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EOREWORD

By: James D. Wesnor, ABB Environmental System

The fcllowing are the major comments to the EER report concerning
hazardous air pollutant emissions from the Low-Emission Boiler
Systems.

Overall, the EER report is an accurate representation of the state-
of-the-art in emissions modeling and control of hazardous air
pollutants. The report also provides great detail on present and.
expected legislation, test methods, and control technologies.

However, comments on the estimating procedures and results are in
order.

Partitioning of Trace Metals in/on Flvash: Models were developed

from existing pulverized coal-fired boilers to formulate and validate
the metals partitioning model. However, general models may not
accurately predict the partitioning of trace metals among specific
coals.

Most trace metals of concern are associated with the coal ash and are
carried from the furnace by one of two methods: the metal vaporizes
in the combustion furnace and condenses onto the flyash surface as
the gas cools, or the metal remains in the solid phase as a flyash
particle. Flyash formation occurs in one of two ways: it melts into
a glassy sphere or aerosol particle, or it remains solid, but of a
size small enough to be entrained with the flue gas.

Trace metal partitioning will depend greatly upon trace metal
concentration and distribution throughout the coal. Larger trace
metal deposits, typical of uneven distributions, should form larger
flyash particles, while smaller, more evenly distributed deposits
should form sub-micron particles, typical of aerosol formations.
Effects such as these may be overlooked in the general model.

Effect of APC Systems beyond PCS: The report does a good job at
estimating the hazardous air pollutant emissions from the combustion

furnace and from the particulate control system (PCS). However,




little work was done on emissions from additional air pollution
control (APC) systems downstream:of the PCS. Once it was determined
that the PCS. emxas;ons were below EER’s "regulatory limits", work was
halted.

Data is now available that should allow adequate modeling of these
APC systems. It is expected that both the Advanced Wet FGD and
ThioClear systems will provide efficient control by absorption of
water-soluble metal forms, in particular mercury, and additional
control by direct impaction by droplets of water-insoluble metal
forms.

The SNOx process should provide efficient control of most metals. In
data recently presented, efficient control (in excess of 99 %
entering the boiler) of As, €d, Cr, Ni, Pb, and Se was demonstrated.
However, significant emissions of B and Hg were found from the stack.
It is believed that the NO, oxidation catalyst will provide some
reduction in organic emissions, although this is presently not
quantified.

The Hot SNOx process is assumed to perform no better than the SNOx
process concerning metals emissions, primarily due to the fly ash
being collected at a temperature above the condensation temperature
of some metals. Therefore, most emissions of As, Cr, and Pb will be
vaporous and will depend Bolely upon the adsorption of these
compounds onto the S50;/80; oxidation catalyst (thought to be minor) or
the absorption of these metal compounds into the sulfuric acid.
However, oxidation of the organic compounds should be significantly
better, due to the elevated reaction temperature. Dioxin/furan
formation should be reduced, due to the elevated flyash collection
temperature.

Metal Removal Estimates in PCS: Metal capture estimates were for an
advanced electrostatic precipitator (ESP), catalytic fabric filter,
and catalytic ceramic filter. 1In addition, estimates of the metal
capture efficiency for a HEPA filter and baghouse were provided.

For background, in the LEBS systems the electrostatic precipitétor
operates at approximately 280°F while the catalytic filters operate
in excess of 750°F.

It was estimated that the catalytic filters, while providing no
additional particulate removal, will provide greater metal capture
than the ESP. Studies have shown that while a typical baghouse
should provide greater Class I (non-volatile) and II (semi-volatile)
metals control than a typical ESP, both operating at the same mass
removal efficiency, this difference is quite small and that both
systems will provide in excess of 99 % removal of both metals
classes. Also, because of the elevated collection temperature, Class
II and III (volatile) metal removal in the catalytic filters would be
less than that of the ESP.

Possible explanations for this difference may be the characteristic
system performance, where the catalytic filters will act as "absolute



filters”- achieving 100 % removal of all particulates above a certain
size - while the ESP operates with near 100 % removal throughout the
entire particle size range with relative minimum removal efficiencies
occurring in the 0.3-0.5 and 10-15 micron range. Calculations
support these statements made regarding typical baghouse and ESP
performance. Furthermore, it is doubtful that the effect of
particulate size would outpace the effect of operating temperature in
the LEBS subsystems.

Octoher 26, 1993
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1.0 INTRODUCTION

The Department of Energy’s (DOE’s) Pittsburgh Energy Technology Center (PETC) is
funding a program entitled “Combustion 2000”. The intent of the program is to support
development of high efficiency/low emission coal combustion devices for the generation of electric
power in the 21 century. ABB/CE was awarded a contract to develop their high efficiency low
emission boiler (LEB) concept. While the program focusses on ultra low emissions of NO,, SO,
and particulate matter, ABB/CE is also concerned about how their design will the impact the
emissions of air toxics. As a result, they have subcontracted Energy and Environmental Research to
evaluate this aspect of their design.

1.1 Objectives and Scope

The specific goals of the program are to identify air toxic compounds that might be emitted
from the new boiler with its various APCD alternatives in levels of regulatory concern. For the
compounds thought to be of concern, potential air toxic control methodologies will be suggested,
and a Test Protocol will be written to be used in the Proof of Concept and full-scale tests. To
accomplish these goals, the following task structure was defined: -

Task 1: Define Regulations and Standards

Task 2: Identify Air Toxic Pollutants of Interest to Utility Boilers

Task 3: Assessment of Air Toxic By-Products '
Task 4: State of the Art Assessment of Toxic By-Product Control Technologies
Task 5: Test Protocol Definition '

A brief description of each task is provided in the following paragraphs.

