained Fly Ash 

GASES- 
Low Dust Gas 

Samdina Points 

ESP Outlet Before Combining with Unit 
No. 6 Flue Gas Stream (with and without 
dilution, cooling) 

ESP Outlet Before Combining with Unit 
No. 6 Flue Gas Stream (with and without 
dilution, cooling) 
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Table 2-2 

INPUT AND OUTPLJT STREAMS OF THE BAILLY STATfON UNlT NO. 6 
CATEGORKED BY PHYSICAL STATE 

PhmicalState 

SOLIDS- 
Boiler Feed Coal 
Bottom Ash 
Collected Fly Ash 
Entrained Fly Ash’ 

UQUIDS- 
Makeup Water 
Bottom Ash Return Pond Water 
Sluice Water (Slurry) 
Once Through Condenser Water 

GASES- 
High Dust Gas 
Low Dust Gas 

Inlet to Each Cyclone Burner 
Bottom Ash Outlet Sluice Line 
ESP Hoppers 
ESP Inlet After Ammonia Injection 
ESP Outlet Before Combining wlth Unit 
No. 7 Flue Gas Stream 

Service Water at Tap, Each Distinct Source 
Return Water (to Sluice) 
Bottom Ash Outlet Sluice 
Inlet 8 Outlet of the Condenser 

ESP’ Inlet After Ammonia Injection 
ESP’ Outlet Before Combining with Unit 
No. 7 Flue Gas Stream 

‘me flua geaea at the inlet d the west ESP on Unit 8 and the combined wtkt tram the two Unn S ESPs 
were eempred for all d ths ooinponsnts llmed in TalSs 24. We also mmmd tha maae comxitmtbn of 
lty ash by Method 17 In the inlet flue gas to the east ESP on Unl 8. 
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Table 2-3 

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

PhvsidState 

SOLIDS - 
Entrained Fly Ash’ 
Limestone 
Gypsum 
Gypsum Slur$ 
Other Suspended Solids In Liquid 

Samples 

LIQUIDS -- 
Makeup Water 

Waste WateP 

Gypsum Slur# 

GASES - 
Low Dust Gas 

Samdino Points 

AFGD Outlet/Stack After Mist Eliminator 
Ltmestone Delhrery Trucks 
Gypsum From Outlet of Basket Centrifuge 
Absorber Recirculation Line 

Outlet of Thickener to Water Treatment Plant 

Service Water at Tap, Reservoir For All 
AFGD Process Makeup 

Outlet of Thickener Overflow Tank to Waste 
Water Treatment Plant 

Absorber Recirculation tine 

AFGD Outlet/Stack After Mist Eliminator 

‘The compositioi~ ot the entraIned pafll~ies and flue gases at the inlet ol the AFQD were charactwIzed by 
the comMnation ot the rewtte me&wed at the Unns 7 and 8 outlet ducts. The compoMm ol the 
entraIned partlike and flue gases at the outlet of the AFQD were measured bf samples wlbcted In the 
stack. We sampled for all c4 the components listed in Table 24. 

%N slurry samples were analyzed for the substances in Tables 24.25, and 28. 
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Table 2-4 

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

Stream Tvoe 

Gas Stream’ 

Comoonent Analvzed 

Volatile Organlca 
Semlvolatile Organics 
Acid Gases and Aldehydes 
Vapor-Phase Elements* 
Entrained Particulate 

(Bulk and Size 

Liquid Streams (Including Slurries) Volatile Organics 
Semivolatile Organics 
Ionic Species and Aldehydes 
Elements 

Dissolved - Filtrate 
Total - Unfinered 

Solid Streams 
(In&ding Filter Cake from Slurries) 

All Substances in Table 2-6 

‘Vapor phase and condensable organk and inorganic samples and partkulate phase sampbs from the 
Unit No. 7 ESP outlet flue gas stream were coltected using two methods (1) hd (typkal) Rue gee 
sampling and (2) diluted, cooled flue gas samplbg. The samples collected under these two condkone 
were andyred to detemtlns the dfbmrkes In the chemkal ccmposltbn ot the vap6r phase constituents 
end d the parlicles collecled under both hot flue gas and the dikeed, cooted We gas condltbns. A 
source diblbn sampter that stmutatea plume condnbns at the outlet ot a utlllty stack was used to coI!eU 
vapor phase constttuents and Q ash partktee under dlltied, cooled flue gas condttbns. 

%Rl coltected suftkient quantkes c4 partkulate (bulk on sample train filters) and vapor phase (Implngem 
from samplng tralrts) samples from all the Indkated Rue gas streams enabling the partkulate and 
Impinger solutkns to he anatyzed separatety tar the components In TaMe 24, anaiytee In Tames 2-5, and 
the samples In Tabie 28. These samples were used to make ccmparlsons tteween the concentrmbns c4 
vapor phase and panlculme-based target anat~bs and addtbnal anaiyiss that are present In the samples 
collected tram the indkated flue gas streams. SRI used charcoal sorption tube8 for the sampling d 
mercury In all the lndkated Rue gas mreame as a back-up to the EPA Mutti-Metals Train. 

‘Size tractbn specifiimbns: ~10 Wm. 5 to 10 #m, and +m. 
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Trace Elements 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium’ 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Table 2-5 

ANALYTES FOR TOXIC ASSESSMENT OF THE 
BAILLY STATION UNlT NO. 7 and NO. 8, 

AND THE AFGD DEMONSTRATION PROJECT 

Ions 
Phosphate (PO,“) 
Suifate (SO;? 
Cyanide (CN) 

I- 
Ammonia 
Hydrogen Chloride 
Hydrogen Fluoride 

orsani= 
Benzene3 
ToIuene3 
Formaldehyde 
Polycyclic Organic Matter’ 
Dioxlns5 
Furans’ 

‘Reported as total Chromium. 
‘Atoms that undergo spontaneous radioacthre decay. The measurements were limiied to certain heavy 
nuclides that are primary alpha emilteo: lead 210; polonium 210; radium 22S and Pa; thorium 22S, 233, and 
232; and uranium 234,235, and 238. 

%a olher volatile compcunds associated with proposed armlyrical method. 
‘AJI organic compounds with more than one aromatic ring that are associated wkh proposed anabytical 
method. 

‘All polychbrlnmed dibenzo-pdbxine (PCDDs) and polychlorlnated dibenzofurans (PCDFs) -lated with 
pmpoeed anaIy~kal method. SRI analysed separately the entralnsd fly ash sampbas (bulk) and vapor phase 
samples (impingers) collected from the Unit No. 7 ESP outIs under both hot gas and dlltied, coded gas 
cor!dltbns for PCDDs w PCDFs. SRI also anatyzed ssparmety the entrained fly ash samples (bulk, which 
could Include scrubber carryover) and vepor phase samples (Impingers) coibscted 81 the AFGD wiW%ack 
after the m!st ellmlnatw for PCDDs and PCDFs. No other samples were analyred for PCDDs and PCDFs. 
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Table 2-S 

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

CATEGORIZED BY PHYSICAL STATE 

Solid Samoles and Components To Be Analvzed 

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

Limestone 
Trace Elements 
Moisture Content 
Fluoride 
Chloride 
Phosphate 
Radionuclldes 

Bottom Ash. ESP Hoover Ash, 
vg 
the AFGD Proiect FGD Solids f.SlurryZ 

Trace Elements 
Semivolatile Organica 
Size and Mass Distributions- 

(Entrained Fly Ash. 
and Hopper Ash’ Onty) 

Radionuclides 
Carbon 
Fluoride 
Chloride 
Phosphate 
Sultate 
Dioxins 
Furans 

Trace Elements 
Semivolatile Organ& 
Sultate 
Sulttte 
Fluoride 
Chloride 
Phosphate 
Radionuclides-(Only Gypsum) 

‘Thare are three - d hoppers to cokt ftg ash from the twelve ReIda d the ESP. Each row d hoppem 
cdhutf7yashtvxnfourtIM8dtheESP. Weused- technlqu8e to pmlde the teel 
infoncdlon on mass pertIck size dletrilMioM d a ccmposlte bulk ash sample colkted from each d the 
three rows d hoppers beneath the twelve Mds d the ESP. Anaty?kdl datermlnatians were nd pwfcrmed 
on the size fractlwatecl 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 goals, as will be discussed in the following paragraphs. lt Is important to realize, 
however, that the potential risks and the probable concentrations associated with 
various analytes of concern made the achievement of adequate detection limits far 
easier for some analytes than others. Wlth the element chlorine occurring in the gas 
phase as HCI, the risk is relatively low, and the concentration is quite high on a 
comparative basis (of the order of 100 mg/Nm3 with coals of ordinary chlorine 
concentrations). For the chlorine compounds known as dioxins and furans, on the 
other hand, the risk is presumed to be high, and very low concentrations must be 
detected (of the order of 1 pg/Nm3, or levels roughly 11 orders of magnitude below 
that of chlorine). 

Another primary factor was to retain an adequate degree of specifk5ty. Achieving 
both specificity and sensitivity in analysis is often difficult, 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 organ@ 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 to 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 sensitivii and specificity 
was the question of analytical costs. Inductively coupled argon plasma emission 
spectroscopy (CP) was an attractive analytical tool from the point of view of 
applicabilii to most of the trace metals 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 specificity 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: 

2-l 2 



1 = AVIU 

in which 1 = in-stack detection limit (Lfs/Nm3), 
A = instrumental detection limit (&ml), 
V = sample solution volume ml), and 
u = sample gas volume (Nm 4 

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 quantltation. 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 Nm3 at the Unit 8 ESP inlet, 2.8 Nm3 at the Unit 8 ESP outlet, 2.5 Nm3 at the Unit 7 
ESP outlet, and 8 Nm3 at the stack (where the data ultimately showed particulate 
concentrations of about 5, 0.01, 0.07, and 0.05 g/Nm3, respectively). 

We also attempted to limit the dilution of samples in the recovery procedures 
for the trains. In particular, we adopted a modified recovery procedure for the 
permanganate impingers in the Method 28 train. We reduced the volumes of the 
rinses from 425 mL to 125 mL in an effort to improve sensitivity for mercury. 

Llmiting the volume of the dissolved sample to be analyzed proved more 
difficult an objective to accomplish. In the analysis of the trace metals, the df5fkx~lty of 
digesting the solids completely and getting the analytes in a relatively small 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 &mL, 
the concentrations of the metals in the total solid thus ranged from 0.04 to 10 &g or, 
at the total particulate concentrations &ted above, the following concentrations on the 
basis of flue-gas volume: 

0.2 to 50 &Nm3 at the ESP inlet, 

0.0004 to 0.7 &Nm3 at the ESP outlets, or 

0.002 to 0.5 &Nm3 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 sample 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 metals was not possible because of occurrence in the coal at 
undetectable levels. 

Non-metals that produce acidic gases or anions in condensed phases - The 
principal limltation 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 
semivolatiles in the range of lower molecular weights (or, more exactly, in the 
range of lesser gas chromatographic retention times). This interference, 
however, did ngt occur with the PAHs in a higher range of molecular weights. 

23 AudIRing 

23.1 SRI 

Internal quality control auditing was performed by SRI in the collection of 
samples from the Baiily 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 resuits 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 29 and carbon traps for mercury 
measurements. Section 9 lists references used in the report, and Section IO 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 sampling 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 DESCRlPllON 

3.1 Power Plant and scrubber Design Features 

3.1 .l Power Plant 

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; UnlI No. 7 has a gross 
capacity of 183 MWe (180 MW net) and Unit No. 8 has a gross capacity of 345 MWe 
(328 MW net). Figure 3-I 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 Illinois/Indiana basin high-sulfur bituminous coal 
(2.5% to 4.5% sulfur). Unit 7 has four cyclone 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 preclpltators (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 Unn 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 control of SO, to 
prevent acid mist emissions. There are separate ammonia injection systems for the 
two units. 

The Bailly Station Unl No. 7 flue 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 flue 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 plant, nominally 
83% 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 to an ash 
settling pond. The slag tank is dumped every six hours. The water from the settling 
pond is recycled back for the sluicing 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 51. Process Flow Diagram and Sampling Locations for Bailly Generating Station Units 7 8 8 
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3.1.2 Scrubber 

Sulfur dioxide in the combined flue gas stream from the two units of the Baiily 
Generating Station is treated by the Advanced Flue Gas Desulfuriration (AFGD) 
demonstration project managed by Pure Air of Alientown, Pennsylvania (a joint venture 
of Air Products, Inc. and Mitsubishi Heavy Industries, Ltd.) 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 Rue gas 
desuffurization (FGD) technology to achieve a high level of SO* removal (99 to 95+ 
percent capability) on high suffur U.S. coals. 

A feature of the AFGD process is the purchase and direct injection of 
powdered limestone in Mu of on-site limestone milling operations. This project 
includes an in-situ oxidation absorber module that produces highquallty gypsum from 
a range of high sulfur coals. These features serve to decrease facffii size, and costs 
for both installation and operation of the process. Highquality, by-product gypsum 
(93+ percent purity) is being produced and sold to a wallboard manufacturer. 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 489foot stack exclusive to the project. 

3.2 Plant Systems lnduded in This Evabation 

The samples to be collected and their respective sampling points for the Baiily 
Station Units No. 7 8 8 and the AFGD process are identified in Figures 3-l and 3-2. 
Material balance for the Bailty Station was limited to Unit 8, as shown in Figure 3-l. 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. Output 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 
sluice 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 sluice water return. Output streams are the stack flue gas, 
gypsum, and water to waste water treatment. 

3-3 



Figure 3-2. AFGD Process Diagram 
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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 flue gases 
from Units 7 and 8, limestone, and service water. Output streams are the 
stack flue gas, gypsum, and waste water. 

3.21 

The flue gas streams sampled for the toxic emissions assessment were: 

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

2) the Unit No. 8 west ESP inlet after ammonia injection, 
3) the Unit No. 8 ESP outlet before combining with Unit No. 7 flue gas stream, and 
4) the AFGD outlet/stack after mist eliminator. 

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

1) the Unit No. 7 ESP outlet before 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 Rue gas stream, 

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

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

1) the Unit No. 7 ESP outlet before 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. 8 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. 

3.22 Solids. Liauids. and Sluhes 

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-l 

Solids, Liquids, and Slurries Collected at Bailly 
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3.3 Plant op6ding conditions 

3.3.1 Tvoicaf OwratfnO Condff 

Baiily 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 full load rating. 

The primary coal for the plant is from the Illinois/Indiana Basin, and has a 3.0 to 3.5% 
sulfur content. The main source of coal for the plant Is the Captain Mine. Because of 
parametric evaluation of the AFGD scrubber, several other coals and blends have 
been burned at the Bailfy Station. During 1993, the plant had burned a blend of 
Illinois/Indiana Basin coal and Powder River Basin coal in a ratio of 4:l to give a coal 
sutfur content of about 2.8%. 

me water supply for the plant is Lake Michigan, as mentioned earlier. me 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 ail three systems 
covering the period of our testing. We recorded manually readings of voltages and 
currents in the Units 7 8 8 electrostatic precipitators, and flows (indicated as static 
pressures and percentages of orifice differential pressures) of ammonia to both unfts. 
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 Ooerath Conditions flurfno Samding 

Tables 3-2 through 3-8 are records of plant operation during the periods we 
were sampling. Tables 3-2, 3-3, and 34 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 33 presents data from the 
Unit 8 data acquisition system. Table 34 presents data from the Pure Air AFGD data 
acquisition system. 

Some of the plant operating data are plotted in Figures 3-3 through 3-7. 
Figure 33 shows the megawatt output of Units 7 and 8 during the intervals of time we 
were sampling. Figure 34 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 3-8 shows 
the measured carbonate and sulfite contents in the scrubber slurry. Figure 3-7 shows 
the differential pressure across the AFGD plant 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 7AT5) was out of service during our testing. Furthermore, another outlet 
field, 7AT8, 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 Unft 8 ESP. 

Table 3-8 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 59% 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 ammonia supply to Unit 7 from 
913 to 914. me supply to Unft 8 ran out on the evening of 914. Therefore, on 913 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 9998 to t 945 on g/3/93 when one burner on Unit 7 lost fire. me 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 g/3/93 at about 1790 to 1809; this time the burner was 
on Unit 8. We again continued sampling. 

The mafor 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 unloading 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 coal 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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Table 3-6. Record of Flows for Ammonia Injection Systems 

I I Pressure, System I 

I DATE I TIME psig I output, % 
I 1 t , 

I UNIT 7 Sl3iS3 0907 10 52 onlo~ 1047 I 10 48 I I II 1776 I *n I sn I -.-.-- .--- 
sl3l93 1450 'i.8 ii0 
^ .^ ,^a I *a.. * I ^^ I CI I 
YI3lYJ I lOL4 OL 

9i3l93 1035 9y:8y 51 
Q/3/93 2011 9.8 50 

AVERAGE 9.9 50 

Q/4/93 0828 10 

I I ~~ Sl4/93 0829 10.2 51 
OlAlOrJ 1118 9.6 51 

11 1379 I 88 I 51 I 
I _. .._- .--- -.- 

s/4/93 1508 7.8 ii 
Ql4/93 1702 6.7 51 

AVERAGE 8.6 51 

(There were no flows from either system on 9/5 or 916) 
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4.0 FLUE GAS SAMPLING 

4.1 DuctingAnengements 

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 inlet duct to the scrubber was eliminated in our 
plan. 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, fig, aldehydes, and ammonia/HCN) unlikely 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 W to one another at the 353foot level which 
could be used for sampling with those methods that required traversing the duct. (All 
particulate sampling methods have this requirement.) Additional ports were available 
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 streams were summarized 
in Section 2.2.2 above. Details of the sampling activities are provided in the following 
discussion. 
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4.2 !%mplitIg !Schdule 

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

Table 4-1. Flue Gas Sampling Methods 

constituerll Method 
Traversel Duration 
Sinole Point minutes 

In Out Stack 
lrmfgdc Day: 

Stack, Unit 8 Inlet, 
Unit 7 8 8 Outlets: 

Metals M29 T 
Msrculy Carbon trap S 
Acid gases M5 T 
Particle size distribution 
Siie fractionated composition 

Impactor/cyclone $ 
Dual cyclones 

Unit 7 Outlet: 
Simulated plume 
(Metals, Hg, acid gases) SRI diluter S 

OrsanicDay: 
Stack, Unit 8 Inlet. 
Unit 7 8 8 Outlets: 

SVOCs B PCDDs/PCDFs MM8/SW848XIOtO T 
Volatile organics VOST 
Radionuclides Ml7 s 
Aldehydes Impingers S 
Ammonia and Cyanide Impingers S 

Unit 7 Outlet: 
Simulated plume (SVOCs) SRI diluter S 

lnoganic~organicDays: 
Bulk gas composition Orsat +J 

380 
60 
48 

480 

-_ 

380 
10,2c.40 10.P,40 10,2c.40 

72 144 360 
30 30 30 
30 30 30 

- 360 -- 

/ / J 

Notes: a Impactor al the stack and ESP outlets, series cyclone 81 the UnlI 8 Inlet. 
b. Integrated sample taken in conJunction with Ms type sampling. 
0. ESP outlets and stack onty. Samples from 5 Series Cyclone train for paNcla size 

measurement wera used fof the Unl 8 Inlet size-fractionated samples for trace met&s analysis. 
d. Required greater than normal amounts of H,O, In lmplnoers because of high SO, 

COiCWftritbllS. 
-- .- 

a. Sample taken on sast ESP Inkf duct 80 that the total gas and patibulate fbw rates to me Unit 
8 ESP would be measured. This SamDIe was also used for radlonuclide analvsls. 

8 Denotes sample not requlrlng a speciiic sampling (ime. 
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The number of sampling methods and trains required in utiliring 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 sampling 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 
Table 4-1 were to be employed. 

4.21 Samdina Details 

Figures 4-2 and 4-3 show our planned sampling schedule for each of the four 
flue gas sampling locations - Unit 8 inlet, Units 7 and 8 outlets, and the stack. 
Spreading the sampling out over a twoday 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 
organic& 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 
difficulties in obtainlng 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 planned 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 samples. 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 ftue gas sampling period. 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). 

We attempted to arrange the sampling schedules given in Figures 4-2 and 4-3 
so that quantitative measures of particulate 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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4.22 Deviations from Standard Tedxtiaues 

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 
quartz 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 
teffon family. SRI has used KryTox* on several tests of the type being done here, 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. 

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 precollector 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 16% feet) would have been required - an impractical 
length for the glass-lined probes required for the acid gases, metals and semi-volatile 
organ@ 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-l). At that location, probe assemblies wtth overall lengths greater 
than about 8% feet could not be used. Method 5 assemblies of that size would have 
barely been long enough to reach through the nipple into 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 
long that glass-lined probes ‘longer than 16 feet would have been required to do the 
full, standard traverse. Again, 12-foot working length 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 pttot 
tube from which we found that the velocity at the point 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. Hence, 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 results. 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 outlet, 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 m3 of stack gas to be sampled wtth the 
Modified Method 5 and Method 29 trains. Because of the high SOs, 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 MM5 trains was 
about four hours duration, permitting volumes of 3 to 5 m3 of gas to be sampled with 
these Method 5 type trains. VOST samples of 20, 10, and 5 liiers were taken at all 
locations. Aldehyde and ammonia/cyanide gas sample volumes were about 0.5 m3 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 to 
reduce detection limits in the M29 trains, we feared that the H,O, would be depleted 
by the SO2 in the flue gas. Consequently, an additional 40 mL of the peroxide solution 
was added to the impingers on the first day of sampling (g/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 concluded that the amount of permanganate called for by the 
method was marginal for our sampling circumstances and an additional 50 mL, a 58% 
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 mL of solutions were used as compared to 425 mL called for by the method 
protocol. 

On g/3/93 the primary 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 g/3/93, when the probe for the diluter was withdrawn the sampling 
nozzle was found to have rotated about 85 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 
inlet was accldentally 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, almost 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 

4.31 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 included 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 sluice 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 fisted 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 
flue 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. 

4.32 Samolino Methods 

4.3.2.1 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 
split the boiler feed samples to produce a composite to 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 coal during the test 
period. 

Boiler Feed Coal - Samples of the coal being burned in Unit No. 6 were taken with 
augers installed at the base of the coal silos feeding each of the eight cyclone 
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 

NOTES: 
a. Sample from each truck of pulverized limestone delivered during the test day. 

Sample taken by Huber, Inc. 

Number of Samples 
Daily 

SOLIDS 

Coal 

ESP Hopper Ash 

Limestone ’ 

Bottom Ash 

Gypsum b 

5 

3 

“20 

1 

1 

JQUIDS 

Unit 8 Condenser Inlet 

Unit 8 Condenser Outlet 

Bottom Ash Sluice Water Supply 

Bottom Ash Sluice Water ’ 

Condenser Makeup Water d 

AFGD Service Makeup Water 

AFGD Waste Water 

5 

5 

5 

1 

10 

5 

5 

SLURRIES 

Bleed Pump Slurry 

Absorber Recirculation Pump 

5 

5 

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 Flue Gas Streams (sum of all test days) 

Type of Sample 

Trace Metals 

Mercury l 

Acid Gases 

AmmoniaIHCN 

Atdehydes b 

Votatile Organkx ’ 

Semivolatile 

Organics 

cyclone sollds 

lmpactor Sokds 

Unit 8 ESP Unit 8 ESP Unit 7 ESP Unit 7 Outlet 
Inlet Outlet outlet /Diluter Stack 

3 

3 

3 

1 

1 

3 

1 

3 

Ambient 

NOTES: 
a. Two of the three flue gas samples and one ambient sample were for speciattcn of 

mercutyusingsodaliiandcarbontraps. ThethirdffuegassamPJeandone 
ambient sample were for total mercury using onty carbon traps. 

b. The ‘ambienr atdehyde sample was a sample of N 2 m’ of air from instde the traiter 
being used for DNPH reagent preparation and recovery. 

c. Three sample volumes were collected on one test day. 
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from these augers. Each day we collected one sample every two hours for a 1 O-hour 
period concurrent with the flue gas sampling. We collected each two-hour sample in a 
single B-gallon 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 collected 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 sample of the 
sluice 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 Hoooer 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 sMi each day. To 
collect a representative sample 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 560 mL glass jars with tenon-lined lids. me 
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 truckloads per day are required to operate the unit at full load. We later 
combined the samples provided by Huber into a daily composite sample. 

Gvpsum - 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. me 
sampler has a programmable frequency, and normally wllects a sample every 
46 minutes. SRI obtained a daily composite sample of gypsum from this sampler that 
is operated by Pure Air. 

4.3.2.2 Liquid 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 

4-l 6 



teflon-lined lids. We also collected two samples per day from each stream in Volatile 
Organic Analysis vials (40 ml). None of the streams were sampled through rubber 
hoses or plastic pipes. 

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

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

Bottom Ash Sluice - Bottom ash sluice was sampled at the discharge into the 
settling pond (see Section 432.1). 

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 sampled 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 Untt S 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 overflow 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 recycle side 
of the scrubber slurry collection system in the AFGD process. lt was collected at the 
outlet of the absorber recirculation pump that feeds the slurry spray system. 

4.3.2.3 Flue Gases 

Tables 4-I 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 
to use. Pallflex QAST 2500 pure quartz filters were used as the collection medium for 
all particulate sampling. 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 portions of the tram. 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 glass-to-glass 
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connections except those in the high temperature parts of the trams were sealed with 
DuPont KryTox* sealant, a liquid fluorocarbon of the tenon family. SRI has used 
KryTox* on several tests of the type done here, including RCRA Trial 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 
collecting 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-B45 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 SW546 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-S45 These methods are described briefly in the paragraphs 
that follow: 

l 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 
Hated 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. 

l 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. 

4-l 8 



l 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 sutfurlc add. Bath 
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, especially 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. 

l Aldehydes were collected with a Method 5 train in which two impingers containing 
1 Do mL of 0.525% 24dinitrophenylhydrazine were used as the collection medium. 
me filter of the train was not retained. The operatlon of the aldehyde sampling 
train was similar to the aldehyde collection procedures In EPA Method To5 for 
ambient air and EPA tentative SW-846 Method 0011. 

Dilution Samoling 

The custom SRI diluter was operated to collect simulated plume samples each 
day. me 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. me 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 “lnorganics” sampling 
days the following samplers were used with the dilution system: two M2S 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 ‘organic9 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. me 
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 half of the 
dilution train for particulate phase metals and semivolatile organics would resutf 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 
QAlQC measure in which only dilution air was sampled with one of each of the 
impinger trains for the same duration as in the actual 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 particle size measurement at that location 
impractical. High particulate concentration gas streams require low flow 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, would 
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have resulted in sub-millimeter nozzle tip sizes being required for isokinetic sampling 
with low 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 cyclone system provides data in six size fractions with cuts 
at about 1 Om, 6.5@n, 4.5fl, 20, and 1 fl - comparable to those obtained with 
most impactors. me 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 
samples obtained for size distribution purposes at the Unit B inlet were also used for 
the purpose of trace element analysis by size for that location. me catches of the 
three cyclones with cuts smaller than 5fl and the filter were combined after weighing 
to form a single sample for the c5fl 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 descriptions of sampling methods and trams are given in 
Appendix B. 

4.3.3 Combosttirto of Solids and Lfauids 

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 diierent rows of the ESP is presented in 
Section 6.1 .I .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 fnre available samples. Composites of the liquid phase of the 
absorber recirculating slurry and bleed pump slurry 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 
me liquid samples were prepared and analyzed without the addition of preservatives. 

4.4 Mass Fbw 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. 

Table 4-4 lists measured flow rates of flue gases at the sampling locations. 
These data are normalized to a constant oxygen level (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 flue 
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 all 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 flue gases at the sampling locations, and are therefore used in material 
balance calculations for solid phase pollutants. 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 port on 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 told that the rapping interval on the last ESP field was one hour. 
We used the mass concentrations measured by the Method 29 metals trains for the 
mass flows of pamculete matter. 

The power plant can be broken into six sub-systems: the Unit 8 boiler, the Unit 
8 ESPs. the Untt 8 condenser, the bottom ash removal, flue gas mixing, and the AFGD 
scrubber system. In the following section, the main inlet 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% 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-l 1 lists the average mass flows for 
the plant over the three test days; Table 4-l 1 A lists the sample standard deviations. 

Table 4-l 1 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. ff 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 

me boiler is taken as the cyclone barrels, the slag quenching system, the 
economlzers, and the air heaters. Thus the input streams are the crushed coal and 
the combustion air. me 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 balance. 

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 
calculation with the measured amount of excess air added. The flue gas flow rate is 
measured at the ESP inlet, and the particulate flow taken from the measurements in 
the Method 29 metals train operation. The bottom ash flow is calculated 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 historical 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 PrecHators 

The Unit 8 particulate control is achieved through the use of parallel ESPs. 
me 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 Table 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. Outlet 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 ltl9%, which indicates the differences in the 
measured inlet flow and the outlet flow. 

4.4.3 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 condensate 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 calculated flow was checked 
by using a 66% 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 equals the bottom ash out. 

The average closure for the bottom ash sluice is assumed to be 100%. 

4.4.5 Unit 6 Dveratl 

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 sluice 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 6 is 101%. 

4.4.6 flue Gas Mix@ 

The flue gas from the Unit 6 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%. 

4.4.7 AFGD Svstem Gveratl 

The Pure Air Advanced Flue Gas Desuffurization (AFGD) system material 
balance is drawn around the entire process. The inputs are the combined flue gas 
streams from Units 7 and 6 electrostatic precipitators, limestone, compressed air, and 
service water. The output streams are the flue gas to the stack, gypsum, and waste 
water. The flue gas input and output were measured by Method 26, 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 calcium balance around the AFGD system determined 
the limestone flow rate. The compressed air low rate was taken 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 calculated by a water balance around 
the system. As can be seen in Table 4-I 1, the overall 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%. 

4-24 



4-25 



Table 45. Onat Results: Flue Gas 02 and CO2 as Volume Percentages 

Date Unit 8 Unit 7 Unit 0 
Inlet Outlet Outlet Stack 

gf3 02 5.5 6.2 5.7 6.3 

lm I 13.4 1 12.8 1 13.3 1 12.8 

4 5.3 

co2 13.7 

914 02 5.2 6.8 6.4 6.6 

I% I 14.3 1 12.4 1 12.8 1 12.8 

915 102 1 5.0 1 6.4 1 6.2 ) 6.5 

/co, 1 14.0 1 13.0 1 12.8 1 12.9 

~OZ 1 14.2 1 12.8 1 14.0 1 

916 4 4.6 6.6 6.6 6.4 

Co, 14.4 12.8 10.2 13.0 

4 4.6 6.6 6.4 6.6 

cot 14.6 12.8 12.8 12.8 
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Table 4-6. Percentages of Water Vapor in Flue Gases 

Location 
Date 

3 4 5 6 
& Train 

7 Outlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
lmpactor 

Ml7 

8 Inlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
Ml7 

8 Outlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
lmpactor 

Ml7 

Stack: 
Acid 

Metals 
Radio. 

Ammonia 
Aldehyde 

MM5 
lmpactor 

6.2 
9.4 

10.0 
10.5 
6.8 

9.3 
9.4 

15.1 
16.0 

15.4 

8.4 8.2 
8.9 9.6 
8.6 -> 

9.3 
9.7 
9.7 

9.5 
10.0 
10.0 

8.1 8.6 
8.8 9.3 
9.6 -> 

9.0 

14.4 
15.3 

15.9 

-> 

14.0 
15.8 

15.7 

7.8 
9.3 
8.1 
8.1 
9.6 

10.6 
9.4 
9.2 
9.0 

9.9 
9.3 
8.9 

8.9 

15.8 
13.5 
15.7 
15.0 
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Table 4-7. Particulate Concentrations, g/Nm’ 

(Reference conditions: dry, 293.15 K, 1 atm, actual 02 concentration) 

8 Inlet 
Metals 
Acid 
Ml7 
Imp. 
cyc. 

7 Outlet 
Metals 
Acid 
Ml7 
Imp. 
cyc. 

8 Outlet . 
Metals 
Acid 
Ml7 
Imp. 
cyc. 

Stack 
Metals 0.027 0.0543 0.0815 
Acid 0.045 0.0574 0.1021 
Imp. 0.0231 0.0386 0.00672 

3 
Date 
4 5 6 

4.556, 5.243 5.404 
4.455 4.706 4.738 

3.93 4.48 4.48 

0.0698 0.0527 0.0827 
0.0679 0.0761 0.0831 

a- 0.0407 

0.0145 0.00778 0.00511 
0.0789 0.0444 0.0096 

a- 0.00503 
a- 0.00442 

b 

4.316 

0.0434 
0.0457 

0.00645 

Metals: EPA Method 29 
Acid: EPA Method 54ype train for anions 

M17: EPA Method 17 

Imp.: University of Washington Mark IllN cascade impector 

Cyc.: SRI/EPA Five Series Cyclone 
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Table+9 
6eiIIyMassBaIencetor TaplFlws 

DataflX~3.1~ 

NIT 6 BOILER 
In Cod 369 

-Air 
Makeup water 

OUt Flua Ges 1.46 
Bottom Aah 269 

cwm% 
NlTBESP 

In Flue Gas 1.46 
Out ESP Hopper Ash 1.44 

Flue Qes to AFGD 0.0173 
osure, % 
ONDENBER 

In 1 Inlet Water 
out 1 Outlet Water 

owe, % 
OllOM ASH SLUICE 

In Bottom Ash 269 
Sluice Return 

Out Bottom Ash Sluice 259 
owe, % 
OILER OVERALL BALANCE 

In Coal 39.9 
Combustion Air 
Makeup w&r 
Sluice Return 

Old Bottom Ash Sluice 269 
ESP Hopper Ash 1.44 
Flue Gas to AFGD 0.0176 

lbsure. % 
WE GAS MIXING 

In Unit 7 Flue Oar 0.0146 
Unit 8 Flue Gas 0.0173 

Out Flue Gss to MOD 0.0316 
baurs, % 
S4tXALL AFCiO SYSTEM BALANCE 

Ifl Flue Oss 0.6316 
Limestone 6.61 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.0207 
Gypsum 9.11 
Wastewater 

I-.*.e (c 

3B.9 
430 430 

4.16 4.16 
439 439 

269 
93.4 

439 439 
1.44 

499 499 
114 

11600 llsoo 
11600 11600 

100 

269 
25.9 26.9 
25.9 26.4 

100 

329 
430 430 

4.16 4.16 
25.9 25.9 
25.9 28.4 

1.44 
499 499 

106 

261 291 
499 499 
760 760 

100.0 

760 760 
6.61 

64.7 64.7 
6.69 6.69 
806 806 

9.11 
9.90 9.90 

ml7 IUUYIW, m I I 1 I w.. 
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Table 4-9 
Bailly Mass Belance for TOW Flcwa 

Data far September 4,1993 

Combustion Air 

Out Bmom Ash Sluice 2.90 29.0 31.9 
ESP Hoppar Ash 1.52 1.52 
Flue Gas ta AFGD 0.00967 495 495 

Closure, % 108 
FLUE GAS MIXING 

In 1 Unit 7 Flue Gas I 0.0134 I I ml 277 
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TableCIO 
BailtyMasBalMaJfor Totd~ 

DatafwSeptmhr5.1~ 

Flue oab to AFGD 1 o.oo2so I 

--..--... 

Combustion Air 

Oti IFlueGasto AFGD 1 0.0199 ( 
Cksure. % I I 
OVERALL AFGD SYSTEM BALANCE 

In 

Compressed Air 6.65 6.65 ’ 
Out Stack Flue Gas O&38 017 617 

Gypsum 9.08 9.08 
Wastewater 9.17 9.17 

Closure, % 90.7 
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Table 4-l 1 
billy Mess Balance for Total Flows 

Average of 9/3,9/4, g/5/93 

Process Solid, Liquid, GaS, Total, 
Stream kg/s kg/s kg/s kg/s 

UNlT 6 BOILER 
In Coal 39.1 39.1 

Combustion Air 424 424 
Makeup Water 4.16 4.16 

Out Flue Gas 1.50 417 419 
mt0m Ash 273 273 

r\verage of Daily Closures, % 90.3 
:losure of Average Flows, % 90.3 
UNIT 6 ESP 

In Flue Gas 1.50 417 419 
Out ESP Hopper Ash 1.49 1.49 

Flue Gas to AFGD 0.00994 501 501 
4verage of Daily Closures, % 120 
Closure of Average Flows, % 120 
CONDENSER 

In 1 Inlet Water 11500 I 11500 
Out (Outlet Water I 11500 I 11500 

4verage of Daily Closures, % loo 
Closure of Average Flows, % .I loo 
BOlTOM ASH SLUICE 

In Bonom Ash 273 273 
Sluice Return 27.3 27.3 

Out Bottom Ash Sluice 2.73 27.3 30.0 
kverage of Daily Closures, % 100 
Closure of Average Flows, % loo 
BOILER OVERALL BALANCE 

In ICoal 

I 
I 39.1 I 

Combustion Air 
Makeup Water 

1 
) ) 4.16 

Sluice Return I 27.3 
Out I Bottom Ash Sluice 1 273 1 27.3 

IESP Hopper Ash 1 
1 Flue Gas to AFGD 1 

1.49 1 
‘--Hs 

0.00994 1 
I 1.49 

501 501 
Average of Daily Closures, % loo 
4 
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Table Cl1 (continued) 
BailiyMassBeiencefor TotalFlows 

Average of 9/3,9/4,9/8i93 

Process SoUd. WUid, Gas Total, 
Stream kg/s kg/s kg/i kg/s 

:LUE GAS MIXING 
in 1 Unit 7 Flue Gas I 0.0150 I I 278 i 278 

I 

Out 
lllnit 8 Flue Gas I 
lAueGestoAFGD( 

Lures, % 
6 96 

,verage of Dally Clor 
Closure of Average Plowa 
DVERALL AFGD SYSTEM BALANCE 

In I Flue Gas I 0.0249 779 

I Limestone 
Service Water I 8.78 

I 88.4 
(Compressed Air ( I I 8.88 

Out (Stack Flue Gas 0.0380 1 819 
Gypsum 
Wastewater 

Merage of Daily Closures, % 

8.78 
88.4 
8.88 
819 
9.08 
9.32 
95.1 
95.1 
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Table4llA 
Bailly Mass Bafance for Total Flows 

Std Dev of 913, 9/4,9/e&3 

Process 
Stream 

UNlT 8 BOILER 
In coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

Std Dev of Daily Closures, % 

soul, 
kg/s 

0.230 

0.0378 
0.159 

Liquid, 
kg/s 

1.32E-09 

Gas, 
kg/s 

8.45 

20.1 

Total, 
kg/s 

0.230 
8.45 

1.32E39 
20.1 

0.159 
3.71 

UNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

0.0378 20.1 20.1 
0.0418 0.0418 

0.00727 8.39 8.39 
7.38 

CONDENSER 
In (Inlet Water 

Out I Outlet Water 
Std Dev of Daily Closures, % 

183 ( 183 
I 183 1 183 

0.00 

BOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

Std Dev of Daily Closures, % 

0.159 0.159 
1.59 1.59 

0.159 1.59 1.75 
0.00 

BOILER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

0230 0.230 
8.45 8.45 

1.32E-09 1.32E-09 
1.59 1.59 

0.159 1.59 1.75 
0.0418 0.0418 

0.00727 8.39 8.38 
0.0834 
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Table 4-l 1A (Continued) 
Bailly Mass Balance for Total Flows 

Std Dev of 9l3,9l4,9&‘93 

Process 
Stream 

:LUE GAS MlXING 
In Unit 7 flue Gas 

Unit 8 Flue Gas 
out flue Gas to AFGD 

td Dev of Daily Closures, % 

Solld, 
kg/s 

O.Wl90 
0.00727 
0.00819 

Liquid, 
kg/s 

Gas 
kg/s’ 

285 
8.38 
7.41 

Total, 
kg/s 

285 
8.35 
7.41 
0.00 

1VERAl.l AFGD SYSTEM & 
In IFlue Gas 

Limestone 
Service Water 1.89 

I Compressed Air 
Out hack Flue Gas 0.0187 

1 

QANCE 

Gypsum 0.0804 
Wastewater 0.523 ..- _- -. -. 

0.0307 
14.8 

tta Dev of Daily closures, % 
0.523 
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-l 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 following paragraphs. More detailed descriptions of methods are given in 
Appendix C. 

5.1 Bofkfs 

&Q@. The trace metals of concern in this project are listed below, as are a 
lesser number of certain major metals (see page I-6 for a qualiRcation of the trace 
species as metals or non-metals): 

Trace metals Maior metals 

Antimony 
Arsenic 
Barium 
Beryllium . 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 

Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

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 6 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 dissolved 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$O, (ASTM Method D2795) in an open 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 SW646 (1). Method 6010 was used for 
metals to be determined by inductively coupled 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. 

. 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. 

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

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

Anions. The nonmetallic elements that produce anionic substances when 
combustion occurs were anafyzed as follows: 

Fluorine and chlorine - ASTM D3761, D4296 

Sulfur - ASTM 3177 

Phosphorus - Coal was ashed at 756 “C, the ash was digested in a mixture 
of mineral acids (ASTM Method D2795), and phosphorus was determined 
colorimetricalfy with molybdovanadate reagent (ASTM D2795). 

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

Carbon, hvdroaen. and nitroaen. 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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yoraanic These compounds were extracted from the 
solids with methylene chloride according to SW-646 Method 3640 and analyzed by 
gas chromatography (GC/MS) as described in SW-646 Method 62708. 

Radionuclides. These metals were measured by Core Laboratories, C&per, 
Wyoming. Total uranium was measured fluorimetrically. The individual isotopes of 
uranium (masses 234, 236, and 236) the isotopes of thorium (232), radium 226, and 
polonium 210 were measured by alpha-ray counting. Radium 226 and lead 210 were 
measured by counting beta emissions. 

5.2 LlqlJkls 

The samples to be analyzed for metals were prepared for analysts according to 
SW-646 Method 301 OA. Analysis then proceeded according to the ICP and AAS 
methods cited In connection with analysis of solids. 

The samples to be anatyzed for atdehydes were taken in the amount of 100 mL 
each. To each, 30 mL of a solution of 2,4dinttrophenyl-hydrazine was added (the 
stock solution contained 0.5% DNPH and 6N HCt). 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-646 Methods 
6041 and 62408 for volatile compounds and Methods 3420 and 62708 for 
semi-volatile compounds. Both classes of compounds were measured by GC/MS. 

5.3 Gmes 

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. 

Samples of metals from the Muttiple 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 hatf 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 previousiy 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 sulfuric and nitric acids, fully 
oxidized with BrCI, then reduced to the element with SnCI,, and vaporhed as the 
element in a stream passing to the analyzer. 
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Portions of the solids from the Multiple Metals Train were analyzed for anions 
by the method already described for samples of process solids: fusion with NaOH and 
analysis of the resuiting aqueous preparation by ion 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-hypochlorite calorimetric 
method described by Weatherburn (6) 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 wlth 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 Ten&charcoal tubes 
and aqueous condensate - were analyzed by SW-646 Methods 6041 and 62408 (I). 
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-646 
Method 0610) - tront half solids and back hatf 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 hatf of the train was separated into two fractions - 
one-tenth to be processed for semi-volatiles (SW-646 Method 627OB) and nine-tenths 
for dioxins and furans (SW-646 Method 6290). 
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Table 51 
Analysesofsolid!3 

PF 
of did 

Coal (each type) 

Bottom ash 

Economizer ash 

Camponeats 
dctexmhed 

Ultimate, proximate 
CaIoritic value 

Chlorine 
RUOdttC 

Phosphorus 
Trace metals 
Radionuclidea 

Water-extractable metals 

Trace metals 
F - , Cl - , SO;‘. PO;’ 
Semi-volatile organics 

Carbon, hydrogen, nitrogen (CHN) 
Radionuclidea 

Semi-volatile organica 
Ammonia 

Trace metals 
F- 9 Cl -, SO;‘, PO;’ 
Semi-volatile organic-s 

Carbon, hydrogen, nitrogen (CHN) 
Radionuclidea 

Semi-volatile organics 
Ammonia 

ASTM D3172, D3176 
ASTM D20lS 
ASTM D4208 
ASTM D3761 

See note’ 
See noteb 
See note’ 

TCLP procedure 

See. noteb 
SIE, Icd 
SW-8270 

Elemental analyzer 
See notee 

SW-846 3540,827o 
SIE” 

See above 

Limestone and gypsum Trace metals 
F-, Cl-, SO,-*, PO;’ 

See above 

Carbon, hydrogen, nitrogen (CHN) 

Solids from slurries 

ESP hopper ash 

Trace metals 
F-, Cl-, SO;*, PO,’ 

Trace metals 
F-, Cl-, SO;‘, PO;’ 
Semi-volatile organics 

See above 

See above 

Carbon. hydrogen, nitrogen (CHN) 
Radionuclides 

Semi-volatile organics 

Phosphorus. Ash digested in HNO,, HF, and HrSO, (ASTM Method D279S); phosphorus 
determined calorimetrically with molybdovanadate. 
‘Microwave digestion. ICP or AAS analysis by SW-846 methods or, for Hg on sorbents. by 
CVAFS. See text for htrther information. 
‘Analysis by Core Laboratories (see teat). 
‘IC=Ion chromatography. SIE=ion selective electrode. 
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Table 52 
AnelysesOfWater 

Types of sampler 

Condenser inlet 

I Condenser outlet 

Boiler makeup water 

Bottom ash sluice water supply 

I Bottom ash sluice fsunematant water) 

Condenser makeup water 

AFGD service makeup water 

I Bleed trump slurtv (sunematant water) 

Absorber recirculation pump slurry (supematant water) 

AFGD waste water 

I Components de.iermhed 
ISII aamdes~ I I 

Trace metals See note’ 

F - , Cl - , SO,-*, PO;’ IC/SIE 

Aldehydea HPLC/UV 

I Volatile organica I SW-846 ml1 
Semivolatile organics SW846 3420,821Q 

‘Microwave digestion. ICP or AAS analysis by SW-846 method. 
See text for information. 

bOmitted cooling tower makeup water. 
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TaMe5-3 
Analyses+J== 

(irlchJdll entmnd solids) 

Entrained solids Trace metals See note. 
F - , Cl - , SO;‘, PO;” IC/SIE 
Semi-volatile organic3 SW-845 827QA 

Dioxins and furans SW-846 8290 
Radionuclides Core Laboratories 

I Gas phase 
I 

Trace metals 
I 

See note. 
Mercury CVAFS 

I-IF, HCI, SO; H,PO, IC/‘SIE 
NH,, HCN SIE/Colorimetry 
Aldehydes HPLCKJV 

Volatile organic4 SW-846 5@41,8240B 
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 ANALYI-CAL RESULTS 

6.1 Eoifer end Electrostatic Precipitators 

6.1.1 Sofids 

6.7.1.1 Coal 

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

Table 6-l 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 coat. The 
calorific value was approximately 11,000 SW/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 suffur: the 
average values were fluorine, 0.0094%; chlorine, 0.10%; and phosphorus, 0.0119%. 
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% 4, 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 follows: 

SO, 2900 wmv 

HCI 60.1 ppmv 

HF 15.2 ppmv 

‘-‘PO, 11.2 ppmv 

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/Nm3. 
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 each element (for example, 
iron as Fe,OJ 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. 
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The last line in Table 6-2 gives the volume of flue gas expected from 1 CiJ g of 
coal; the indicated average volume per gram of coal is 0666204 Nm3. 

The concentrations of metals in the coal are given in Table 63. For the 
hypothetical coal ash, the concentrations are those listed in this table divided by the 
fraction of ash in the coal. Thus, if the concentration of ash In the coal were precisely 
1 O%, 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 levels 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, nickel, 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 6 ESP on the third test day; thus, there is some confirmation for the diierences 
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 Bailfy coal in the Round Robin involving the other four DOE 
contractors are presented. At this point, however, the data for mercury in the coat 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 breakdown preventing the analysis of the third 
from being completed). The average of earlier results in this laboratory was just 
0.04 Pg/g, clearly too low to be correct. The difference 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 samole Concn. I& 

September 3 0.117 
September 4 0.0954 
September 5 0.0055 

Avg. * std. dev. 0.0995 * 0.0157 

This average is in good agreement with the value from the SRI laboratory cited 
above and with the average of 0.064 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 definltions 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 radionucllde 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. 

lt is of interest to translate the activity of uranium 236 (the most abundant 
isotope of this element) from a specific countin 

% 
level to a weight-based concentration 

in the coal. Uranium has a half life of 4.51 x 10 y, or 1.42 x IO” s. The maximum 
counting rate observed, 0.5 pa/g, corresponds to a disintegration rate of 0.5 x 3.7 x 
IO.’ s“ = 1.65 x 19’ s”. The number of radionuclei present in 1 gram of coal is then 
calculated as follows: 

dn/dt = kn 

1.65 x lo” = 0.693/(1.42 x 1O”)n 

n = 3.79 x IO” radionuclei 

The mass of the radionuclei is the ratio of the number of radionuclei to Avogadro’s 
number, multiplied by the atomic mass (236): 

mass = 3.79 x 10” x 236/(6.023 x 1 d”, 

mass = 1.50x10dg 

Thus. the calculated concentration of uranium 236 In the coal, and for all Intents and 
purposes the concentration of total uranium as well, is 1 SO Pg/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 (6). 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 metals in 
two determinations and shows how the amounts relate to the total concentrations of 
metals in the coal. 
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T&b 81 
PWimateiWldUhimateAnalysesOfth8cod 

Proximate 

% moisture 

% ash 

sept3 sept4 sept5 

10.40 9.99 10.48 10.25 

10.41 11.11 10.68 I 10.73 

I % volatile I 35.29 I 35.75 I 36.69 I 35.91 

I Ultimate I 

% carbon 61.78 60.81 61.97 

% hydrogen 4.58 4.49 4.33 

% nitrogen 1.08 1.06 1.05 

61.52 

4.47 

1.06 

% oxygen 8.56 11.31 8.23 

% chlorine 0.10 0.09 0.10 

I % fluorine I o.ocM I 0.0095 I 0.0092 II 0.0094 
% phosphorus 
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Table 82 
cakulaled-ProduasfrofntheCoal 

(Basis.lWgofthecd;dryfluegas 
With3?6O”at29310 

HF, ppmv 14.7 14.8 16.0 I 15.2 0.7 

HQO,, ppmv a.4 13.7 11.5 11.2 27 

Ash, dNm’ 1260 13.67 13.05 13.11 0.54 

Total gas, Nm’ 0.8264 0.8127 0.8222 0.8204 0.0070 
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Major metals 

Aluminum loo00 11000 lo900 

Calcium 3210 2550 3930 

Iron 14000 14200 12ooo 

Magnesium 624 737 741 

Titanium 560 609 586 

‘The values given for the major metals are averages obtz 

Average StdAev. 

1.72 I 0.29 I 

47.5 I 8.16 I 

3230 I I 690 

585 24 
I 

ked 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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I I 

‘See footnote in Table 6-4 on mze 6-7. for definition of terms. I 
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Table 6-10 
Anknlconcefmeuons 

itlBOtbllMandEWAsh 
(- in rslgl 

I 9l4m 9t59-3 

Fluoride 

Chloride 

C400 400 400 

<loo 12.0 Cl00 

Sulfate 

Phosphate 5480 2650 3060 

ESPUll 

Fluoride 

Chloride 

400 -3loo 400 

<loo <loo <loo 

I Sulfate I 30600 I 24000 I 30900 

Phosphate I 4920 3930 6130 

Std.&x 

I 
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Table611 

ponds to an ammonia concentration in ash of 0.36, 0.39, or 
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6.12 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 ftve types 
are listed for comparison in Table 6-l 7. The footnote of Table 6-l 7 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 pg/mL: September 4 and 5, co.1 0 ug/mL. The “average’ listed in 
Table 617 is co.10 pg/mL. 

The makeup water was certainly the purest. This is not evident from the 
concentration of trace metals; lt 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 pg/mL at the inlet. The sluice 
water was not much affected, lf 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 clear 
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 to 
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-l 7 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 
Arsenic 1.1 
Barium 0.00050 
Beryllium 0.00019 
Boron CO.0040 
Cadmium 0.0010 
Chromium <0.0024 
Cobalt 0.00094 

Copper 0.0010 
Lead 0.0035 
Manganese 0.000076 
Mercury 1.7 
Molybdenum 020 
Nickel 0.0016 
Selenium 0.16 
Vanadium co.oooo94 
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Aluminum <0.gooo1 
Calcium O.OOQ77 
Iron <O.ooool 

Magnesium 
Tltanium 

0.0154 
<0.09021 

Fluoride Indeterminate Sulfate 0.60 
Chloride 310 Phosphate <0.013 

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

Table 6-l 6 summarizes the results of determinations of carbonyl compounds 
(aldehydes and ketones) in the water samples. Just a few of the positive results 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 6) were available for analysis. The lack of logic 
in some of the results makes their significance questionable. For example, 
formaldehyde appeared to be present in the condenser inlet stream but not the outlet 
stream; how could this be? 

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

Each of the composites of water samples (all from September 6) was analyzed 
for volatile organic compounds. The analytical and computational procedure was 
programmed to identify and quantify the 37 compounds listed, along with detection 
limits, in Table 6-l 9. Only three of these analytes were detected in the entire set of 
samples: acetone, bromomethane, and methylene chloride. They were detected 
erratically, however, and never in all samples of a given type. The results are 
summarized below: 

Tvoe of water No. samoles AnaMe 

Condenser, inlet one methylene chloride 

Condenser, outlet two methylene chloride 

Makeup one acetone 
one bromomethane 

Sluice supply one bromomethane 

Sluice discharge none none 

Concn. ndmL 

4.0 

2.4 
2.6 

2.6 
2.3 

5.3 

Blanks were free of these analytes. Based on this criterion, the positive results for the 
samples cannot be rejected. Evaluated subjecttvely, however, they lack confirmation 
from replicate measurements and thus lack credibility. 
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Each of the water samples (again, all 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 620. The only compounds detected were a few 
phthalate 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: 

Concn. no/mL 

Condenser inlet water 256 
Condenser outlet water 4.64 
Makeup water 3.66 
Supply water for sluicing 5.64 
Liquid phase of sluice 2.36 
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Tables12 DailyMetafandAniiconcentratkns 
lllcondenserllll8tWti~ 

@ata b rs/W 

I I w/B3 I mm3 

Trace metals 

Antimony 

Arsenic 

<O.o006 <O.OOM <o.ooM 

<o.ooo3 <Omo3 co.ow3 

Barium 0.0182 0.0174 co.oo6 

Bexyllium <0.0005 <0.0005 co.ocm 

Boron 11.1 9.62 7.53 

Cadmium 

Chromium 

Cobalt 

Couuer 

<o.ooo3 d.m3 a.ooo3 

CO.006 CO.006 <o.w6 

<0.002 CO.002 0.005 

0.0056 0.0045 0.0055 

Lead 

Manganese 

Mercurv 

co.005 <0.005 <0.005 

<0.0125 <0.0125 <0.0125 

O.MKW9 o.m15 aooo17 

Molybdenum 

Nickel 

Selenium 

<0.006 <0.006 <o.ax 

<O.OlO <O.OlO <O.OlO 

<O.W06 <O.W06 <o.w06 

Vanadium 

Major meti 

Aluminum 

co.co3 co.003 <0.003 

<o.to co.10 <O.lO 

Calcium 19.7 26.7 19.8 

Iron co.10 co.10 <O.lO 

Magnesium 11.1 11.7 10.9 

Titanium 

Anions 

F- 

Cl - 

<O.lO co.10, co.10 

<0.4 to.4 co.4 

9.92 10.85’ II.10 

I so? I 22.95 I 23.52 I 23.29 I 
PO,” co.50 I <OS0 co.50 
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Table513 DailyMetalandAnion 
cioncem~lnCondenser 

OUlktWater 
IData in ualmU 

Trace metals I I 
Antimonv <0.0006 co.ooo6 <o.ooo6 

Arsenic co.wO3 <0.0003 <0.0003 

Barium 0.0174 0.0189 0.0186 

1 Chromium 1 <0.006 I ~0.006 l <0.006 I 
Cobalt <o.OOz co.oo2 <0.002 

tipper 

Lead 

<0.005 0.0089 0.0081 

I <0.005 I co.005 I co.005 

Manganese 

Mercury 

0.0028 0.0031 0.0023 

0.00016 OMO25 <0.00004 

I Molvbdenum I <0.006 I cO.006 I cO.006 I 
Nickel 

Selenium 

Vanadium 

Major mefala 

Aluminum 

0.0092 eo.010 <0.010 

<o.oc!Q6 <0.0006 co.ow6 

co.003 co.003 <OS03 

0.324 <O.lO co.10 

I Calcium I 28.2 I 38.1 I 16.4 I 

PO.” 

<O.lO ! co.10 

10.93 I 11~74 

<0.101 
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Table614 DailyMetalandAniort 
conwntr~inMakeupWatefforBderSbeams 

(Data in dmU 

9Lw3 9l4l93 9i5Er3 

Trsce metals 

Antimony <o.ooo6 co.wo6 co.ooo6 

Arsenic <o.o003 <0.0003 <o.o003 

Barium <0.006 <0.006 0.0041 

Bervllium <o.o005 <0.0005 <o.ooo5 

Boron 

Cadmium 

Chromium 

15.4 29.0 17.1 

<0.0003 <o.o003 <0.0003 

<o.cKm <0.006 <0.006 

I Cobalt I c0.002 I <O.OOZ I ~0.002 I 
Wper 
Lead 

0.0039 0.0025 0.0036 

<0.005 <0.005 <0.005 

I Maneanese I <0.0125 I <0.0125 I <o.om I 
Mercury 

Molybdenum 

Nickel 

0.00013 0.00028 0.00019 

co.006 co.oo6 co.rJo6 

<O.OlO <O.OlO <0.010 

I Selenium I 0.0036 I 0.0063 I co.cmo6 I 
Vanadium 

Maior meala 

<0.003 <0.003 co.003 

Aluminum 

Calcium 

Iron 

co.10 <O.lO co.10 

1.59 co.10 <O.lO 

co.1 <O.lO <O.lO 

Magnesium 

Titanium 

Aniorbs 

0.3% <O.lO <O.lO 

<O.lO co.10 co.10 

1 F- I co.4 I co.4 I co.4 I 
Cl- 

SOi2 

PO,” 

<0.05 co.05 <0.05 

<O.lO <O.lO <O.lO 

<OS0 <0.50 co.50 
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Table615 DaiiyhktalandtWon 
Concenb-ationsiIlSupplyWaterfw 

BottomAshslulw 
(b in &ml) 

I 9fM3 I 9kw3 I 9/5/93 

TcyZm&ilS 

Antimony 0.0119 0.0095 0.0057 

Arsenic 0.0159 0.0125 0.0148 

Barium 0.0238 0.024% 0.0299 

Beryllium <o.otm <0.0005 <0.0005 

Boron <0.0625 co.0625 CO.0625 

I Cadmium I co.OOO3 I 0.0016 1 0.m I 
Chromium 

Cobalt 

<0.006 <O.W6 co.006 

<0.002 <0.002 <o.tm 

Wper 
Lead 

Maneanese 

0.00% 0.0069 0.0077 

co.lw5 <0.005 <o.oos 

<0.0125 <0.0125 0.0053 

I Mercutv I o.ooo12 I o.wo15 I o.ooo26 I 
Molybdenum 

Nickel 

co.cm6 <0.006 0.0087 

<O.OlO <O.OlO <0.010 

I Selenium I 0.0051 I 0.0095 I 0.0058 1 
Vanadium 

Mabr metala 

<0.003 co.oo3 <0.003 

I Albminum, I co.10 I co.10 I co.10 I 
Calcium 23.3 30.0 28.5 

Iron <O.lO co.10 0.154 

Marmesium 10.08 10.33 10.49 

Titanium 

Anions 

F- 

co.10 co.10 co.10 

<0.4 co.4 co.4 

I 13.36 I 16.46 I 14.38 I 
I 71.25 I 100.6 I 126.4 I 

PO,” co.50 <0.50 I co.50 
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Table616 oailyMetalwKJAnbllConcentretions&l 
Lk#dPhaeeOfBOthlAshSkrice 

(w h dml) 

I 9l3D3 9l4i93 9/5D3 

Trace metals 

Antimony 0.0302 0.0210 0.0146 

Arsenic 0.0566 0.0360 0.0222 

I Barium I 0.@‘?31 I 0.0263 I 0.0114 I 
Beryllium 

Boron 

<o.r!005 o.ooo51 <o.o005 

<0.0625 <0.0625 <OS3625 

I Cadmium I 0.0014 I o.ooo6 I co.ooo3 I 
Chromium 

Cobalt 

<OX!06 <0.006 <o.lm 

<0.002 0.0062 <o.w2 

I Gmver I o.oc64 I 0.0084 I <0.005 I 
Lead 

Manganese 

Mercury 

0.0059 <0.005 <0.005 

co.0125 0.0045 0.0028 

O.ooO18 0.00016 0.00017 

I Mobbdenum I CO.006 I <o.w6 I 0.0147 I 
. Nickel 0.0149 0.0151 0.0186 

Selenium 0.0149 0.0111 0.0026 

Vanadium <0.003 <0.003 co.003 

Majmmetab 

Aluminum 0.258 co.10 co.10 

I Calcium I 27.7 I 32.1 I 26.8 I 
Iron 

Magnesium 

Titanium 

0.334 <O.lO co.10 

10.21 10.71 10.56 

co.10 <O.lO co.10 

Anbm 

F- co.4 <0.4 co.4 

cl- 12.28 12.98 12.00 

I 78.58 I 121.6 I 105.2 I 
I PO:’ I <0.50 I co.50 I <0..50 I 
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Table617 AveragaMetalmdAnion 
C2ommtrationshWaterStr~~withtheBoiler 

PO,) <OS0 co.50 

‘Based on two daily values. not three. 
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Table 616 
cerbonyl- 

inWaterStreamsIbso&bd wfthttleBoller 
Cktmbr 6, IQ031 

Stnam 

r24llldemerinlet 

Formaldehyde 

-I@- 

122 

I Acetaldehvde I <5 I 
Acetone 

c4m&mer outlet 

Formaldehvde 

34 

14 

Acetaldehyde. 

Acetone 

Make-t&v wster 

<5 

137 

I Formaldehvde I 38 I 
Acetaldehyde 

Acetone 

sluia audY 

<5 

16 

Formaldehyde <5 

Acetaldehyde <5 

Acetone c5 

I Bottomashsluia I I 
Formaldehyde 15 

Acetaldehyde <5 

Acetone <5 

1 Blanks I I 
Formaldehyde 

Acetaldehyde 

Acetone 

‘Range of values. 

14-57’ 

<5 

c5 
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Table 6-19 
Target Volatile Organk Compounds 

a&Their DewcfhlLllnll 

-Pod Flw gas’ Wtltd 
rdNm’ rdL 

/ Chloromethane 0.12 0.48 
[/: Vmvl chloride I 0.16 1 0.64 

rY komomethane I 0.42 I 1.7 
I, Chlorcethane 1.9 1 7.6 

I l.l-Dichloroethene I 0.060 I 0.24 

I Acetone 2.4 9.8 

I Methvl iodide I - I- 
/ Carbon disultlde I 0.15 I 0.62 

/ Methvlene chloride I 0.30 I 1.2 

I trans-1.2dichloroethene I 0.055 I 0.22 

I l,l-Dichlorcethane I 0.089 I 0.36 

t-Butanone 1.3 5.1 

/ Chloroform 0.11 0.46 

l,l,l-Trichlorcethane 0.42 1.7 

/ Carbon tetrachloride 0.10 0.42 

/ Benzene 0.064 0.26 

J 1,2-Dichloroethane 0.13 0.54 

/ Trichloroethene 0.084 0.34 

CompoMd 

ll-Dichlorooronane 

Bromodichloromethane I 0.1~ I 0.50 I 
/ cis-13Dichlorooronene I o.cM I 0.18 I 

2-Hexanone 

/ Toluene I 0.60 1 0.24 1 

/ trans-13-Dichloroomoene I 0.089 I 0.36 I 
/ 1.1.2-Trichlorocthane I 0.11 I 0.44 I 
/ Tetrachlomethene 0.060 1 0.24 1 

4-Methvl-2-centanone 

Dibmmochloromethane I 0.074 I 0.30 I 
/ Chlombenzene 

/ Ethylbenzene 

J m- & p-Xylene 0.074 0.30 

t o-Xylene 0.030 0.12 

d Styrene 0.064 0.26 

/ Bromoform 0.054 0.22 

/ l.l,2&Tetrachlomethane 0.13 0.52 

I I I 

I 
‘Compounds listed in Title 111 of the Clean Air Act Amendments of 1990 are designated by checkmarks. 
%ased on gas volume of 20 L I 
‘Based on injection of 5 mL into the instrument. 
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Table 6-20 
Target !%mi-Volatile Compounds and Their Detection Limits* 

llerlNmf 

1.8 0.15 
1.9 0.16 2.8 
1.0 0.08 3.2 
6.3 0.52 
9.0 0.75 0.7 
1.2 0.10 0.5 
1.9 0.16 0.9 
2.0 0.17 
7.0 1.8 1.4 
1.0 0.08 1.6 
5.8 0.48 3.6 
1.0 0.08 1.4 
8.4 0.70 16.4 
1.8 0.15 6.0 
4.0 0.34 2.0 
3.5 0.29 4.8 
2.0 0.17 1.0 

1.6 - 0.14 
10.8 0.90 
2.4 0.20 

15.1 1.3 
2.0 0.17 
0.9 0.07 
1.5 0.13 
0.9 0.07 
3.8 0.31 

‘Compounds listed in Title III of the 1990 Clean Air Act Amendments are designated by checkmarks. 
%etection limits are given in the units LcgR. for 0.5 L of a water sample, or @Nm3 for 3 Nm3 of a flue-gas 

.mple. 

/ Phenol 
/ Aniline 
/ Bii(ZChkxoethyl) ether 

2Chlorophenol 
1,3-Dichlorobenzene 

/ 1,CDichlorobenzene 
Benzyl alcohol 

/ 1,ZDichlorobenzene 
2-Methylphenol 
Bis(2-Chloroisopropyl) ether 
4-Methylphenol 
N-Nitraro-di-N-propylamine 

/ Hexachloroethane 
6 Nitrobenzene 

Isophorone 
2,CDimethylphenol 
2-Nitrophenol 
Benaoic acid 
Bis(Z-Chloroethoxy) methane 
2,4-Dichlorophenol 

/ 1,2,4-Trichlorobenzene 
/ Naphthalene 

4-Chloroaniline 
J Hexachlorobutadiene 

4-Chloro-3-methylphenol 
2-Methylnaphthalene 
2,4,6TtichlorophenoI 

/ Hexachlomcyclopentadiene 
2,4,5TrichlorophenoI 
2Chloronaphthalene 
3-Nitroaniline 

/ Dimethyl phthalate 
2,6Dinitrotoluene 
Acenaphthylene 

1.9 0.16 
1.6 0.14 
1.1 0.09 
2.1 0.18 
1.6 0.14 
1.5 0.13 

2-Nitroaoilioe 
Aceoaphthene 
2.4Dioitrophenol 
4-Nitropheool 
Dibeoaofuran 
2,CDinitmtolueoe 
Diethyl phthalate 
4Chlomphenyl phenyl ether 
Pluoreoe 
4-Nitroanilioe 
4,6Diiitm-Zmethylphenol 
N-Nitrosodiphenylamioe 
4-Bmmophenyl phenyl ether 
Hexachlorobenaeoe 
Pentachlomphenol 
Phenaothreoe 
Anthracene 
Di-n-Butyl phthalate 
Phxxaothene 
Benzidine 
% ene 
Butyl bet@ phthalate 
3,3’-Dichlombenaidine 
Beozo(a)anthraceoe 
Bii(Z-Ethylhexyl) phthalate 
Chtysene 
Di-N-Octyl phthalate 
Benao(b)fluoranthene 
Benao(k)fluoraothene 
Benzo(a)pyrene 
Indeno( 1,2,3ul)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

2.4 
3.6 
5.0 
2.6 
1.5 
1.0 
1.2 

z 
0.20 
0.30 

0.22 
0.13 
0.m 
0.09 

0.24 
0.27 

0.06 
0.04 
0.07 

0.12 
0.14 
0.63 
0.12 
1.4 
0.50 
0.16 
0.41 
0.08 

0.14 

1.0 
1.7 
0.93 
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6.1.3 Gas Streams 

6.7.3.7 Metals 

This section presents data on gas streams 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 samples appear in Section 8.3. 
The dilution sampling 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 outlet, 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 samples 
were reduced by the corresponding results for a blank train. 

The Rrst three tables for each location give the concentrations 
measured in the particulate and vapor states and the sum in the hvo 
states on the five successive sampling days (September 3, 4, and 5). 
The units are micrograms per normal cubic meter (pg/Nm3). Each table 
lists the sample volume used to calculate 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 (pg/Nm3). 

The fifth table for each location presents the averages for the three 
days, presented in the units micrograms per gram (Pg/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 Mated carbon was used, and data for 
both oxidized mercury and elemental mercury vapors were obtained. The data from 
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 chlorine 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. 

l 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. 

. lt 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 pg/Nm3 in the vapor state. The averages based on sampling 
by Method 29 (calculated from the data in Tables 6-24, 6-29, and 
6-34) are 4.0 pg/Nm’ in the vapor state and 0.2 pg/NmS in the 
particulate state. This comparison suggests that using the solid 
sorbents led to only a negligible error from not collecting the 
particulate mercury but yielded, nevertheless, a substantially 
higher recovery of mercury vapor. 

The comparison of total vapor concentrations by both methods can 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 b 

1 
dividing this value by the expected volume of flue gas from the coal - 

0.008204 Nni /g, according to Table 6-2. Thus, the expected mercury concentration in 
the flue gas is 0.100/0.008204 = 12.2 pg/Nm3. With this expected value 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: 

l 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: 

Inlet Outlet Outlet 
Unit 8 ESP Unit 8 ESP Unit 7 ESP 

Boron 85 >99.9 99.6 

Mercury 94 99 99 

Selenium 57 99 79 

The higher percentages at the outlet of the ESP of Unit 8 than at 
the inlet indicate the removal of the element in the particulate 
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 uf the 
greater removal of particulate matter in the Unit 8 ESP than in 
the Unit 7 ESP. as illustrated elsewhere in this report. 

l 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 Unl 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 Outlet Outlet 
Unit 8 ESP 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 Unft 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 selenium in the vapor 
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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. Several of 
the metals of interest are not likely to have measurable vapor concentrations at the 
duct temperatures (much less at the fitter 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 634) Is problematical; 
such a concentration, although low, corresponds to a concentration of barium vapor 
of 4.27 x 19” atm, whereas the JANAF Tables (10) indicate that at 160 ‘C (the 
approximate duct temperature) the vapor pressure of this metal is just 3.09 x lo”’ atm. 
The possibility of erroneous 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 wfth their thermodynamic properties. 

Table 637 compares the metal concentrations in the three gas streams 
adjacent to the ESPs on the basis of the ratlo to total particulate. The data here are in 
the units pa/g; they were taken from the last columns of Tables 6-25, 6-30, and 6-36 
which give totals (particulate plus vapor) in the three gas streams. The data columns 
are arranged in Table 6-37 in the order Unit 6 ESP inlet, Unit 7 ESP outlet, and Unit 6 
ESP outlet 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 composition; examples are barium, cadmium, and 
chromium, among others. 

The data in Table 6-37 for the inlet of the Unft 8 ESP should compare well In 
general with the corresponding data for the ash from the Unit 6 ESP hoppers (see 
Tables 6-6 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 (3499 vs. 961 f&g), mercury (0.869 vs. 0.966 9g/g), and 
selenium (61 .l vs. 7.91 pg/g). The most notable examples of other metals that dfffer In 
the two locations are believed to be spurious, resulting from analytical error (for 
example, antimony at 8.32 pg/g in the gas stream and 25.1 in the hopper). 
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Table 821 
ConcentrationslrltiGasstreamattheinietof 

ttwlJtlit8EsP(septembt3r3.1993) 
(Data in rsMm5) 

(AlidataherebyMeUtod29;sarnplev0iume232QNma) 

I Particulate I Vanor I Total 

TrsCemetah 

Antimony 25.8 co.04 25.8 

Arsenic 244 3.01 371 

Barium 1630 2.49 1630 

Beryllium 87.8 <0.02 87.8 

I Boron I 3310 I 15600 I 18900 I 
Cadmium 127 0.54 127 

Chromium 1940 2.28 1940 

Cobalt 167 <0.20 167 

Copper 763 0.34 763 

Lead 1290 I <0.20 1290 

Manganese 1030 co.80 1030 

I Mercurv’ I 0.30 I 1.w4.09 I 5.51 I 
Molybdenum 

Nickel 

575 co.40 575 

1070 0.39 1070 

I Selenium I 201 I 171 I 372 I 
Vanadium 

Maior met& 

2190 0.21 2190 

Aluminum 47ootM 277 470000 

Calcium 90100 23ocl 924xl 

Iron 647c!&l 137 647ooo 
I 

Magnesium I 29900 I 75.3 30,ooo 

Titanium 33900 12.2 I 34oGil 

I ‘The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 636 for other mercury data. I 
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Table 822 
~irtuleGasstreamet~lrtletd 

thelJnit8ESP(september4,1993) 
(Data h aclbw 

fAlldatahelebvM8thod29:samdevolume2173Nm~ 

Trace metals I I 
Antimonv I 33.1 I 0.89 I 34.0 

Arsenic 262 1.14 394 

Barium 1850 3.80 1650 

I Bervllium I %.5 I 0.53 I 97.0 I 
Boron 168 13700 13800 

Cadmium 156 1.7 157 

Chromium ! 1860 1~ 4.17 1870 I 
I Cobalt I 189 I co.20 I 189 I 

copper 930 2.64 933 

Lead 1690 1.88 1690 

Manganese 

Mercury’ 

1200 4.10 1200 

0.25 0.93RM 3.68 

Molybdenum I 726 I 0.43 726 

Nickel 1100 10.5 I 1100 

I Selenium I 152 I 199 I 351 I 
Vanadium 

Major meti 

Aiuminum 
r 

2600 2.58 2610 

479000 669 

Calcium I 9oooo I 24a.l I 92600 
Iron 62!9000 580 1 63OOlM 

I Maenesium I 31200 I 103 I 31300 I 
Titanium 35600 42.9 35600 

‘The column for vapor gives separate data from peroxide and 
uermaneanate imdnners. See Table 6-36 for other mercurv data. 
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Table 6-23 
Maalconce~intheGasstreamatthelnletof 

the Unit 8 ESP (September 5.1993) 
(Data in figFlms) 

Particulate Vrpor Total 

Trace metals I I I 
Antimony 67.6 1.72 69.3 

Arsenic 253 3.33 256 

Barium 2280 4.31 2290 

Beryllium 110 2.15 112 
I 

Boron 4470 I 14900 I 19400 

Cadmium I 199 4.62 1 204 

Chromium Chromium 2380 2380 7.24 7.24 2390 2390 

Cobalt Cobalt 218 218 0.45 0.45 219 219 

Wmer I 1170 1170 I 2.34 1180 I Wmer 2.34 1 1180 I 
I Lead I 1350 I 2.71 1 1350 I 

Manganese 1340 <0.80 1340 

Mercury’ 0.25 l.O&Z.M 3.36 

Molybdenum 978 2.70 981 

Nickel 1490 3.50 1490 

Selenium 180 322 502 

Vanadium 2960 5.97 2960 

I 
Majnf meta! II 

Aluminum 

Calcium 

Iron 638000 992 639tXXl 

Magnesium 33500 141 33700 

Titanium 364430 81.7 36500 

The column for vapor gives separate data from peroxide and 
uermaneanate imoineers. See Table 6-36 for other mercurv data. 
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Table 824 
AverageMetalConcenb-etionsitltheGasSb-eamet 

thelnktofunit8EsP 
(DatainpglNm3;withstandarddwialhs) 

I PUtiWhIte I Wwnr I To&II 

I T-met& 

Antimony 42.2 i 223 0.858 * 0.701 43.0 * 23.1 

Arsenic 129 * 5.17 2.49 * 0.%3 132 * 5.19 

I 1920 * 311 I 3.53 * 0.768 I 1920 * 332 I 
Beryllium 98.1 * 11.1 0.895 * 0.917 99.0 * 123 

Boron x50*2230 14700 * 788 17400*3MO 

Cadmium 160 * 36.4 2.28 * 1.72 163 * 38.4 

Chromium 208Oi282 4.57 * 204 2@30*284 

Cobalt 191 * 25.7 0.132 +. 0.223 191 * 25.9 

I Cower I 956 i 207 I 1.78 * 1.02 I 958 * 208 I 
Lead 1440 * 214 1.53 * 1.14 1440 * 215 

Manganese 1200 * 154 0.784 zt 24 12OOt154 

Mercury 0.266 * 0.0279 3.92 * 0.926 4.2 * 1.16 

Molvbdenum 759 * 204 1.04 * 1.18 760 i 205 

Nickel 1240 * 237 5.14 * 4.21 1240*236 

Selenium 177 * 24.3 231 * 65.6 408 * 81.7 

Vanadium I 2580*383 I 298 t237 I 259oi386 I 

Majormet& 

Ahnninum 481000 * 11700 721 zt 376 48lOcm * 12200 

I Calcium I 94200*7060 I 2530*252 I 96700 * 7370 I 
Iron 638000*8690 570 * 349 638000~8480 

Magnesium 31500 zt 1870 107 * 27.1 31600 * 1900 

Titanium 35300 * 1250 45.6 l 28.5 354OOt 1280 

I ‘Data based on Tables 6-21. &22, and 6-23. 
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Table 8-25 
F&tkmofMetal conwntlatiortslrlthe 

GasStrearnatthehletoftheUnit8ESP 
totheTotalComentrationofEntrainedSol~= 

(oata in pet; -gBs of dauv results) 

Partktdate VW TOtd 

Trace metab 

Antimonv I 8.16 I 0.164 I 8.32 

Arsenic 50.1 0.504 50.6 

Barium 378 0.698 378 

I Bervllium I 19.3 I 0.171 I 19.5 I 
Boron 529 2969 3490 

Cadmium 31.4 0.441 31.9 

I Chromium I 411 I 0.893 I 412 I 
Cobalt 37.7 0.8251 37.7 

Gm-=r 187 0.342 188 

Lead 285 0.292 2.85 

Manganese 235 0.135 236 

Mercury 0.0530 0.797 0.850 

Molvbdenum 148 0.199 149 

Nickel 244 0.987 245 

Selenium 35.4 45.0 80.4 

Vanadium 508 0.571 509 

Major metals 

Abnninum 95300 140 95400 

I Calcium I 18600 I 504 I 19100 I 
I Iron I 127000 I 110 I 127009 I 

Magnesium 6249 21.1 6260 

Titanium 6990 8.81 7ooo 

‘Calculated by dividing the individual concentrations in Tables 621, 622, 
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 a/Nm”. 
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Table &26 
MetalconcentretioneilltheG8eslreamat 

theChIktofthe~Unit8ESP(!5e@mbw3,1393) 
(- kl rcaMms) 

(Alldatahert3byMeulad29;sampledume2870Nm9) 

Pal%llate Vwx I TotaI 

1 T-metals I I I I 
Antimony co.20 0.16 0.26 

ArseOk 0.80 0.92 1.72 

Barium 4.53 1.98 6.52 

Beryllium 0.09 <0.02 0.10 

Boron <0.2 11900 11900 

Cadmium 4.42 218 6.60 

I Chromium I 4.74 I 3.29 I 8.03 I 
Cobalt 

Comer 

co.20 0.08 0.18 

1.33 0.81 214 

I Lead I 6.81 I 0.53 I 7.34 I 
Manganese 

Mercury’ 

0.27 0.90 1.17 

0.06 I 0.91t3.15 4.12 

I Molvbdenum I 4.27 I co.40 I 4.47 I 
Nickel 210 6.91 9.01 

Selenium 2.32 110 112 

Vanadium 3.72 0.08 3.80 

Msjormetds 

Aluminum 494 229 723 

I Calcium I 613 I 174 I 2350 I 
Iron 887 114 loo0 

Magnesium 29.3 54.5 I 83.7 

Titanium 44.4 8.77 53.2 

*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 827 
ConcentrationsintheGasStrmat 

ttw223tofthe”nit8ESP(September4,1983) 
(Data in pg/Nm? 