_ In Task 1, federal and state regulations pertaining to air toxic emissions from coal-fired
utility boilers are identified. For state regulations, the National Air Toxic Clearinghouse database
was used. On the federal level, the 1990 Clean Air Act (CAA) amendments under Title Il were
reviewed. Because the CAA amendments have set aside utility boilers from regulation until EPA’s
current studies have been completed, the intent of Task 2 has been to identify which of the 189
compounds are of interest to utility boilers. In this task, the 189 compounds were broken up into 5
different categories ranging from “known to be emitted in levels of regulatory concern” to “can
not be emitted from coal-fired combustion systems”. The classification was performed by
utilizing various databases, computer modeling, and engineering estimates. In all cases, a
conservative approach was adopted. '

In Task 3, air toxic emission levels from the LEB are estimated. This is done by first using
available data and engineering methods to estimate the uncontrolled levels of air toxic compounds.
Next, removal efficiencies of the various compounds via the three alternative Air Pollution Control
Devices (APCD) systems being considered for the LEB were determined and applied to the
uncontrolled emissions to determine at the stack emission levels of the 189 air toxic compounds of
interest. The emission levels were compared to allowable levels (based on a risk assessment) to
determine which compounds are of concern for the LEB. In Task 4, the types of control measures
for the toxic by—products identified in Task 3 and their development status are discussed.

Finally, in Task 5, a Test Plan is written to serve as a guide for performing measurements of
air toxic emissions during the Proof on Concept Tests

1-1




12 Qverview

Section 2 of this report provides a background on air toxic emissions from fossil fuel
combustion. Formation and destruction mechanisms of different classes of organics are discussed.
In addition, the partitioning of metals introduced with coal between the bottom ash, captured fly ash,
and stack gas is considered. The implications of Title III of the CAA Amendments and various
state regulations pertaining to coal fired utility boilers are presented in Section 3. A comprehensive
assessment of air toxic measurement programs conducted to date is presented in Section 4, with
emphasis on the absence of toxic organic information. Section 5 presents the detailed methodology
used to classify the 189 air toxic compounds, and the results of the analysis as they pertain to the
LEB. Section 6 provides a description of several technologies which are available to destroy
emissions of compounds that may not be captured by any of the altemative control technologies
currently being considered for the boiler. '




20 BACKGROUND

Common coal combustion devices include pulverized, spreader stoker, and cyclone coal-
fired systems. Coal in high-volume installations frequen:!y is pulverized prior to use. The finely-
ground coal is suspended in a gaseous atmosphere while purning. Good mixing between coal and
air produces high combustion efficiency and high temperature. Pulverized systems are
characterized by ash removal methods such as dry or wet bottom. In the U.S., the utility sector is
dominated by pulverized dry bottom coal-fired units since wet bottom coal-fired boilers are unabie
to meet NO, emission standards (Brooks, 1989).

. Stoker coal-fired units can be divided into two types, overfeed and underfeed stokers,
depending on how the air reaches the coal. In overfeed stokers, coal is placed above the air flow. In
underfeed stokers, coal is placed under the air flow. There are several designs for each type.
Stoker boilers, currently accounting for less than 1% of the total, are obsolete due to their
inefficiency and are being removed from service (Brooks, 1989). :

In cyclone coal-fired systems, the coal is injected from the front end of the cyclone and a
swirl is imparted to the crushed coal in the same rotation as the main combustion air. The main
combustion air is injected tangentially creating a swirling motion which throws the large coal
particies against the cyclone inside surface where they are trapped in the slag layer and bum to
completion. The hot gases then exit through the cyclone core and depart into the main boiler
furnace. While coal-fired cyclone boilers are no longer sold in the U.S. due to their inability to
meet NO; emission standards (Brooks, 1989), there are many units still in operation today. °

This section and the remainder of the document will focus on pulverized coal-fired systems
because of their widespread use in both the U.S. and Europe. Pulverized coal-fired systems also
are the main focus of the document because the ABB low emission boiler (LEB) which will be
evaluated in section 5.0 has a pulverized coal-firing system. The following sections provide a
general background on the mechanisms which impact organic and metal emissions in pulverized
coal-fired systems. These sections do not address ABB’s LEB specifically and are included to
provide background material to support discussions in sections 3-7.

2.1 Qrganics

Organic emissions from coal fired utility boilers can arise from two sources: Lack of
destruction of organics in the coal or combustion byproduct formation. Mixing and kinetic
inadequacies may likely be the limiting factors for destruction of organics. in coal combustion
systems. Numerous studies on the kinetics of nonflame thermal oxidation of pure and mixed
organic compounds have been carried out. More recently several studies have been conducted on
detailed chemical kinetics of flame zone processes of simple hazardous organic compounds. The
nonflame studies have been used to define the temperature at which a two second residence time is
sufficient to produce 99.99% oxidation of the starting compound even in the absence of flame
radical concentrations. These temperatures are generally below 1650 °F (900 °C) for most organics
of interest as summarized in Table 2.1. Also provided in Table 2.1 is the first order global
Arrhenius parameters for destruction under nonflame conditions. All coal combustion systems are
designed to operate at significantly higher temperatures (2200 °F, 1200 °C at the exit of the boiler
furnace) and thus should be conservative relative to kinetic requirements. Kinetic modeling studies
by Tsang (Tsang, 1990) using available elementary rate datz suggested the imr:ortance of the
reaction mixture and mixing on the destruction of chlorinated rganics. Research: 5y Lyon from




TABLE 2.1. SUMMARY OF THERMAL DECOMPOSITION DATA

—_—sEmamams

s - atvn ome
S - e

Empirical Tonse(2) Tog(2) To9.99(2) E,
Compound Formula (°C) (°C) (°C) A(s 1) (kcal/mole)
Acetonitrile CH3N 760 900 ~ 950 4.7x107 40
Tetrachloroethylene C,Cl4 660 850 920 2.6x106 33
Acrylonitrile C3H3N 650 830 860 1.3x106 31
Methane CH, 660 830 870 3.5x109 48
Hexachlorobenzene CsClg 650 820 - 880 2.5x108 41
1,2,3,4,-Tetrachlorobenzene C¢H2Cly 660 800 850 1.9x106 30
Pyridine CeHsN 620 770 840 1.1x105 24
Dichloromethane CH,Cl, 650 770 780 3.0x1013 64
Carbon Tetrachloride CCly 600 750 820 2.8x105 26
Hexachlorobutadiene C4Clg 620 750 780 6.3x1012 59
1,2,4-Trichlorobenzene CgH3Cl3 640 750 790 2.2x108 39
1,2-Dichlorobenzene “CgH4Clo 630 740 780 3.0x108 39
Ethane CyHg 500 735 785 1.3x105 24
Benzene CeH¢ 630 730 760 2.8x108 38
Aniline CsHIN 620 730 750 9.3x1015 71
Monochlorobenzene CsHsCl « 540 710 780 8.0x104 23
Nitrobenzene CsHsNO, 570 670 700 1.4x1015 64
Hexachloroethane C,Clg 470 600 640 1.9x107 29
Chloroform CHCl, 410 590 620 2.9x1012 49
1,1,1-Trichloroethane C2H;Cl3 390 570 600 1.9x108 32

Note:

Tog(2) - Minimum temperature required to achieve 99% destruction at 2.0 seconds gas residence time.

Too(2) - Minimum temperature required to achieve 99.99% destruction at 2.0 seconds gas residence time.




EER (Lyon, 1990) suggests that the extent to which a compound is destroyed by combustion may
be dependent on its concentration due to a kinetic threshold of oxidation that exists at low
concentrations. His work suggests that the kinetic threshold arises from the fact that generating a
high enough equilibrium concentration of free radicals to sustain the oxidation rate requires a
minimum amount of fuel. Laboratory studies in a flow reactor (Lyon, 1990) have indicated that the
dependence of destruction on concentration for benzene, chioroform, and chlorobenzene is strong
and can be accelerated with the addition of a co-oxidizing fuel at higher concentrations in order to
generate higher concentrations of radicals as shown in Figure 2.1. Thus, these data suggest that
kinetic limitations can be important at low concentrations even at the high temperatures normally
encountered in coal combustion systems.

The other parameter that can limit organic destruction is poor mixing of the organics with
air. Kramlich (Kramiich, 1990) from EER observed that the absolute emissions levels of organic
emissions were relatively constant and independent of initial concentration of the organic in the fuel.
He suggested that the unmixed fuel pockets are convected through the flame and a fraction of these
are mixed with the hot vitiated combustion products forming a certain fraction of fuel-rich pockets.
These fuel-rich pockets approach thermochemical equilibrium in composition and when less than
10 percent theoretical air is present, the equilibrium concentrations of organics rises to high levels.
The fuel rich pockets can be subsequently convected out of the flame region where they can be
quenched. The quenched pockets containing unburned hydrocarbons yield a base level of organics
that is difficult to lower without substantial improvements in mixing.

Thus there appears to be some kinetic or mixing limits that exist in practical coal
combustion devices that preclude complete destruction of organics and leads to a low level of mass
emissions. - However, the kinetic or mixing hypothesis discussed above must be further quantified
and shown to account for the observed concentration dependence of destruction efficiency of
organics. _

It is unlikely that the lack of destruction can account for the emissions of organics from
coal fired plants. Another major source of emissions is the formation of combustion byproducts.
There is clearly a broad range of organic compounds that can be formed in the combustion process
of coal combustion systems in trace amounts including volatile, semivolatile and nonvolatile species.
Models that can deal with this myriad of organic compounds in a such a complex and diverse set of
combustion systems have not yet been developed. The state of the art in designing and operating
combustion systems for minimization of organic emissions has been based upon a
phenomenological approach. This approach uses insights gained from smaller scale studies and
engineering analysis combined with full scale field studies which have examined the impact of
design and operating parameters on Organic emissions. : :

Much of the attention relative to combustion byproduct emissions from combustion
systems has been focussed on polychlorinated dibenzo(p) dioxin and furans (PCDD/PCDF) since
it was first reported to be present in the exhaust of municipal waste combustion in 1977 (Olie et al.,
1977). The phenomenological mechanisms developed for this class of species can be used to
indicate the behavior of coal combustion systems relative to other types of trace organic byproduct
emissions. It is now clear that several global mechanisms contribute to the emissions of
PCDD/PCDF and the relative importance of each of the formation pathways depends on the
specific design and operation of the combustor and the fuel properties.

The PCDD/PCDF emission mechanisms can be grouped into four categories as shown in
Figure 2.2. The first category of mechanisms involves the lack of destruction of PCDD/PCDF that
is originally in the fuel stream (Lustenhower et al., 1980; Graham et al., 1986). Since very low
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levels of emissions are of interest, very small amounts of dioxin in the fuel stream ¢ould account for
the emission levels if they were not destroyed during the combustion process. Also at very low
initial concentrations the destruction efficiency is generally low. This mechanism, however, does
not likely account for most of PCDD/PCDF emissions since dioxin concentrations in the fuel are
probably low.