(All data here by Method 29; sample volume 2826 Nms) 

Partiarlste Vapor Total 

T-metals I 
Antimony co.20 0.01 0.11 

Arsenic 0.71 1.59 229 

Barium 254 257 5.11 

Beryllium 0.12 <0.02 0.13 

Boron co.2 14500 14500 

Cadmium 1.58 1.49 3.07 

Chromium 5.24 2.87 8.11 

Cobalt CO.20 co.20 c0.m 

Gmwr 1.32 3.44 4.76 

Lead 

Manganese 

Mercury’ 

4.37 0.68 5.05 

0.62 CO.80 1.02 

0.01 1.15f2.73 3.89 

I Molvbdenum I 4.60 I <0.40 I 4.70 I 
Nickel 2.33 2.47 4.80 

Selenium 1.39 194 195 

I Vanadium I 4.95 I 0.21 I 5.16 I 

Major met& 

Ahminum 306 275 581 

I Calcium I 103 I 2200 I 2300 I 
Iron 532 82.2 614 

Magnesium 29.7 71.6 101 

Titanium 38.0 11.2 49.2 

me column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 828 
MetalConcentfationsintheGasSlreamat 

theJotJtwoftheutlit8EsP(september5,1993) 
(oata in rslNmS) 

(AUdetahefebyMeUtod29;eemplevolume2644Nm~ 

I Pat&Slate I Vapa I Tti 

Trace metals 

Antimony co.20 0.24 0.34 

Arsenic 0.58 1.71 2.29 

Barium 2.31 3.03 5.34 

Beryllium <0.02 co.02 <0.02 

Boron <0.2 14300 14300 

Cadmium 0.94 0.82 1.75 

I Chromium I 3.80 I 3.30 I 7.10 I 
Cobalt 

Gmer 

co.20 0.26 0.36 

2.34 0.95 3.29 

I Lead I 0.45 I 0.85 I 1.30 I 
Manganese 1.24 <o&l 1.64 

Mercury’ 0.02 1.63/239 4.04 

Molybdenum 4.83 <O&l 5.03 

Nickel 3.23 1.57 4.80 

Selenium 1.76 204 206 

Vanadium I 3.08 0.21 3.29 

I I 
Major metals ! 1 I 

Aluminum 194 I 320 I 514 

Calcium I 56.9 2560 2620 

Iron 357 152 M9 

Magnesium 20.1 87.1 107 

Titanium 25.1 14.2 39.3 

‘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 
AvwageMetalconcmtr~intheGasStreemat 

lheounetofunit8EsP 
(Data are In dNms: with standad deviakd 

T-met& 

Antimonv 

Part&late 

co.20 

Vapor 

0.135 * o.o92!J 

Total 

0.235 

Arsenic 0.6% * o&397 1.4 * 0.347 210 * 0.33 

Barium 3.13 * 0.998 2.53 + 0.429 5.66 * 0.753 

I Bervllium I 30.07 I <0.02 I 30.09 I 
Boron co.20 13600 * 1180 13600 * 1180 

Cadmium 2.31 +. 1.51 1.5 i 0.558 3.81 * 2.51 

Chromium 4.59 * 0.594 3.15 * 0.2 7.75 * 0.555 

Cobalt co.20 0.0582 * 0.177 0.158 

Copper 1.67 i 0.480 1.73 * 1.21 3.40 * 1.31 

Lead 3.88 i 262 0.688 * 0.134 4.57 * 3.05 

Manganese 1.73 * 0.380 0.00195 * 0.681 1.73 * 0.84 

Mercury 0.0303 * 0.0219 3.97 * 0.0755 4.02 * 0.110 

Molybdenum 4.57 * 0.228 <0.40 4.57 

Nickel 2.56 * 0.488 3.94 i 2.33 6.50 i 243 

Selenium 1.82 * 0.382 169 i 423 171 * 51.4 

Vanadium 4.1 * 0.774 0.215 * 0.0614 4.32 i 0.962 

Mjor- 
Aluminum 332 * 124 275 * 37.3 606 * 107 

Calcium 257 * 252 2160 l 337 2420 l 171 

I Iron I 592 i 24 I 116 * 28.6 I 708*259 I 
Magnesium 26.4 f 4.42 

Titanium 35.9 * 8.02 

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

71 * 13.3 97.4 * 12.2 

11.4 * 223 47.2 * 7.11 
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TaMeM 
RatiosofMetal conwntralionslnuleGasstream 

attheOutietoftheUnit8ESPtoihe 
TOtd-~OfEntrained~ 
Pata ltl &J; averaaes of daily results) 

PUticldate Vapor I Total 

I Tmce. metals I I I I 
Antimony 46 19.6 46 

Arsenic 86.6 200 287 

Barium 363 353 716 

Beryllium 7.85 ~2.6 < 10.4 

Boron 46 1830000 183oooO 

Cadmium 230 167 397 

I Chromium I 581 I 414 I 995 I 
Cobalt C26 23.1 c49 

Caper 240 228 466 

I Lead I 372 I 97.1 I 469 I 
Manganese 

Mercury 

Molybdenum 

114 44 <178 

3.06 5m 523 

610 ~52 <662 

Nickel 359 366 725 

Selenium 228 24100 24400 

Vanadium 413 24.5 438 

Major metals 

Aluminum 

Calcium 

37100 37900 75000 

22100 26m 287000 

I Iron I txi400 I 16wO I 82400 I 
Magnesium 3260 4oclo 7250 

I 
Titanium 

‘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 succesion, 0.01456, 0.00778, and 
0.00511 g/m? 
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Table 631 
Metal-etionaintheGaestleematthe 
OutletoftheUnit7ESP(Septemh3,1993) 

(m in mlNms) 
Mll data here bv Method 29: samde volume 3.518 Nm? 

Particulete VW TotSI 

Tracemetals 

I Antimonv I 0.43 I 0.14 I 0.56 I 
Arsenic 7.72 4.41 121 

Barium 22.2 2.13 24.3 

I Bervllium I 1.77 I <0.02 I 1.78 I 
Boron 623 lo900 11cQO 

Cadmium 8.84 3.64 125 

Chromium 29.9 2.26 321 

Cobalt 266 0.14 280 

Cower 15.5 1.64 17.1 

I 28.2 I 0.76 I 29.0 I 
I Maneanese I 10.2 I CO.80 I 11.0 I 

Mercury’ 0.03 0.83i3.08 3.94 

Molybdenum 16.3 <0.40 16.5 

I Nickel I 8.68 I 1.18 I 9.86 I 
Selenium 

Vanadium 

Major metals 

Auminum 

Calcium 

11.5 135 146 

43.2 0.45 43.7 

7010 249 7260 

744 1640 z380 

I 8120 I 166 I 8280 I 
Magnesium 277 57.2 334 

Titanium 425 11.3 436 

‘The column for vapor gives separate data from peroxide and 
uermaneanate imoineers. See Table 6-36 for other mercurv data. 
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Table&32 
Metal-~irltheGesstreamatlhe 
ounet of the u(~ht7E~sP(se&m~ 4,19%3) 

(AlldataherebyMethod2Q;samplevolume2457Nm5) 

Particulate Vapor I Total 

1 Tracemetals I I I I 
Antimony 0.25 co.04 0.27 

Arsenic 3.07 0.88 3.95 

Barium 17.0 257 19.5 

Beryllium 1.0!3 <0.02 1.09 

Boron 38.0 14900 14900 

Cadmium 4.11 3.23 7.33 

Chromium 17.8 2.89 20.7 

Cobalt 

CoDDer 

I 1.52 I so.20 1.62 

10.8 273 I 13.5 I 

Lead 20.1 <o.so 20.3 

Manganese _ 6.61 <o.tw 7.01 
i- 

Mercury’ 0.05 1 1.98t2.97 I 5.00 I 
I Molvbdenum I 14.9 I <0.40 I 15.1 I 

Nickel 1.56 1.96 352 

Selenium I 71.0 I 482 I 553 

Vanadium 33.1 0.10 33.2 

I Aluminum I 3190 I 287 I 3480 I 
I Calcium I 754 I 2380 I 3130 I 

Iron 5500 92.9 5590 

Magnesium 223 77.9 300 

Titanium 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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TaMe6-33 
MetalBintheGasStreamattheCMletof 

theUnit7ESP(September5.1993) 
t- in PfmM 

(AlldataherebvMethod29:samplevolume2518Nm~ 

Partimdate I Vanor I Total I 

Trace metals 

Antimonv 0.43 0.03 0.46 

AlWniC 258 0.54 3.12 

Barium 24.8 2.61 27.4 

I Beryllium 1.27 1 <0.02 I 1.27 I 
I Boron 51.0 I 13900 I 13900 I 

Cadmium 6.59 1.97 856 

Chromium 27.6 2.90 30.5 

I Cobalt 1.77 I c0.m I 1.87 I 
%w 
Lead 

13.8 0.79 14.6 

21.0 <0.50 21.0 

I Mannanese 9.36 1 <0.80 I 9.76 I 
Mercuv 

Molybdenum 

0.08 1.38t2.23 3.68 

19.0 <0.40 19.0 

I Nickel 8.51 I 230 I 10.8 I 
I Selenium 134 I 206 I340 I 

Vanadium 36.8 0.19 37.0 

Aluminum 3780 258 4040 

Calcium 1010 2250 3260 

Iron 6570 143 6720 

Magnesium 282 I 69.2 I 351 I 
Titanium 384 I 11.0 I 395 I 

‘?he column for vapor gives separate data fmm peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. I 



Table834 
AverageMC3tdConcentrationsintheGasStreamat 

UteOuWofUnit7ESP 
(Data in p@Nm”; with start&d deviakm) 

I Particulate I Vavor I Total 

Trace metals 

Antimony I 0.369 i 0.0855 I 0.0472 t 0.189 I 0.416 i 0.173 

Arsenic 4.46 * 231 1.94 * 1.44 6.40 i 4.98 

I Barium I 21.3 * 3.24 I 2.44 * 10.6 I 23.7 * 3.95 I 
Beryllium 1.37 l 0.288 <O.M 1.38 

Boron 50.4 * 9.95 13200 A 6260 13300 * 2040 

I Cadmium I 6.51 i 1.93 I 2.94 * 1.5 I 9.45 i 269 I 
Chromium 328 i 4.52 268 f 15.8 35.4 * 5.37 

Cobalt 1.98 * 0.489 c0.m 218 

I Caorhx I 13.3 * 1.94 I 1.72 i 5.49 I 15.1 * 1.84 I 
Lead 23.1 * 3.62 0.255 * 9.75 23.4 ti 4.87 

Manganese 10.3 * 1.37 CO.80 10.7 

Mercury 0.0518 i 0.0207 I 4.16 i 2.1 4.21 i 0.697 

Molvbdenum I 16.7 i 1.68 co.40 I 16.9 

Nickel 14.9 * 2.77 21 * 7.6 17.0 i 3.52 

Selenium 722 i 50 I 274 i 164 I 347 * 204 

I Vanadium I 37.9 i 4.16 I 0.293 * 17.3 I 38.2 sz 5.27 I 

Aluminum I 4660*1680 I 265*1650 I 4920 * 2040 I 
I Calcium I 837 * 125 I 2090 * 558 I 2930 f 474 I 

Iron 6730 i 1070 134*3040 686Oi1350 

Magnesium 260 * 26.9 68.1 * 101 329 i 25.8 

Titanium 381 i 37.3 11.4 * 176 392 * 45.3 

I ‘Based on data in Tables 6-31.6-32. and 6-33. I 
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Table 635 
iMoaofMatalConcentrationsintheGassireamatthaoutlat 

ofUnit7ESPtotheTotal~ 
(Data in p@g; averages of kiiksults] 

I Particulate I Vapor I Total 

I Traa metals 

Antimony 5.25 0.615 5.87 

Arsenic 66.1 28.1 94.7 

I Barium I 307 36.4 I 344 I 

Beryllium 20.1 co.26 20.2 

Boron 732 199000 200000 

I Cadmium I 93.2 45.3 I 138 I 
Chromium 475 40.1 515 

Cobalt 29.0 <1.5 29.7 

Comer 194 28 222 

I Lead I 342 3.65 I 346 I 
Manganese 150 <ll 155 

Mercury I 0.745 63.1 64.4 

Molybdenum 244 es.3 246 

Nickel 213 31.1 244 

Selenium 1013 4480 5490 

Vanadium I 559 4.2 I 563 I 

Majormetala 

Aluminum 63cm 3980 72ooO 

Calcium 122ooO 31400 43600 

Iron 98500 1930 1OfKlOO 

Magnesium 3800 1030 4830 

Titanium 5600 172 5770 

*Calculated by dividing the individual concentrations in Tables 6-31, 632, 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 dNm’. 
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Table8436 
-tiOfMerqvapM 

BasedonSamplingwilhSoMSorbmts 
atLocatbmAd~totheEsP6 

U8 inlet 9l.3 -_ -_ 10.3 __ 

914 5.19 1.31 6.50 79.8 

915 4.79 2.40 7.19 66.6 

U8 outlet 9i3 _- -- 10.2 

914 3.25 4.46 7.71 42.2 

915 5.05 1.97 7.02 71.9 

U7 outlet 9i3 _- -- 8.81 -- 

914 4.91 2.73 1.64 64.3 

915 4.88 1.43 6.31 77.3 

Ambientb 914 0.02 0.11 0.13 

915 0.03 0.11 0.14 

‘All data here were derived by subtracting blanks from raw data. 
%ese data, unlike the remainder, are for the actual 0, concentration. 

15 

21 
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r I 
Table 6-37 

ComparisonofMatal-in 
thaDifbentGasstreama 

AdjacenttotheESl’s. 
(Data in /@a) 

Unit 8 unit 7 Unit 8 
inlet OUlIet outlet 

Trace metals 

I Antimonv I 8.32 I 5.87 I 46 I 
Arsenic 26.1 94.7 287 

Barium 378 344 716 

I Bervllium I 19.5 I 20.2 I <10.4 I 

Boron 

Cadmium 

Chromium 

3490 2OOOLxl 183oooO 

31.9 138 397 

412 515 995 

Cobalt 37.7 29.1 <49 

Qw=r 188 222 468 

Lead 285 346 469 

I Mannanese I 236 I 155 I cl78 I 

Selenium 81.1 5490 24400 

Vanadium 509 563 438 

Major metala 

Ahninum 95400 72CQO 75000 

Calcium 19100 43600 787000 

I 127000 I 1OOOOO I 82400 I 

I Maenesium I 6260 I 4830 I 7250 I 
Titanium I 7000 I 5770 5890 

‘Data from Tables 6-25, 6-34 and 6-35. 
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6.1.3.2 Acid Gases 

Table 6-36 presents the apparent concentrations of anions in flue 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 SOz, 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: 

M HCI a.2 yo& 

Expected 15.2 60.1 2900 t t .2 

Observed, Unit 6 ESP inlet 15.5 67.7 2620 4.0 

Observed, Unit 6 ESP outlet 16.4 69.2 2620 <3.0 

Observed, Unit 7 ESP outlet 16.4 72.2 2760 c2.9 

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 suifate 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 k&PO, actually occurred; moreover, 
because of high recoveries of phosphorus as phosphate in particulate matter, it is 
reasonable to conclude that H,PO, was an inconsequential or even nonexistent 
component of the flue gas. 

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

Concentration. W% 

Inlet, Unit 6 ESP 
Outlet, Unit 6 ESP 
Outlet, Unit 7 ESP 

SeD1.3 Sept. SeDt.fi 

4.6 5.9 4.5 
3.9 4.6 15.6 

32.4 54.4 59.3 

None of these concentrations in the solids represents a significant concentration of 
SO, in the gas phase. Some of the results are quite unexpected, however, especially 
the very high concentrations at the outlet 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 (suifate 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 sulfuric acid). 
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Table648 
ArlionConcentrationsirlDucts 

AdjamnttotheESPs 
Data in lamrlls) 

9/.3/93 9l4l93 9l5B3 A% stddev. 

Unit8ESPi~k.t 

I Fluoride I 98901 15600 I 11300 I 12300 I 3Lwo I 
Chloride 

Suifate 

I Phosphate 

114lmoo 113omo 112almo 11m MM00 

I 4800 <11900 4500 <119ful 

Unit 8 J3SP outled 

Fluoride 

Chloride 

11100 19200 13200 14500 4200 

87900 116ooo 103cQo 102000 14MKl 

I Suifate I 10600000 I 12300000 I loam0 I 1looofno I 11ooooO I 
Phosphate 

unit 7 ESP outlet 

c 10300 <11700 <I600 Cl1700 __ 

Fluoride 12400 14600 11800 12900 1500 

I Chloride I 866001 127ooO 1 lomx I lo6cicm I 2oooo I 
Suifate 106OOWl 114wooo 11OOOOOO 11m 4oooom 

Phosphate <lo800 <11300 4900 -cl1300 __ 
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TaMe6-39 
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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, ail injection of ammonia 
had reportedly terminated. 

Ammonia was measurable at the inlet of the Unit S 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 earlier, 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 coiorimetric method. Both methods gave the 
same resutt for each solid sample; the results are listed below (%), along with the 
corresponding equivalent concentrations for the gas phase (ppmv): 

Concentration, % (oomv) 
Sept. s8D1.4 SeDt.’ 

Inlet solids, Unit 6 ESP 0.02 (1.4) 0.1 (0.7) <O.l (c0.7) 

Outlet solids, Unit 6 ESP 0.30 (0.016) 0.45 (0.025) 1.2 (0.13) 

Outlet solids, Unit 7 ESP 3.3 (2.5) 0.59 (0.45) 0.31 (0.24) 

There ls 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 6 and again 15 ppm on September 4 in Unit 6 (see Table 36). The data 
give little indication of the cessation of ammonia injection on September 5. 

6-55 



TaMe6-40 
Anlmofliaandsutfate fLalcam~inFiyAsll 

inhctsAdjacenttotheESF’s 
(Concentrationsineolidsafegiverlirl%;correspondirlg 

0@&tlt ocwloamationsirlthega!3phasa 

aregimklppmvwithiiparfmM&.) 

I 9Lw3 I 9Ml9.3 I 9i5t93 

Met,Unit8ESP 

NHS, % (Ppmv) 

SO;2, % (ppmv) 

OutkUnit8EsP 

0.02 (1.3) 0.01 (0.7) <O.Ol (cO.7) 

4.8 (55) 5.9 (77) 4.5 (61) 

W, % (Ppmv) 
SO;2, % (ppmv) 

outlet. unit 7 ESP 

0.30 (0.06) 0.45 (0.05) 1.2 (0.09) 

3.9 (0.14) 4.8 (0.09) 15.6 (0.20) 

NH, % (ppmv) 3.3 (2.5) 0.59 (0.4) 0.31 (0.4) 

SO,“, % (ppmv) 32.4 (4.4) 54.4 (7.2) 59.3 (13.0) 
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Table 64 
-ofhmorliaarldHydrogencyanide 

inDuctsAdjacmttotheESFs 
(September 6,1993) 
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6.1.3.4 Carbony/ Compounds 

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

Three carbonyi 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 6 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 carbonyi compounds can be 
correctly measured with the sampling 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 BTI injected 16 Pg of formaldehyde into each of the extra impingers (the 
amount was only disclosed to SRI several months later, after the impingers were ail 
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 ~g 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 formaldehyde In the experiment at Bailiy .is not known. 
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TaMeM2 
-ofmCompwnds 

inDuotsAdjacertttottleEsPa 
(September B.1693~ 

calculated 
Streams =I43 m-b’ rdNm3 

Inlet, Unit 8 ESP 

Formaldehyde 
I I 

10.6 6.5 

Acetaidehyde 1.4 0.3 

Acetone 5.2 3.0 

1 OutkUnit8ESP 1 

I Formaldehvde I 19.1 I 14.5 1 
Acetaldehyde 

Acetone 

outier unit 7 ESP 

1.3 0.3 

4.1 2.3 

Formaldehyde 11.6 8.4 

Acetaidehyde <l.O <l.O 

Acetone Cl.0 Cl.0 

Blantr 

Formaldehyde 

Acetaidehyde 

3.7, 2.5, 1.4 -- 

1.2, <l.O, Cl.0 __ 

I Acetone I 1.4. < 1.0. 2.5 I 

I ‘cOrr&d foi average blanks - 25 cg for formaldehyde, 1.0 pg for 
acetaidehvde (estimated value), and 1.5 &for 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 credible, for reasons discussed in the 
Appendix. Briefly stated, the hydrocarbons found are believed to be unlikely 
components of the gas streams at Baiily - certainty 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 annuius of the sampling probes. 

6.1.3.6 Semi-Volatile Organic Compounds 

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

The samples from the Modified Method 5 sampling train - both front haif 
(principaify the filter) and the back half (principally the XAD sorbent) - were examined 
particularly for evidence of pofycycfic aromatic hydrocarbons (PAHs). 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: 

Naphthaiene 
Acenaphthalene 
Acenaphthene 
Fiuorene 
Phenanthrene 
Anthracene 
Fiuroanthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(t ,2,3cd)pyrene 
Dibenzo(a.h)anthracene 
Benzo(g,h,i)peryiene 

The absence of these compounds in samples from each sampling location is a 
plausible indication of their absence in the duct, since each compound m detected 
in blind audit samples prepared by BTI. The amounts in the audii spikes 
COrr8SpOnd8d to ieveis corresponding to concentrations as low as 0.1 pg/Nm3 in the 
flue gas (see Table 620). 

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 soivents US8d 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 Unft 7 ESP but 
not from either duct adjacent to the Unit 8 ESP. Because only one sampling day was 
involved (September 6, 1993) th8r8 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. 

Sack haff (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 resutts are listed In Table S-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 substltuent locations ignored, only two 
groups of compounds can be reported present; these are the tetra- 
substituted dloxins and the hexa-substituted furans. The improbably of 
Rnding 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. 
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TaMe6-43 
DiOXhSandFlJWlSklWlWd 

as Vapar-f%ase Fractions at the 
Ch~UetoftheUnit7ESP 

I Com~~~nde with 23.7.8substitution I 

rndivkfusl Amount Reportiog 
-pod fouod,PlJ -PI3 

None 20 

Penta 

t 

HeXa 

1,2,3,7&PeCDF 2 100 
2,3,4,7&PeCDF 6 100 

1,23,4,7&HxCDF 20 100 
1,53,7,8,9-HxCDF 7 KM 
23467~HxCDF , > > 9 3 40 100 

Hepta 

t 
Octa 

LVA6WHpcDF 218 100 
1,2,3,4,7,8,9-HpCDF 51 100 

I 184 
I 

200 
123 200 I 

All Comuounds I 

Penta 

t 
HeXa 

Hepta 

t 
Octa 

Compound Amount 
type found. pg 

I 
Furans 18 20 
Dioxins 42 20 

Furans 22 100 
Dioxins 15 100 

Furaw 139 100 
Dioxins 69 100 

Dioxins I 184 
I 

200 
123 200 
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6.2 saubber 

6.2.1 Sotids 

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 36.1% for the limestone 
were obtained by dissolving 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 formula value 
for CaCO, is 461%. 

l 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,. 2&O. 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 t2.1%, in satisfactory agreement with the formula value of 12.6% for 
CaCO,. The other constituent that can be checked is sulfate in gypsum. The average 
result is 56.6%; 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 sulflte to sulfate would be 
complete. The analytical results showed that the sulftte concentration In the gypsum 
was negligible; whereas the sulfate concentration was approximately 56%, the suffite 
concentration was about 0.5%. This sulflte level was not established clearly; the 
actual sulfle level may have been less than that stated. 

The average concentration of carbon in the gypsum was 0.34%. lf 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 excese 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 pg/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-half 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 (Q/3, Q/4, and Q/5) were 
submitted to Galbraith Laboratories for independent analyses by ICP and related AAS 
methods. The resufts from Galbraith are listed below: 

Concentrations, Pg/g 
Limestone Gypsum 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 

Ni&el 
Selenium 
Vanadium 

<l.O 
1.5 
1 .o 

Cl.0 
5.9 

<I.0 
<I.0 
Cl.0 

1.2 
1.2 

45.9 
<O.Ol 
<I.0 

1.7 
~2.4 

2.4 

Cl.0 
<l.O 

1.0 
<I.0 
19.1 

cl.0 
1.0 

<I.0 
<I.0 

1.0 
5.1 
0.20 

<I.0 
1.2 
3.9 
2.0 

Boron is one of the metals for which major diierences exist between the analytical 
results above and those in Tables 644 and 6.45. Other metals have less obvious 
differences, but the effects on closures are still dramatic. 
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Table644 
MetalandAnionConcentrationsintheLimestone 



Allions 
Fluoride 600 6cxl t?no 670 

Chloride 1300 134 504 650 

Sulfate’ 563ooo 56tznLxl 572wJ 568Guo 

Phosphate <lam <lcclo <loo0 <loo0 

The true values for CaSO,.2Ht0 ate: Calcium, 232tXQ sulfate, 558000 &g. 

1100 

95 

3 
65 

9.7 
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9/31m 9l4M 9m3 Avg. Std.&v, 

Limestone 

Carbon % 12.09 12.10 12.12 1210 0.02 

Hydrogen % co.1 co.1 <O.l co.1 _- 

Nitrogen % co.1 <O.l <O.l co.1 __ 

Gypsum 
Carbon % 0.26 0.34 0.42 0.34 0.08 

Hydrogen % 

Nitrogen % 

0.88 1.01 1.19 1.03 0.16 

co.1 co.1 co.1 co.1 -- 
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Table647ActidesofRadior1uclides~ 
inttlelimestotleandGypsum 

(All data in pcilg) 

hnium 234 

Uranium 234 1.1 0.4 0.2 0.7 0.3 0.3 0.6 0.3 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 9 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 6-46 
through 6.55. 

The solids in the slurries were expected to be essentially gypsum. This 
expectation was satisfted 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 t&g. Sulfite was a negligible 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 inlet 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 to the results for water streams at the 
boiler. In summary, the results were variable and logically attributed to artifacts, such 
as contaminants introduced inadvertently. 
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Table648 
D~MEhlZifKihiCXl~atiOrlS 

in Scrubber Makeup Water 

Phosphate <0.50 co.50 -co.50 



1 
TaMe6-49 

&li~MetalandAfliCNlConcentrationshUl8LiqUidPhsse 
ofth8AbscherReckulatingPumpSluny 

(Data in FdrnL) 



Table 6-50 
DallyMetalandAniiconcenbationairl 

thf3LiqL4ldPhaseoflheE5leedPumpsluny 
(Data in balm13 
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Table 6-51 

Sulfate 



Table652 AverageMetalmdAnion- 
itlW6t~streamsASSO&tdWlttltheSCtUbber 

(Data in relml) 

Nickel <O.OlV 0.9020 0.9105 0.7365 

Selenium <O.o006’ 0.3510 0.3wo 0.3080 

1 Cl - 1 11.9 1 6260 1 6320 I 4920 I 

1 SO;’ 1 24.0 1 2200 1 2030 1 2280 1 

I PO;’ I CO.50 I <0.50 I <o.xl I <O.M I 
‘Based on two daily values. not three. 
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MetalandAniort -atitlnsinSdiifrom 



Table 6-54 
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Table 6-55 
-dMetals8ndAnionsinttle 
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Table 6-66 

ItlWaterstreams withthe6cNbber 
(September 6.1666) 

I Matem 
Formaldehyde 116 

Acetaldehyde C5 

Acetone 31 

Ah&her l.ecidating 
pump slurry I I 

I Formaldehvde 

I Acetaldehvde 

1 Acetone 

I Formaldehvde 

Acetaldehyde 65 

Acetone 26 

I waste water 

Formaldehyde 

Acetaldehyde 

196 

23 

I Acetone 

I BlUlkl 

Formaldehyde 14-57’ 

Acetaldehyde <5 

1 Acetone 

I ‘Range of values. 
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6.3 6tack Gas stream 

6.3.1 Matak 

Metal concentrations in the stack are given in Tables 657 through 660. 
Attention may be focused on the last two of these tables, which give average 
concentrations for the three days of testtng. Table 6-60 presents the averages in 
ug/Nm3; Table 6-61 gives the averages in Fe/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 
separately in Table 662. These data for mercury are believed to be more reliable than 
the data for this element in the preceding tables, which were based on samples from 
Method 29. Table 662 Includes the results 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 6 ESPs. Apparently, the mercury removed was mainly that occurring in the 
divalent form; this is logical, since diialent mercury, especially in the form of HgCI,, is 
readily dissolved in water, whereas elemental mercury is not. 

Nearly all of the metals concentrations expressed in pg/Nm3 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 
spraychamber type of scrubber at Bailly is not expected to be highly efficient for 
particulate removal; nevertheless. it is not llkely 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 effidencies 
may be calculated by dividing the stack concentrations of individual metals by the 
average ESP outlet concentrations, where the average ESP outlet value is two-thirds of 
the Unit 6 outlet concentration plus one-third of the Unit 7 outlet concentration. (Unit 6 
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)] = 0.061 
Efficiency = 90.6% 

For mercury (utilizing the data from Brooks Rand in Table 6-62) the efficiency 
is about 50%. The implied reason for limited efficiency is that only parf 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/Nm3) in the three locations of concern are as 
follows: 

Particulate VaDor 

Unit 6 outlet 1.62 169 171 

Unit 7 outlet 72 274 647 

Stack 131 130 261 

The stack particulate concentration is, in a sense, “impossible;” 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 end Acid heee 

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 levels 
seen at the outlets of the ESPs. lf a composite concentration of each of these gases 
at the inlet of the ESP is calculated (the average of twice the Unit 6 outlet value and 
one times the Unit 7 ESP, since the gas flows are essentially in a 2:l ratio), the data in 
Table 6-63 lead to calculated acid gas removals in the scrubber as follows: 

Gas Removal. % 

HF 96 

HCI 99 

so2 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: 

g& so:*. % 

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 sulfate entrafned from the scrubber. A 
tentative conclusion, to be moderated somewhat in a later paragraph, embraces the 
following concepts: 

. Calcium represents, on the average, 1 .l% 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 suffuric acid vapor, the 
original concentration of suffuric acid, or SO,, tiould be 10 ppmv, 
a level that is easily consistent with the composition of 
combustion gas from a coal containing 3% sulfur. Certainly, 5 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 
0.0615 g/Nm3, of which 75% would correspond to sulfuric acid 
concentrations of 5, 10, 15 ppmv. lt is not possible to say why 
variable concentrations of sulfuric acid might be expected, unless 
the trend toward higher particulate concentrations is a result of 
decreasing rates of ammonia injection. 
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6.3.3 Ammonia end Hvdrooen Cvanide 

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

Ammonia 20.2 ug/Nm3, equivalent to 
0.029 ppmv of NH, 

Hydrogen cyanide 15.6 ug/Nm3, equivalent to 
0.014 ppmv as HCN 

The concentration of NH, is not consistent wtth both of the ESP outlet 
concentrations, which were ~0.007 ppmv in Unit 6 and 0.030 ppmv in Untt 7. 
Although NH, is a basic gas and migM be expected to pass through a limestone 
scrubber without being absorbed, NH, is soluble 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 6 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 condiiioning system. The ammonia concentrations in the solid on the three 
successive dates were 2.2, 1 .l , and 0.27%. corresponding to gas-phase 
concentrations of 0.64, 0.64, and 0.31 ppmv. The trend was downward, during the 
period when ammonia injection was terminated. 
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6.3.4 Oraanic Comwunds 

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 bs 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. 

l A few dioxins and furans were detected in particulate fractions of 
samples from the stack. The names of the detected compounds 
with 2.3,7,6 substitution, their apparent concentrations, and (in 
parentheses) the lowest concentrations believed to be reliably 
identifiable are listed below: 

Comoound Concn. w/Nm3 

12 3 4 7,&HxCDF , I , 8 2 (23) 
234676HxCDF 1 , I * I 3 (29 
1,2,3,4,6,7,6HpCDF 13 (23) 
1,2,3,4,6,7,6HpCDD 4 (=I 
OCDD 7 (45) 

The corresponding results for all compounds wtth a given number of 
constituents were as follows: 

TCDF 
HxCDF 
HxCDD 
HpCDF 
HpCDD 
OCDD 

1 (4.5) 
14 (23) 
7 (23) 

22 (23) 
6 (23) 
7 (45) 
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Table 6-57 
Metal-atlan!3intheGassbeamatthestack 

(S;)~g-JQ~~ 

(AJldataherebyMethod29) 

I Parthhte I VWM TohI 

TrvZUKhk3 

Antimony 0.02 1.01 1.04 

Arsenic 3.50 1.68 5.18 

I Barium I 1.89 I <0.20 1.99 I 
Beryllium 0.14 co.01 0.14 

Boron co.2 944 944 

Cadmium 0.63 0.16 0.79 

I Chromium I 4.13 I 0.27 1 4.40 I 
Cobalt 

Copper 

0.11 <O.lO 0.16 

2.74 1.32 4.06 

I Lead I 3.05 I 0.47 I 3.52 1 

Manganese _ 2.97 CO.40 3.17 

Mercury’ I <O.Ol 0.14/3.14 3.28 

Molvbdenum 4.80 I <0.20 4.90 

Nickel 1.90 0.17 2.07 

Selenium 131 43.0 174 

Vanadium 4.64 0.03 4.67 

Aluminum 154 6.41 161 

Calcium 570 14.1 584 

I Iron I 330 I 27.5 I 358 I 
Magnesium 112 2.20 114 

Titanium 24.4 <0.2 24.5 

‘The column for vapor gives separate data from peroxide 
and pennanganate impingers. 
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Table 6-58 
~kltheGasstreamatthestack 

‘” 

wld6taherebvMethod29~ 
I -B&uIati “ap TotaI 

TraCelUetSIS I I 
Antimonv co.05 0.07 I 0.09 

Arsenic 

Barium 

0.40 0.17 0.57 

1.26 CO.20 136 

I Bervllium I 0.07 I co.01 I 0.07 

Boron co.2 1150 1150 

Cadmium 0.32 0.06 0.38 

Chromium 3.17 0.14 3.31 

I Cobalt I 0.09 I co.10 I 0.09 

%per 

Lead 

0.84 0.33 1.17 

1.53 CO.25 1.65 

I Mannanese I 3.19 I CO.40 3.19 

Mercury’ 0.01 0.16t2.37 2.54 

Molybdenum 4.12 <0.20 4.22 

Nickel 1.16 1.72 288 

I Selenium I 69.9 I 124 I 193 

Vanadium 3.53 0.08 3.61 

Maiormetda 

Ahminum 130 5.42 136 

Calcium 593 6.33 600 

Iron 256 27.0 283 

I Maenesium I 107 I 1.11 1 108 

Titanium I 20.6 I 0.72 1 21.3 

column for vapor gives separate data from peroxide 
and uermaneanate impingers. 
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Table659 
~inttmGasstrear?lat 
thestack(~ber5,1993) 

(M ~IJ mNm5) 
HJld8tahwebtrk68thad291 

Partiahte vapor Total 

TlXemehlJ I I 
Antimonv co.05 0.01 I 0.03 

Arsenic 0.40 eo.05 0.42 

Barium I 1.97 a.20 207 

Bexvllium co.10 <O.lO co.10 

Boron 

Cadmium 

Chromium 

Cobalt 

co.2 1600 16w 

0.28 0.26 0.54 

3.25 0.13 3.38 

0.09 <O.lO 0.14 

Wper 1.10 0.67 1.77 

Lead 1.09 0.25 1.34 

Manganese 2.68 <0.40 2.86 

I Mercud I 0.01 I 0.13Lz.43 I 2.57 1 

Molybdenum 4.63 <0.20 4.73 

Nickel I 1.84 1.40 3.24 

Selenium 191 I 223 I 415 

Vanadium 284 co.10 2.89 

Aluminum 114 114 

Calcium 651 10.7 661 

Iron 202 3.45 206 

Magnesium 122 2.48 124 

Titanium 17.8 co.2 17.9 

‘The column for vapor gives separate data from peroxide 
and permanganate impingers. 
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Table6-60 
AverageMetal-htheGas~attheStadC 

(Data in pg/Nm’; with standad devhtbs) 

Particulate Vapor I Total 

ITraceme&& I 
Antimony co.05 0.36 l 0.56 0.38 i 0.56 

Arsenic 1.43 * 1.79 <0.62 1.43 * 1.79 

I 1.71 * 0.39 I co.20 I 1.71 * 0.39 I 
Beryllium co.09 co.10 co.10 

I 
Boron I <0.2 123Oi340 1230*340 

1 0.41 * 0.193 1 0.16 * 0.10 1 0.57 * 0.21 I Cadmium 

I Chromium 1 3.52 * 0.53 1 0.18 * 0.07 1 3.70 + 0.61 1 

Cobalt 0.099 * 0.011 co.10 <O.lO 

Gamer 1.56 * 1.03 0.77 l 0.50 233 l 1.52 

1 1.89 + 1.03 I 0.24 * 0.24 I 213 * 1.21 I 

Manganese 3.96 * 0.22 <0.40 4.16 zt 0.22 

Mereurv 0.010 * 0.006 2.79 * 0.43 2.80 * 0.42 

I Molvbdenum I 4.51 * 0.35 I co.20 1 4.61 l 0.35 1 

Nickel 1.63 * 0.41 1.28 * 0.82 2.92 * 0.61 

Selenium 131 .t 61 130 * 90 261 * 134 

Vanadium 3.79 * 0.90 <0.05 3.81 * 0.90 

Majorlwtals 

Aluminum 133 * 20 c8 137 * 20 

I Calcium I 605*41 I 10.4 * 3.9 I 615 * 41 I 
I 263*64 1 19.3 * 13.7 1 282 * 76 1 

Magnesium 114 *7 1.93 * 0.72 

Titanium 20.9 * 3.3 co.4 

‘Based on data in Tables 6-57.6-58, and 6-59. 