The second category of mechanisms involves the formation of PCDD/PCDF from vapor
phase reactions within the combustion zone. Two types of reactions have been proposed: those
involving unchlorinated hydrocarbons and a chlorine donor and those involving gas phase reactions
of chiorinated hydrocarbons with similar structures. Bumb et al. (Bumb et al., 1980) and Crummet
(Crummet, 1980) first suggested that dioxins formed due to "trace chemistry of flames" involving
gas phase reactions of unchlorinated hydrocarbons and chlorine compounds. The ubiquitous
nature of hydrocarbons and chiorine makes the formation of dioxin an inevitable consequence of
combustion of many materials. This global mechanism is highly controversial and supported by no
direct evidence. There are data that indicate that some gas phase chlorine, likely either HCl or C1, is
required to form PCDD/PCDF under certain conditions. Ballschmiter et al. (Ballschmitter et al.,
1983) and Benefenati et al. (Benefenati et al., 1983) examined emissions from full scale waste
combustors and found a close relationship between the dioxin emissions and the quantity of
polychlorobenzenes and polychiorinated phenols in the exhaust. They interpreted this to indicate
that dioxins are formed by reactions involving these gas phase species which were in the fuel or
were formed in the combustion process. Shaub and Tsang (Shaub and Tsang, 1983) developed a
kinetic model to study the characteristics of the reactions involving chlorinated hydrocarbons alone.

The third category of mechanisms are heterogeneous mechanisms within the combustion
zone, likely related to the particulate matter. Barton et al. (Barton et al., 1990) from EER first
pointed out the strong correlation between PCDD emissions and the amount of particulate matter
entrained from the combustion zone of a mass burn municipal waste combustion unit. This strong
relationship was later confirmed to exist for a range of municipal waste combustion systems
including refuse derived fuel fired spreader stokers (Seeker et al., 1989) and starved air medical
waste incinerators (Barton et al., 1990). Recent pilot-scale municipal waste combustion studies in
our laboratory have indicated that the PCDD/PCDF formed within the combustion zone is largely
associated with the large, partially burned particles indicating a heterogeneous mechanism rather
than a condensation mechanism. Thus it is not sufficient merely to bumn out the gas phase volatiles
but rather it is important to completely burn all particulate matter that might exit the boiler.

The final category of mechanisms involves processes downstream of the combustion zone.
In these mechanisms, PCDD/PCDF and potentially other organics are formed by low-temperature,
catalyzed reactions associated with the flyash. Data supporting this category were first provided by
Vogg et al. (Vogg et al., 1986) and Stieglitz et al (Stieglitz et al, 1986). They found that heating fly
ash from waste combustion in an oven to 250-350 °C resulted in the formation of PCDD/PCDF on
the fly ash. This occurred despite the fact that no additional chlorine was added to the material.
They were able to identify the importance of catalytic metals such as copper chloride, on the
formation process. Karasek and Dickson (Karasek and Dickson, 1987), also found that dioxins
form on fly ash particles in the absence of gas phase chlorine. In addition, Karasek found that it is
possible for adsorbed inorganic chlorides to chlorinate aromatic rings and promote the formation of
chlorinated dioxin. The importance of the downstream mechanism has now been confirmed in a
series of full scale and pilot scale tests that indicate that if fly ash particles are held in the
temperature window of 250-350 °C such as in a hot side electrostatic precipitator, PCDD/PCDF
will form. The downstream reactions appear to be a "magnifier” of the combustion formation
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causing an increase of the PCDD/PCDF escaping the combustion zone by as much as an order of

The insight gained from combustion science has resuited in the establishment of good
combustion practice that can significantly lower trace organic emissions. For PCDD/PCDF, the
different mechanisms have been identified and found to become dominant under different
conditions. All of the formation mechanisms for all types of organics must be addressed if total
mass emissions of trace organics are to be minimized. The basis of combustion control strategies
must be to attack the temporal and spatial variations in temperatures and mixing that allow any
organics to escape the combustion zone. These organics can be a toxic pollutant in their own right
or can be precursors to the formation of organics that are more toxic. At the same time, conditions
must be established that minimize the entrainment and maximize the burnout of particulate matter.
A key failure of coal combustion operation is operating at too high of load that can cause an
overcharging of the primary combustion zone that results in a large release of unbumed materials.
Finally, conditions downstream of the combustion zone must also be avoided which will hold up -
particles in the temperature window of 250-350 °C. Below 200 °C, semi-volatiles will condense
onto particulate matter that can be removed by high performance particulate control devices. Even
though the organics are not destroyed they will at least not be dispersed into the air. However, it is
clearly better to prevent the formation of the trace organics in the combustion zone instead of just
removing the materials from the emissions. Substantial additional research is required to
adequately understand the formation of other trace organics in the full range of coal combustion
equipment and allow for optimum control.

22 Metals

Much is known about the behavior of metals in waste combustion devices, largely as a result
of the ongoing projects supported by the EPA. Barton et al. (1988) summarized the knowledge in
the field in a comprehensive EPA Final Report. Continuing research and regulatory activities are
expanding this knowledge. Rizeq et al. (1992a, 1992d), under EPA support, began work on a
project to expand and update the knowledge of metals behavior, creating a "Metals Bible.”

During coal combustion, it is important to determine not only the quantity of the metal
which partitions to the combustion gas but also its form. Metals may partition to the combustion
gas by particulate entrainment and/or vaporization depending on the volatility of the metal. Metals -
which partition to the gas in particulate form are relatively large (above 0.1 jum) and are effectively
removed in most particulate air pollution control devices (APCDs). Metals which vaporize are
swept away with the combustion gas and, as the gas cools, tend to condense into and/or onto the
surfaces of very fine particles which are in the size range that is least effectively removed in most
APCD:s. Predictions of the portions of metals which vaporize will help determine the distribution
of condensed metals on entrained particles through studying the aerosol dynamics upstream of the
APCD. Knowledge of the APCD's particulate capture efficiency as a function of particle size, and
the distribution of metals on fly ash particles will allow predictions of the controlied metals
partitioning and emissions at the stack. The outcome of such modeling will heip the owner/operator
of a facility identify metals which are likely to be emitted at concentrations above Local, State, or
Federal regulatory risk-based limits and others which are likely to be emitted at concentrations
below regulatory limits. This will iead to the development of better testing plans, operating
conditions decisions, and the selection of MACT for metals capture.