116 * 8 

21.0 * 3.3 
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Table 6-61 
Ratia6afMetalConcentrationsintheGasstream 

atttW!3tdCtOOTOtdlOfafEntrainedsdids’ 
(Oaea in da; av~wages af daily results) 

I Particulate I VaPW I Totrl 

ITracemetab 

Antimony co.8 13 13 
I 

AlEniC 47 I 42 I 58 

16 <5 18 I Barium 

Beryllium ~26 ~2.3 <5 

Boron <5 253w woo 

I Cadmium 10.9 3.4 I 14.3 I 
Chromium 1 83.7 4.7 88.4 

I 
Cobalt 

I Conwr 

34.7 c23 

I 
1 35.8 

43.5 21.1 I 
I 

64.6 I 
Lead 13.8 c8.4 18.0 

Molybdenum 103 <3 104 

Nickel 29.0 18.4 47.4 

Selenium 2830 2200 5030 

Vanadium 90.6 I Cl.3 I 91.2 I 

I Maiormetak I I 
Aluminum 3160 < 153 3240 

Calcium 10900 169 11,180 

Iron 6470 I 180 I 6650 

Maenesium I 2540 44 2580 

I Titanium 500 I C5 I 500 I 
‘Calculated by dividing the individual concentrations in Tables 657,658, 
6-59 by the appropriate total particulate concentration. The three daily 
concentrations of total particulate were, in succession, 0.9270, 0.0543, and 
0.0815 g/Nms. 
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Table6-62 
-ofm-Yvapor 

Ekedallsampliiwiltlsaillsarbwlk 
atule!3tack 

Date 

cooa3, ptWm’ 
P-t 

I wm Total oxidke 

I Data from the stack I 
9t3l93 -- -- 3.48 __ 

9l4i93 0.09 3.50 3.59 25 

9l5i93 0.08 3.42 

Calculated data for the scrubber inlet 

3.50 2.3 

9t3l93 I -- I -_ 9.18 __ 

I g/4/93 I 3.84 I 3.84 I 7.68 I 50.0 I 
9/5/93 4.99 1.78 

Calculated removals of the scrubber 

6.77 I 73.7 

- g/3/93 -- -_ 5.70 (62.1%) 

9l4l93 3.75 0.34 4.09 (53.3%) 

g/5/93 4.91 -1.64 3.27 (48.3%)’ 

I ‘The last three lines show instead the percentage of total mercury 
removed in scrubber. I 
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9t.m 9l4m 9m33 AYZ StddW 

Dats in pgjNm’ 

Fluoride <487 c556 444 <556 __ 

Chloride 

Sulfate 

1480 1220 1440 1380 140 

1646ow 184mo l904ow I 14oOaO 

I Phosphate I c3000 I C3000 I e3ocl c3Mm I _- I 
Datainppmv 

I-IF co.62 co.70 CO.56 co.70 -- 

HCI 1.0 0.8 1.0 0.9 0.1 

I so, I 162 I 212 I 226 I 200 I 34 I 
H3PO4 co.8 co.8 <0.6 <0.8 I __ 
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Stream mlleded, pg a-5 cgMm3 I 
I Fonnaldehvde 13.2 15.0 I 

Acetaldehyde cl.0 <1.2 

Acetone 10.0 11.4 



7.0 DATA ANALYSIS AND IFmRPRETATlON 

7.1 MatedafWancea 

The mass flow rates presented previously as Tables 4-5 through 4-10 were 
used to calculate 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. lf 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 to extreme imbalances, the 
mass flows derived from non-detectable concentrations are identifted in the mass 
balances with italics. lf a multi-phase flow has one component with a non-detectable 
concentration and it is more than 20% of the total 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 to 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. 

Fiie metals, iron (Fe), aluminum (AI), titanium (Tl), calcium (Ca), and 
magnesium (Mg), were chosen as tracers to evaluate the overall material balance 
procedures. These metals are refractory and should serve as a tracer for ash flows. 
The mass balances are presented as Tables 7-1 through 7-5. The material balances 
were calculated for each day, and the average flows for the three days of testing are 
shown in the tables. The average of the closures for each day is calculated and 
shown along with the closure of the average flows. (Closure is defined as the sum of 
the output mass flows divided by the sum of the input flows, expressed as a 
percentage.) Tables 7-IA 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 summarked 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 boiler system, indicate that the total flow rates 
are reliable. The condenser closures range from 70% for aluminum (non-detect) to 
137% for calcium. However, the closures for the AFGD system are poorer, with a 
range of 92% for magnesium to 199% for aluminum. The closures for only iron, 
calcium, and magnesium lie within the 90 to 120% range. 
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7.12 Trace Metal Batanoes 

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 
includes 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 7-238. The two sets of numbers compare 
closures calculated from the SRI data on average daily metal concentrations in 
limestone and gypsum and closures calculated 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 26% for mercury to 266% for selenium. 01 the 
17 balances (16 elements with a second mercury balance), five lie within an 80 to 
126 percent range, and 13 lie wlthin a 66 to 146 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: 266% for selenium, 141% for lead, 29% and 66% 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 Rue 
gas measurements. Table 7-l 6, 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. 

lt 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 6 boiler and the Unit 
6 ESP would be overcome to slgnfficant degrees if the fty 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 dosure at the 
ESP. 

. The poor closures for lead 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 antimony). 

. The poor closures of selenium at the same two locations would 
be improved if the fly ash concentration of this element were 
lowered. 
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. 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 O.OC03 pg/mL. For the three 
days at the condenser outlet, one result is <O.OCkX &t/ml and 
the other two are 0.0006 and 0.0012 &mL. In the judgment of 
the SRI staff, the data do not justify wmputatlon of a dosure. 
However, following instructions on data treatment, one lists 
0.00015, 0.0006, 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 samples. 

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 60 to 120% range and 7 within a 60 to 146% band. 
The AFGD mass balances are dominated by the comparison of trace metal 
wncentrations 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 7-238. Notably improved closures occurred 
for arsenic, beryllium, cadmium, chromium, molybdenum, and nickel when the 
Galbraith data were used. Only two of the closures - for cobalt and manganese - 
were degraded by the substltute data. 
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Table 7-1 
Beilly Mass Balance for Iron 

Average of 9/3,9/4,9/5l93 

Process Solid, Liquid, Gas, Total, 
Stream g/s g/s a/S gls 

UNIT 8 BOILER 
In Coal 524 524 

Combustion Air 
Makeup Water o.or”w2o8 0.000208 

Out Flue Gas 173 0.153 173 
Bottom Ash 315 315 

iverage of Daily Closures, % 93.3 
Josure of Average Flows, % 93.1 
UNIT B ESP 

In Flue Gas 173 0.153 173 
Out ESP Hopper Ash 175 175 

Flue Gas to AFGD 0.183 0.0362 0.219 
iverage of Daily Closures, % 101 
Iosure of Average Flows, % 101 
CONDENSER 

Ifl (Inlet Water I I 0.573 1 0.573 
Out loutlet Water 0.573 [ 0.573 

iverage of Daily Closures, % 100 
:losure 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 
jverage of Daily Closures, % 100 
;losure of Average Flows, % 100 
BOILER OVERALL BALANCE 

Ill Coal 524 524 
Combustion Air 
Makeup Water o.ooo2O8 O.ooO208 
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 

4verage of Daily Closures, % 93.6 
Closure of Average Flows, % 93.4 

Italics indicate numbers derived from non-aktectable concentrations 
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Table 7-l (Continued) 
Bailly Mass Balance for Iron 

Average of 9/3,9i4,9/5/93 

Process Solid, 
Stream g/S 

FLUE GAS MIXING 
In Unit 7 Flue Gas 1.13 

Unit 8 Flue Gas 0.183 
Out Flue Gas to AFGD 1.31 

Wrage of Daily Closures, % 
Josure of Average Flows, % 
OVERALL AFGD SYSTEM BALANCE 

Uquld, 
g/S 

as, Total, 
a/S B/S 

0.0224 1.15 
0.0382 0.219 
0.0587 1.37 

100 
100 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-l A 
Bailly Mass Balance for Iron 

Std Dev of 9/3,9/4,9/5/93 

Process Solid, Liquid, Gas, Total, 
Stream a/S g/S s/S g/S 

JNIT 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 22.3 22.3 

td Dev of Daily Closures, % 3.49 

JNIT B ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

I 

7.41 0.111 7.30 
11.0 11.0 

0.0881 0.0125 0.0839 
8.44 

:ONDENSER 
In 1 Inlet Water 

Out 1 Outlet Water 
td Dev of Daily Closures, % 

I 0.00814 1 0.00814 
0.00814 1 0.00814 

0.00 

3OlTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Bottom Ash Sluice 

td Dev of Daily Closures, % 

30lLER OVERALL BALANCE 

Combustion Air 
Makeup Water I 

) Flue Gas to AFGD ) 0.0661 I 0.0125 ) 0.0339 
;td Dev of Daily Closures, % 3.31 

I 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-1A (Continued) 
Bailly Mass Balance for Iron 

Std Dev of 913, 914, 915l93 

Gypsum 0.853 0.853 
Wastewater 0.000518 0.000518 

Std Dev of Daily Closures, % 19.6 

Italics inakate numbers derived from non-detectable concentrations 
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Table 7-2 
Bailly Mass Balance for Aluminum 

Average of 9l3,9l4,9/5/93 

Process Solid, Llquld, Gas, Toa 
Stream g/S gls g/S g/S 

JNIT 8 BOILER 
In coal 416 416 

Combustion Air 
Makeup Water 0.6Ou268 0.006208 

Out Flue Gas 130 0.193 131 
Bottom Ash 269 269 

,verage of Daily Closures, % 96.2 
Iosure of Average Flows, % 96.1 
JNIT 8 ESP 

In Flue Gas 138 0.193 131 
Out ESP Hopper Ash 132 132 

Flue Gas to AFGD 0.192 0.0849 0.187 
,verage of Daily Closures, % 101 
:losure of Average Flows, % 101 
:ONDENSER 

In I Inlet Water I 0.573 1 0.573 
Out (Outlet Water 0.398 1 0.398 

,verage of Daily Closures, % 70.0 
Xosure of Average Flows, % 69.5 
30lTOM ASH SLUICE 

In Bottom Ash 269 269 
Sluice Return 0.00136 0.00136 

Out Bottom Ash Sluice 269 0.00316 269 
bverage of Daily Closures, % 100 
Iosure of Average Flows, % 106 
30lLER OVEFlALL BALANCE 

In Coal 418 416 
Combustion Air 
Makeup Water 0.oOo208 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 0.0649 0.187 

werage of Daily Closures, % 96.5 
ilosure of Average Flows, % 96.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-2 (Q--3 
Bailiy Mass Balance for Aiuminum 

Average of Q/3,9/4, Q/5/93 

Italics indicate numbers derived from non-derectable concentratins. 
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Table 7-214 
Bailly Mass Balance for AJumlnum 

Std Dev of 913, 914, Q/5/93 

I Process I Solid, I Llould. I =, I Total. 
I I Stream g/s g/S a/S g/s 

JNIT 8 BOILER 
In coal 23.8 23.8 

Combustion Air 
Makeup Water 0.00 0.00 

Out Flue Gas 1.48 0.118 1.34 
1 Bottom Ash 

;td Dev of Daily Closures, % 
20.4 1 20.4 

1.96 

JNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

I 

1.45 0.118 1.34 
11.1 11.1 

0.0481 0.0160 0.0383 
8.29 

:ONDENSER 
In 1 Inlet Water 

Out I Outlet Water 
;td Dev of Daily Closures, % 

30lTOM ASH SLUICE 
In 1 Bottom Ash 

(Sluice Return 
Out (Bottom Ash Sluice 1 

itd Dev of Daily Closures, % 

1 o.lnnIo794 1 o.oooo794 
20.4 1 0.00304 1 20.4 

0.00128 

BOILER OVERALL BALANCE 
In 1 Coal 

Combustion Air 
Makeup Water 

23.8 23.8 

0.00 0.00 
o.oooo794 o.omo794 

0.00304 20.4 
11.1 

0.0160 0.0353 
3.88 

1 Flue Gas to AFGD 1 0.0481 
kd Dev of Daily Closures, % 

I 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-29 (Continued) 
Bailly Mass Balance for Alumlnum 

Std Dev of 913,914, QlSlQ3 

Process Solid. Liquid, Gas 
Stream g/S g/s g/S’ 

Total, 
a/S 

:LUE GAS MlXING 
In Unit 7 Flue Gas 0.374 0.00196 0.373 

Unit 8 Flue Gas 0.0481 0.0180 0.0353 
Out Flue Gas to AFGD 0.418 0.0154 0.408 

;td Dev of Daily Closures, % 0.00 

2VERALL AFGD SYSTEM BAlANCE 
In Flue Gas 0.418 0.0154 0.408 

Limestone 4.02 4.02 
Service Water O.OOOO844 0.0000844 
Compressed Air 

Out Stack Flue Gas 0.00931 0.00163 0.0108 
Gypsum 9.95 9.95 
Wastewater 0.000308 0.000308 

;td Dev of Daily Closures, % 73.0 

Italics in&ate numbers derived from non-detectable concentration 

7-11 



Table 7-3 
Bailly Mass Balance for Tllium 

Average of 913,914, Q/5/93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeub Water 

Solid, 
e/S 

22.9 

Llquid, 
g/S 

o.arm208 

=, Total, 
g/S g/S 

22.9 

o.oOO208 
Out Flue Gas 9.58 0.0122 9.59 

Bottom Ash 13.2 13.2 
verage of Daily Closures, % 99.7 
:losure of Average Flows, % 99.8 
JNIT 8 ESP 

In 1 Flue Gas 9.58 1 I 0.0122 I 9.59 
Out IESP Hopper Ash I 9.70 1 I 9.70 

1 Flue Gas’to AFGD 1 0.0110 I 0.00383 0.0148 
,verage of Dailv Closures. % 101 
:losure of Average Flows, % 101 
ZONDENSEP 

wtlet Water 
1 “../,.s 

I I 0.573 I I 0.573 

. . 

,.et Water ! 0.573 1 I n C7? 

,verage of Dail 
Josure of Average f 
30lTOM ASH SLUI 

In 1 Bottom Ash I 13.2 I I I 13.2 

ly Closures, % 
‘lows, % 
ICE 

100 
loo 

ISluice Return I I -.--. 

Out 1 Bottom Ash Sluice 1 13.2 [ 0.00136 1 
ures, % 

36 

13.2 
100 
loo 

,verage of Daily Clos 
Josure of Average Flows 
30lLER OVERALL BALANCE 

In I Coal I 22.9 I I 
Combustion Air 
Makeup Water 

I Flue Gas to AFGD ) 
werage of Daily Closures, % 
Xosure of Average Flows, % 

O.lWO208 
0.00136 

13.2 
9.70 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-3 (Continued) 
Ballly Mass Balance for lbnlum 

Average of 913, 914, Ql5lQ3 

Italics indicate numbers derived from non-detectable concentration 
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Table 7-3A 
Bailly Mass Balance for Tiiium 

Std Dev of 913, Q/4, Q/5/93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

;td Dev of Daily Closures, % 

Solid, 
B/S 

1.07 

0.121 
0.571 

Liquid, 
g/S 

0.00 

Gas, Total, 
e/S B/S 

1.07 

0.00 
0.00898 0.122 

0.571 
1.71 

JNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

. . 

In 1 Inlet Water 0.00814 1 0.00814 
Out (Outlet Water I 0.00814 1 wo8z4 

Itd Dev of Daily Closures, % 0.00 

30lTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

itd Dev of Daily Closures, % 

Combustion Air 

\ 
Makeup Water I 

Out Bottom Ash Sluice 0.571 t 
ESP Hopper Ash 0.646 
Flue Gas to AFGD 0.00297 

itd Dev of Daily Closures, % 

30lLER OVERALL BALANCE 

0.000931 

0.00 

0.848 
0.00208 

1.93 

Italics indicate numbers derived from non-derectable concentrations 
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Table 7-3A (Conflnued) 
Bailly Mass Balance for Titanium 

Std Dev of Q/3, 914, QlS,'Q3 

Italics indicate numbers perived from non-ahectabk concetttrathns 
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Table 7-4 
Ballly Mass Balance for Calcium 

Average of 9/3,9l4.9/5J93 

1 

A 
c’ 
1 

A 
C 
C 

A 
C 
E 

A 
C 
E 

Process 
Stream 

Solid, Liquid, 
o/s 

TOW 
a/s 

INIT 8 
In coal 

Combustlon Air 
1 Makeup Water I o.oows 1 I 0.00235 

Out IFlue Gas 25.5 1 0.684 1 26.2 
1 Bottom Ash 162 I I 102 

verage of Daily Closures, % 165 
losure of Average Flows, % 101 
lNlT 6 ESP 

In 1 Flue Gas I 25.5 1 I 0.684 1 26.2 
Out IESP Hopper Ash 1 30.3 I 30.3 

1 Flue Gas to AFGD 1 
ueraae of Dailv Clasures. % 

wage of Daily Closures 
losure of Average 
)OTTOM A 

yluics RetL 

j Flows, % 
SH SLUICE 
lottom Ash 

rrn 
0.791 I 103 

I inn 
Out 1 Bottom Ash Sluice 1 

wage of Daily C.rn*l or-= % 
losure of Average 

102 ) 
I.--“, v.,, I” I .“” 

3 Flows, % 100 
ANCE SOILER OVERALL BAL 

In 1 Coal I 126 126 

I Combustion Air 
Makeup Water o.oow5 

0.746 

+ 

0.791 

0.505 I Flue Gas to AFGD I 0.0605 1 
verage of Daily Closures, % 
:losure of Average Flows, % 

0.00235 
0.746 

163 
30.3 

0.566 

Italics indicate numbers derived from non-detectable concentrations. 

7-16 



Table 7-4 (Confhued) 
Baiiiy Mass Balance for Calcium 

Average of 913,9/4,9/6l93 

Compressed Alr 
Out Stack Flue Gas 

Gypsum 
Wastewater 

Average of Daily Closures, % 
Closure of Average Flows, % 

0.266 0.00480 0.291 
2660 2660 

16.4 16.4 
101 
101 

Italics indicate numbers derived from non-detectable concentration.s 
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Table 74A 
Bailly Mass Balance for Calcium 

Std Dev of 913,914, S/5/93 

Process 
Stream 

JNIT 6 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solll, 
a/S 

27.2 

1.07 
11.1 

Uquid, 
B/S 

0.00370 

Gas. Total, 
Q/S QIS 

27.2 

0.00370 
0.0597 1.12 

11.1 
24.6 

JNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

I 

1.07 0.0597 1.12 
4.48 4.46 

0.6976 6.461 0.665 
16.8 

ZINDENSEF 

In 
a+ wsteter 5.39 1 5.39 

vyL ,vuuIL .iater I I 124 1 124 
td Dev of Daily Closures, % 50.9 

30lTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

td Dev of Daily Closures, % 

I 

11.1 11.1 
0.165 0.165 

11.1 0.122 11.2 
0.0646 

30lLER OVERALL BALANCE 
In /Coal 27.2 1 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

;td Dev of Dai Closures, % 

0.00370 
0.135 

11.1 0.122 
4.48 

0.0978 0.401 

27.2 

4.46 
0.665 

25.5 

Italics indicate numbers derived from non-detectable concentrations 
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Table 74A (Continued) 
Bailly Mass Balance for &l&m 

Std Dev of 9l3,9l4,9lsl93 

I Process I Solid, I Liquid, I Gas, I Total. 
I Stream I a/S I a/S I g/s I Q/S 

FLUE GAS MIXING 
In I Unit 7 Flue Gas I 0.0247 1 I 0.0550 1 0.0663 

(Unit 6 Flue Gas I 
Out I Flue Gas to AFGD I 

itd Dev of Daily Closures, % 

0.0978 I‘ I 0.401 0.305 
O.oQol 1 0.453 0.371 

0.00 
I 

3VERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.0991 0.453 0.371 

Limestone 53.0 53.0 
Service Water 0.0280 0.0280 
Compressed Air 

Out Stack Flue Gas 
Gypsum 
Wastewater 

itd Dev of Daily Closures, % 

0.0196 0.00161 0.0193 
53.0 53.0 

1.46 1.46 
0.0356 

Italicsindicate numbers &rived from non-detectable concentrations 
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Table 7-5 
Bailly Mass Balance for Magnesium 

Average of 9l3,9l4,9E.l93 

Process sdid, Liquid, Gas 
Stream g/S e/S a/S’ 

Total, 
QIS 

JNlT 8 BOILER 
In Coal 27.4 27.4 

Combustion Air 
Makeup Water 0.000688 O.ooo688 

Out Flue Gas 6.55 0.0267 8.56 
Bottom Ash 18.6 16.6 

verage of Daily Closures, % 99.2 
ilosure of Average Flows, % 99.0 
JNlT 8 ESP 

In Flue Gas 8.55 0.0287 6.56 
Out ESP Hopper Ash 9.40 9.40 

Flue Gas to AFGD 0.00610 0.0220 0.0801 
verage of Daily Closures, % 110 
:losure of Average Flows, % 110 
:ONDENSER 

In I Inlet Water 129 ( 129 
Out I Outlet Water 126 1 126 

verage of Daily Closures, % 99.6 
:losure of Average Flows, % 99.4 
30lTOM ASH SLUICE 

In Bottom Ash 18.6 16.6 
Sluice Return 0.281 0.281 

Out Bottom Ash Sluice 18.6 0.267 16.9 
,verage of Daily Closures, % 100 
:losure of Average Flows, % 100 
30lLER OVERALL BALANCE 

In Coal 27.4 27.4 
Combustion Air 
Makeup Water 0.000688 O.ooo688 
Sluice Return 0.261 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 0.0801 

,verage of Daily Closures, % 102 
Iosure of Average Flows, % 102 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5 (Continued) 
Bailly Mass Balance for Magnesium 

Average of 9/3,9l4,9/5/93 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5A 
Bailly Mass Balance for Magnesium 

Std Dev of 913,914, 915l96 

Process 
Stream 

UNIT 6 BOILER 
In coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

;td Dev of Daily Closures, % 

Solid, 
a/S 

275 

0.191 
2.69 

Liquid. 
B/S 

O.rWO832 

=% Total, 
QIS QIS 

2.75 

0.000832 
0.66769 0.199 

2.69 
4.65 

UNIT 6 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

;td Dev of Daily Closures, % 

I 

0.191 0.60769 0.199 
0.176 0.176 

0.66146 0.00551 0.00406 
4.46 

I 
CONDENSER 

In ) Inlet Water 4.71 I 4.71 
Out ) Outlet Water I I 4.70 1 4.70 

Std Dev of Daily Closures, % 7.64 

BOTTOM ASH SLUICE 
In I Bottom Ash I 2.69 I I 2.69 

Sluice Return 0.0196 I 0.0196 
Out (Bottom Ash Sluice 1 2.69 1 0.0233 1 2.10 

Std Dev of Daily Closures, % 0.0259 

I Combustion Air 

L 
Makeuo Water I 0.000832 1 

1 
Std Dev of Daily Closures, % 

0.0196 I I 0.0196 
0.0266 1 2.10 

I 

BOILER OVERALL BALANCE 
2.75 

1 0.@0832 

I 0.176 
0.00551 1 0.00466 

4.90 

Italics indicate numbers &rived from non-detectable concentrations. 
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Table 7-a (Continued) 
Bailly Mass Balance for Magnesium 

Std Dev of 9l3,9/4,9/5l93 

Process Solld, Liquid, as, T-h 
Stream a/S Q/S a/S QIS 

=LUE GAS MlXING 
In Unit 7 Flue Gas 0.00667 0.00134 o.w546 

Unit 8 Flue Gas O.Wl46 0.00551 o.oo4o6 
Out Flue Gas to AFGD 0.00641 0.00620 0.00741 

;td Dev of Dally Closures, % 0.00 

XERALL AFGD SYSTEM BALANCE 
Ill Flue Gas 0.00641 

Limestone 0.646 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.00338 
Gypsum 0.582 
Wastewater 

;td Dev of Daily Closures, % 

0.00620 0.00741 
0.648 

0.0371 0.0371 

0.600337 0.00366 
0.582 

0.789 0.789 
3.07 

Italics indicate numbers &rived from non-detectable concentrations. 
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Table 7-6 
Bailly Mass Balance for Antimony 

Average of 9l3,9l4,9l!Y93 

Process 
Stream 

Solid, Liquid, 
ma/s mats 

a% 
mols 

Total, 
ma/s -- --... 

JNIT 8 BOILER 
In I Coal I 25.2 1 25.2 

I Combustlon Air I 
I 

I 
I 

I 
Makeup Water 0.00125 1 

I 
I O.OOLL5 

Out IFlue Gas 11.3 I 0.2331 11.5 
1 Bottom Ash 5.31 I 5.31 

verage of Daily Closures, % 66.7 
:losure of Average Flows, % 66.6 
JNIT 8 ESP 

In Flue Gas 11.3 0.233 11.5 
Out ESP Hopper Ash 37.6 37.6 

Flue Gas to AFGD 0.0309 0.0435 0.0744 
verage of Daily Closures, % 375 
:losure of Average Flows, % 326 
:ONDENSER 

In 1 Inlet Water I 3.44 1 I 3.44 
Out I Outlet Water I 3.44 1 3.44 

verage of Daily Closures, % 
:Inct ora n? Avnrana Fln,.,q % .,“I.., 1 “I I ..1. “J” . ,w 

30lTOMAS H SLUICE 
In Bottom Ash 

Sluice Return 
tom Ash Sluice 
ily Closures, % 
-ye Flows, % 

.L BALANCE 

IO0 
IO0 

5.31 5.31 
0.246 0.246 

5.31 0.595 5.91 
107 
166 

ESP Hopper Ash 
Flue Gas to AFGD 

&verage of Daily Closures, % 
:losure of Average Flows, % 

37.6 
0.0309 I 0.6435 

25.2 

0.00125 

37.6 
0.0744 

169 
171 

Italics indicate numbers &rived from nondetectable concentrations. 
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Table76 (Contlnusd) 
BalllyMassBalancefDr AlMmDny 

Average of 9l3,9l4,9lSl93 

Process Solid, Uquid, Gas, Total, 
Stream mg/s mgls ma/s tllQ/S 

:LUE GAS MIXING 
In Unit 7 Flue Gas 0.0619 0.0106 0.0727 

Unit 6 Flue Gas 0.0309 0.0435 0.0744 
Out Flue Gas to AFGD 0.0928 0.0543 0.147 

,verage of Daily Closures, % 100 
:losure of Average Flows, % I 100 
)VERALL AFGD SYSTEM BAL ANCE 

0.0928 
Limestone 
Service Water 

-I 

I Gypsum 

I I”” 
I 64.9 
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Table 7-6A 
Baiily Mass Balance for Anhony 

Std Dev of 9l3,9l4,9lSl93 

Process 
Stream 

UNlT 8 BOILER 
In coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

Std Dev of Daily Closures, % 

Solid, Uquid, Gas. Total, 
mgls mg/s ma/s mgki 

1.48 1.46 

0.W O.ffi 
5.56 0.222 5.79 
1.04 1.04 

26.4 

UNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

5.56 0.222 5.79 
15.1 15.1 

0.00166 0.0376 0.0392 
206 

CONDENSER 
In I Inlet Water I I 0.0488 1 0.0488 

Out (Outlet Water 0.0488 1 0.0488 
Std Dev of Daily Closures, % 0.00 

BOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

Std Dev of Daily Closures, % 

1.04 1.04 
0.0810 0.0810 

1.04 0.194 0.850 
3.09 

BOILER OVERALL BALANCE 
In 1 Coal I 1.48 I I 1.48 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

0.00 
0.0810 

1.04 0.164 
15.1 

0.00166 0.6376 

0.00 
0.0610 

0.650 
15.1 

0.0392 
48.3 

Italics ina!icate numbers derived from non-aktectable concentrations 
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Table 7-6A (Continued) 
Ballly Mass Balance for Antimony 

Std Dev of 913, 914, 9l6l93 

Process Solid, Liquid, 
Stream mg/s mgls 

FLUE GAS MlXING 
In Unit 7 Flue Gas 0.0166 

Unit 8 Flue Gas 0.00166 
Out Flue Gas to AFGD 0.0204 

3td Dev of Daily Closures, % 

as, Total. 
t?lQ/S mgls 

0.0116 0.0276 
0.0376 0.0392 
0.0419 0.0621 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.0204 

Limestone 5.24 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.00143 
Gypsum 2.47 
Wastewater 

3d Dev of Daily Closures, % 

0.0419 0.0621 
5.24 

0.000507 0.000507 

0.263 0.262 
2.47 

0.00906 0.00908 
96.6 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-7 
Bailly Mass Balance for Arsenic 

‘Average of 9l3,9l4,9lF&3 

Combustion Air 

Combustion Air 
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Table 7-7 (Conthed) 
billy Mass Balance for Arsenic 

Average of 9/3,9/4,9/5/93 

Process Solid, 
stream mgls 

WE GAS MIXING 
In Unit 7 Flue Gas 0.752 

Unit 8 Flue Gas 0.215 
Out Flue Gas to AFGD 0.967 

,verage of Daily Closures, % 
:losure of Average Flows, % 
S/EFtALl AFGD SYSTEM BALANCE 

uqw 
mgls 

Gas, Tatal, 
mgls mgls 

0.331 1.08 
0.434 0.848 
0.765 1.73 

loo 
100 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-7A 
Baiiiy Mass 8aiance for Arsenic 

Std Dev of 9/3,9/4,9l5l93 

Process 
Stream 

lNiT 8 BOILER 
in Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, 
m9/s 

42.5 

2.70 
0.403 

Liquid, 
mg/s 

0.00 

Gas, Total, 
mg/s mg/s 

42.5 

0.00 
0.318 2.41 

0.403 
23.3 

1 
--l iNiT 8 ESF 

In IE 
II I , :iue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

2.70 0.318 241 
2.45 2.45 

0.0338 0.132 0.0982 
3.48 

:ONDENSE 
in 1 inlet Water 

Out 1 Outlet Water 
td Dev of Daily Closures, % 

SOlTOM ASH SLUICE 
in Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

td Dev of Daily Closures, % 

0.403 0.403 
0.0255 0.0255 

0.403 0.432 0.251 
53.5 

I 
SOILER OVERALL BALANCE 

Combustion Air 
Makeup Water 

1 Flue Gas to AFGD I 
td Dev of Daily Closures, % 

0.0338 ) 

0.00 

z 

0.0255 
0.432 

0.132 

42.5 

0.00 
0.0255 
0.251 

2.45 
0.0982 

29.3 

Italics indicate numbers derived from non-detectable concentrations, 
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Table 7.7A (Continued) 
Ballly Mass Balance for Arsenic 

std Dev of 913, Q/4, 9H93 

Process Solid, Uquld. 0-t Total, 
Str Wfll ma/s I-llQlS mgis lllQ/S 

‘LUE GAS MIXING 
In Unit 7 Flue Gas 0.805 0.374 0.879 

Unit 8 Flue Gas 0.0338 0.132 0.0982 
Out Flue Gas to AFGD 0.538 0.249 0.785 

itd Dev of Daily Closures, % 0.00 

3VEFtALL AFGD SYSTEM BALANCE 
In Flue Gas 0.838 

Limestone 0.282 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.840 
Gypsum 0.478 
Wastewater 

itd Dev of Daily Closures, % 

0.249 0.785 
0.282 

0.ooo2.53 0.0002S3 

0.430 I.27 
0.478 

0.0199 0.0199 
74.9 

Italics indicate numbers hived from non-detectable concentrations. 
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Table 7-8 
Bailiy Mass Bafance for Barium 

Average of Q/3,9/4, Q/5/93 

Process Solid, Liquid, G=, Total, 
Stream mg/s mgls mgls mgis 

JNIT 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 

verage of Daily Closures, % 97.4 
:losure of Average Flows, % 97.8 
JNIT 8 ESP 

In Flue Gas 519 0.954 520 
Out ESP Hopper Ash 692 692 

Flue Gas to AFGD 0.969 0.781 1.75 
,verage of Daily Closures, % 136 
:losure of Average Flows, % 133 
:ONDENSER 

In 1 Inlet Water 204 1 204 
Out 1 Outlet Water 210 I 210 

,verage of Daily Closures, % 103 
Iosure of Average Flows, % 103 
30lTOM ASH SLUICE 

In Bottom Ash 1080 1080 
Sluice Return 0.732 0.732 

Out Bottom Ash Sluice 1080 0.556 1080 
,verage of Daily Closures, % 100.0 
:losure of Average Flows, % 100.0 
30lLER 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 0.761 1.75 

werage of Daily Closures, % 108 
Xosure of Average Flows, % 108 

Italics indicate numbers derived from mn-detectable concentrations. 
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Table 7-8 (Continued) 
Ebilly Mass Balance for Barium 

Average of 9/3,9l4,9l5@3 

Process Solid, 
Stream mgh 

-LUE GAS MIXING 
Ill Unit 7 Flue Gas 3.56 

UnR 8 Flue Gas 0.969 
OlJt Flue Gas to AFGD 4.53 

werage of Daily Closures, % 
&sure of Average Flows, % 
3VERALL AFGD SYSTEM BALANCE 

In Flue Gas 4.53 
Limestone 9.35 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.806 
Gypsum 10.8 
Wastewater 

iverage of Daily Closures, % 
:losure of Average Flows, % 

Liquid, 
IllQh 

1.57 

1.93 

GaS, Total, 
mgls tllQ/S 

0.405 3.97 
0.781 1.75 

1.19 5.72 
100 
100 

1.19 5.72 
9.35 
1.57 

0.0473 0.854 
10.8 
1.93 
81.6 
81.3 

Italics indicate numbers derived from non-aktectable concentmtio~ 
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Table 7-8A 
Bailly Mass Balance for Barium 

Std Dev of Q/3,9/4, Q/5/93 

Process 
Stream 

INIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

Id Dev of Daily Closures, % 

Solid, 
mg/s 

69.9 

70.7 
95.3 

Liquid, 
mg/s 

0.00264 

Gas, Total, 
ma/s ma/s 

89.9 

0.00264 
0.226 70.9 

95.3 
5.81 

INIT 8 ESP 
Ifl Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

70.7 0.226 70.9 
112 112 

0.398 0.178 0.287 
38.6 

ENDENSE 
1” 
II I , ,, llet Water In 

Out IOutlet Water 
td Dev of Daily Closures, % 

7.19 1 7.19 
I 6.34 1 6.34 

6.65 

lOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

td Dev of Daily Closures, % 

I Combustion Air 
Makeup Water 

\ 
Out Bottom Ash Sluice 95.3 t 

ESP Hopper Ash 112 

SOILER OVERALL BALANCE 

I Flue Gas to AFGD I 
td Dev of Daily Closures, % 

0.398 

89.9 

112 
0.287 
5.13 

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

Std Dev of 913,914, Q/6,&3 

Process 
Stream 

:LUE GAS MlXING 
In Unit 7 Flue Gas 

Unit 8 Flue Gas 
Out Flue Gas to AFGD 

td Dev of Dally Closures, % 

Solid, 
mgls 

0.724 
0.398 
0.936 

uquid, 
mgh 

Gas Total, 
mg/i mg/s 

0.0332 0.723 
0.178 0.287 
0.208 0.936 

0.00 

IVERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.936 

Umestone 0.496 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.179 
Gypsum 1.79 
Wastewater 

td Dev of Daily Closures, % 

0.206 0.936 
0.496 

0.176 0.176 

o.ooo393 0.178 
1.79 

0.410 0.410 
14.2 
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Table 7-9 
Bailly Mass Balance for Beryllium 

Average of Q/3,9/4, Ql5l93 

Process 
Stream 

INIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 

Solid, 
mgls 

87.3 

26.8 

Liquid, 
mg/s 

0.00104 

Gas, Total, 
mg/s mgls 

87.3 

0.00104 
0.237 26.8 

1 Bottom Asl 
I 

verage of Daily C 

I I I 

losure of A\ 
J- --- 

- --- 
!NIT 8 

In a., ,I I.._ WI I 
Out IESP Hopper Ash 1 

n I 24.1 1 I 24.1 
:losures, % TI.l 

rerage Flows, % 75.7 
ESP 

I FII 1P r,ar I -6 I 0.237 1 26.8 
, I 28.5 

_I.” 
28.5 

I Flue Gas to AFGD 1 0.0221 1 0.0030!7 0.0252 
verage of Daily Closures, % 107 
,losure of Average Flows, % 106 
:ONDENSER 

3ol-K 
In I uortom Asn I 24.1 I 

) Sluice Return 
Out IBotk 

verage of Daily ylyc 
:losure of Average F 
3OILER OVERALL 

In 1 Coal 

-.. I 24.1 
0.00682 0.00682 

>rn Ash Sluice 1 24.1 0.00934 24.1 
n clnwres, 36 100 

2 I lows, % 100 
BALANCE 

67.3 1 I 67.3 

out 

Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hoooer Ash 

0.00104 o.lm104 
o.w682 0.00682 

24.1 0.00934 24.1 
28.5 28.5 

1 Flue Gas‘to AFGD 1 0.0221 I I 0.00309 0.0252 
,verage of Daily Closures, % 80.0 
Josure of Average Flows, % 78.2 

Italics indicate numbers derived from non-detectable concentrations 



Table7-8 (Continued) 
Bailly Mass Balance for Beryllium 

Average oi Q/3, 914, Ql5l93 

Process Solid, Uquid, GaS, TOW 
Stream ma/s mgls mg/s mgls 

:LUE GAS MIXING 
In Unit 7 Flue Gas 0.230 0.00167 0.232 

Unit 8 Flue Gas 0.0221 0.00309 0.0252 
Out Flue Gas to AFGD 0.252 0.00475 0.257 

nerage of Dally Closures, % 100 
:losure of Average Flows, % 100 
IVERALL AFGD SYSTEM BALANCE 

Italics indicate numbers &rived from non-detectable concentrations. 
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Table 7-9A 
Bailly Mass Balance for Beryllium 

Std Dev of Q/3.9/4, Ql!Y93 

Process 
Stream 

UNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

jtd Dev of Daily Closures, % 

Solid, Uquid, as, Total, 
mgls ma/s me/s mgls 

11.8 11.8 

0.00 0.00 
2.08 0.261 2.37 
2.23 2.23 

12.1 

UNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

;td Dev of Daily Closures, % 

2.08 0.291 2.37 
0.630 0.630 

0.0167 o.ooo146 0.0166 
7.13 

_- ..__.._ -.. 