This section presents mechanisms of metals partitioning, the methodology employed to
predict metals partitioning and emissions from coal-fired power systems which will be used in
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Section 5.1.9 as an indicator to assess metal emission levels from the ABB LEB pulverized
bituminous coal-fired boiler, coal type and combustion parameters used in the modeling, prediction
_ results and comparison to field data to validate the modeling approach, and conclusions.

2.2.1' Mechanisms of Metals Partitioning

Metals may exit a coal combustion system by any of several pathways. Figure 2.3
illustrates many potential pathways. Only a few of the pathways may apply to a given coal
combustion system. Some of the metals in a coal pass through the furnace combustion chamber
unchanged and are found in the residual bottom ash . The fly ash captured in the heat recovery and
flue gas cleaning equipment will also contain some metals. A fraction of the metals originally in the
coal may also be found in the exhaust gases emitted from the system. This division of metals
between different emission streams is referred to as "partitioning.”

Figure 2.4 illustrates the mechanisms thought to control metals behavior in a variety of
combustion systems such as coal-fired utility boilers (Neville and Sarofim, 1982). Metals are
usually present in a coal as inorganic compounds. Most of these compounds are not affected by
the combustion environment arid pass through the combustor unchanged. These metals will be
found in residual ash generated by a facility (Quann and Sarofim, 1982). If the coal is pulverized,
nearly all the particles are 1-100 pm in diameter (Goldstein and Siegmund, 1976). The combustion
gases entrain a fraction of the smaller ash particles while the remaining material is removed from the
combustion chamber as bottom ash. The quantity of material entrained is a function of the size,
shape, and density of the ash particles as well as the combustor operating conditions (Li, 1974).
The entrained particles generally are generally less than 50 jum (Petersen, 1984).

Some metals and metal species found in coal are volatile and vaporize under the conditions
which occur in the combustion volume (Vogg et al., 1986). The vapors diffuse into the exhaust gas
~ stream which then carries them through the combustor system. As the exhaust gas is cooled, the

vapors condense both homogeneously to form new particles and heterogeneously on the surfaces
of the entrained ash particles (Senior and Flagan, 1982). Homogeneous condensation produces
particles less than 1 pm in diameter (Friedlander, 1977). Heterogeneous condensation also tends to
favor small particles due to their high surface area to weight ratio (Linak and Peterson, 1984).
Thus, the small entrained particles have higher concentrations of volatile metals than the original
coal. The concentrations of metals such as arsenic, cadmium, lead and antimony in particles emitted
from coal combustion facilities have been found to be 4 to 10 times higher than would be expected
if no vaporization had occurred (Meij, 1992).

Metal containing materials may also react in the high temperature combustion zone. Two
types of reactions have been observed. In the first type, reactive elements released during the
combustion of organic materials in the coal combine with the metals. Chlorine and sulfur are the
most common of these reactive constituents. The second class of reactions occurs because of the
formation a high temperature, reducing environment near the burning coal particle. This
environment forms in nearly all coal combustion systems even though the furnace is operated at
overall excess air conditions due to mass transfer rates (Quann and Sarofim, 1982). The reactions
principally involve the reduction of metal oxides. The newly formed compounds often volatilize
more readily than the original species. Once the vapors diffuse away from the coal particles and
encounter lower temperatures and higher oxygen concentrations, they undergo secondary reactions,
convert back to their original, more refractory forms and condense (Senior and Flagan, 1982). Both
homogeneous and heterogeneous condensation occur.
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A computational model based on the above mechanisms was developed to extend data
obtained from other systems to coal combustion systems. The model was used to estimate the
importance of key boiler operating parameters on metals behavior and to develop a scientifically
~ defensible method for assessing the ability of combustion systems to limit metals emissions.
Details of the partitioning model are presented below.

2.2.2 Metals Partitioning Modeling Approach

A metals partitioning model was developed to predict the fate of metals in waste combustion
devices (Barton et al., 1988; 1990). This model has been updated and modified for the ABB LEB
study to predict metals partitioning and emissions from coal-fired power systems. The model
consists of a group of computer submodels (Figure 2.5) structured to simulate the physical and
chemical mechanisms which influence metals behavior in combustion systems. The phenomena
simulated include: :

Combustion chamber thermal behavior

Metals reactions and vaporization

Particle entrainment

Aerosol dynamics (nucleation, condensation, and coagulation)
Particulate capture

® & o o o

The temperature and stoichiometry history of the combustor is established first to define the
background environment for the burning fuel and metals vaporization, as well as for the post-flame
and the condensing metal vapors. Details for the remaining steps of the modeling approach are .
presented below. ; '

Metals Reactions and Vaporization. Metals related chemical reactions and phase
behavior are determined using the program developed by NASA's Lewis Research Center, CET8S
(Gordon and McBride, 1974). This program makes use of a free energy minimization approach
which is based on two assumptions:

. all reactions achieve equilibrium at local conditions; and
o all elernents (coal and combustion air) are intimately mixed.