In I Inlet Water 0.0407 1 0.0407 
... out loutlet wa ter I 0.0407 1 0.0407 

jtd Dev of Daily IY-@ v,vdures, % 0.00 

BOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

3td Dev of Daily Closures, % 

2.23 2.23 
O.&w397 O.&n?397 

2.23 0.00473 2.23 
0.0178 

BOILER OVERALL BALANCE 
In (coal I 11.8 

I Combustion Air 
Makeup Water 

0.0@397 1 I o.ouo397 
0.00473 1 2.23 

0.0167/ IFlueyGastoAFGDj 
3td Dev of Dail Closures, 94 

I 0.630 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-SA (Continued) 
Bailly Mass Balance for Beryllium 

Std Dev of 913,914, Q/5193 

I Process I Solid, Uquid; 1 

Italics indicate numbers derived from non-detectabk concentrations 
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Table 7-l 0 
Bailly Mass Balance for Boron 

Average of Q/3,9/4, Ql!Y93 

Process Solid, Liquid, G=4 Total, 
Stream mg/s mgls mg/s mgls 

JNIT 8 BOILER 
In Coal 7880 7880 

Combustion Air 
Makeup Water 66.4 66.4 

Out Flue Gas 714 4ooo 4720 
Bottom Ash 422 422 

verage of Daily Closures, % 66.1 
:losure of Average Flows, % 64.5 
JNIT 8 ESP 

In Flue Gas 714 4006 4720 
Out ESP Hopper Ash 1466 1466 

Flue Gas to AFGD 0.0309 4180 4180 
,verage of Daily Closures, % 122 
:losure of Average Flows, % 119 
ZONDENSER 

In I Inlet Water I lrl6OrxJ I 1066W 
Out I Outlet Water 358 1 358 

verage of Daily Closures, % 0.348 
:losure of Average Flows, % 0.338 
30lTOM ASH SLUICE 

In Bottom Ash 422 422 
Sluice Return 0.853 0.853 

Out Bottom Ash Sluice 422 0.853 423 
werage of Daily Closures, % 100 
:losure of Average Flows, % 100 
30lLER OVERALL BALANCE 

In Coal 7880 7880 
Combustion Air 
Makeup Water 85.4 85.4 
Sluice Return 0.853 0.853 

Ollt Bottom Ash Sluice 422 0.8S3 426 
ESP Hopper Ash 1460 1460 
Flue Gas to AFGD 0.0309 4166 4160 

werage of Daily Closures, % 76.3 
:losure of Average Flows, % 76.1 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 0 (Continued) 
Bailly Mass Balancs for Boron 

Average of 913,914, Q/5/93 

Solid, Process Otal. 
Stream ma/s mgls ma/s ma/s 

=LUE GAS MlXING 
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 Daily Closures, % 100 
:losure of Average Flows, % 100 
WERALL AFGD SYSTEM BALANCE 

Italics indicate numbers derived from non-detectable concemradons 
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Table 7-l OA 
Bailly Mass Balance for Boron 

Std Dev of 9/3,9/4,9/5l93 

Combustion Air II I Makeup Water 30.9 
0.0497 
0.0497 

30.9 
0.0497 

63.4 63.3 
t 

147 147 
0.00166 423 423 

3.43 

I 652 

Sluice Return 
Out Bottom Ash Sluice 

ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

Italics indicate numbers &rived from non-detectabk concentrations 
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Table 7.1OA (conhinued) 
Bailiy Mass Balance for Soron 

Std Dev of 9/3,9/4,9/5l93 

Compressed Air 
Out Stack Flue Gas 

Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.000393 155 155 
577 577 

4250 4250 
50.4 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 1 
Bailiy Mass Balance for Cadmium 

Average of 913,914, Ql5l93 

Process Solid, Uquid, =, Total, 
Stream mg/s mgls mg/s ma/s 

JNIT 8 BOILER 
In coal 104 104 

Combustion Air 
Makeup Water 0.000625 O.OlW625 

Out Flue Gas 48.4 0.608 44.0 
Bottom Ash 19.6 19.6 

verage of Daily Closures, % 64.4 
:losure of Average Flows, % 61.2 
JNIT 8 ESP 

In Flue Gas 48.4 0.608 44.0 
Out ESP Hopper Ash 49.0 49.0 

Flue Gas to AFGD 0.718 0.461 1.18 
verage of Daily Closures, % 115 
:losure of Average Flows, % 114 
;ONDENSER 

In I Inlet Water I 1.72 1 1.72 
Out I Outlet Water 9.67 1 9.67 

verage of Daily Closures, % 567 
:losure of Average Flows, % 563 
30lTOM 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 
,verage of Daily Closures, % 100 
Iosure of Average Flows, % 100.0 
30lLER OVERALL BALANCE 

In ICoal 104 I 104 
Combustion Air 
MakeuD Water I I 0.000625 I 
Sluice Return 0.0240 1 

Out 1 Bottom Ash Sluice 1 19.6 1 0.0192 I 
ESP Hopper Ash 
Flue Gas to AFGD 

verage of Daily Closures, % 
Iosure of Average Flows, % 

49.0 
0.718 0.461 

O.&IO625 
0.0240 

19.6 
49.0 
1.18 
71.3 
67.1 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-11 (Continued) 
Bailiy Mass Balance for Cadmium 

Average of Q/3,9/4. Ql5l93 

P recess l 

Stream mg/s ma/s ma/i mgh 
:LUE GAS MIXING 

In Unit 7 Flue Gas 1.08 0.492 1.88 
Unit 8 Flue Gas 0.718 0.481 1.18 

Out Flue Gas to AFGD 1.81 0.953 2.78 
verage of Daily Closures, % loo 
losure of Average Flows, % loo 
IVERALL AFGD SYSTEM BALANCE 

Italics indicate numbers &rived from non-detectable concentrations 
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Table 7-l 1A 
Bailiy Mass Baiance for Cadmium 

Std Dev of g/3,9/4, S/5/93 

Process 
Stream 

JNIT 8 BOILER 
in Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, 
mg/s 

33.3 

8.24 
13.4 

Liquid, 
mg/s 

0.00 

Gas, TM, 
ma/s ms/s 

33.3 

0.00 
0.543 8.78 

13.4 
29.5 

JNIT 8 ESP -~ 
-as -2k-w “YL L&II , ,opper Ash 

Flue Gas to AFGD 
itd Dev of Daily Closures, % 

9.24 0.543 8.78 
9.90 9.90 

0.599 0.213 0.798 
8.49 

ZONDENSER 
in 1 inlet Water 

Out I Outlet Water 
itd Dev of Daily Closures, % 

I 

0.0244 1 0.0244 
I 8.22 1 8.22 

484 

30TfOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

itd Dev of Daily Closures, % 

30lLER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

33.3 33.3 

0.00 0.00 
0.9214 0.0214 

13.4 0.0182 13.4 
9.90 9.90 

0.590 0.213 0.798 
31.8 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-l 1 A (Continued) 
Baiiiy Mass Balance for Cadmium 

Std Dev of 9/3,9/S, g/5/93 

Compressed Air 
Out Stack Flue Gas 

Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.0993 0.9470 0.9957 
0.000604 O.tWO6O4 

0.9441 0.0441 
4.34 

Italics imficate numbers derived from non-detectable concentrations 
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,auIW I-IS 

Baliiy Mass Balance for Chromium 
Average of 9/3,9/4,9l5/93 

Process Solid, Liquid, GM, Total, 
Stream mgls mgls mg/s mgls 

INIT 8 BOILER 
in coal 1840 1849 

Combustion Air 
Makeup Water 0.0125 0.0125 

Out Flue Gas 558 1.22 559 
Bottom Ash 692 899 

rerage of Daily Closures, % 78.9 
losure of Average Flows, % 76.3 
JNIT 8 ESP 

In Flue Gas 558 1.22 559 
Out ESP Hopper Ash 884 584 

Flue Gas to AFGD 1.41 0.977 2.39 
verage of Dally Closures, % 105 
losure of Average Flows, % 105 
:ONDENSER 

in I Inlet Water I 34.4 1 34.4 
Out (Outlet Water 34.4 1 34.4 

verage of Daily Closures, % 100 
iosure of Average Flows, % 100 
10TTOM ASH SLUICE 

In (Bottom Ash 892 1 I I 692 
1 Sluice Return 

Out I Bottom Ash Sluice I 
verage of Daily Closures, % 
losure of Average Flows, % 
SOILER OVERALL BALANCE 

in ICoal I 

0.0819 ( 0.0819 
692 1 0.0819 1 892 

199 
199 

1840 I 1849 

out 

Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 

0.0125 0.0125 
0.0819 0.0819 

692 0.0819 692 
ESP Hopper Ash 
Flue Gas to AFGD 

verage of Daily Closures, % 
‘losure of Average Flows, % 

1.41 1 0.977 2.39 
80.7 
78.0 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-12 (Continued) 
Baiily Mass Balance for Chromium 

Average of 9l3.9/4.9l5l93 

Process SoW 
Stream ma/s 

:LUE GAS MIXING 
In Unit 7 Flue Gas 4.29 

Unit 8 Flue Gas 1.41 
Out Flue Gas to AFGD 5.61 

wage of Daily Closures, % 
:losure of Average Flows, % 
IVERALL AFGD SYSTEM BALANCE 

WkJ. 
mgh 

Gas. Total, 
me/s lll@S 

0.446 4.65 
0.977 2.39 

1.42 7.04 
100 
106 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 2A 
Baiiiy Mass Baiancs for Chromium 

Std Dev of 9l3,9l4,9lW3 

Process 
Stream 

JNIT 8 BOILER 
in Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, 
m&s 

591 

56.5 
141 

Liquid, 
mgls 

0.00 

Gas. Total, 
mg/s ms/s 

501 

0.00 
0.631 59.0 

141 
14.8 

JNIT 8 ESP 
In I Flue Gas 68.5 I I 0.631 I 59.0 .-- _-- 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

--.- 71.7 
0.165 

--._ 
71.7 

0.126 0.129 
5.97 

:ONDENSER 
In I Inlet Water 

Out I Outlet Water 
;td Dev of Daily Closures, % 

0.488 1 0.488 
0.488 1 0.488 

0.00 

30lTOM ASH SLUICE 
in Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

;td Dev of Daily Closures, % 

I 

141 141 
0.00477 0.00477 

141 0.00477 141 
0.00 

30iLER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

;td Dev of Daily Closures, % 

I 

591 501 

0.00 0.00 
0.00477 0.00477 

141 0.00477 141 
71.7 71.7 

0.165 0.126 0.129 
16.4 

Italics indicate numbers derived from non-detectable concentrations. 
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Tabie 7-l 2A (Continued) 
Baiily Mass Balancefor chromium 

Std Dev of 9/3,9l4,9lW93 

: recess a% otal, 
Stream ms/s mgls ma/s mg/s 

‘LUE 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 1.15 0.122 1.23 

itd Dev of Daily Closures, % 0.00 

3VEFIALL AFGD SYSTEM BALANCE 
In Flue Gas 1.15 

Limestone 0.228 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.241 
Gypsum 353 
Wastewater 

itd Dev of Daily Closures, % 

0.122 1.23 
0.228 

0.00507 0.00507 

0.0383 0.277 
353 

0.0312 0.0312 
2840 

Italics indicate numbers derived f ram non-detectable concentrations 
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Table 7-l 3 
Baiiiy Mass Balance for Cobalt 

Average of 9/3,9/4,9l5#3 

Process sdid, Uquid, G=, Total. 
Stream mgls mg/s mgls mgls 

I INIT R Rt-lll FR 
.,... . ” -W.-b.. 

In coal 96.1 98.1 
Combustion Air 
Makeup Water 0.00416 0.00416 

OUt Flue Gas 51.8 0.0577 51.9 
1 Bottom Ash 

4verage of Daily Closures, % 
Closure of Average Flows, % 
UNIT 8 ESP 

In Flue Gas 
Out ESP Hopper Ash 

Flue Gas to AFGD 
Average of Daily Closures, % 
Closure of Average Flows, % 
CONDENSER 

80.8 1 I 60.8 
116 
115 

51.8 0.0577 51.9 
85.8 65.8 

0.0309 0.0459 0.0768 
127 
127 

4verage of Daily Cios 
Closure of Avera 

__. .--. ._-~ 

in I Inlet Water 
Out IOutlet Water 

ures, % 
e Flows, % 

BOTTOM ASH SLUICE 
in 1 Bottom Ash 

I 26.6 1 26.6 
11.5 1 11.5 

73.3 
43.1 

60.8 I I 50.8 
JSluice Return 

Out I Bottom Ash Sluice I 
Average of Daily Closures, % 
Closure of Average Flows, % 
BOILER OVERALL BALANCE 

in coal 
Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 

0.0273 1 0.0273 
60.8 1 0.0776 1 80.9 

100 
199 

98.1 98.1 

0.00416 0.00416 
0.0273 0.0273 

80.8 0.0776 60.9 
65.8 85.8 

1 Flue Gas to AFGD I 0.0309 1 I 0.0459 0.0766 
Average of Daily Closures, % 139 
Closure of Average Flows, % 129 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-l 3 (Continued) 
Bailiy Mass Balance for Cobalt 

Average of 9/3,9l4,9l5l93 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 3A 
Baiiiy Mass Balance for Cobait 

Std Dev of 9/3,9/4,9lSl93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

OUt Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, 
mgls 

10.4 

5.09 
3.54 

Uquid, 
mgls 

0.00 

GaS, Total, 
mgls mgls 

10.4 

0.00 
0.0520 5.14 

3.54 
10.6 

JNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

5.09 0.0520 5.14 
11.5 11.5 

0.00166 0.0328 0.0337 
11.6 

ZONDENSER 
In I Inlet Water 

Out IOutlet Water 
itd Dev of Daily Closures, % 

26.1 1 26.1 
0.163 I 0.163 

46.2 

30TTOM ASH SLUICE 
in Bottom Ash 

Sluice Return 
Bottom Ash Sluice 

;td Dev of Daily Closures, % 

30lLER OVERALL BALANCE 

Combustion Air 
Makeup Water I 

1 Sluice Return 
Out 1 Bottom Ash Sluice 1 3.54 

O&)166/ 
1 ESP Hopper Ash 1 11.5 
IFiueyGastoAFGDj 

itd Dev of Dail Closures, % 

Italics indicate numbers &rived from non-detectable concentrations. 
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Table 7-i&4 (Continued) 
BaluyMassBalancefor cobalt 

std Dev of 9l3,9l4,9l!Y93 

Out Stack Flue Gas 0.00519 O.oool% 0.00506 
Gypsum 0.00906 O.lW906 
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-l 4 
Baiiiy Mass Balance for Copper 

Average of 9/3,9l4,9lW3 

Process 
Stream 

JNIT 8 BOILER 
in Coai 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

verage of Daily Closures, % 
:iosure of Average Flows, % 
JNIT 13 ESP 

Solid, Uquid, G=, Total, 
mg/s mgls mg/s mg/s 

369 389 

0.0139 0.0139 
258 0.476 266 
132 132 

107 
198 

_. . _ --. 

in Flue Gas 258 0.476 258 
Out ESP Hopper Ash 309 309 

Flue Gas to AFGD 0.518 0.519 1.94 
lverage of Daiiv Closures. % I 
:losure of Averann % I 17i-l 

ZONDENS-- 
In Ii.,,y. ..-. Aa+ Water 59.6 1 69.6 

JuwL ,.ater St’s+ \A, 74.1 1 74.1 101 out 
verage of Daily f Ziosures, % 

I Flows, % 
,SH SLUICE 
lottom Ash 

rrn 

130 
124 

132 132 
0.2 

Iosure of Average 
30l-i’OMA-~ - 
In 

Sluice RetL 
Out I Bottom Ash Sluice ) 

werage of Daily C-In=1 firm= % 
>losure of Averagr 
8OiLER OVERALL ,BAL 

In I Coal I 

ll”““, ““, I” I 
I Y”.” 

3 Flows, % loo.0 
ANCF 

!lO 
132 I 0.159 I 

389r 7 

0.210 
132 

4Mi-l 

I Combustion Air 
Makeup Water I l0.01391 

1 Sluice Return I 0.210 ( 
Out I Bottom Ash Sluice I 132 I 0.159 I 

ESP Hopper Ash 
Flue Gas to AFGD 

werage of Daily Closures, % 
>losure of Average Flows, % 

309 
0.518 0.519 

0.0139 

309 

Italics indicate numbers derived from non-delectable concentrations 
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Table 7-l 4 (Continued) 
Bailly Mass Balance for Copper 

Average of 913,9/4,915/93 

Solid, Process 88, OW 
Stream mgls mgls mgls ma/s 

‘LUE GAS MIXING 
In Unit 7 Flue Gas 2.23 0.285 2.52 

Unit 8 Flue Gas 0.518 0.519 1.04 
Out Flue Gas to AFGD 2.75 0.804 3.58 

rverage of Daily Closures, % loo 
:losure of Average Flows, % 100 
3VEFIALL AFGD SYSTEM BALANCE 

In 1 Flue Gas I 2.75 1 I 0.804 1 3.58 

I Llmestone 
Service Water I 

15.4 I 0.464 I I 15.4 
0.464 

) Compressed Air 1 I I I 
Out IStack Flue Gas I 0.736 1 0.385 1 1.10 

-A 
hverage of Daily Closures 
;losure of Average 

IGypsum 3.94 3.94 
Vastewater 0.0783 0.0783 

,% 28.4 
9 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 Ql3.9l4. Q/5/93 

CONDENSER 
In I Inlet Water 

Out I Outlet Water 
Std Dev of Daily Closures, % 

I 

7.42 1 7.42 
39.2 1 39.2 

78.0 

BOTTOM ASH SLUIC 
In Bottom Ashc 

Sluice Return 
Out Bottom Ash Sluice 

Std Dev of Daily Closures, % 

26.7 26.7 
0.0113 0.0113 

28.7 0.0882 26.8 
0.0647 

BOILER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

I 

33.8 33.8 

0.60307 0.60307 
0.0113 0.0113 

26.7 0.0882 26.6 
18.3 18.3 

0.203 0.415 0.353 
16.2 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 4-A (Continued) 
Badly Mass Balance for Copper 

Std Dev of 913,914, Q/5193 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 5 
Bailly Mass Balance for Lead 

Average of 913. Q/4, Q/5/93 

r 

1 

A 
C 
1 

A 
C 
C 

A 
C 
E 

A 
C 
E 

g recess Total, 
Stream _..-- ma/s ma/s _ ma/s _ ma/s . . - 

JNIT 8 BOILER 
In I Coal I 2981 I I 298 

I Combustion Air 
1 Makeup Water 

I I I 
I I 

I 
0.0104 I 0.0104 

Out /Flue Gas 392 I I 0.417 I 392 
1 Bottom Ash 15.2 1 15.2 

verage of Dally Closures, % 141 
losure of Average Flows, % 137 
JNIT 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 
verage of Daily Closures, % 110 
:losure of Average Flows, % 108 
:ONDENSER 

In 1 Inlet Water I I 28.6 1 28.6 
Out ) Outlet Water 28.6 1 28.6 

verage of Daily Closures, % 100 
,losure of Average Flows, % I 100 
3OlTOM ASH SLUICE 

In Bottom Ash 15.2 15.2 
Sluice Return 0.0682 0.0682 

0; Batty Ash Sluice 15.2 0.6975 15.3 
vera e of Dail Closures, % 
:losure of Average Flows, % 

:~ 

3OILER OVERALL BALANCE 
In coal 298 

Combustion Air 
Makeup Water 0.0104 

, 

298 

Out 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 

0.0682 
15.2 0.0975 
424 

0.0104 
0.0682 

15.3 
424 

1 Flue Gas’to AFGD 1 
,verage of Daily Closures, 96 
:losure of Average Flows, % 

1.49 
151 
148 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-l 5 (Continued) 
Ballly Mass Balanoe for Lead 

Average of 9/3,9/4,9hil93 

Process solid, Uquid, Gas, Total 
stream mg/s rngls mgls mgls’ 

I 
I IP I 0.0710 3.93 

. .-- -- . ..- 0.212 1.40 
,toAFGD( 5.05 1 0.293 5.33 

100 
ksure of Average Flows, % 100 
IVERALL AFGD SYSTEM BALANCE 

u 
I Limestone 

I 
0.424 

Service Water 

0.293 5.33 
0.424 

0.216 0.216 

(Wastewater ( [ 
Merage of Daily Closures, % 
Josure of Average Flows, % 

0.133 1.03 
226 

0.0233 0.0233 
56.8 

Italics indicate numbers derived from non-dktectable concentratins 
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Table 7-l SA 
Bailly Mass Balance for Lead 

Std Dev of 9l3,9i4,9iSl93 

Process 
Stream 

UNIT 8 BOILER 
In coal 

Combustion Alr 
Makeup Water 

Out Flue Gas 
Bottom Ash 

3td Dev of Daily Closures, % 

SOW Uquid, =, Total, 
mgls mg/s ma/s mg/s 

48.2 48.2 

0.00 0.00 
80.3 0.354 80.3 
283 283 

44.8 

UNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

#d Dev of Daily Closures, % 

80.3 0.350 80.3 
23.0 23.0 
1.00 0.0547 0.950 

10.7 

CONDENSER 
In I Inlet Water 

Out IOutlet Water 
Btd Dev of Daily Closures, % 

I 

0.407 1 0.407 
0.407 1 0.407 

0.00 

BOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

Std Dev of Daily Closures, % 

I 

2.83 2.83 
0.00397 0.00397 

2.83 0.0477 2.83 
0.335 

BOILER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

48.2 46.2 

0.00 0.00 
0.00397 0.00397 

2.33 0.0477 2.83 
23.0 23.0 
1.00 0.0547 0.950 

33.2 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 5A (Continued) 
Bailly Mass Balance for Lead 

Std Dev of 913.914, S/s/s3 

Out Stack Flue Gas 
Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.480 
0.0151 

0.00131 
7.03 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-18 
Bailly Mass Balance for Manganese 

Average of 9l3.9l4,9/5lg3 

Process sow WJid, =, Total. 
Stream mgls mgls mg/s mgls 

JNIT 8 BOILER 
In Coal 1130 1130 

Combustion Air 
Makeup Water 0.0260 0.0260 

Out Flue Gas 322 0.445 323 
Bottom Ash 880 880 

verage of Daily Closures, % 105 
@sure of Average Flows, % 105 
JNIT 8 ESP 

In Flue Gas 322 0.445 823 
Out ESP Hopper Ash 355 355 

Flue Gas to AFGD 0.221 0.176 0.397 
,verage of Daily Closures, % 111 
:losure of Average Flows, % 110 
ZONDENSER 

In 1 Inlet Water I I 71.6 1 71.6 
Out IOutlet Water 24.5 1 24.5 

werage of Daily Closures, % 34.2 
:losure of Average Flows, % 34.3 
30TTOM ASH SLUICE 

In Bottom Ash 880 880 
Sluice Return 0.189 0.189 

Out Bottom Ash Sluice 880 0.123 880 
rverage of Daily Closures, % 100.0 
Iosure of Average Flows, % 100.0 
30lLER OVERALL BALANCE 

In Coal 1130 1130 
Combustion Air 
Makeup Water 0.0260 0.0260 
Sluice Return 0.189 0.189 

OlJt Bottom Ash Sluice 880 0.123 880 
ESP Hopper Ash 355 355 
Flue Gas to AFGD 0.221 0.176 0.397 

werage of Daily Closures, % 108 
Xosure of Average Flows, % 108 

Italics indicate numbers derived from rum-detectable concentrations 
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Table 7-l 8 (Continued) 
EWy Mass Balance for Manganase 

Average of S/3,9/4, Q/5,&3 

I Wastewater I 398 1 398 
Average of Daily Closures, % 95.5 
Closure of Average Flows, % 95.8 

Italics indicate numbers derived from non-aktectable concentrations. 

7-65 



Table 7-l 8A 
Bailly Mass Balance for Manganese 

Std Dev of 9/3,9i4,9/5/93 

Process 
Stream 

LTNfT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

itd Dev of Daily Closures, % 

Solid, Liquid, Gas, Total, 
mgls mgls mgh mg/s 

10.8 10.8 

0.00 0.00 
31.2 0.584 31.2 
59.2 59.2 

8.51 

UNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

31.2 0.584 31.2 
15.4 15.4 

0.181 0.0934 0.118 
15.9 

CONDENSER 
In I Inlet Water 1.02 1 1.02 

Out I Outlet Water I I 8.95 1 8.95 
;td Dev of Daily Closures, % 121 

BOTTOM ASH SLUICE 
In Bottom Ash 59.2 59.2 

Sluice Return 0.0321 0.0321 
0.0435 59.2 

0.00899 

Combustion Air 
Makeup Water 

;, 

jtd Dev of Daily Closures, % 

10.8 

0.00 
0.0321 

59.2 
15.4 

0.118 
3.97 

Italics indicate numbers derived from non-detectable concentrations 



Table 7-18A (continued) 
Bailiy Mass Balance for Manganese 

Std Dev of 9f3.914, Ski/%3 

Process Solid, Liquid, G=, TOW 
Stream ma/s mgls mgls ma/s 

-LUE GAS MIXING 
In Unit 7 Flue Gas 0.357 o.m33 0.359 

Unit 8 Flue Gas 0.181 0.0934 0.118 
Out Flue Gas to AFGD 0.380 UN56 0.432 

itd Dev of Daily Closures, % 0.M 

3VERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.380 

Limestone 17.2 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.129 
Gypsum 11.1 
Wastewater 

itd Dev of Daily Closures, % 

0.0956 0.432 
17.2 

0.183 0.183 

0.000786 0.130 
11.1 

18.7 18.7 
1.05 

Italics indicate numbers @rived from non-detectable concentrations 
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Table 7-17 
Bailly Mass Balance for Mercury 

Average of 9/3,9/4,9/5/93 

1 Flue Gas to AFGD O.oo!Ml I 1.23 1.24 
Average of Daily Closures, % 118 
Closure of Average Flows, % 110 
CONDENSER 

In I Inlet Water 1.88 I 1.88 
nut I CItilet Water I I IfiAl I IRb 

Combustion Air 

ESP Hopper Ash 0.00887 0.00887 
Flue Gas to AFGD o.ww 1.23 1.24 

Average of Daily Closures, % 31.3 
Closure of Averaoe Flows. % 30.8 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 7 (Continued) 
Beiliy Mass Balance for Mercury 

Average of 913,914, S/5/93 

, Process 
Stream 

FLUE GAS MIXING 
In Unit 7 Flue Gas 

Unit _ .__ -- 
Out Flue Gas to AFG- 

verage of Daily Closu 

Solid, WJld Gas 
ma/s mg/s mgli 

Total, 
mg/s 

0.00883 1 0.890 1 0.899 
8 Flue Gas I 0.00941 I I 1.23 1.24 

IU 0.0182 I 1.92 194 
res, % loo 

Closure of Average Flows, % loo 
OVERALL AFGD SYSTEM BALANCE 

In Flue Gas 0.0182 1.82 1.94 
Umestone 0.00678 0.00678 
Service Water o.w838 0.00838 
Compressed Air 

Out Stack Flue Gas 
Gypsum 
Wastewater 

Average of Daily Closures, % 
Clanure nf Avnraos Flows~ % 

0.00395 1.32 1.32 
2.23 2.23 

0.00318 0.00318 
182 
189 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 7A 
Bailly Mass Balance for Mercury 

Std Dev of 9J3, 914. Q/S,‘93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

sdid, Liquid, =, TOW 
mgls mg/s mgls ma/s 

0.535 0.535 

0.003314 o.ooo314 
0.0101 0.345 0.355 
0.00182 0.00182 

13.4 

JNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

0.0101 0.345 0.355 
0.00231 0.00231 
0.00842 0.0930 0.0984 

32.2 

:ONDENSER 
In I Inlet Water 

Out 1 Outlet Water I 
td Dev of Daily Closures, % 

0.458 1 0.458 
I 1.32 I 1.32 

92.8 

30TTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

‘td Dev of Daily Closures, % 

0.00182 0.00182 
o.w201 o.w201 

0.00182 0.0000312 0.00183 
26.2 

30lLER OVERALL BALANCE 
In coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

;td Dev of Daily Closures, % 

0.535 0.535 

o.ooo314 0300314 
o.oo201 o.w201 

0.00182 O.OOOO312 0.00183 
0.00231 0.00231 
0.00842 0.0930 0.0984 

6.07 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-17A (Continued) 
billy Mass &lance for Mercury 

Std Dev of 913,9l4,9/5-/93 

Process 
Stream 

-LUE GAS MlXING 
In Unit 7 Flue Gas 

Unit 8 Flue Gas 
Out Flue Gas to AFGD 

itd Dev of Daily Closures, % 

Solid, Uquid, a Total, 
ms/s ma/s mgh mg/s 

0.00409 0.101 0.0988 
0.00842 0.0930 0.0984 
0.00869 0.0327 0.0354 

0.00 

3VERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.00889 

Umestone 0.ooo123 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.00138 
Gypsum 0.0433 
Wastewater 

itd Dev of Daily Closures, % 

0.0327 0.0354 
o.ooo123 

O.Wl15 O.Wl15 

0.192 0.191 
0.0433 

0.000698 0.000698 
4.86 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-l 8 
Bailly Mass Balance for Mercury (B-R) 

Average of 9/3,914,9/s/93 

Process Solid, Uquid. =, Total, 
Stream mgls mgh ma/s ma/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 

4verage of Daily Closures, % 54.8 
;losure of Average Flows, % 55.4 
UNIT 8 ESP 

In Flue Gas 2.18 2.18 
Out ESP Hopper Ash 0.00887 0.00887 

Flue Gas to AFGD 2.57 2.57 
4verage of Daily Closures, % 120 
Closure of Average Flows, % 118 
CONDENSER 

In I Inlet Water I 1.58 I 1.58 
Out IOutlet Water I 1.84 I 1.84 

Average of Daily Closures, % 119 
Closure of Average Flows, % 105 
BOTTOM ASH SLUICE 

In Bottom Ash 0.00370 o.Ou370 
Sluice Return 0.00483 0.00483 

Out Bottom Ash Sluice 0.00370 0.00483 0.00833 
I\verage 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 o.wo883 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, % 85.2 
Closure of Average Flows, % 85.5 

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 9l3.9l4,9/5/93 

Process Solid, 
Stream mgls 

:LUE GAS MlXING 
In Unit 7 Flue Gas 

Unit 8 Flue Gas 
Out Flue Gas to AFGD 

verage of Daily Closures, % 
llosure of Average Flows, % 
)VERALL AFGD SYSTEM BALANCE 

In Flue Gas 
Limestone 0.00478 
Service Water 
Compressed Air 

Out Stack Flue Gas 
Gypsum 2.23 
Wastewater 

,verage of Daily Closures, % 
:losure of Average Flows, % 

W-U 
mg/s 

0.00838 

0.00318 

=, Tatal. 
mgls mgls 

1.27 1.27 
257 257 
3.84 3.84 

loo 
loo 

3.84 3.84 
0.00~578 
0.00836 

1.52 1.52 
2.23 

0.00318 
99.7 
97.6 

Italics idicate numbers derived from non-delectable concentradonr 
Bold entries show the Brooks-Rand mercury data. 
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Table 7-l 8A 
Ballly Mass Balance for Mercury (BR) 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Sdld, Uwid, Gas, Total, 
mgls ,ma/s mgls mg/s 

0.569 0.589 
0.00214 0.00214 

0.000314 0.000314 
0.814 0.614 

0.00182 O.Wl82 
7.64 

JNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

0.614 0.614 
0.00231 0.00231 

0.560 0.560 
7.37 

:ONDENSER 
In I Inlet Water 

Out (Outlet Water 
td Dev of Daily Closures, % 

0.458 1 0.458 
1.32 I 1.32 

62.6 

30lTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

itd Dev of Daily Closures, % 

0.00182 O.&U82 
o.w201 o.w201 

0.00182 0.0000312 0.00183 
26.2 

I 
30lLER OVERALL BALANCE 

In ICoal 0.569 1 
c 

Out 

Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 

0.060314 
0.00201 

0.00182 0.0000312 
0.00231 

0.00214 

0.560 (Flue Gas to AFGD I 
Xd Dev of Daily Closures, % 

I 

0.689 
0.00214 

0.060314 
o.w201 
0.00183 

0.00231 
0.560 

5.46 

Italics indicate numbers derived from non-detectable concentrations 
Bold entries show the Brooks-Rand mercury data. 
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Table 7-l 8A (Continued) 
Bailly Mass Balance for Mercury (B-R) 

std Dev of g/3,9/4, w93 

Process 
Stream 

:LUE GAS MlXING 
In Unit 7 Flue Gas 

Unit 8 Flue Gas 
Out Flue Gas to AFGD 

td Dev of Daily Closures, % 

Solid, 
mgls 

WI4 
Rig/S 

IVERALL AFGD SYSTEM BALANCE 
In Flue Gas 

Umestone 0.ooo123 
Service Water 
Compressed Air 

Out Stack Flue Gas 
Gypsum 0.0433 
Wastewater 

td Dev of Daily Closures, % 

0.786 0.786 
oJoo1u 

O.Wl15 O.Wll5 

0.272 0.272 
0.0433 

0.000698 0.000898 
17.3 

Italics indicate numbers derived from non-detectable concentrations. 
Bold entries show the Brooks-Rand mercury data. 
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Table 7-l 9 
Bailly Mass Balance for Molybdenum 

Average of 913,914, Q/5/93 

Process Solid, Wid, GeS, TOW 
Stream mg/s me/s ma/s mg/s 

JNIT 8 BOILER 
In Coal 283 283 

Combustion Air 

&it 
Water 

Makeup Flue Gas 
Bottom Ash 

verage of Daily Closures, % 
:loeure of Average Flows, % 
JNIT 8 ESP 

In Flue Gas 
Out ESP Hopper Ash 

Flue Gas to AFGD 
verage of Daily Closures, % 
:losure of Average Flows, % 
:ONDENSER 

In 1 Inlet Water 
Out (Outlet Water I 

,verage of Daily Closures, % 
Iosure of Average Flows, % 
3OlTOM ASH SLUICE 

In Bottom Ash 
Sluice Return 

Out Bottom Ash Sluice 
verage of Daily Closures, % 
:losure of Average Flows, % 
30lLER OVERALL BALANCE 

In Coal 
Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

bverage of Daily Closures, % 
Xosure of Average Flows, % 

0.0125 0.0125 
205 0.293 205 
I.12 I.12 

78.8 
72.9 

205 0.293 205 
217 217 
1.41 0.0618 1.47 

198 
108 

34.4 ( 34.4 
I 34.4 1 34.4 

100 
loo 

1.12 1.12 
0.133 0.133 

1.12 0.187 1.30 
102 
104 

283 283 

0.0125 0.0125 
0.133 0.133 

1.12 0.187 1.30 
217 217 
1.41 0.0618 1.47 

85.3 
77.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-l 9 (Continued) 
Bailly Mass Balance for MoJybdm~~ 

Average of 913,914, Q/5/93 

Italics indicate numbers hived from non-detectable concentrations 
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Table 7-l 9A 
Bailly Mass Balance for Molybdenum 

Std Dev of Q/3,9/4, Q/5/93 

L 

Si 

1 

Si 

C 

s 

E 

S 

E 

S 

Process 
Stream 

INfT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

solll, Squid, Gas, T-h 
mg/s mgls mg/s mgls 

139 139 

0.00 0.00 
47.8 0.359 48.0 

0.749 0.749 
21.0 

JNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

47.8 0.359 48.0 
30.5 30.5 

0.123 0.00333 0.125 
15.4 

;ONDENSER 
‘- 

+-jg 
Water I I 0.488 1 0.488 

,.,et Water 0.488 1 0.488 
td Dev of Da,,> b”y Closures, % 0.00 

10lTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

td Dev of Daily Closures, % 

0.749 0.749 
0.0884 0.0884 

0.749 0.182 0.931 
4.22 

SOILER OVERALL BALANCE 
In coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

I 

139 139 

0.00 0.00 
0.0884 0.0884 

0.749 0.182 0.931 
30.5 30.5 

0.123 0.00333 0.125 
24.0 

Italics inokate numbers derived from non-detectable concentrations 
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Table 7-l QA (Continued) 
Bailly Mass Balance for Molybdenum 

Std Dev of 9l3,9/4, Ql5l93 

Process SoIid, wJ4 as Total, 
Stream ma/s ma/s mg/s me/s 

=LUE GAS MlXING 
In Unit 7 Flue Gas 0.374 0.ao117 0.374 

Unit 8 Flue Gas 0.123 0.00333 0.125 
Out flue Gas to AFGD 0.483 0.004W 0.487 

Xd Dev of Daily Closures, % 0.00 

1VERALL AFGD SYSTEM BALANCE 
In Flue Gas 0.483 

Limestone 2.52 
Service Water 
Compressed Air 

Out Stack Flue Gas 0.150 
Gypsum 49.2 
Wastewater 

;td Dev of Daily Closures, % 

om4w 0.497 
2.52 

3.21 3.21 

o.ooo393 0.150 
49.2 

0.0760 0.0760 
543 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-29 
Bailly Mass Balance for Nickel 

Average of 913,914, Ql5l93 

Process Solid, Liquid, Gas, Total, 
Stream mgls mgls ITlQlS ma/s 

UNIT 8 BOILER 
In Coal 908 908 

Combustion Air 
Makeup Water 0.0208 0.0208 

Out Flue Gas 330 1.38 331 
Bottom Ash 273 273 

tverage of Daily Closures, % 72.3 
Closure of Average Flows, % 88.7 
UNIT 8 ESP 

In 1 Flue Gas 3301 I 1.38 I 331 
Out tESP Hopper Ash 1 349 I I 349 

1 Flue Gas‘to AFGD 1 
4verage of Daily Closures, % 
Closure of Average Flows, % 
CONDENSER 

‘. ‘Vater I 
.,: Water 

Average of DaL, vlvIl INI PlnaaJreg, % 
Closure of Averag- El> v r tows, % 
BOTTr 3M ASH SLUICE 

In - BOtt Tom Ash 
Sluic :e Return 

no* IPA+ VvL , ,,,,om Ash Sluice 
Average of Daily Closures, % 
Closure of Average Flows, % 
BOILER OVERALL BALANCE 

In 1 Coal I 

0.792 1 I 1.13 1.93 
198 
108 

I 57.3 1 57.3 
73.6 1 73.6 

128 
128 

273 273 
0.136 0.136 

273 0.442 274 
180 
100 

908 .,,I Combustion Alr 
Makeup Water I 

ISluice Return 0.136 1 I 0.136 
Out 1 Bottom Ash Sluice 1 273 0.442 1 274 

1 ESP Hopper Ash ) 349 
1 Flue Gas to AFGD 1 

Average of Daily Closures, % 
Closure of Average Flows, % 

Italics indicate numbers derived from non-detectable concentration 
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Table 7-20 (Contlnued) 
Bailly Mass Balance for Nickel 

Average of 913,914, SE/93 

Process Solid, Uquid, G=h Total 
Stream ma/s me/s mgls ma/s’ 

FLUE GAS MlXING 
In I Unit 7 Flue Gas I 1.05 I I 0.300 1 1.38 

rverage of Daily Closure -. 