This equilibrium approach provides conservative estimates for uncontrolled metals emissions and
aliows the impact of various parameters on metals reactions to be assessed (Mathews, 1987). Itis
recognized that equilibrium may not be maintained throughout a coal combustor; however, it is
believed that the equilibrium assumption is reasonable at the high temperatures typical of coal
combustion chambers. Sufficient kinetic data are not presently available to develop a detailed
kinetic model of metals behavior. :

The equilibrium program can be used to predict the vapor pressure of each metal species
- and the resulting amount of each metal which partitions to the combustion gas by vaporization
during coal combustion. Additionally, the program provides metals speciation information for both
the condensed and vapor phases. The ability to predict and analyze the metals vaporization process
is largely dependent on the accuracy and the completeness of the data on the thermodynamic
properties of metal species. The equilibrium program has to be provided with thermodynamic data -
on all of the possible combinations of metal compounds which may form under combustion
conditions. The thermodynamics database normally provided with the NASA code has limited data
on toxic metals. For example, metals such as Sb, As, Cd, Se, T1, and many toxic metal-earth element
(Ca, Al, Si) compounds are not included in the NASA thermodynamics database. This is because
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the NASA thermodynamics database is based largely on data from the JANAF Tables (Chase et al.,
1985) which focus on substances of importance to fuel combustion and jet and rocket propulsion.

Recently, a considerable effort was undertaken to update the thermodynamics database
(Rizeq et al., 1992d; 1993) with the latest thermochemical property data on toxic metals. An
extensive literature search was conducted to identify major sources of data. Two primary sources
of data were utilized; the first was the Barin tables (Barin, 1989) for gaseous and condensed metal
species, and the second was data from Ebbinghaus (1992) on gaseous chromium species from his
recent work at Lawrence Livermore National Laboratory. As a result of this effort, the
thermodynamics database incorporated in the metals partitioning model was upgraded by adding
data for a number of new metal species (Sb, As, Cd, Se, and T1) and increasing the number of
compounds for several metals (Ba, Be, Cr, Pb, Hg, Ni, and Ag) in both the condensed and vapor
phases. This increase in the number of gas and condensed phase metal species allows better
predictions of metals behavior under a variety of combustion conditions. _

Uncontrolled partitioning of metals due to vaporization was calculated from the saturated
vapor pressure of metals under anticipated operating conditions and coal composition. The
saturated concentration of each metal was then estimated and compared to the available
concentration of the same metal. The available concentration was calculated based on the
concentration of the metal in the coal. As explained in earlier publications (Rizeq et al., 1992a;
1992b; 1992c), it is expected that the uncontrolled emissions of a metal due to vaporization is
controlled by its saturated concentration if the available concentration is larger than the saturated
concentration. The uncontrolled emission in this case corresponds to the saturated concentration.
However, if the available concentration of the metal is smaller than the saturated concentration, the
uﬂ:conuolled emission due to vaporization of the metal is expected to correspond to the feed rate of

metal.

Particle Entrainment. If a metal has not completely vaporized at combustion conditions
(saturated metal), additional partitioning of the metal to the gas phase can occur due to ash
entrainment. Metals partitioning to the gas phase due to ash entrainment can be accounted for
through an estimate of the percent of ash entrained in the combustor. The percent of ash entrained
is calculated using the particulate loading in the gas and the coal ash content, or tv using
entrainment models which simulate the conditions of the combustion system (Li, 1974). The
amount of ash entrained depends on the size, shape, and density of the ash, as well as on the coal
type, combustor design, and operating characteristics of the coal combustion system. In many
systems, the fraction of particulate entrainment is known as shown in Table 2.2 (Brooks, 1989).
The total uncontrolled emissions of metals were calculated by adding the vaporized and entrained
portions of the metals. . ,

TABLE 2.2. COAL ASH DISTRIBUTION BY BOILER TYPE (BROOKS, 1989)

Furnace Type % Fly Ash/ % Bottom Ash
' (Bituminous Coal)!
Pulverized Dry Bottom —_BO20
Pulvenized Wet Bottom 65/35
Cycione 13.5/86.5
Stoker - 60/40

t Based on several studies of coal ash from large and intermediate size coal-fired boilers.
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Aerosol Dynamics. By knowing the vapor pressure of metals at the combustor exit and at -
the control equipment inlet, the entrained particle size distribution at the coal combustor exit, and the
temperature profile of the gas upstream of the APCD, aerosol dynamics (nucleation, condensation,

and coagulation) modeling can be performed and the fraction of metals condensed onto or into each
* particle size range can be calculated at the APCD inlet. Nucleation and condensation are key
processes since they account for the enrichment of metals on small particles. A computer model
simulating both nucleation and condensation has been developed. Details of the condensation and
nucleation submodels are presented elsewhere (Barton et al., 1990).

Particulate Capture and Overall Partitioning. The removal of particles from the gas
stream by flue gas cleaning equipment associated with entrainment, nucleation and condensation
must be determined. The efficiency of particle removal typically depends on the particle size and on
the design and operation of the flue gas cleaning equipment. Efficiency curves were used to predict
the percent of metal capture in a given control equipment. The percent of metal capture depends on
the fraction of metals condensed on each particle size; for example, volatile metals may condense
largely on submicron particles generated by metal nucleation. Since most APCD:s are least efficient
in capturing submicron particles, volatile metals have a higher chance of escaping particulate
removal devices. Combining calculations from the vaporization and entrainment step, aerosol
dynamics process, and particulate capture, allows the estimation of controlled metals partitioning in
the coal-fired combustion system. ,

223 Coal Type and Combustion Parameters

The composition of a typical bituminous coal was used in this study to predict metals vapor
pressures and metals uncontrolled emissions due to vaporization. Bituminous coal was chosen
because it is widely used in the U.S. and Europe. On a fuel consumption basis, approximately 95%
of all coal combusted in the U.S. is bituminous (Brooks, 1989). The bituminous coal ultimate
analysis (Table 2.3) was taken from the study by R. Meij (1992), performed by N.V. KEMA in the
Netherlands. This coal analysis was chosen so that we can compare the predicted results to
KEMA's measured results and validate the modeling approach. The element concentrations of
. bituminous coal, bottom ash, fly ash, and air pollution control equipment ash, as well as vapor phase
metals in the flue gas downstream of the electrostatic precipitator were investigated in the KEMA
study. The operating parameters (Table 2.4) were chosen to represent typical coal combustion
conditions and also to represent conditions in the KEMA study for comparison reasons.

2.2.4 Modeling Results

In this study, pulverized coal-fired systems were modeled because of their wide spread use
in both the U.S. and Europe, because they resemble the ABB LE boiler, and because of available
test data for model validation. The partitioning model was executed to determine metals behavior
during coal combustion. The following subsections present results for the uncontrolled partitioning
of metals, acrosol dynamics, and particulate capture and overall partitioning of metals in a pulverized
bituminous coal-fired combustion system.

Uncontrolled Partitioning of Metals. Metals vaporization and entrainment in the
combustion chamber constitute metals uncontrolled emissions at the combustor exit. Determination
of the amount vaporized relative to the amount entrained for each metal is important for the aerosol
dynamics study upstream of the APCD, and for the determination of the fraction of metals
condensing on each particle size at the APCD inlet.
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TABLE 2.3. COMPOSITION OF KEMA’s BITUMINOUS COAL (MEL, 1992).

Components Percent by Weight
C 72.56
H 4.86
0] 15.04
N 1.53
S 0.70
Cl 0.07
Al ' 1.81.
Ca 0.25
Si ' 3.13
As 0.0007
Ba ) 0.035
Be 0.0004
Cd 0.000015
Cr 0.002
Hg 0.00002
Ni 0.0015
Pb 0.0015
Sb 0.00015
Se ' 0.0003
T 0.00005
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TABLE 2.4. OPERATING PARAMETERS.

Type of combustor Pulverized dry bottom
Type of coal ; Bituminous
Combustor exit temperature (°K) 1473
APCD inlet temperature (°K) 450
Overall stoichiometric ratio 1.2
Particulate entrainment rate 88%
APCD type High efficiency electrostatic
- precipitator (ESP)
Particulate loading upstream of 12.8
the ESP (g/m’-standard)
Quench rate (°K/s) . 335
Particulate Size Distribution at the Combustor Exit
Mean Particle Size (um) ~ Percent by Weight
0.5 1
1.5 4
35 25
7.5 30
20 40

2-16




Predictions of uncontrolled emissions of metals in a pulverized bituminous coal-fired
combustor at 1200°C and 20% excess air are illustrated in Figure 2.6. In order to eventually
compare predictions of controlled partitioning of metals to KEMA's measured results (Meij, 1992),
the analysis in Figure 2.6 corresponds to the bituminous coal composition of Table 2.3 which is
representative of KEMA's bituminous coal analysis. Additionally, the entrainment rate of the
portion of metals which do not vaporize was considered 88%, also corresponding to the average
inorganic particulate entrainment in KEMA''s tests.

In Figure 2.6, two sets of results are shown for Cr; Cr-1.2 corresponds to Cr behavior if the
local conditions near the burning coal were at SR= 1.2, and Cr-1.0 corresponds to Cr behavior if
the local conditions near the burning coal were at SR= 1.0 or below. As will be shown in Section
5.3.2, the other metals are not impacted by stoichiometry so the SR of 1.2 was used. Figure 2.6
indicates that the total amounts of Cr-1.2, Cd, Pb, As, Sb, T, Se, and Hg are predicted to vaporize;
while, 0% of U and Ba vaporizes, 88% is entrained, and 12% remains in the bottom ash; 10% of Ni
vaporizes, 80% is entrained, and 10% remains in the bottom ash; 49% of Be vaporizes, 44% is
entrained, and 7% partitions to the bottom ash; and approximately 8% of Cr-1.0 vaporizes, 82% is
entrained, and 10% partitions to the bottom ash. As will be shown in the following subsection, the
percent of vaporization for each metal will impact its aerosol dynamics upstream of the APCD, and-
its distribution on the various sizes of flue gas entrained particles. '

The vaporization behavior of Cr at SR= 1.0 is believed to be the representative behavior of
the uncontrolled partitioning of Cr due to the local reducing atmospheres near the buming coal as

will be discussed in Section 5.3.2 (Impacts of Combustor Operating Parameters on Uncontrolled
Metal Emissions). . :

Aerosol Dynamics. The vaporized metals (Figure 2.6) are expected to condense onto
and/or into submicron particles as the gas cools upstream of the air pollution control equipment.
This process will enrich the emitted fly ash particles with these metals (their concentration in the
emitted fly ash will exceed their concentration in the coal ash). The total amount of metals captured
in the particulate APCD depends to a great extent on the distribution of condensed metals on the
nucleated and fly ash particles. The fly ash particle size distribution at the combustor exit (Table
2.4) was taken from a representative pulverized coal combustion system. The overall metals
distribution at the APCD inlet was determined by modeling the acrosol dynamics of metals as the
gas cools upstream of the APCD.

Figure 2.7a shows the percent of each metal which condenses on the various nucleated and
fly ash particles in the flue gas. The nucleated and then agglomerated metal particles are generally
less than 0.1pm and the fly ash particle sizes are generally above 0.1um. Figure 2.7a lists metals in
the order of increasing volatility (left to the right). It is clear from this figure that as the volatility of
metais increases a larger fraction of metals condense on the smallest nucleated particles. This
occurs because, metals with lower volatility nucleate first generating small particles with large
surface area on which the higher volatility metals condense later as the temperature cools further
upstream of the APCD. Figure 2.7a shows that more than 40% of the vaporized metals (except
Hg) condense onto or into particles less than 1um. Therefore, metals which vaporize completely in
the combustion chamber are enriched in these submicron particles due to condensation; the high
volatility metals are enriched the most. Most particulate APCDs are least efficient in capturing
submicron size particles. The vapor pressure of mercury was predicted to be non-saturated at the
APCD temperature of 180°C and, thus, remain in the vapor phase as shown in Figure 2.7a.