0.792 I I 1.13 I 1.93 -.. -- . .._ ..-- 
stoiu;GDI 1.88 I I 1.43 3.28 

si, % 100 
:losure of Average Flows, % 100 
DVERALL AFGD SYSTEM BALANCE 

In 1 Flue Gas I 1.88 I I 1.43 I 3.28 
Limestone 
Service Water 
Compressed Air 

Out Stack Flue Gas 
Gypsum 
Wastewater 

hverage of Daily Closures, % 
Yasure of Averaae Flows. % 

17.4 17.4 
0.441 0.441 

0.771 0.520 1.29 
188 156 

8.88 8.88 
780 
m 

ItaCcs indicate numbers derived from non-&tectabk concentrations. 
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Table 7-20A 
Bailly Mass Balance for Nickel 

Std Dev of 9/3.9/s. 9Kt/93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, 
ms/s 

398 

51.8 
30.3 

Llquid, 
ms/s 

0.00 

Gas, Total, 
m&3 mg/s 

398 

0.W 
1.42 51.3 

39.3 
19.9 

JNlT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

51.8 1.42 51.3 
48.8 48.8 

0.213 0.911 0.798 
1.94 

:ONDENSER 
In I Inlet Water I 

Out I Outlet Water 
td Dev of Daily Closures, % 

30TTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

td Dev of Daily Closures, % 

0.814 1 0.814 
I 29.0 1 29.0 

48.5 

30.3 30.3 
0.00794 0.00794 

30.3 0.0588 39.4 
0.00934 

30lLER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

398 398 

0.00 0.00 
0.00794 0.00794 

30.3 0.0588 39.4 
48.8 48.8 

0.213 0.911 0.798 
21.3 

Italics indicate numbers derived from non-detectable concentratiorw 
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Table 7-20A (Continued) 
Bailly Mass Balance for Nickel 

Std Dev of 913,914, Ql!%n 

I Process 
I 

Solid, 
I 

UqW Gas, 
Stream mais IlUllS I ma/s 

T-h 
ma/s 

I nQli 1 x798 

:LUE GAS MIXING 
In Unit 7 Flue Gas 

Unit 8 Flue Gas 
Out Flue Gas to AFGD 

td Dev of Daily Closures, % 

IVERALL AFGD SYSTEM BALANCE 
In 1 Flue Gas I 0.808 1 I 0.825 

Umestone 
Service Water 
Compressed Air 

Out Stack Flue Gas 
Gypsum 
Wastewater 

td Dev of Daily Closures, % 

0.897 
0.0230 

0.189 0.390 
120 

0.293 

1.29 
0.897 

0.0230 

0.287 
120 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-21 
Bailly Mass Balanoe for Selenium 

Average of 913,914, QlSl93 

Process Solid, =, 
I 

I 
I 

Uquid, 1 
I 

I Total. 
Stream mg/s mgls mgls I mg/s 

INIT 8 BOILER 
In ICoal 51.3 1 I 51.3 

1 Combustion Air 1 
) Makeup Water 0.0142 I I 0.0142 

Out IFlue Gas I 48.3 I I 82.2 I 110 
(Bottom Ash I 

verage of Daily Closures, % 
losure of Average Flows, % 
JNIT 8 ESP 

In I Flue Gas I 
Out IESP Hopper Ash I 

0.817 1 I 0.817 
258 
217 

48.3 1 I 82.2 1 110 
11.7 I I 11.7 

(Flue Gas to AFGD 1 0.587 1 52.2 52.7 
verage of Daily Closures, % 58.5 
losure of Average Flows, % 58.3 
:ONDENSER 

In I Inlet Water I 3.44 1 3.44 
Out I Outlet Water 3.44 1 3.44 

verage of Daily Closures, % 100 
losure of Average Flows, % 100 
SOTTOM ASH SLUICE 

In ) Bottom Ash 0.817 1 I 0.817 
0.188 

1.98 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

verage of Daily Closures, % 
:losure of Average Flows, % 

0.817 
11.7 

0.587 I 52.2 52.7 
149 
127 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-21 (Continued) 
Ballly Mass Balance for Selenium 

Average of 9/3,9/4,9l6/93 

Process SoUd, UquQ a, Total, 
Stream mgls ma/S me/S mgls 

:LUE GAS MIXING 
In Unit 7 Flue Gas 11.9 45.0 66.9 

Unit 8 Flue Gas 0.567 62.2 62.7 
Out Flue Gas to AFGD 12.4 97.2 110 

verage of Daily Closures, % 100 
losure of Average Flows, % 100 
IVERALL 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 81.7 81.5 123 
Gypsum 37.9 37.9 
Wastewater 2.88 2.86 

verage of Daily Closures, % 161 
‘losure of Average Flows, % 149 

Italics indicate numbers derived from non-detectable concentrations 



Table 7-21 A 
Bailly Mass Balance for Selenium 

Std Dev of 913,914, Q/5/93 

Process 
Stream 

JNIT 8 BOILER 
In Coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

td Dev of Daily Closures, % 

Solid, Uquid, Gas Total, 
ms/s mg/s m& mg/s 

32.4 32.4 

0.0125 0.0125 
7.50 19.4 18.5 

0.416 0.416 
92.5 

JNIT 8 ESP 
In Flue Gas 

Out ESP Hopper Ash 
Flue Gas to AFGD 

td Dev of Daily Closures, % 

:ONDENSER 
In I Inlet Water 

Out I Outlet Water 
;td Dev of Daily Closures, % 

3OTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
OUt Bottom Ash Sluice 

;td Dev of Daily Closures, % 

30lLER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

itd Dev of Daily Closures, % 

7.50 19.4 18.5 
1.83 1.83 

0.164 15.8 15.7 
11.3 

0.0488 1 0.0488 
0.0488 1 0.0488 

0.00 

0.418 0.416 
0.0768 0.0768 

0.416 0.167 0.385 
31.5 

32.4 32.4 

0.0125 0.0125 
0.0768 0.0788 

0.418 0.167 0.385 
1.83 1.83 

0.164 15.8 15.7 
61.4 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-21 A (continued) 
Bailly Mass Balance for Selenium 

Std Dw of 913, s/4, QlM3 

Process sdld, UquU as, Total, 
Stream mgls mgls ma/s ma/s 

:LUE GAS MIXING 
In Unit 7 Flue Gas 10.1 28.8 31.9 

Unit 8 Flue Gas 0.184 15.8 15.7 
Out Flue Gas to AFGD 10.0 38.0 44.0 

td Dev of Daily Closures, % 0.00 

WERALL AFGD SYSTEM BALANCE 
In Flue Gas 10.0 

Umestone 0.00614 
Service Water 
Compressed Air 

Out Stack Flue Gas 28.4 

38.0 44.0 
0.00614 

0.145 0.145 

42.5 52.7 
Gypsum 2.17 217 
Wastewater 0.271 0.271 

td Dev of Dally Closures, % 62.1 

Italics indicate numbers *rived from non-detectable concentrations 
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Table 7-22 
Bailly Mass Balance for Vanadium 

Average of 9l3,9/4,9/5l93 

Process Solid, Liquid, GaS, Total, 
Stream mgls mgls tTVJ/S mg/s 

UNIT 8 BOILER 
In Coal 1888 1888 

Combustlon Air 
Makeup Water O&W?.5 0.00625 

Out Flue Gas 699 0.775 700 
Bottom Ash 889 869 

werage of Dally Closures, % 88.2 
Xosure of Average Flows, % 84.5 
UNIT 8 ESP 

In Flue Gas 699 0.775 700 
Out ESP Hopper Ash 833 833 

Flue Gas to AFGD 1.29 0.0512 1.25 
4verage of Daily Closures, % 128 
Xosure of Average Flows, % 119 
CONDENSER 

In I Inlet Water 17.2 1 17.2 
Out I Outlet Water I I 17.2 1 17.2 

4verage of Daily Closures, % 100 
Josure 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 
4verage of Daily Closures, % loo 
Xosure of Average Flows, % loo 
BOILER OVERALL BALANCE 

In Coal 1880 1880 
Combustion Alr 
Makeup Water 0.00625 o.oM25 
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 

4verage of Daily Closures, % 93.5 
Josure of Average Flows, % 91.7 

Italics indicate numbers derived from non-detectable concentrations 
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Table 7-22 (conunlJed) 
Bailiy Mass Balance for Vanadium 

Average of Ql3,9l4,9l!5lQ3 

Italics indkate numbers &rived from non-detectable concentrations. 
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Table 7-22A 
Bailly Mass Balance for Vanadium 

Std Dev of Q/3, Q/4, Q/5/93 

Process 
stream 

UNIT 8 BOILER 
In coal 

Combustion Air 
Makeup Water 

Out Flue Gas 
Bottom Ash 

itd Dev of Daily Closures, % 

Sdld, Llquld, Gas Total, 
ms/s ma/s m& mg/s 

317 317 

0.00 0.00 
80.5 0.753 81.3 
116 116 

18.4 

UNIT 8 ESP 
In Flue Gas 

Old ESP Hopper Ash 
Flue Gas to AFGD 

itd DW of Daily Closures, % 

I 

80.5 0.753 81.3 
23.5 23.5 

0.224 0.6227 0.224 
11.6 

CONDENSER 
In 1 Inlet Water 

Out 1 Outlet Water 
jtd Dev of Daily Closures, % 

0.244 1 0.244 
I 0.244 ) 0.244 

0.00 

BOTTOM ASH SLUICE 
In Bottom Ash 

Sluice Return 
Out Bottom Ash Sluice 

jtd ‘Dev of Daily Closures, % 

116 118 
0.00238 0.00238 

118 0.00238 116 
0.00 

BOILER OVERALL BALANCE 
In Coal 

Combustion Air 
Makeup Water 
Sluice Return 

Out Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

jtd Dev of Daily Closures, % 

317 317 

0.00 0.00 
0.00238 0.00238 

116 0.00238 118 
23.5 23.5 

0.224 0.0227 0.224 
17.6 

Italics indicate numbers derived from non-derectable concentrations. 



Table 7-22A (Continued) 
Bailly Mass Balance for Vanadium 

Std Dev of 9/3,9/4,9/5/93 

Gypsum 2.15 2.15 
Wastewater 0.0181 0.0181 

Std Dev of Daily Closures, % 5.33 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-236 
AFGDclosuresfromTwoDataSourws 

-96 

Ehlenb sRIfioa+? Galbnlithrurplvsir 

Antimony 65 134 

Arsenic 426 41 

I Barium I 81 I 86 I 

Eieryllium 1220 123 

Boron 128 91 

Cadmium 67 90 

Chromium 2850 98 

Cobalt 88 135 

Copper 26 41 

I 56 I I 
Manganese 96 142 

Mercury 182 132 

Molybdenum 135 50 

Nickel 777 125 

Selenium 149 135 

Vanadium 65 82 

‘Data from the last line of entries in Tables 76 through 7-22, which are 
based on averages of daily tlows. (They are not the averages of closures for 
each three. days, which are found in Table 7-23.) 

bData 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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7.2EffidendescdRemovalofTraceSpe&a 

There are two direct ways for expressing the efficiency of removal of trace 
species from the Bailly investigation: 

. Removal within the Unit 6 ESP. This is based on the direct 
comparison of concentrations expressed in pg/Nm3 or ppmv 
(either at constant, 3% 0,) 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 Unlt 7 is 
approximately 0.33 and that for Unit 6 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 sulfuric acid vapor within the scrubber 
will make the net removal less than the removal of incoming ffy 
ash. 

lt is also possible to compute an approximate efilclency of ash removal across 
the Unit 7 ESP. The twc units burned the same coal and have the same type of 
boiler. The uncertainty about Unit 7 1s the carryover of coal ash to fly ash at the ESP 
inlet. tt seems reasonable to use the inlet concentration observed at Unit 6 as the 
value at Unit 7. Even lf the actual concentration of Inlet ash in Unit 7 were just 75% of 
that at Unit 6, the error in the ESP efficiency would not change proportionally. lf, for 
example, the removal efficiency were stated to be 99.00% with an inlet concentration 
of 4.0 g/Nm3, 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 twc ESPs and the scrubber are 
listed in Tables 7-24, 7-25, and 7-26. The value 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 cafculate efficiencies of the two ESPs is of the following 
simple form: 

Efficiency = lOO(1 - (ESP outlet concn.)/(ESP inlet concn.)] 
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Table 7-24 
EfFtcbchofMetalRemovalintheUnit8ESP 

(Dataln%) 

II 9Brn I 9l4B3 I 9/5193 11 Awage I !W.dev- 

Antimony ! 99.86 100.23 99.83 99.97 0.22 
I 

1 Arsenic 11 98.64 I 98.26 1 98.33 1 98.41 0.20 

I Barium II 99.60 I 99.72 I 99.77 II 99.70 I 0.09 I 
Eeryllium 99.90 99.88 100.00 99.92 0.07 

Boron 36.86 -5.04 26.49 19.43 21.83 

Cadmium 94.81 98.05 99.14 97.33 225 

Cobalt 99.59 99.57 99.70 99.62 0.07 

Chromium 99.9-l loo.33 100.10 loo.14 0.18 

Comer 99.72 99.49 99.72 99.64 0.13 

I Lead I 99.43 I 99.70 I 99.90 II 99.68 I 0.24 I 
Manganese 99.74 99.88 99.92 99.65 0.09 

Mercury’ 25.72 -5.50 -20.34 -0.04 23.52 
0.97 -18.62 2.36 -5.10 11.73 

Molybdenum 99.26 99.37 99.51 99.38 0.13 

Nickel 99.15 99.55 99.66 99.45 0.27 

Selenium 69.88 44.36 58.95 57.73 12.81 

Vanadium 99.82 99.79 99.88 99.83 0.05 

Ahtmioum I’ 99.85 99.88 99.93 99.87 0.03 

Calcium 97.46 97.51 97.51 97.50 0.03 

I Iron II 99.85 I 99.90 I 99.92 II 99.89 I 0.04 I 
I Maanesium II 99.12 I 99.68 I 99.68 I 99.69 I 0.02 I 

Titanium II 99.84 99.86 99.89 99.87 0.02 

The second line is based on data from the solid trap, which purportedly measure only 
vaoor and thus should not show any E8P effect. 
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Table7-25 
EfficiedesdMetal-intheUnit7ESP 

(Data in %) 

I 11 9/3P3 1 9/4/93 1 9/5D3 t/ Avaue 1 scbdev. 1 

Antimony I 97.82 99.33 99.34 98.83 0.88 

Arsenic 90.43 97.01 97.72 95.05 4.02 

I Barium II 98.51 I 98.94 I 98.80 I 98.75 I 0.22 I 
Beryllium 98.88 

I Roron I 41.79 I -7.67 1 --_-- 
II I I --.-. 

Cadmium II 90.20 I 95.34 95.80 I 93.78 1 3.11 I 
I 98.05 I 98.45 I 98.38 I 98.29 I 0.21 I 

Chromium 1 98.32 99.30 99.28 98.97 0.56 

Copper 97.76 98.55 98.76 98.36 0.53 

I Lead I 97.76 1 98.81 1 98.44 I 98.34 I 0.53 I 
Manganese II 99.00 99.42 99.26 99.22 0.22 

Mercury’ 28.41 -35.90 -9.72 -5.72 32.38 
13.63 0.91 10.11 8.22 6.57 

Nickel 98.45 96.80 98.64 S63 0.17 

Selenium II 60.62 -57.68 32.21 1 11.71 61.77 

I Vanadium II !x.oo I 98.72 1 98.14 II 98.49 I 0.42 I 

I Iron 

I Maaneaium II 98.88 I 99.04 I 98.96 I 98.96 I 0.08 I 
Titanium Ii 98.72 99.03 98.92 96.89 0.16 

‘The second line is based on data from the solid traps, which purportedly measure only 
vanor and thus should not show any ESP effect. 
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Table 7-26 
EffiCienciesOfMetalRemovalhth8sauWer 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cobalt 

Chromium 

%vr 

Lead 

Manganese 

Mercury’ 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Alumioum 

Calcium 

Iron 

Magnesium 

Titanium 

(Data in %) 

9/3/93 9/4/m Average stddw 

-335.83 42.58 120.76 -57.50 I 244.24 

10.75 78.39 85.64 58.26 41.31 

88.11 90.61 88.82 89.18 1.29 

81.51 84.60 lcKl.00 I 88.70 9.91 

92.55 91.41 89.53 91.16 1.52 

91.60 90.94 m.90 v 90.15 1.97 

78.13 76.92 82.83 79.30 3.12 

99.59 I -21.40 I 104.76 1 60.98 I 71.41 I 
49.20 83.75 77.39 70.11 18.39 

78.20 84.01 84.85 1 82.35 3.62 

69.88 1 42.43 1 75.03 n 62.45 1 17.35 I 

47.88 45.77 56.09 49.92 5.45 

82.61 58.71 69.70 70.34 11.96 

-29.65 34.63 -52.01 -15.68 44.99 

75.27 1 73.55 I 81.95 1 16.92 1 4.44 

95.07 I 90.89 I 94.54 I 93.50 I 2.28 I 
77.20 74.65 78.43 76.76 1.93 

90.70 87.19 92.90 u m.26 2.88 

38.51 I 31.38 1 40.33 II 36.74 1 4.73 I 
87.99 I 85.06 I 89.95 II 87.67 1 2.46 1 

I ‘The second line is based on data from the solid trap, and.it presumed to show the 
scrubber effect more accurately. I 
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The equation for the scrubber is more complex; it includes the measured flow rate of 
gas at each location: 

Efficiency = lOOC,FJ[C,F, + C,Fd 

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 lOO%, 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 outlet concentration was higher than the inlet 
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 mercury. 

The data in Table 7-24 are based on Method 29. The rest&s for mercury 
based on sampling with solid traps (Table 8-36) are also negative (- 5%). 

The following is a summary of the averages of the efficiencies for the Unit 8 
ESP (Table 7-24): 

Efficiencv ranae. % Elements 

C20 8, H9 
20-50 Se 
80-98 Cd, Ca 
98-99 As 

99.0-99.9 Ba, Co, Cu. Pb, Mr-t, MO, 
Ni, V, Al, Fe, Mg, Ti 

z-99.9 Sb, Be, Cr 

Table 7-25 for Unit 7 ESP has the anomaly of negative efficiencies. 
Classification of the individual elements gives the following: 

Efficiencv ranae. % Elements 

40 Hg, sa 
20-50 8 
W-98 Aa, Cd, MO, Ca 
98-99 Sb, Ba, Be, Co, Cr, Cu, 

Pb, Ni, V, Al, Fe, Mg, TI 
>QQ Mn 



Generally, the efficiencies in Unit 7 ESP are shifted to lower values from those seen in 
Unit 8 ESP. This shift follows that of total particulate removal efftciency: 98.7% for 
Unit 7 and 99.8% for Unit 8 (assuming the same inlet concentration at both ESPs). 

The data in Table 7-28 suffer severely from the anomalies due to large relative 
errors in small numbers. Some of the conclusions that can nevertheless 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 metals in the 
particulate state (barium and beryllium, for example). 

. The average efficiency for mercury is listed as 88%. The data 
based on sampling with solid traps indicate that the value is 
nearer 89% (Table 8-82). The extent of mercury removal is 
believed to be controlled by the fraction in the oxfdized (divalent) 
state. 

. The efficiency for the third volatile metal, selenium, is not 
defined. The difficulty with this metal was previously discussed 
in Section 8.3. 

l The efficiency for antimony is not defined. 

l The efficiencies of the remaining metals 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: 

Efficiencv ranae. % Elements 

c50 
80-80 

80-90 
Z-90 

Hg, MO, Mg 
As, Co, Cr, Cu, 
Mn, Ni, V, Ca 
Ba, Be, Pb, Ti 
B, Cd, At, Fe 

72.2 Anions and Acfd 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 ftseff. This 
report contains very little data to support this assumption; whether it is precisely 
correct is of little consequence, however, because of the compelling 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, HCI, and SO* In the ESPs is negligible (see 
Table 8-35). The control in the scrubber is very effective, on the other hand. The 
following data were previously given in Section 8.32: 

Gas Removal in scrubber. % 

HF 96 

HCI 99 

The data for organic compounds are not sufficiently definitive to justlfy any 
conclusion about their removal 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 (ug/Nm’) 

. Flue gas production per unit mass of coal (Table S-2 shows that the volume 
is, on the average, 0.008204 Nm3 per gram of coal burned). 

l Calorifff value of the coal (Table 6-l shows that the average value is 25809 
J per gram of coal). 

The emission factor for the unit concentration in the stack (1 .O ug/NmT is thus 
calculated as follows: 

1 .O ug/Nm3 x 0908204 Nm?g x 1 g/25809 g/J = 0.318 x 1 Od pg/J 

or 

1 .O ug/Nm3 = 0.318 g/l 0” J = 0.739 lb/l 0” Btu 

me product of the second two terms in the above equation gives the value 
0.318 x 1 Od ma/J. This value can be compared with the value based on coal feed 
rates and gas flow rate in the stack. The daily values are as follows: 

September 3 

September 4 

September 5 

0.320 x 1 Od Nm3/J 

0.318 x 1 Od NmS/J 

0.320 x 1 O* Nm3/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/Nm3. 
Hence, the emission factor of this metal is 1 .12 g/l 0” J or 2.90 lb/l 0” Btu. (This 
resuft is based on the analysis at Brooks Rand.) 

me 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 . . ErlWSWlF&O&calcukdedfromstadcconcentrebkns 
(uncertainty, 95% - lhllta) 

Aluminum 43.6 * 15.9 101 * 37 

Calcium 1%*33 454 A 76 

Iron 89.6 * 60.1 208*140 
Magnesium 36.9 * 6.5 85.7 * 15.0 

Titanium 6.68 * 2.62 15.5 * 6.08 

Fluoride <180 ~420 

Chloride 440* 112 1020 * 260 

SO, 17olxNl* 74tnlo 395WO l 172000 

‘Based on stack concentration of analyte (pg/Nm’), calculated volume 
of flue gas from unit maas of coal (Nm3/g), and calorific value of coal 

“!??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 ‘@xX Phase Partitioning 

The partitioning 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 shii 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 HgCI, 
at lower temperatures. 

A comparison of trace metal concentrations in bottom ash and fly ash gives an 
indication of how partitioning between solid and gas occurs in the boiler. Table 8-8 in 
an earlier section of this report presented data making that comparison possible. me 
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 wera poorly recovered in 
the ESP ash, as the presumed occurrence in the gas 
phase even at the ESP temperature (about 188 “C). 

A comparison of the specific metal concentrations in the ducts adjacent to the 
ESPs was given earlier, in Table 847. 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/Nm3 increase sharply as particle size decreases. 

A further comparison can be made by inspecting the data in the stack 
(Table 8-81). Here the trends toward increasing specific concentration with decreasing 
particle size break down because each of the volatile metals is appreciably absorbed 
in the scrubber. 
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8.2 plume Simulation lXution Sampling 

8.2.1 SRI Ccndensfblea Air Dflutfon Train 

Sampling both without dilution and with dilution was performed at the Unlt 7 
ESP outlet. Sampling with dilution lowers both the flue gas concentrations and the 
gas temperature, thus simulating the two Important changes that occur in the plume 
as stack gas emerges into the atmosphere. These processes will cause condensation 
of certain vaporous substances or, alternatively, may cause adsorption of these 
substances on preexisting 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. lf flue gas exits a stack at a typical temperature, 150 ‘C, it may contain 
up to 75 ppm of H,SO, 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. mere is also evidence that certain metal vapors will condense and be 
concentrated on small aerosol particles. 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, SRI developed several sampling trains incorporating 
dilution and cooling for purposes similar to those of present concern. me most 
recent dilution train was developed for widespread measurement of condensiblas; it is 
called the CADT (Condensibles Air Dilution Train). lt is Illustrated in Figure 8-l. ft was 
designed and built for EPA under the scenario that in-stack total particulate matter (or 
P&o) is a material separate from condensibles. For condensibias measurement with 
the CADT, process gas is conveyed to the dilution chamber through an in-stack filter, 
Method 5 probe, and heated sample flow-measuring orifice. Process gas is diluted in 
rapid mixing with ffttered, cooled ambient air to obtain a final gas mixture near 20 ‘C. 
A residence time of 2 to 3 sac, sufficient for condensation, is provided prior to 
collection of condensed particulate matter on a quartz filter, 150 mm in diameter. 
Tests indicated that condensation on walls of the dilution chamber is low (<lo%). 
The criteria of practical operation and precise measurements, which are needed for 
formal emission measurement methodology, were of primary concern in design of the 
CADT. Afthough losses of particulate passing through the CADT have not been 
specifically measured, it is believed that particles smaller than 5 urn 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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Descriotion and ooeration of the CADT 

The condensible air dilution train is illustrated in Figure 5-l. The portion of the 
sampling train from the nozzle up to and including the Method 5 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 flow orifice meter and 
flow control valves before being exhausted through the pump. 

The sample orifice meter, diluter cone, the housing of the cone, and all 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 55 cm, and the outside diameter, including flanges 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 gel, passing through a bed of activated 
charcoal, and being filtered through an absolute filter. The temperature of the dilution 
air must be controlled 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 included on 
the dilution air conduit to warm the dilution air in cold 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 SiZ8S and COStS Of the train COmpOn8ntS that are r8aSOnabl8. The gas ROW 
rate of the cyclone identified for PM,, measurements is limited to about 0.5 scfm to 
obtain a particle cut size at 10 pm, and limiting the sampling rate with a Method 5 train 
to less than about 0.5 scfm is reasonable. Pumps with a loaded capacity of 10 scfm 
(which is about 20 times the PM,, flow rate value) are practical for source sampling. 
These factors led to selection of 20 for th8 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 



compromising the effect of dilution cooling on condensation or causing problems from 
the condensation of moisture. 

Dilution and mixina 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 diljiin air jets are 
designed for high, small-scale turbulence and low net swirl to produce a flat v8loctty 
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 45.9 cm. 
The primary criterion for selecting these dimensions was to provide residence time in 
the range 1.5 to 2 set, 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. 

Samole orifice meter kamole aas flow rate and volume) 

The sampfe gas temperature from the probe up to and Including the orifice 
disc of the sample orifice meter is maintained at 129 “C to prevent condensation of 
moisture in th8 Sample gas. The OrkiC8 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 th8 Orifice meter iS p8rfOn8d in th8 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 oriftce 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. 

0.22 Plume Simufatfon Dflutfon Sampffno at Baflfy 

The CADT was operated to COlteCt samples at the outlet of the Unit 7 ESP 8aCh 
day. Particles larger than about 5 pm were r8mOV8d by means Of a cydone 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 th8 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 fOtlOwing COmpon8ntS: 

. Metals. The quanttty 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 particulate matter in 
the total gas volume. The original concentration of each metal in 
the duct was CalCulat8d by correcting the total gas volume 
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8.2.3.2 Acid Gases 

Table 5-4 compares the observed concentrations of the acid gases HF, HCI, 
and SO, (in ppmv at 3% 0, for the duct, before dilution). 

The data indicate that the only likely effect of dilution and sampling was a 
r8ductlOn in the concentration of HCI. 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 HCI 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 HCI 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 :l 0 and Cooled to 20-25 “C, with air containing about 1% water vapor (dew point 
40 OF)? 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 furMS were reduced to 
even lower concentrations than those present in the duct; they were undetectable after 
dilution. 



Table El 
MetalCOllC9~atlOllSliltheGaSStl~attheoutletOf 

the Unit 7 ESP from Mlulion Sampling (September 3,lgg3) 
(comparison wnh undiluted metals 

at the same locaUon; data in pg/Nm)) 

Y 
Iroll 6180 (8120) 160 (166) 6340 @=‘) 

Magnesium 234 (277) 64.3 (57.2) 298 (334) 

Titanium 356 (425) 10.9 (11.3) 367 (436) 

‘The column for vapor gives separate data from peroxide and permanganate 
impingers. 
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Table a2 
Metalconwntr~lntheGaastreamatthe 

~of~Unit7EsPfromDautionSam~(September4.1993) 
(comparison with undiluted Inetale 

atlheaamebcaUon;datainpgiNm~ 
(AlldataherebyMethod29) 

Partiarlate I Vapor I Total 

wn>ilo (w/o Diln) wm (w/o DillI) wm (w/o Diln) 
TreCemetab 

I Antimonv I 0.60 fO.25~ I <0.04 f <o.cw I 0.70 (0.27) 

Arsenic 15.3 (3.07) 0.35 (0.00) 15.7 (3.95) 

Barium 52.4 (17.0) 3.26 (257) 55.7 (19.5) 

Beryllium 1.22 (1.08) <0.02 ( <0.02) 1.23 /1.09) 

I Boron I 13508 (38.01 I 5590 ~14900\ I 19098 (149001 

Cadmium 3.13 (4.11) <O.lO (3.23) 3.18 (7.33) 

Chromium 30.4 (17.8) 3.53 (2.89) 34.0 (20.7) 

Cobalt 227 (1.52) co.20 (<0.20) 2.37 (1.62) 

Copper 17.4 (10.8) 3.79 (2.73) 21.2 (13.5) 

Lead 17147 (20.1) <0.50 (CO.50) 17.7 (20.3) 

Manganese 14.4 (6.61) <0.80 (<O.&q 14.8 (7.01) 

Mercury’ 4.72 (0.05) 0.66/1.94 (19812.97) 7.32 (5.00) 

Molybdenum 22.0 (14.9) <0.40 (<0.40) 22.2 (15.1) 

1 Nickel I 11.4 11.56) I 0.99 (1.96) I 12.4 (3.52) 

Selenium 473 (71.0) 113 (482) 586 (553) 

Vanadium 35.6 (33.1) 0.11 (0.10) 35.7 (33.2) 

Major metsI 

Aluminum 3480 (3190) 298 (287) 3780 (3480) 

Calcium 760 (754) 2240 (2300) 3010 (3130) 

Iron 5 170 (5500) 162 (92.9) 5330 (5590) 

I Mapnesium I 180 (223) I 80.8 177.9) I 26113001 

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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Table8-8 
Metal-lntheGasslrearnattheoutlet 

of the Unit 7 ESP from Dilution Sampling (Septembnr 5,1898) 
(tzcqw&nwithundillnedmetals 

atthesarrwkcation;datainpg/Nms) 
(AlldataherebyMelhodz9) 

PmtfUllate 

WiDihl fwhl Dim 

Vapor 

wm h/o Diln) 

Total 

wm (w/o Dild 

Trace met& 

Antimony 0.63 (0.43) <o.cM (0.03) 0.65 (0.46) 

I ArseIlk I 11.6 (2.58) I 0.14 (0.54) I 11.7 13.12) I 
Barium 420 (24.8) 3.66 (2.61) 45.7 (27.4) 

Beryllium 0.87 (1.27) <0.02 (<0.02) 0.88 (1.28) 

12075 (51.0) 6656 f13900) 18732 (13900) I Boron 

I Cadmium I 2.71 (6.591 I co.10 (1.97) I 276 (8.56) I 
Chromium 26.3 (27.6) 4.82 (2.90) 31.1 (30.5) 

Cobalt 0.79 (1.77) co.20 (CO.20) 0.89 (1.87) 

Wper 11.7 (13.8) 3.58 (0.79) 15.3 (14.6) 

Lead 12.1 (21.0) co.50 (<0.50) 12.3 (21.2) 

Manganese 6.03 (9.36) <0.00 (<0.80) 6.43 (9.76) 

Mercurv’ 7.68 (0.08) 0.67/l& 11.38/2.22) 10.2 (3.68) 

I Molvhdenum I 17.8 (19.0) I <0.40 ~<0.40‘) I 18.0 (19.2) I 
Nickel 8.36 (8.51) 3.11 (2.30) 11.5 (10.8) 

Selenium 508 (134) 9.4 (206) 517 (340) 

I Vanadium I 25.9 (36.8) I 0.03 (0.19) I 25.9 (37.0) I 

I ~ Maiir metsla I I~ I -1 

I Aluminum I 2410 (3780) I 292 1258) I 2700 f40401 I 
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) 127 (11.0) 210 (395) 

‘The column for vauor r&es separate data from ueroxide and oermanganate impingers. 
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T&l064 
AnionandCwmspodingAcid 

GasConcentrationsattheOutletoftheUnl7ESPfrom 
Dilution Sampling 

(Comparison with undiluted metals 
atthesamelocatbn;datainpg/NmS) 

Anions - @hn’ 

Fluoride 

Chloride 

Sulfate 

Phosphate 

10,400 (12&m) 11,100 (14,600) 13,6Lm (11,800) 

woo (wm) 78,800 (127,000) 9vOO (l~,~) 

11.05 x lb (10.60 x lay 9.50 x 106 (11.40 x lo”) 10.3 x lb (11.00 x lo”, 

4400 (<10,8al) <m (<llJcn) 4500 (<llJOO) 

1 Acid eases - DO”” 1 I I 

I 13.1 115.71 I 14.1 (18.51 I 17.2 f 16.41 

I 44.8 158.7) I 53.4 (86.0) I 62.0 f71.91 

I 2760 C?65G I 2380 m6o~ I 2570 127601 

I <2.4 (<2.7) I <2.1 1<29) I c2.2 (<25\ 1 HJ’O. 
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0.3 ParIf& she 

8.3.1 Partfcle Mess versus Partfde size 

Particle size distributions of the particulate matter suspended in the flue gases 
were measured in-situ using cascade impactors at the ESP outlet locations and stack 
and series (cascade) cyclones at the ESP inlet location. A University of Washington 
(Pilat) Mark V/III impactor was used with an SRI/EPA right angle precolleotor at the 
ESP outlets and stack to provide data in seven size fractions with separation 
diameters ranging from 0.19 0 to 9.5 @i. 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 1.08 /Im to 10.3 mm. 

Results of the size distribution measurements are shown in Figures 8-2, 8-3, & 
4, and 8-5 in the conventional cumulatfve 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 R 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 0, 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 fl in this case) and no further accumulation at sizes 
greater than some maximum diameter (1000 fl in this case) as described in 
“Procedures Manual for the Recommended AR6 Particle 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 “29 fl to u 4 fl across the ESP. Figure 8-4 shows the size 
distribution measured with a cascade impactor at the outlet of the Unit 7 ESP. This 
distribution has a mean diameter of “8 mm. 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 fl. 
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 slxe is 
shown in Figure 8-8. 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 particles through the scrubber. 
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Figure 8-7. Ratio of Outlet to inlet Mass Across the AFGD System and the Unit 8 ESP. 
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83.2 Concentrations of Trace Metals versus Parttcfe S&e 

Tables 9-5 through S-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 tables present the results for samples collected at the 
inlet of the Unit 9 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 Unft 8 inlet location, the particles in the ffner size 
ranges, on the other hand, were collected in different size ranges in different cyclones 
and combined as a composfte for analysis. For the ESP outlet locations the finer size 
ranges were all collected on a filter downstream of two cyclones. The last column in 
the tables gives the weighted average metal concentrations in the three size ranges. 

The metals that do NOT show increasing concentrations wfth decreasing 
particle size are more the exception than the rule. The more notable exceptfons to the 
rule 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 9 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 S-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 29 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 9-9 
Concentrationsincydone 

FractiomattheUnit7ESPOutlet 
orl!%ptmbei5,1993 

(Data in da) 

‘Not reported. 
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Table 8-10 
comparkonofMetalconce-at 

ttwlnletoftheUnit8ESPinSamplesfrom 
thehbthod29FilterandtheSeriesCydones 

ha9 cyclone 
like? amtposite’ 

Antimony 8.2 10.4 

I Arsenic 25.6 I 29.0 I 

Barium 378 367 

Beryllium 19.3 18.2 

Boron 529 676 

Cadmium 31.4 26.2 

Chromium 411 403 

Cobalt 37.7 37.6 

I CooDer I 187 I 183 I 
Lead 285 247 

Manganese 235 224 

Mercury 

Molybdenum 

0.053 0.070 

I 148 162 

I Nickel I 244 I 228 I 
Selenium 35.4 13.2 

Vanadium 508 527 

I Aluminum I 95300 I 55400 I 
I Calcium I 18600 I 11900 I 

Iron 

Magnesium 

Titanium 

127000 73100 

6240 5290 

69% .a60 

‘From first data column of Table 6-25 (averages). 
bFrom last columns of Tables 8-5,8-6, and 8-7 (averages, 
except for the single value for boron). 
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TabdeB- ( 
atim ~ParisonafMerarry 

Two Samplii Trains 

TOTAL, 8.81 7.64 6.31 7.59 

Stack Hg(II) 0.09 0.08 0.09 

Hi@) 3.50 3.42 3.46 

TOTAL 3.48 3.59 3.50 3.52 

‘On g/3193, only traps of iodated carbon were used, and only total mercury 
was determined. 
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Table 8-11 

~ParisonafMerawy-from 
Two Samplii Trains 

Unit 8 Filter 0.30 0.25 0.25 0.27 6% 
ESP Inlet 

H,OJHNO, 1.12 0.93 1.08 1.04 25% 

I KMnO. I 4.09 I 2.50 I 2.02 I 287 I 69% 
TOTAL 5.51 3.68 3.35 4.18 

Unit 8 Filter I 0.06 0.01 0.02 0.03 1% 
-n.. 

Elet 
I 

W#NO, 1 0.91 1.15 1.63 1.23 31% 

I KMnO. I 3.15 I 2.73 1 239 I 276 1 69% 

TOTAL 4.12 3.89 4.04 4.02 

unit7 Filter 0.03 1 0.05 0.08 0.05 I 1% 
.-mm 
Get W’rrHNO, 0.83 1.98 1.38 1.40 33% 

KhfnO. 3.08 I 2.97 I 2.23 I 276 1 66% 

TOTAL 3.94 5.00 3.69 4.21 

Stack Filter 0.01 0.01 0.01 0% 

H,OJHNOz 0.14 0.16 0.13 0.14 5% 

Kh4n0, 3.14 237 243 265 95% 

TOTAL 3.28 254 257 2.80 
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6.4 CompadsonofMefhod29andCarbonTrapsforh4emuryMeasurements 

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 6-l 1. 

One of the observations from this table is that the total mercury concentration 
in the gas stream at each location was usually lower when measured by Method 29. 
Another observation is that at duct locations preceding the stack the proportions as 
divalent 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 collected in the permanganate. This interpretation, 
however, is at variance with other studies that have shown excellent 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 also 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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AAS 

acfm 

AFGD 

ALD 

AmmIHCN 

ARP 

BP 

Btu 

CADT 

CT&E 

CVMS 

CVAFS 

DSO 

DIL 

DOE 

DNPH 

DC0 

dscfm 

EPRI 

ESP 

FGD 

g 

GC/MS 

Atomic absorption spectroscopy 

Actual cubic feet per minute 

Advanced Flue Gas Desulfurlzatlon (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-Dinitrophenylhydrazine 

Data Quality Objective 

Dry standard cubic feet per minute (at 273 K) 

Electric Power Research Institute 

Electrostatic precipitator 

Flue gas desuffurization 

gram 

Gas chromatography/mass spectroscopy 

lo-l 



GFAAS 

HAP 

HG 

HGAAS 

HPLC 

ICCT 

ICP 

J 

lb 

LLD 

m 

M2 

M6 

M5AT 

Ml7 

M29 

MACT 

m3 

w 

urn 

MM6 

MMT 

MW 

GraphAe furnace atomic absorption spectroscopy 

Hazardous air pollutant 

Mercury sampling train 

Hydride generation atomic absorption spectroscopy 

High performance liquid chromatography 

Innovative Clean Coal Project 

Inductively coupled argon plasma emission spectroscopy 

Joule 

pound 

lower limit of detection 

meter 

EPA Method 2 

EPA Method 6 

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 

Nm3 

NR 

PAH 

PCDD 

PCDF 

PEP.2 

Pg 

PISCES 

PM,, 

rwbv 

wmv 

OA 

QC 

RTI 

SIE 

SOP 

SRI 

sv 

svoc 

SW-646 

Megawatt electrical 

Not determined 

Northern Indiana Public Service Company 

Normal cubic meter (dry gas volume adjusted to reference conditions of 
993.15 K, 1 atm, 3% 0,) (This temperature and pressure are the values 
stipulated as standard conditions for reporting performance 
characteristics of stationary sources. See 40 CFR, Part 50, Subpart A, 
page 15, in 7/l/93 edition.) 

No resuft 

Polycyclic aromatic hydrocarbon 

Perchlorinated dibenzodioxin 

Perchlorinated dibenzofuran 

Pittsburgh Energy Technology Center 

picogram 

Power Plant Integrated Systems: Chemical Emission Studies 

Particles smaller than 10 urn 

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 5) 

1 o-3 



TCLP Toxicity characteristic leaching procedure 

U of W Mk V University of Washington Mark V impactors 

UARG Utility Air Regulatory Group 

uv Ultraviolet 

VOST Volatile Organic Sampling Train 

XAD Resin for adsorbing organic vapors 
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APPENDtX Al 

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 SRI data 
were not at either extreme (high or low) in the results 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. 
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K 

Hydrogen B 

K 

Nitrogen B 

K 

Suffir B 

K 

Chlorine B 

K’ 

Fluorine B 

K 

Calo;fe B 

K 

Table Al-l 
Round Robin Proxhate and Ultimate 

ArdytMDaraonaaiuycoal 
(DataiflWt9i Btublorr 

IAb1 mll 

12.68 12.69 

12.54 1272 

1259 1263 

12.38 126 

68.33 70.23 

67.79 70.07 

68.06 70.23 

81.55 70.02 

5.1 4.82 

5.29 4.84 

45% 4.82 

4.6 4.87 

1.26 1.33 

1.23 1.44 

1.33 1.34 

1.35 1.32 

3.63 3.43 

3.63 3.49 

4 3.4 

3.88 3.43 

0.05 0.084 

0.05 0.077 

0.04 0.073 

0.03 0.09 

<O.ool 0.093 

<O.ool 0.092 

o.oLmo1 0.088 

<0.001 0.089 

11900 12398 

11480 12402 

11326 12359 

11013 12363 
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litiurefrea 

Labm 

12.56 

12.53 

1244 

1249 

70.12 

69.95 

69.61 

69.21 

4.83 

4.81 

4.91 

4.9 

1.42 

1.4 

1.41 

1.36 

3.46 

3.41 

3.51 

3.54 

0.079 

0.078 

0.086 

0.088 

0.0090 

O.LBlO 

0.0080 

0.0080 

12376 

12367 

12391 

12411 

=4 

IAhlv L&V 

12.45 1243 

12.55 1248 

12.47 12.44 

1246 12.62 

68.86 68.84 

68.82 68.78 

68.99 68.7 

68.92 6893 

4.51 4.68 

4.56 4.68 

4.55 4.69 

4.53 4.7 

1.35 1.33 

1.3 1.27 

1.29 1.33 

1.35 1.26 

3.48 3.51 

3.47 3.48 

3.48 3.44 

3.45 3.39 

ND 0.1 

ND 0.12 

ND 0.07 

ND 0.07 

ND 0.0073 

ND 0.0078 

ND 0.00% 

ND 0.0056 

12390 12350 

12378 12321 

1239.2 12384 

12389 12388 



f3aI f3aI 
NarO NarO B B 

K K 
W W B B 



Table Al -2 Conduded 
RoundRobinDataonMetalOxMes 

inA?hfrofnBaillycoal 
(D&lflwt%formOlStUr6-fWC 

p*os B 

K 

Kl 

so, B 

K 

Lab1 hbII bbm 
0.3 0.26 0.51 

0.3 0.27 0.51 

0.26 0.31 0.59 

0.27 0.28 0.51 

ND 1.94 ND 

ND 1.96 ND 

ND 1.87 ND 

ND 1.86 ND 

A-5 



Table Al-3 
FkxJrKiFloblnDaaonMajor 

MetalBlnBalllycoal 
(Datainwt%formoistursfrwcd) 

‘Calculated from the average ash content calculated from Table A3-1 (12.54%) and the ‘Calculated from the average ash content calculated from Table A3-1 (12.54%) and the 
individual oxide concentrations the coal ash. individual oxide concentrations the coal ash. 
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Table Al4 
R~~tdR~bhData~Tra~e 

MetalsinBaillvcoaP 

Cadmium B <O.M 0.01 <0.4 co.6 0.036 

co.06 co.01 co.4 <0.6 0.34 

K co.06 <O.l <0.4 co.6 0.018 

2.95 co.1 co.4 co.6 ND 

Chromium B lO.% 12.89 10.2 9 7 

8.56 10.44 10 10 7.5 

K 10.84 9.42 10.8 10 7.6 

10.72 9.9 9.9 9 7.4 

Cobalt B 5.59 3.% 4.24 4 2.34 

4.83 4.07 4.38 4 238 

K 6.24 4.15 4.34 5 2.74 

6.24 4 3.97 3 3.41 
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Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Table A14 Concluded 
RoundF&binDataonTrace 

Metalsifl6aiicoaf 
Pm in ag 

cual IA1 
B 5261 

10.53 

K 13.13 

14.22 

B 6.25 

5.05 

K 7.33 

8.1 

B 54.81 

so.47 

K 51.44 

47.05 

B CO.1 

<O.l 

K <O.l 

0.16 

B 252 

<2 

K 2% 

295 

B 7.45 

6.69 

K 8.54 

8.1 

B co.6 

co.6 

K 1.2 

1.03 

B 29.6 

24.14 

K 26.27 

27.32 

fwml 

LAbu 

10.44 

10.47 

11.56 

11.49 

10.02 

10.06 

9.45 

9.63 

99.5 

100.7 

90.6 

90.6 

0.097 

0.089 

1.75 

1.73 

1.68 

1.66 

8.4 

7.74 

7.28 

8.23 

1.62 

1.84 

1.59 

1.72 

24.82 

25.52 

22.37 

23.81 

ture-tee coal) 

hbm hb~v hbv 
-3lo.s 10 14.1 

c42.9 10 14.7 

e39.2 11 13.7 

C35.7 10 13.4 

12 10 6.1 

12 11 7.5 

11 10 6.72 

9 9 7 

73.9 77 76.3 

82.7 82 75.5 

825 87 77.1 

79.1 79 75.4 

0.08 0.07 0.078 

0.08 0.07 0.071 

0.07 0.08 0.078 

0.08 0.08 0.077 

6.65 <6 0.429 

5.92 <6 0.795 

c19.6 <8 0.488 

< 17.8 <8 ND 

< 15.2 6 6.4 

c 16.1 4 6.4 

< 14.7 5 59 

c 13.4 6 7.3 

1 2 1.07 

1 ND 1.77 

1 Cl 0.79 

1 ND 0.26 

2s 27 27 

26.8 29 27.9 

26.1 28 27 

21.6 26 26.1 

The data here are for dty coal and thus differ, in principle, from the data for the 
as-received coal presented in the body of the report. 
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APPENCXX AZ 

RESULTS OF AUDIT SPIKE ANALYSES 

Tables A2-1 through A2-4 present the resufts of analyses of samples 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 Sailly sfte 
on September 6,1993. The spiked samples were subsequently analyzed as blind 
samples 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 RTl. All of the 
spikes were in the four analyte classiffcations discussed; none of the spikes were 
dioxins or furans. 

The amounts of analytes in the spikes were disclosed by DOE to SRI In a 
communication on December 17, 1993. 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 
results from the SRI laboratory and the specified spike amounts are given in 
Table Al -1. The recoveries of the ffve metals applied as spikes are listed below; the 
answers to the question of whether or not the recoveries were in accord with the data 
quality objectives (DQO, 69120% recovery) are also listed: 

Arsenic 

Cadmium 

Lead 

Mercury 

Selenium 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 

Filter t 
Filter 2 
Impinger 1 
Impinger 2 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 

Impinger 1 
Impinger 2 

Fifter 1 
Filter 2 
Impinger 1 
Impinger 2 

A-9 

Recovery 

27% 
18% 
85% 
50% 

118% 
115% 

77% 
76% 

129% 
129% 
78% 
90% 

142% 
81% 

76% 
78% 
69% 
65% 

Satisfaction of 
DQO? 

No 
No 
Yes 
No 

Yes 
Yes 
No 
No 

Yes 
Yes 
No 
Yes 

No 
Yes 

No 
No 
No 



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 RTI. The data, it will be acknowfedged, 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. Carbonvl comoounds. 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 formaldehyde, 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 168%, which are reasonabfy consistent with the 
DQO - that is, recovery between 60 and 126%. 

c. Volatile oraanic compounds. Three pairs of sampling tubes (Tenax and 
Tenax/charcoal) were used to collect analytes from a mixture supplied by RTi in a 
cylinder. Only one cylinder was provided, and sample volumes were near the same 
value each time. Consequently, the anafyte amounts did not vary significantly. 

The data for this group of compounds are gfven 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 SRI laboratory is programmed to detect and quantify. The table 
designates the compounds that met the DO0 (recovery wkhin the limits 6&t 60%). 
The swre with respect to DQO is as follows: 

Detections Detections 
within DQO outside DQ 

limits limits Misses False + 

Audi 1 13 3 3 1 

Audit 2 9 5 3 3 

Audit 3 9 8 4 1 

d. Semivolatile organic wmoounds. Two filters and two XAD cartridges were 
spiked with a single mixture whlcft contained 16 pofycycfic aromatic hydrocarbons. 
Table A2-t 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 26-l 66%). 

Obviously, the analytical results for the XAD are much superior to the reported 
results for one of the filters. All 16 compounds were found in both resin samples, and 
all results satisfied the DQO. For the one spiked fiiter reported, 12 of the 
16 compounds were detected, although three did not satisfy the OQO. 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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t- 

Arsenic I-- Cadmium 

1 Lead 

Table A2-1 
AudiiSpikesofMetabinM29Fiiandlmpingers 

@atahPll) 

Batsm I RelmkdbvRTI i 

II 170 I 15.2 I 11 142 I 20 1 

I spikeret 

Arsenic 

I Cadmium 

I Lead 

Mercury I- Selenium 

<0.02 0.031 14.2 10 
I 

60.7 10.3 I 80 15 
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Table M-2 
AuditSpikesofCarboqiCampoundshDNPHlmpingers 

(- In Pal 

‘The recoveries for Spikes Nos. 1 and 2 are 74 and lOS%, respectively, 
approximately the lower and upper limits of the DQO. 
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Table A2-3 
Audi spikes of Volatile Ofganlc Compounds in VOST Media 

P-iflng) 

The asterisks designate results that were compatible with the DQO: recovery between 
50 and 1%. False + indicates an erroneous compound detection. 

?he last three compounds were not within SRI’s detection capability. 
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Table A2-3 Continued 
Audit Spikes of Volatile Ormnic comwundsinVOSTMedia 

(&talnng)~ 
ObaawdHSRI 

Teaa Tfchar. Total 
RepMted 

False + 

51. 

False + 

92’ 

109. 

79* 

798 

78. 

Audit2 

Chloromethane 56.6 51 0 

Vinyl chloride 39.2 I 135 I 174 I 246 

Bromomethane 

Methylene chloride. 

Chloroform 

l,l,l-Trichloroethane 179 I 179 I 438 41 

Carbon tetrachloride 580 580 534 

Benzene 248 248 313 

1,2-Dichloroethane 391 I 391 I 432 

Trichlorethene 441 I 441 II 560 

1,3Gchloropropane 114 114 147 

59.5 
I 

Toluene 60 139 

Tetrachloroethene 366 I I 366 H 653 

Chlorobenzene 35 

Ethylbenzene 32 

m- & p-xylene 

o-xylene 43.7 44 152 

Trichlorofiuoromethaneb 0 I-- 189 

1,2-Dibromocthaneb I 0 II 262 

1,3-Butadiene? 0 232 

*The asterisk designate results that were compatible with the DO0 recovery between 
50 and 150%. False + indicates an erronmw compound detection. 

last three comoounds were not within SRI’s detection caaabilitv. 

43 

False + 
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Table A2-3 Conduded 
Au&t spikes of volaw afganlc -inVOSTMedii 

Chloromethane 

Vinyl chloride 

Bromomethane 

Methvlene chloride False + I 
4% 4% 511 

189 14.2 203 444 l,l,l-Trichloroethane 

Carbon tetrachloride 614 614 542 

270 270 1 318 Benzene 

1,2-Dichloroethane 

Trichlorethene 

1.2-Dichloroorooane 

Toluene 

Tetrachloroethene 

Chlorobenzene 

Ethvlbenzene 

m- & o-xvlene 

o-xylene 

Trichlorofluoromethaneb 

1,2-Dibromoethaneb 

1,3-Butadieneb 

0 266 

0 236 

‘The asterisks designate results that were compatible with the DO0 recovery between 
50 and 150%. Fake + indicates an erroneous compound detection. 

tithe last three compounds were not within SRI’s detection capability. 

A-16 



Table A24 
AudiiSpikesof!3ed-VoletiiashModiiMethod5SamplingMedia 

P- in as) 

A-17 



51.5 75 1 69. 1 

Table AZ-4 Ccmluded 
Audit Spikes d SemWolatiles in ModSed Method 5 Sampling Medii 

(Data II-I ccs) 

10.1 15 67' 

*Within DQO limits (20 - 150%). 

A-10 



APPENDIX B 

SAMPLING PROTOCOL 
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Sample Name: Particle Size 

Process Location: stack 

Equipment: 

Collection Frequency: 

University of Washington Mark V/III cascade 
impactor with SoRllEPA Right Angle Precollector 
and EPA M5 sampling train with stainless steel 
probe; tared quarts 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. 

Procedure Summary: 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 pm-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. 
The impactor section of the sampling train is moved 
intact to the cleanup area for sample recovery as 
follows: 

The collection substrates and particulate filter are 
removed from the impactor and precollector, 
carefully placed into their original plastic Petri 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 internal surfaces of the nozzle, and prewllector 
are cleaned by brushing into a tared aluminum foil 
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References: 

container which is weighed with the precollector 
collection substrate. 

The contents of the condenser and dryer are 
weighed to nearest 0.5 gram to detenine the 
amount of water condensed. 

Methods 1, 2, 3, 4, and 5. Appendix A, Reference 
Methods. New Source Performance Standards, 40 
CFR 60, revised 719105 

J. D. McCain et al, Procedures Manual for the 
Recommended ARB Partide Size Distribution 
Method (Cascade Impactors). Attachment No. 1 to 
the Final Report for ARB Contract A3-092-32 
“Recommended Methodology for the Determination 
of Particle Sire Distribution in Ducted Sources”. 
SoRI-EAS-86-466, May 1986. NTIS PB 86- 
210666iWEP. 
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Sample Name: Panicle Size and Size Fractionated Samples for 
Chemical Analysis 

Process Location: Particle Size: Unit 8 ESP Inlet 

Sue Fractionated Sample for Analysis: Unit 8 ESP 
Inlet, and Units 7 8 8 ESP Outlets. 

Equipment: SRI/EPA Five Series 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. 

Collection Frequency: 

Procedure Summary: 

Sampling times will be in based on particle 
concentrations found at time of test: typically 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 cyclones and 
a 63 mm quartz fiber particulate filter, a stainless 
steel condenser and a dryer containing 200-300 
grams of silica gel. EPA Method 5 procedures are 
followed for pm-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 bristle 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 Meffler 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 719185 

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-EAS88-487, May 1988. NTIS PB 88 
218874NEP. 
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Sample Name: 

Process Location: 

Equipment: 

Dilution Sample (Simulated Plume) 

Unit 7 ESP Outlet 

Custom SRI air dilution sampling train SORVEPA 
Cyclone Prewllector and glass lined probe; 
conditioned. scrubbed and filtered dilution air at 
approximate 1O:l dilution ratio; tared quartz fiber 
filters with sealed teflon envelopes; various EPA 
and other impinger trains and sorbent traps for 
vapor phase constituents behind the filter. 

Collection Frequency: One sample per test day. 

Procedure Summary: 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 sample 
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 absolute 
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 
filter 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 post-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 internal 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 60, revised 719185 

W. E. Fatthing, Development of Sampling 
Methodology for Dilution Air Sampling of 
Condensible Emissions from Stationary Sources, 
Southern Research Institute Task Report on 
Contract 68-02-4442 with the US EPA, AREAL. 
RTP, NC. August, 1990 
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Sample Name: Multiple Metals and Particulates - EPA Method 29 
(Tentative; 40 CFR) or Method 0012 (SW-848) 

Process Location: 

Equipment: 

Collection Frequency: 

Procedure Summary: 

Unit 8 ESP Inlet, Units 7 8 8 ESP Outlets, 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-lined lids 

Filters used by SRI are preweighed quarts fiber 
filters. Weights 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 80 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 80 days after last previous calibration. An 
initial traverse of the duct to be sampled 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 a tared particulate 
filter, 100 mL of 5% HNOJ/lO% H202 in the first and 
third impingers, with the second and fourth 
impingers empty, 100 mL of 4% KMnOJlO% H$BO, 
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 pretest and post-test leak checks, isokinetic 
sampling rate, filter change-outs (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 teflon lined lid. 

The internal surfaces of the nozzle, probe and front 
half of the filter holder are cleaned by rinsing and 
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Samples for analysis: 

brushing with acetone, followed 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 tinsate is added to the liquid 
wntents 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 
collected. 

Acetone rinse of probe and front housing 
Nitric acid rinse of probe and front housing 
Filter 
HNOs impingers and rinse 
HsSOJKMnO, impingers and rinse 

Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods, New Source Performance Standards, 40 
CFR 80, revised July 1, 1991. 

Methodology for the Determination of Metals 
Emissions in Exhaust Gases from Hazardous 
Waste Incinerator and Similar Combustion 
Processes. EPA Method 29 (tentative) - pp 3-l 
through 3-47, Methods Manual for Compliance with 
the BIF Regulations, EPAl530/SW-9% 010, 
December 1990. 
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Sample Name: 

Process Location: 

Acid Gases and Anions. 

Acid Gases and Anions: Unit 8 ESP Inlet, Units 7 8 
8 ESP Outlets, Stack, Dilution Sampler at Unit 7 
ESP Outlet 

Equipment: 

Collection frequency: 

Procedure summary: 

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 80 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 g/l of sodium bicarbonate, 
and 100 ml/I 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 sampling train is moved 
intact to the deanup area for sample recovery as 
follows: 

The particulate filter is removed from its holder, 
carefully placed in a 250 ml glass bottle which is 
sealed with a teflon lined lid. 

The internal surfaces of the nozzl8, 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 WntentS of the first three 
impingers are Wtl8Ct8d in a Separate Container and 
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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 Wtl8ct8d. 

Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods, New Source Performance Standards, 40 
CFR 80, revised July 1, 1991. 

lsokinetic HClKb Emission Sampling Train (Method 
0050) - pp 3-70 through 3-96, Methods Manual for 
Compliance with the BIF Regulations, 
EPAl530-SW-91-010, December 1990. 
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Sample Name: Volatile Organics - EPA Method 0030 (SW-548) 

Process Location: Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack, 
and ambient air 

Equipment: Volatile organic sampling train (VOST); sorbent 
cartridges, glass culture tubes with screw caps, 
aluminum foil 

Collection frequency: Continuous run at approximately 0.5 Umin 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 th8 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. 

Borbent 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 BOXhl8t-8Xbact8d, vacuum-dried, 
thermally conditioned with organic-free nitrogen, 
and loaded into wNidg8S which are subsequently 
pressure-leak tested. Three of the conditioned 
cartridges will be analyz8d 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 will be protected from 
contamination by placing them in culture tubes 
which wntain dean charcoal. The cartridgeS will b8 
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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Reference: 

VOST operation. The sample collection procedures 
is described in the EPA protocol referenced below. 
As described in the protocol, the sample train will be 
deaned and aSSambled before installing the resin 
cartridges. The caps to the cartridges will be stored 
in a clean glass jar while the rXbidg8S are in th8 
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 b8 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 
Umin 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 to 
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 lab818d with date, 
time, and test-run number, wrapped in aluminum 
foil, and returned to the culture tubes. Samples of 
the condensate water will also be Wll8ct8d as 
described in the EPA protocol to prevent the loss 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 1995, Test Methods for 
Evaluating Solid Wastes, Method 0010, SW-948. 

. 
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Sample Name: Semi-Volatile Organics (known as Modified Method 
5 or Semi-VOST) - EPA Method 0010 (SW-846) 
and PCDDs and PCDFs 

Process Location: 

Equipment: 

Collection frequency: 

PRXedUr8 summary: 

Unit 8 ESP Inlet. Units 7 8 8 ESP Outlets, Stack, 
Dilution Sampler at Unit 7 ESP Outlet (back half 
only). (PCDDs and PCDFs at Unit 7 Outlet and 
Stack only.) 

Modified EPA Method 5 sampling train; sorbent 
cattrtdges, aluminum foil, glass jars with Teflon-lined 
lids 

Continuous except for possible filter changes and 
port moves with a minimum 3 m3 sample volume 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 prOwdur8S for 
preparing, handling, storing, and analyzing the 
cartridges will be those described in the EPA 
method referenced below. New sorbant material 
will be cleaned by Soxhlet extraction and one of the 
conditioned tubes will be analyzed to wnfirm 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 sample coordinator will recover the sorbent 
tubes, along with a sample wllection 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 assembled 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, WndenSat8 knockout trap) 

First impinger empty with a short stem to collect the 
WndenSat8; 100 mL distilled water in S8Wnd and 
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Stack sampling: 

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 ovefflowing. 

Silicone grease may not be used in train. 

The MM5 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 measurements, and 
Method 5 for moisture content and particulates. Ice 
water is ckWlat8d around the Wnd8nSer and 
sorb8nt trap to maintain a gas 8Xit temperature 
below 20% 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 80 days after the last calibration. The sampling 
train will be Operated according to standard 
procedures so that at least 3 m3 of sample will be 
obtained. 

The samples will be recovered from the MM5 train 
as follows: 

Particulate filter - Will be removed from the holder, 
placed in an amber glass bottle with a Teflorvlined 
lid, sealed with tape, than 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 chloride. The rinses will 
b8 measured volumetrically and placed in a glass 
sample jar with a Teflon-lined lid. A toluene rinse 
will also be mad8 at th8 Unit 7 outlet and Stack for 
PCCDIPCDF 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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References: 

the train. The rinses will be measured volumetrically 
and placed in a glass sample jar with a Teflon-lined 
lid. 

Sorbent cartridge - Will be removed from the 
sampling train, capped, wrapped with aluminum foil, 
and sealed in a plastic bag. 

Impinger water - The contents of the first, second, 
and third impingers will be volumetrically measured 
and placed in amber glass sample bottles along 
with a distilled water rinse of these impingers and 
connecting glassware. 

Silica 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 turned over to the 
sample coordinator along with the chain-of-custody 
sheet. The sample 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 deanup area. The sample 
train data sheet will be reviewed by the sampling 
team manager and forwarded on to the sampling 
coordinator. 

Method 5, Appendix A, Test Methods and 
Procedures, New Source Perfonance Standards, 
40 CFR 60, revised July 1, 1991. 

Method SOO8, Sampling and Analysis Methods for 
Hazardous Waste Combustion, EPA-800/8-84002, 
February 1984. 

Modified Method 5 Sampling Train (Proposed), Test 
Methods for Evaluating Solid Wastes; 
Physical/Chemical Methods, SW-848 Second 
Edition, NTIS PB85-103026, 1984. 
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Sample Name: Aldehydes 

Process Location: 

Equipment: 

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack 

Method 5 sampling train (Figure A.2); particulate 
filter; 3 glass jars (500 mL) with Teflon-lined lids 

Collection Frequency: One sample at each location per organic test day. 
Sample volumes of about 0.5 m’ are collected. 

Procedure Summary: 

References: 

Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration. Single point 
samples The sampling train is assembled with an 
u&red particulate filter (to be discarded), followed 
by two impingers loaded 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 pm-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 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 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 TO5 for aldehydes. 

0-17 



Sample Name: 

Process Location: 

Equipment: 

Ammonia and Cyanide 

Unit 8 ESP Inlet, Units 7 8 8 ESP Outlets, Stack 

Method 5 sampling train (Figure A.2); untared 
particulate filter; 4 glass jars (500 mL) with 
Teflon-lined lids. 

Collection frequency: Single point sampling will be done at point having a 
typical gas temperature for the duct being sampled. 
A sample gas volume of approximately 0.5 m WIII 
be collected. One sample will be collected 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/l of sodium 
carbonate, 25 g/l of sodium bicarbonate in water, a 
dry impinger, and a fourth and fifth impinger, each 
containing 100 ml of a 0.1 normal H2S04 solution. 
The first two impingers collect 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 moved 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 
sewnd impingers are collected a one 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 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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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. 
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Sample Name: 

Process Location: 

Mercury 

Unit 8 ESP Inlet, Units 7 5 8 ESP Outlets, Stack, 
Diluter, ambient air 

Equipment: Unit 8 ESP Inlet, Units 7 8 8 ESP Outlets, 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. 

Collection Frequency: One sample per inorganic test day. 

Procedure Summary: 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 1lO’C to eliminate 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. 

References: 

Diluter: Two soda lime traps and two iodated 
charcoal traps for collection of mercuric compounds 
and mercury. 

Personal communications from Nicholas Bloom and 
Eric Prestbo of Brooks-Rand Inc.. Seattle, WA. 

Bloom, Niwlas S. “Mercury Speciation in Flue 
Gases: Overcoming the Analytical Difficulties.” 
Presented at: Managing Hazardous Pollutants - 
State of the Art. Washington, D.C. Nov. 4-8. 1991. 

0-20 



Sample Name: 

Process Location: 

Equipment: 

Patticulates - EPA Method 17 

Unit 8 ESP Inlet, Units 7 8 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 
Model HK balance, or equivalent, after thimbles are 
desiccated to constant weight. 

Collection Frequency: 

Procedure Summary: 

Sampling time will be 72 to 360 minutes to aquire’a 
1.0 m3 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 sampled 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 sampling train is assembled with a tared 
particulate 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 tenon 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 
nearest 0.1 gram to determine the amount of water 
condensed. The silica gel contents of the drying 
wlumn are weighed to the nearest 0.1 g to 
determine the amount of water collected. 
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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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APPENDfX C 

ANALynCAL MEtHODOLOGY AND QUALtlY ASSURANCE/QUAUfY CONTROL 

c.1 MObjewvw 

The anatytical objective for this project was to provide data to conduct 
comprehensive assessments of toxic emissions from the Bailly Generating Station. 
SRI’s compliance with the QAJQC requirements identiied for this project in our Site 
Specific Quality Assurance Plan for the Bailly facility 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 diffkxrlties 
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 calculated and 
reported as relative percent djfference and as percent recovery respectively. 

for: 
Precision and accuracy data are reported in the tables found in thii Appendix 

Metals 

Anions 

Carbonyl compounds (aldehydes and ketones) 

Volatile organic compounds 

Semlvolatile organic compounds 

Dioxins and furans 

Relative percent difference is calculated using the equation, 

R%D = ((‘4, - V,) l ((V, + Q/2)) x 100, 

where: 

Fl%D = relative percent dffference, 

V, = The higher result from duplicate analyses, and 

V, = The lower result from duplicate analyses. 
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Recovery is calculated using the equation 

%R=((V,-V,)+VJxlCIrl, 

where: 

%R = percent recovery 

V, = The result for a matrix spike sample, 

V, = The rasuft 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 anaiyzed with actual samples, the 
data points required to generate a data base large enough for each type of DC check 
sample were not obtained. As stated in the Site Specific Quality Assurance Plan, 
prescribed objectives were: for accuracy ~10%; for precision 15% RSD; for recovery 
50-l 20%; 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 anaiyze coal, ash, and pollution 
control by-products ware not established at the start of this project. Throughout the 
analytical effort, it became evident that the methods used to analyza the samples 
collected at the Bailty facility would have to be modiied 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 Proceduree 

C.2.1 Chain of Custody 

Chain of custody procedures ware established to identify and trace samples 
from collection to final analysis. Such documentation included labels to prevent 
mix-up, container seals to prevent unauthorlzed 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 pan of the sample (e.g., filters and absorbing 
reagent). 
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. 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 all Information 
necessary for effective sample tracking. 

l Standardized field-tracking repotting forms to establish sample 
custody In the field prior to shipment. 

c.22 Documentation 

As needed, forms were updated or new ones were created as determlned by 
the QA Coordinator and the Program Manager. Completed forms were kept in files of 
the Environmental Sciences Department or the Anatytical Chemistry Division, as 
appropriate. 

C.23 ooarment 

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 identifylng the documents and location of the documents has 
been prepared for submission to the CA Coordinator. me CA Coordinator will 
maintain a directory for all outstanding documents that lists the project, the 
document(s), the custodian, and the location of the documents. 

c2.4 SamDIe custody . 

The analytical laboratories have maintained retrievable records of the chain of 
custody for all samples collected and analyzed. 

In this section, the methods used for analyses of the different classes of 
analytes are described. In addition, the resutts of QAJQC experiments are presented 
in tabular form. 

c.3.1 Metafs 

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 .O g). The solid was placed in one of 
the polytetrafluorethylane microwave vassals; 10 mL of concentrated 
nitric acid was added and then the first step of heating was followed. 
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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 hydrofluorlc 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 
wlth 100 W of power input for 6 mln with the pressure initially at 50 psl 
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 flask. 

c.3.1 .l Methods for Aluminum. Barium, Beryllium, Calcium, Cadmium, 
Cobalt, Chromium, Copper, Iron, Lead, Magnesium, Manganese, 
Molybdenum, Nickel, Titanium, and Vanadium. 

These metals were determined by inductively coupled plasma/atomic emission 
spectroscopy (ICP/AES), SW-646 Method 6010. Yttrium and scandium were used as 
the internal standards for determinations of both the trace metals and the major metals 
(Al, Ca, Fe, Mg, and li). section 3.1.3 below discusses attemattve 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 
opt&l path of the spectrophotometar the arsenic concentration was determined by 
reading absorption at t 93.7 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 borohydrlde 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 reactibn vassal Into an absorption 
cell with nitrogen. Selenium concentration was determined by reading absorption at 
196.0 nm. 
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me 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 additlon 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 Atternativa Methods for Cadmium and Lead. 

Cadmium and lead were determined by GFAAS when element levels 
necessitated lower detection levels. The method required that 20 pL of the sample ba 
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 element 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 limit for mercury by fluorescence was of the order 
of 0.01 pg/mL in the solution in which elemental mercury was produced end 
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 coal using the sample preparation technique 
provided in SW545 Method 7471 (in which the silicate component of the ash Is not 
chemically decomposed) provided rasufts that proved to be systematically low. 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 Venous Types of Samples 

Tables C-l through C-S 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 resutt 
ND Not determined 
NV No certified value 
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The tables all have the same format: 

the results of metal determinations in the sample 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 duplicate 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: 

Samole Maximum R%D 

Coal 
Limestone 
ESP hopper ash 
Sluice water supply 
MMT front half 
MMT back hatf 
ARP liquid phase 
ARP solids 

22% 
6% (with one exception, 66%) 

11% 
16% 
20% 
7% 

42% 
23% (with one exception, 166%) 

For mercury, the maximum value is 16%. The two exceptions are noted above 
spectfically as exceptions to avoid conveying the impression that the highest values 
are part of the general population of results. 

Consider the resuit of 66% noted above as an exception. The resuft is for lead, 
which was not detectable In the sample and the spike level was 0.1 Pg/mL; the 
concentrations found after spiking were 0.039 and 0.077 pg/mL. Consider also the 
result of 106%, which occurred for arsenic in the ARP solids. The duplicate results for 
the sample were 0.006 and 0.012 pg/mL; with a spike of 0.05 ug/mL added, results 
were 0.044 and 0.014 Pg/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 satisfactory results in terms of spike recovery was more diffkzutt 
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 sample 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 level 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-l 0 through C-l 4 present data showing recovery of metals in media 
other than field samples - etther laboratory QC solutions prepared to contain metals 
at known concentrations or Standard Reference Materials purchased from the National 
Institute of Standards and Technology or Srammer Standards Company. 

Solutions obviously constttute 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-l 0 and the data for 
mercury in particular in Table C-l 4. 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 SRMs - either coal or ash - a major problem is getting 
complete digestion and thus getting all of the metals to the analyzer. In both of the 
coal SRMs, the certtted value for antimony is quite low and thus even having 
adequate sensttlvity 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-l I, C-l 2, and C-l 3 reveal that several metals 
frequently are not determined satisfactorily in solid media: 

l 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 determined 
adequately. 

. Components of stainless steel - chromium, molybdenum, and 
nickel - were sometimes found at excessive concentrations. 
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ConcentrationsinaLaboratoryQCSdution 
(Data in r&W 
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Tabk C-11 

-ofMatalsat-Concentrations 

insARM2ocoar 

(- irl r&l) 

‘Ekment c!zzY 1-l 
Antimony 0.4 0.88 220 

Arsenic 4.7 5.42 115 

Barium 372 353 95 

I Bervllium I 2.5 I 1.11 I 44 I 
Boron 90 NR _- 

Chromium 67 59.8 a9 

I 8.3 I 4.93 I 59 I 
Copper 18 15.1 84 

Lead 26 15.3 59 

Manganese - 80 71.4 89 

I 25 I 25.9 I 104 I 
Selenium 0.8 0.295 37 

Vanadium 47 42.6 91 

I ‘Purchased from Brammer Standard Comoanv. Houston. ‘IX. 
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Table C-12 

-ofMwtalaat 

CertiWd--inNlST1832bCoaf’ 

(- in rslg) 

Analvrirl -2 
cem Relative 

Ekmult dw coluz Realv.96 corn.. Ruxw.96 di&% 

Antimony 0.24 ND -- NR __ __ 

I Arsenic 1 3.72 1 3.60 1 97 1 2.57 1 69 1 33 1 

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 

Qpper 6.28 8.60 137 6.28 100 31 

Lead 3.67 5.60 153 246 67 I 78 

I Manpanese 1 124 I I 89 I 10.7 I 86 I 3 I 11.0 

I Mohrbdenum I 0.9 1 ND I -- I 20 1 217 1 -- 1 

Nickel 6.1 5.6 92 11.7 192 71 

Selenium 1.29 1.98 153 0.16 12 170 

Vanadium 14 15 107 14 99 8 

‘Purchased from National Institute of Standards and Technology, Gaithersburg, MD. 

c-20 



Table Cl3 

RacovwbofMetalaat 

f.htilMConcentrationsinNlST1633aFly~m 

(Data in ad@ 

-1 -2 
-- Rehtive 

Element value coat. Raw.% Cone Recov.% di&% 

Antimony 6.8 17.98 264.4 4.45 65.4 121 

I Arsenic I 145 I 115 I 79.3 I 159 I 109.7 I 32 I 

Barium 1500 1293 86.2 1358 90.5 5 

Beryllium 12 16.02 133.5 16.8 140 5 

Cadmium 1 0.659 65.9 NR __ _- 

I Chromium I 1% 1 167.95 I 85.7 1 174.2 1 88.9 I 4 I 
Cobalt 46 39.06 64.9 38.6 83.9 1 

Cawer 118 115 97.5 101 85.6 13 

I Lead I 724 I NR I -- I NR I - I -- I 
Manganese 179 159 88.8 159 88.8 0 

Molybdenum 29 17.84 61.5 16.72 57.7 6 

Nickel 127 109.9 86.5 112 88.2 2 

I Selenium I 10.3 1 7.9 1 76.7 1 7.88 I 76.5 1 0 1 

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 

FiBcawbdMefanyinVafiotmSRMsand 

-QC- 
(D* in as/a w /a-l 

Reference obaefved 

samlw cont. cont. %- 

SARM 20 0.25 0.142 57 

SARM 20 0.25 0.136 54 

SARM 20 0.25 0.163 65 

I SARM 20 I 0.25 I 0.183 1 73 I 
NBS 1633a 0.16 0.195 122 

NBS 1633a 0.16 0.215 134 

QC095 250 24 110 

QC095 250 230 92 

QC095 250 238 95 

IQcO95 I250 12081 831 
QC095 250 215 110 

QC095 250 249 100 

Qcu95 250 229 92 

I QC043 I 4.00 I 4.60 I 115 I 
QC044 4.00 4.27 107 

cm45 2.00 2.21 111 

I 0.080 I 0.105 I 131 I 
locfM8 I 0.120 I 0.066 I 55 I 

‘First group - solids (pg/g). 
bsecond grout - solutions (w/L). 
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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-l 5 compares the quantities of metals recovered in actual sampling 
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 amounts 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 6 
ESP. These two locations had the extremes in sample concentrations; thus, the blank 
corrections had effects at these locations. 

The first page of the table presents data for the front half of the sampling train 
at each location. The second page gives data for the back hak 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, sutfate, 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 flrst been made water-soluble by fusion with NaOH. 

Table C-l 6 presents the results of measurements of anion spikes in selected 
samples of the various media. The recoveries range, with just a few exceptions, 
between 99 and 110%. 

Table 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 96-10096. 

Blanks were inconsequential in comparison with reported sample quantities. 

C.3.3 Carbowl Comoounds Mrfehvdes 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 Cl5 
comparlsondsatn~andBlank 

AmountsofMetals 

Metal 

Wet,Unit8E!SP 1 Out& Unit 8 ESP 

sampk,pg I wcg 8=Ple, rg Blant, cg 

FRONT HALF 

Antimony I 61.3 1.13 0.31 0.66* 

‘&S&C 289 0.77 II 275 0.45 

1 Barium 1 3810 1 9.4 1 18.5 I 5.5 I 
Beryllium 205 0.043 0.29 0.025 

Boron 7160 58 I 1.59 34’ 

Cadmium 2% 1.0 13.3 0. 

I Chromium I 4560 I 8.5 I 18.6 I 5.0 I 
-~~ 

Cobalt 392 I 2.6 1.46 1.55’ 

Copper 1780 6.8 7.84 4.01 

I Lead I 3010 I 0.43 I 19.8 I 0.25 I 
Manganese 2420 2.6 6.62 1.48 

Mercury 0.76 0.067 0.22 0.039 

Molvbdenum 1370 36 33.5 21.2 

I Nickel I 2540 I 4.3 I 2.10 I 2.55, I 
Selenium 468 

Vanadium 5105 

*Produces a net result that is negative. 

0.94 2.32 0.55 

0.43 3.90 0.25 
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Tabla C-15 (conduded) 
ComparisonofSampleandBiank 

AmountsofMelals 

Metal 

Inkt,Unit8ESP Outlet, Unit 8 E8P 

%Plq cg BlanL, w sample, Pg Blens Irg 

BACK HALF II 
Antimonv 0.56 0.10 0.16 0.10 

Arsenic 274 0.10 0.92 0.10 

Barium 8.23 254 1.98 2.54' 

Beryllium 0.025 0.02 I 0.00 0.02’ 

I Boron I 34600 I 403 I 11900 I 403 

Cadmium 6.28 0.01 218 0.01 

Chromium 10.7 1.23 3.29 1.23 

Cobalt 0.95 0.72 0.08 0.72* 

I Cbooer I 6.57 I 4.2 II 0.81 I 4.2. 

Lead 1.76 0.25 0.53 0.25 

Manganese 16.8 14.3 0.90 14.3. 

Mercurv 11.6 0.03 4.03 0.03 

Molybdenum 0.25 0.25 I 0.00 0.25* 

Nickel 21.1 0.50 7.19 0.50 

Selenium 316 1.25 110 1.25 

Vanadium I 0.62 I 0.25 I 0.13 I 0.25* 

I~-~ *Produces a net result that is necative. I 



Table C-W 
RecoveriesOfAlliOllSpik8SitlVariousSamples 

Acid Train Imoineers 

Unit 8 inlet 

i Unit 8 outlet 

chloride 
chloride 
fluoride 

sulfate 
sulfate 

50 2.25 200 
50 223 9.90 

4-T 1 1.00 16.3 

1000 12.8 19.6 
loo0 11.9 90.9 

Unit 8 outlet sulfate 

Stack chloride 

I Diluter I fluoride 

Condenser inlet fluoride 1 CO.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 <O.lO 0.20 116 
chloride 1 co.05 0.10 108 

I Sluice water supply 
1 cZ%i ( Z 1 E9 1 iit 1 ik 1 

Bottom ash sluice water 

Bleed pump slurry 

phosphate 
fluoride 

sulfate 
chloride 

1 <OS0 1.00 
1 co.40 1.00 

200 8.41 8.00 
2xM 2.68 2.00 

Abs. recirc. numn slurry 

phosphate 

phosphate 

20 co.50 1.00 

50 I co.50 1.00 

I Soiler waste water I phosphate I 20 I co.50 I 1.00 88.0 I 

104 
90.0 

i 
105 
114 
135.7 ----I 83.3 
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Table C-16 conduded 
-ofAnionspikesinVariousSamples 

Solid Samples 

Bottom ash 

ESP hopper ash 

I 

Abs. rccirc. pump slurry 

Gypsum 

I I I I 

sulfate 2 0.565 0.50 104 
chloride 1 0.111 0.107 115 

phosphate 2 1 o.no 1.00 96.6 

sulfate 5 3.07 3.00 9S.2 
chloride 1 0.781 1.00 108 

phosphate 4 0.763 0.800 103 
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Table Cl7 
FtimmiHdcyarlideafui-spikesifllmpillgtusamples 

Concn,rdmL 
-pie spike -VP % 

Unit 8 inlet cyanide -- 0.394 0.741 99.0 

Stack cyanide -- 0.026 0.1% 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 99% 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 stability or lack of 
stabilii of formaldehyde 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 
formaldehyde and DNPH is not sufficiently stable to prevent the volatiiiiation 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 sampled wlth a blank train for about the twice 
the volume sampled from flue gas. A quite significant amount of formaldehyde, 56 pg, 
was collected, compared with 1020 pg 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 recovery 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 following are illustrative results: 

Water samole 
Formaldehvde recoverv. % 
&&g Duolicate 

Condenser inlet 

Boiler makeup 117 86 

Bleed pump slurry 35 112 

The concentrations in the three samples before spiking were 112, 36, and 165 pg/L, 
respectively; 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%. lt 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 results. 

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-i .2 for actaldehyde and <1.9-2.5 
for acetone. 
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C.3.4 Vdatile Oroank Comwunds 

C.3.4.1 Experimental Methods 

EPA Methods 82408 and 6041 were modified for the determination of volatile 
organic compounds by replacing the packed column wlth a capillary column. At the 
beginning of each day, the GC/MS system tuning performance criteria were checked 
for a 69ng sample of bromofluorobenzene (BFB). Three isotopically labelled 
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 82408. 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-l 8, C-l 9, and 
C-29. The ftrst 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 collected 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-646 for acceptable recoveries of the individual 
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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TabbG18 Fleaw~ofsurrogate 
vdatile orgmk Compounds 

in water samples 

-9% 

Sample surrogate 1. s-p 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. slurry pump 90.7 93.7 95.2 

Bleed slurry pump 93.1 97 94.1 

Scrubber waste water 91.5 97.2 98.2 

‘1,2-Dichloroethaned, (SWs46: 76-114%). 
qolueneds (SW-846: f&?-110%). 
‘4-Bromofluorobenzene (SW-846: 86-115%). 
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TableG RecoverydSut~ogate 
VOMil8OQUliCcampounds 

iIlVOSTSMlpk3S 

SamPP 

Unit 8 inlet - T 

Raaucry,% 
tamgate 1’ svte T surrogate P 

101 98 101 

TIC 93 97 102 

Unit 8 outlet - T 93 97 95 

TIC 98 101 105 

Unit 7 outlet - T TIC I 94 97 92 93 I 96 I 101 I 

r ~~~ Stack - T I 92 I 95 I 77 I 
TIC 92 96 97 

I 
‘T=Tenax; T/C=Tenax/charcoal. The samples indicated here are. the 20-L samples 
at the four VOST locations. 

bl,2-Dichloroethanedd, (SW-S46 76-114%). 
‘Tolueneds (SW-846: 88-l 10%) 
d4-Bromofluorobenzene (SW-846: 86-115%). 
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Table C-21 
CompoundaMeasuredklVOSTBkSflkS 

Qlunbityin- 
-Pw .QmPk I 
hadal BrolUJ. -- 

meaalu.AEctooc-ebbride Beamac Tolwne 

Inlet, ESP TV-C) 17 8.6 
Unit a -W-c) 25 6.0 5.8 

WV 2110 
‘WW 19 20 2530 5.8 
'VW 497 
W-W 45 

Outlet, ESP ‘W-C) 15 12 7.2 
Unit 8 ‘W-C) 26 7.2 

‘WW 
WW 22 

Outlet, ESP T(LC) 24 9.6 
Unit 7 TC(LC) 

TOW 18 36 5.1 
TWW 
‘VW 10 
WW 10 

Stack VW 34 21 21 9.2 60 
TC(LC) - 20 21 6.2 
VT 11 71 
TWW 10 57 
VW 
W-W 

T=Tenax 
TC=Tenax/charcoaI 

10 6.2 

LC=leak check blank (assembled apparatus ckckcd for air leaks under vacuum with sampling 
tubes installed) 
FB=field blank (sample tubes opened momentarily in the field but not exposed IO a flow of air) 
TB=uip blank (sample tubes shipped to and from the field without ever being opened) 
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C.3.5 Semffle Craanic Compounds 

C.3.5.t Experimental Methods 

Semivolatile organic compounds were analyzed by capillary column GC/MS 
according to EPA Method 82708 from SW-545 A number of samples analyzed for 
semivolatile organic compounds were also analyzed for dioxins. These samples were 
prepared for semivolatlle analysis as required by Method S27OB 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 decafluorotriphenylphosphine (DFTPP) was anatyzed at the 
start of each day prior to analysis of semlvolatile 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 semlvolatile 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. lf the 
response for any calibration check compound (CCC) varied from the curve response 
factor by more than &O, the analyst noted the variance and evaluated the potential 
impact of the variance on the analysis to be performed. tf 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. lf the response of the check 
compound still varied from the calibration curve by more than *25%, a new calibration 
curve was prepared. 

Dfculties 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. lt 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-methylphenol of samples and 
blanks resulted 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 ftve samples in 
question had to be repeated. 

C.3.5.2 QAJQC Data 

DAJQC data for samples that contained known added concentrations of 
selected 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 field sampling and 
laboratory analysis; the recoveries of the surrogates reflect the efftciency 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. 

SW646 gives the following as acceptable limits for the surrogates: 

2-Fluorophenol 21-166% 
Phenol-d, 1664% 
Nitrobenzened, 35114% 
2-Fluorobiphenyl 43116% 
2,4,6Tribromophenol 16123% 
p-Terphenyl 33-141% 

Even though the specifications tolerate large deviations from 166% recovery, 
the data in Tables C-22 and C-23 show recoveries that still are very poor. The ffrst 
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 dtterent from 
these surrogates and cause interference in assessing recovery accurately. The very 
high recoveries in some instances are attributed to reaction of some unknown sample 
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. lt 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 simultaneously. 
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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 

Benzoic acid 

Benzoic acid 

Naphthalene 

Phthalate ester 

O-13 Ia 

277-6680 118 

23-1340 (rg 

o-4 Ia 

1-s ug (total of all 
phthalate compounds) 

C.3.6 Dloxlrm and Furans 

Dioxins and furans were determined using SW646 Method 6260. Each sample 
was fortified wRh PCDDlPCDF 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 cleanup 
surrogate was added to the laboratory blanks at this point (0.6 ng/sample). For actual 
samples, 2 ng of the surrogate was added to the XAD-2 resin before the resin was 
sent to the field; 0.6’ ng of the surrogate was added to filters being sent to the field. 
The extract was partitioned against 5% NaCI, 20% aqueous KOH, 5% NaCl, several 
portions of H,SO,, and 5% NaCI. The extract was concentrated and eluted through an 
alumina column with further clean up on an AX-21 carbonlcelite 545 column. The 
toluene eluant fraction was spiked with isotopically labeled internal standard, 
concentrated, and exchanged into nonane. The final sample extracts were anafyzed 
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 pL 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 end OCDF 0.20 ng. Concentrations less than these 
values were determined by extrapolating the calibration curve. 

The linearity of the Instrument response was veritted 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/pL of TCDD and TCDF; 0.005 to 1 .O ng/uL of 
PECDD, PECDF, HXCDD, HXCDF, HPCDD, and HPCDF; and 0.01 to 2.0 r-&L of 
OCDD and OCDF. The data indicate that the instrument retained its linearity of 
response throughout the analyses. 
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The surrogate 2,3,7,6-tetrachlorodlbenrodioxin with chlorine-37 labels was used 
as a spiking compound in both filten and XAD resin. The amount of the spiking 
compound was 0.6 ng for fitters and 2.0 ng for XAD cartridges (these amount8 are to 
be contrasted to the lowest reporting level of 0.01 ng). Recoveries were as follows: 

Blanks 
Field blank 
Trip blank 
Blank trains (2) 

Samples 
Unit 7 ESP outlet 

Dilution device 

Stack 

2: 
filter 
XAD 

filter 
XAD 
fitter 
XAD 
filter 
XAD 

60% 
66% 
m69% 
61, 106% 

77% 
74% 
74% 

166% 
62% 
70% 
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Unit 7 Outlet Unit 7 Outlet - F - F 

bSurrogate 1 = Z-Pluomphenol 
2 = Phenold, 
3 = Nitmhenzened5 
4 = Z-Pluorobiphenyl 
5 = 2,4.6-Trihm~~wl 
6 = lLl-emhcnv,d.. 
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I 
Table C23. kcmmies of Surrogates 

flOKlWi3tWsamples 

Recovery, 96 of Surrogate’ 

sample 1 2 3 4 5 6 

Boiler makeuu 11 63 88 80 17 94 

Condenser inlet 38 42 44 44 42 48 

Sluice 81 83 76 79 77 86 

I- ~~~ ARP slurw ~~~~~ 1 ~j4 1~~~~ 41 1 41 1 41 1 32 1 51 1 

‘Surrogate 1 = 2-Ruoropbenol 
2 = Phenol-d, 
3 = Nitrobenzened, 
4 = 2-Fluorobiphenyl 
5 = 2,4,6-Tribromophenol 
I( = n.TemhanvlA.. 
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Table C-24 
R6oowlyofspikeaofsemivdetile 

CompoundsklWeterSWlples 

N-Nbosodl-n-Prq+amlne 200 62 80.5 

1 .X4-Trichlorober~e I 2cil I 56.5 I 62.5 

4-Chkuo-3.methylphenol 4al 74.8 74.5 

Acenaphthane 206 87 69 

4-Nitrophend 400 62.6 61.3 

2,4-Dintlrotoluene !a0 86 66 

Pentachbrodwnd 400 62.6 73.6 

73.5 66.6 

75.5 59.6 

46 46.7 

* 

67 62.5 

57 56 

66.3 66.6 

+ 97.5 96 

625 66.6 

* 

97.5 92 

61.6 67.5 

Pyrene 2oll 96 102 108 99.5 69.9 88.7 61 91 
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APPENDIX D 

DATA ON VOLATLE ORGANICS 

D.l lNlRODUCTlON 

The previous study by SRI of air toxic8 at Tuscan 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 second 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 cause6 of spurious high 
concentration of the aromatic hydrocarbon6 (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 annulus 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 cours8, be a negative duct pressure, drawing 
ambient air into the duct in proximity to the inlet of the sampling line. Only mcentfy 
have probes from the commercial supplier had provisions for blocking the path of the 
air sweep by a Seal. 

Th8 findings were as fOrfOwS: 

1) 

2) 

3) 

Tap8 similar to that used by the prOb8 manufacturer evolved 
benzene, toluene, and xylenes when heated in the laboratory 
under conditions quite independent of those associated with 
the VOST probe. 

Adjusting a probe supplied by a commercial source permitted 
the investigators to raise or lower benzene, toluene, and 
xylene impurities in th8 sample stream drawn from the pilot 
combustor wlth gas Rring. 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. lt 
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 - shiiing the relative access to 
the opposite of that Rrst described - decreased the 
contaminant level and increased the spike recovery. 

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. Th8Se meaSur8m8ntS consisted Of: 
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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 

c) Tedlar-bag sampling, followed by analysis with a 
portable GC equipped with an argon-ionizatlon 
detector. 

With the VOBT 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. 

lt cannot be said positively that the high concentrations of volatiles at Bailly 
were SpUriOUS becaUSe Of th8 heated tap8 as th8 sourc8. N8v8rth8leS6, the 
probability seems high that this is so. 

D.2 DATA FRCIM BAfUY 

The data on volatile organics from Baflly (all COfl8ct8d on September 6) are 
presented in Table D-l, D-2, D-3, and D-4. These data are believed to be 6purfous for 
the reason discussed abOv8 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, th8 entire 
compilation of data have to b8 disregarded. It is appropriate, however, to comment 
upon some aspects of th8 data. 

Each table gfves th8 quantfties of the individual compounds in nanograms 
observed in two of th8 three components of the Volatile Crganics Sampling Train 
(VOST) (described in SW-MB, (1)). The first of th8S8 sampling 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 ssmpling tub8 containing Tenax in the first half 
and charcoal .in the second half. The third element is not listed in these tables; lt was 
a water Condensate, which did not usually rontain a signffkant 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 w8re definitely not 
components of the gas Streams sampled, hOWeVer, becaUS8, they also Occurred in 
blanks. Three of the components for which this NOT true are benzene, toluene, and 
xyl8n8S. BenZ8n8 can be singled Out for particular remarks. Approximate 
concentrations of benzene at the three locations, calCUlat8d for approximate sample 
volumes of 2Q 10, and 5 L, respectively, are as follows: 
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Location Concn. ao/Nm3 

Inlet, Unit 8 ESP 3870, - ( 2820 

Outlet, Unit 6 ESP 2795,2070,2420 

Outlet, Unit 7 ESP 129,102, IS0 

Stack 514, 252, 192 

There is remarkable diierence in calculated benzene concentrations between 
Unit 8 and Unit 7 or the stack. There is no ju6tiication, however, for believing that the 
difference reflects a real difference in gas composition. For reasons described in th8 
preceding paragraphs, difference is attributed to unidentified differences in the 
sampling procedure, sampling apparatus, or environment. 
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Tabie D-l 

Unit 6 ESP 

ch-thane 

viil Chloride 

Bfamome~ 

Chhxoethane 

l,l-Didkmelhcm 

Methyl iodide 

carbon disunide 

Methykne chloride 

trams-1,2-Dichkmethene 

l.l-Dichkmethane 

2-Butmale 

chtomform 

l,l,l-Trichbxethme 

cmhm tetrachkride 

&nze.ne 

1,2-Dicttlaethane 

TIiChklfOCthCtIC 

1,2-Dichkwqxcpnc 

Bmmodichbmmethane 

cis-1,3-Dichkxqrqxne 

2-Hed~me 

Tduene 

trans-1,3-Dichkwprqxne 

1,1,2-Trichlomctheoe 

Tetrachbrcethene 

4-Methyl-2-penranoae 

Ditrcmachlommcthanc 

chlauhmlzcne 

Ethylberacne 

m- & paylene 

Cl-X@i-i.T 

StpfE 

Bmmoform 

1,1.2,2-Tetrachtoroethmx 

7940 

176 

10.6 

19.6 

11.1 

16.5 

15.6 

83.2 

20.8 

. 16.5 

19.8 

24.6 

9.6 
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Chloromethanc 
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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-l 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 
plant. 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. 

El Gross Material Balances 

jz.l.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. 

E.l.l.l 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 
hr 

1000 lb 0.454 kg 1 hr 1 min 
= klb 1 lb 60 min 60 set 38.9 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 5.3). 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. 
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Table E-l 
0aillyMaaa0aheefor TotdFlcwa 

DataforSepember3, IsgO 
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Table E-Z, 
Bailly Mass Balance for Cobalt 

Data for September 3,1993 

Process Solid, uquid, Gas, Total, 
Stream mgls mgls mg/s mgls 

JNIT 8 BOILER 
In coal 91.3 91.3 

Combustion Air 
Makeup Water 0.00416 O.&J416 

Out Flue Gas 46.8 0.0280 46.8 
Bottom Ash 63.1 63.1 

verage of Daily Closures, % 120 
:losure of Average Flows, % 120 
JNIT 8 ESP 

Ifl Flue Gas 46.8 0.0280 46.8 
Out ESP Hopper Ash 56.8 58.8 

Flue Gas to AFGD 0.0315 0.0252 0.0567 
,verage of Daily Closures, % 126 
:losure of Average Flows, % 126 
ZONDENSER 

In (Inlet Water 11.6 I 11.6 
Out (Outlet Water I I 11.6 [ 11.6 

,verage of Daily Closures, % 100 
Iosure of Average Flows, % 100 
30lTOM ASH SLUICE 

Ifl Bottom Ash 63.1 63.1 
Sluice Return 0.0259 0.0259 

Out Bottom Ash Sluice 63.1 0.0259 63.1 
bverage of Daily Closures, % 100 
:losure of Average Flows, % 100 
30lLER 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 

werage of Daily Closures, % 134 
Xosure of Average Flows, % 134 

Italics indicate numbers denied from non-detectable concentrations. 
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Table E-2 (Continued) 
salrly Mass salance for cobalt 

Data for September 3,1993 

Compressed Air 
Out Stack Flue Gas 

Gypsum 
Wastewater 

Average of Daily Closures, % 
Closure of Averaoe Flows. % 

0.0517 0.0235 0.0752 
1.37 1.37 

0.650 0.650 
63.8 
fx.4 

Italics indicate numbers derived from non-detectable concentrations 
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Table E-3 
Eailly Cobalt Concentrations for g/3/93 

Process Solid, Liquid, Part in Gas, Vapor in Gas 
Stream U&J Ug/ml ug/Nm3 ug/Nm3 

@3%02 @3%02 . ..- - - -.. _ 
cR 

’ PaI 12.35 (6-3) ! ! ! 
1 UN’;” B?‘Ll 

Combustion Air I 
Makeup Water <0.002 (6-l 4) 

Out 1 Flue Gas I 167 1621) I <a20 ffs-211 
I --- I- --- 

--- ._. _-., ~-.-- _-. 
Eanom Ash 124.4 1fi-H I I I 

Combustion Air 
Makeup Water co.oo2 (&14) 
Sluice Return <0.002 (615) 

Out Bottom Ash Sluice 24.4 (6-6) <0.002 (616) 
ESP Hoooer Ash 



E.1.1.3 Makeuo 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. 

65.9 gal 1 min 

mitt 60 set 

8.33 lb 

1 P’ 

0.454 kg 

1 lb = 4.15 kg/s 

E.1.1.4 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 594 kdscfm (average of 592 and 5%). 
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 Nm3 
@3%0, dscf @ 5.4 % 

mm (20.9-5.4) 60 set (100-10.25) dscf 35.31 scf 
dscf @ 3% 

(460+32)R Std. 1 29.19 g 1 kg 
(460+68)R Nor. 1 lgmoie 1OOOg = 438 kg/s 

The molecular weight was calculated from the composition of the flue gas using OZ 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 Nm3/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 g/3/93 as 4.506 g/Nm3 (average of 4.556 and 4.455). 

280 Nm’ 4.506 g (20.9-3) m3 @ 5.4% 0, 1 kg 
set Nm’ (20.9-5.4) m3 @ 3% 0, 1000 g = l-4’ kg/sec 
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The bottom ash flow rate is calculated by difference from the flow rate of particuiates into 
the ESP and the ash entering with the coal. The coal analysis is shown in Table 61, 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. 

w - 1*461rftTyash = 2.59kg/sbottomash 

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 100 percent 

473.1 kg/s input 1.0 fractional = 93.4 percent 

El.2 Unit 8 ESP 

The Unit 8 JZSP balance 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 Phre 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 Plue Gas Out 

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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I 1 Nm” 

t- 

35.31 scf 

1000’ 1 mole g (460+32)R Std. 1 29.27 g 1 kg 
1 Nm’ = 22.4 Std. 1 (460+68)R Nor. I 1 g mole 1000 499 

g, 
kg/s 

The molecular weight was calculated from the composition of the flue gas using O2 and CO, 
from Tables 4-5, and the Hz0 from Table 4-6. 

The particulate flow rate is calculated from the measured flue gas flow rate, 313 Nm3/sec 
(average of 309 and 321), and the measured fly ash loadin Table 4-7 lists the particulate 
loading for the Unit 8 ESP outlet on g/3/93 as 0.0467 g/Nm f (average of 0.0145 and 0.0789). 

315 Nm’ 0.0467 g (20.9 -3) Nm’ @ 5.7% Or 1 kg 
set Nm’ (20.9-5.7) Nm3 @ 3% 0, 1OOOg = 

0.0173 kg/s 

E.1.2.3 RSP Houuer Ash 

The ESP hopper ash flow rate is calculated by difference from the flow rate of particuiates 
into the ESP and the fly ash leaving the ESP. 

1.46 kg fly ash 

set 

0.0173 kg fly ash 

set 
= 1.44 kg/s bottom ash 
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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 
particuiates plus ESP hopper ash, is 490.3 kg/s. 

500.5 kg/s output 100 percent 

439.5 kg/s input 1.0 fractional 
= 114 percent 

El.3 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. 

u = 11,650 kg/s 

E.1.3.2 Condenser Outlet 

The condenser outlet is assumed to be equal to the inlet 5ow of 11,650 kg/s. 

E.1.3.3 Closure 

Since the inlet equals the outlet, the closure is 100% by definition. 

El.4 Bottom Ash Sluice 

E.1.4.1 Bottom Ash 

The bottom ash 5ow rate is calculated 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 sluice return is 25.9 kg/s. 

E.1.4.3 Bottom Ash Sluice 

The bottom ash sluice is the two phase 5ow 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%. 

JLl.5 Boiler Overall Eklance 

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.% kg/s. The outputs, bottom ash sluice, ESP hopper ash, and 
5ue gas, equals 528.93 kg/s. 

E.1.5.2 Closure 

528.93 kg/s output 100 percent 

498.96 kg/s input 1.0 fractional 
= 106 percent 

El.6 Phre Gas Mixing 

E.1.6.1 Unit 7 Phte Gas 

The 5ue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4 
through 4-7. The total 5ow 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 5ue 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 Nm3 
@ 3% 0, dscf @ 6.2 % 

min (20.9-6.2) 60 set (100-8.8) dscf 35.31 scf 
dscf @ 3% 

10001 1 mole g (460+32)R Std. 1 

1 Nm3 22.4 Std. 1 (460+68)R Nor. 1 

The molecular weight was calculated from the composition of the 5ue gas using 0, and CO, 
from Tables 4-5, and the H,O from Table 4-6. 

The particulate 5ow rate is calculated from the measured 5ue gas 5ow rate and the 
measured 5y ash loading. Table 4-7 lists the particulate loading for the Unit 8 ESP outlet 
on g/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% 0, 1 kg 
set Nm’ (20.9-6.2) Nm3 @ 3% O2 1OOOg = 

0.0145 kg/s 

E.1.6.2 Unit 8 Plue Gas 

The Unit 8 ESP outlet 5ue gas 5ow rates are calculated above: 499 kg/s of 5ue gas carrying 
0.0173 kg/s of 5y ash. 

E.1.6.3 Flue Gas to APGD 

The 5ue gas to the APGD is assumed to be the algebraic sum of the two inlet streams. The 
sum is: 780 kg/s of 5ue gas carrying 0.0318 kt@ 5y ash. 

E.1.6.4 Closure 

The closure is lOO%, by definition. 

E-12 



El.7 Overall AFGD Balance 

E.1.7.1 Flue Gas Inuut 

The 5ue gas input calculated above is 780 kg/s 5ue gas cartying 0.0318 kg/s 5y 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 5ow rate of 9.08 kg/s is 
calculated in a following section, in E.1.7.6. 

‘9.08 kg gypsum 28.4 kg Ca 100 kg limestone 

SeC 100 kg gypsum 38.0 kg 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 gal 1 min 
min 60 set 

8.33 lb 
1 gal 

0.454 kg 
1 lb = 85.09 kg/s 

E.1.7.4 Comuressed 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. 

15,265 dscf 1 min 1 Nm’ 

min 60 set 35.31 scf 

10001 

1 Nm3 

1 g mole (460+32)R Std. I 28.83 g i kg 

22.4 Std. I (460+68)R Nor. I lgmole 1OOOg = 
8.64 kg/s 

E-13 



The flue gas was measured in the Method S-type trains, and is summarized in Tables 4-4 
through 4-7. The total flow is reported in Table 4-4 as 9% kdscfm average of 1026 and 
965). The oxygen concentration is presented in Table 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 loo scf 1 Nm’ 
@ 3% 0, dscf @ 6.3 % 

min (20.9-6.3) 60 set (100-15.55) 35.31 scf 
dscf @ 3% dscf 

10001 1 mole g (460+32)R Std. 1 28.41 g 1 kg 
1 Nm’ = 22.4 Std. 1 (460+68)R Nor. 1 lgmole 1OOOg 806.6 kg/s 

The molecular weight was calculated from the composition of the flue gas using 0, 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 Railly stack on 
g/3/93 as 0.0270 g/Nm’. 

469.5 Nm3 0.0360 g (20.9 -3) Nm’ @ 6.2% 0, 1 kg 
set Nm” (20.9-6.3) Nm’ @ 3% 0, 1ooog = 

0.0207 kg/s 

E.1.7.6 Gvnsum 

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% 0, and 
Unit 8 supplies 668 kdscfm at 5.7% 0,. The sum is 1034 kdscfm at 5.88% 02. 
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1,034,OOO dscf 
@3%0, 

min 

I (20.9-3‘) 1 1 min 1 100 dscf 1 2184 scf 1 1 Nm’ 

T 
dscf Q’6.3 % so* 

(20.9338) 60 set (100-9.15) scf 106 scf 35.31 scf 
dscf @ 3% 

10001 1 mole g (460+32)R Std. 1 64 1 h-i 
1 Nm’ = 22.4 Std. 1 (460+68)R Nor. 1 lgmole 1OOOg 3.72 kg/s 

The sulfur flow rate out of the scrubber is calculated below. The stack flow is 1026 kdscfm 
at 6.3% 0,. at 6.3% 0,. 

min 

1,034,OOO dscf 1,034,OOO dscf (20.9-3) (20.9-3) 1 min 1 min 100 dscf 100 dscf 167 167 scf SO2 scf SO2 
@3%0, @3%0, dscf @ 6.3 % dscf @ 6.3 % 

min (20.9-6.3) 60 set (100-15.55) scf 106 scf 
dscf @ 3% 
(20.9-6.3) 

I 

(100-15.55) scf 106 scf 
dscf @ 3% 

1 Nm’ 

35.31 
scf 

10001 1 mole g (460+32)R Std. 1 64 1 kg 
1 Nm’ = 22.4 Std. 1 (460+68)R Nor. 1 lgmole 1OOOg 0.315 kg/s 

The captured SO, is 3.72 - 0.315 = 3.41 kg/s SO2 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% l 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 5, lists the 
average as 91.31 gpm for wastewater plus 65.48 gpm from the thickener underflow. 

156.8 gal 
min 

1 min 
60 set 

8.33 lb 
1 gal 

0.454 kg 
1 lb = 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 

880.6 k& 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. 

138.9 kg coal 2.35 kg Co 106 mg Co 
set 106 kg coal = 1 kg Co 91.4 mg/s Co 

ESP Hopper Ash 1.44 40.8 58.8 

Limestone 6.81 0.390 2.66 

II Gypsum I 9.11 I 0.15 I 1.37 
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E.2.2 Liauid Phases 

The liquid concentrations are given in pg per ml. The condenser inlet example is shown 
below. 

11,600 kg Cond In 0.001 /Ag co ld ml 1 mg Co 

set 1 ml Cond In 1 kg loo0 pg co 
= 11.6 mg/s Co 

I Liquid Mass Flow, kg/s 
Table E-l 

Cont., &ml 
I 

Co Flow, mg/s 
Table E-3 Table E-2 

Makeup Water 

Cond Inlet 

4.16 0.001 0.0042 

116ocl 0.001 11.6 

Cond Outlet I 11600 I 0.001 I 11.6 

84.7 0‘001 0.0847 

9.90 0.0657 0.650 

E.2.2 Gas Phases 

The flue gas concentrations are given in pg per Nm3 at 3% 0,. The flue gas exiting the 
Unit 8 boiler example is shown below. 

Solid Phase in the Flue Gas: 

280Nm3@3% 167 pg Co 1mgCo 

set 1 Nm’ @ 3% l@PcpCo 
= 46.8 mg/s Co 

Vapor Phase in the Flue Gas: 

280 Nm’ @ 3% 0.10 pg co 1mgCo 

set lNm’@3% ld fig co 
= 0.028omgk co 
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Flue Gas Stream 

* Calculated from the sum of Unit 7 outlet and Unit 8 outlet. 

Flue Gas Stream 
Vol. Flow, Nm3 Vapor Cont., Vapor Co 

at 3% 0, flg/Nm3 3% 0, 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 In 488 o.o4942 

Stack 469.5 0.05 0.0235 

* Calcula;ed frorb the sum of Unit 7 outlet and Unit 8 outlet. 
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APPENDlX F 

UNCERTAINTY ANALYSIS OF EMlSSlON 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. 

E = emission factor 

U, = uncertainty in emission factor 

3s = bias component in U, 

$5, = imprecision component in U, 

1, = degrees of freedom in E 

pi = bias error in parameter i 

S, = sample standard deviation of parameter I 

N, = number of measurements of parameter i 

3, = sensitivity of E to a change in parameter i 

O, = quotient of S,l N, 

$, = product of 3,‘and O, 

t = Student “t’ factor, defined by degrees of freedom in E 

The uncertainty in the calculated value of an emission factor E is given as 
follows: 

u, = re,’ + (SE VI’ 
where BE is a factor associated with bias in each of the experimental measurements, 
S,t is a factor associated with random errors in the measurements (as illustrated by 
the sample standard deviation), and t is Students t factor, as deftned for the factor E. 

Each BE 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: 
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C = stack concentration; 

V = ratio of flue gas flow rate to coal firing rate; 

l-i = the calorific value of the coal). 

The equation for combining these parameters is as follows: 

E = CV/H (2) 

Each of the three parameters, in principle, has associated with it a bias 5,. Each of 
these parameters also has associated with it a term Q,, which is a measure of the 
sensitivity of E to a change in the parameter: 

5, = partial derivative of E with respect to the parameter in question (3) 

The definition of the composite term PE is then given by the following equation: 

BE = [I: (Pi ef1 k (4) 

Similarly, each S, term is a composite of corresponding terms involving each 
parameter: 

SE = [I: W214 (5) 

where qr, is the product of,the sensitivity factor, Q,, for each parameter, as defined 
above, and the term o,, as defined under Nomenclature: 

44 = 6 9 (6) 

The final term in Equation 1 that requires comment is Student’s 1. 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 fs is 
obtained from the following equation, which consists of terms already defined and the 
degree of freedom 1, of each parameter: 

f, = (SE)7 I: (0, e,)‘n, (7) 

In this report, the value oft selected is that corresponding the 95% confidence 
intervals. 
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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: 

a) As the ftrst 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 value would be justified, but any such shift would be further arbitrariness. 

The values of 6 and o 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 = 3.66 x 10d j&J 

s, = 1.25x10d@/J 

1, = 3 

t = 4.303 

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 &/J. They are listed 
below, however, in the more customary units: 

E = 1 .I2 g/lO’2 J or 2.60 Ib/lO” Btu 

U, = 0.066 g/l 0” J or 0.16 Ib/lO’* Btu 

b) As the second assumption, let the bias in concentration be 2.5% 
(0.066 t&L). For this assumption: 

BE = 4.65 x 10d pg/J 
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S, = 1.25 x 1 O* pg/J (unchanged) 

f, = 3 (unchanged) 

t = 4.303 (unchanged) 

E = 1.12 x IO* pg/J (unchanged) 

U, = 0.072 g/10r2 J or 0.17 lb/l 0” Stu 

The assumed 2.5% bias in concentration changes the uncertainty factor (Us) by 
9% (from 5.9% to 6.4% of the reported emission (E)). 

c) As the third assumption, let the bias in concentration be 10% or 25%. 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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