There are several factors which may influence the distribution of condensed metals. These
include flue gas quenching rate, percent of particulate entrainment and particulate loading in the flue
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- gas, the difference between the combustor exit temperature and the APCD inlet temperature, the
portion of each metal which vaporizes, and the entrained particle size distribution at the combustor
exit. The impact of such variations on metals distribution upstream of the APCD can be studies
using the aerosol dynamics model. For example, Figure 2.7b shows the distribution of condensed

- metals if the particulate entrainment rate decreases to 15% which causes particulate loading in the
gas to also decrease. This situation occurs in cyclone coal-fired boilers where approximately 15%
of the particulate matter is entrained rather than over 80% in pulverized systems. For the lower
particulate loading case, Figure 2.7b shows that the fraction of the volatile metals condensing on
submicron particles increases relative to Figure 2.7a. This is primarily due to the increase in the
relative surface area generated by the nucleated particles to the surface area of the entrained
particles. This new distribution allows for less efficient capture of the volatile metals. Such a
behavior may indicate that an increase in gas particulate loading may be helpful for better capture of
volatile metals since less metals may condense on the smallest nucleated particles. This conclusion
depends on the particulate removal efficiency at the control equipment.

The effect of flue gas quench rate on the distribution of metals upstream of the APCD was
also investigated using the aerosol dynamics model. It was found that if the quench rate
downstream of the combustor exit is SOOK per second or smaller, there is no significant impact on
metals distribution. The quench rate of S00K per second represents a high quench rate for such
combustion systems.

Enrichment. Based on Figure 2.7 (a and b), it is expected that Cd, Pb, As, Sb, T1, and Se
will be enriched in the emitted fly ash due to their complete vaporization and further nucleation and
condensation into and onto submicron particles upstream of the APCD. This expected enrichment
is confirmed from KEMA's measurements. The relative enrichment of Cd, Pb, As, Sb, T, and Se in
the emitted fly ash were reported by Meij (1992) to be 9, 6, 5, 6, S, and 7, respectively. Meij defines
the relative enrichment factor (ER) as: )

The measured enrichment of Hg is reported to be 1; this is expected since Hg remains in the vapor
phase even as the temperature decreases to the APCD temperature due to its high vapor pressure
(Figure 2.7). The measured enrichment of Cr is also reported to be 1, which indicates that Cr in
KEMA's tests partitioned as particulate matter to the gas phase and no significant vaporization
occurred. This confirms earlier predictions of local reduced environment effects on the reduction of
Cr vaporization and supports the decision of considering vapor pressures of Cr at SR of 1.0.

KEMA's measurements indicate that Ba, Be, Ni, and U were slightly enriched in the emitted
fly ash (ER= 1.8, 2.1, 3.5, and 2.1, respectively). According to the predicted metals vaporization
results in Figure 2.6, some enrichment is expected for Be and Ni but not for Ba and U. This

indicates that a larger percentage of Ba and U vaporized in KEMA's tests than what is predicted in - .

this study. Considering the sensitivity of the vapor pressure of non-volatile metals to temperature
changes (as will be illustrated in Section 5.3.2, Figure 5.3a), a test temperature higher than the
temperature used for predictions (1200°C) could have caused a larger fraction of Ba and U to
vaporize.

Particulate Capture and Overall Partitioning. In this study, a high efficiency
electrostatic precipitator (ESP) was considered for particulate capture since many coal combustion
facilities in the U.S. and Europe employ ESPs for particulate capture and also because it resembles
the ESP used in the KEMA study. As described in the Methodology section, the amount of each
metal captured was calculated considering the efficiency of the ESP for each particle size range and
the fraction of condensed metals on each particle size, as well as the fraction of each metal in the
entrained fly ash.

2-20



Figure 2.8 shows the overall partitioning of metals in a pulverized bituminous coal-fired
combustion facility employing a high efficiency ESP. This figure also compares the predicted
partitioning results to the measured results from the KEMA study (Meij, 1992). The predicted and
measured results for each metal are located adjacent to each other in Figure 2.8. The measured
result for each metal is indicated by adding a “-m” to the symbol of the metal; for example, the
measured value of U is illustrated as U-m. In general, Figure 2.8 shows that the predicted values of
overall partitioning of metals compare well with the measured values. This provides additional
confidence in the modeling and testing procedures approach.

One obvious difference, however, is between the predicted and measured resuits of Cr. The
measured bottom ash value of Cr is 25% versus the predicted value of 8%. The measured value
indicates that Cr was the least volatile metal in their tests. The reason for that is not clear. It is
surprising to see this result for Cr since earth elements, such as Al and Si, entrained at 88% in the
KEMA tests. The volatility of Cr is higher than earth elements and, therefore, it is expected that the -
uncontrolled partitioning of Cr should be at least 88% rather than 75%. A measurement error or
detectability limit problem may have been a factor in the larger than expected bottom ash Cr.

In Figure 2.8, both predicted and measured results indicate that over 99% of the non-volatile
metals (U, Ba, Ni, Be, nd Cr), and approximately 97-99% of the medium volatility metals (Cd, Pb,
As, Sb, and TI) are captured in the collected ESP ash and bottom ash. The predicted Hg result
indicates that Hg is not expected to be captured in the system since 0% was assumed for the ESP
capture of vapor phase compounds. The measured result, however, indicate that approximately 10%
of Hg was captured in the ESP. This may have happened due to the adsorption of Hg on the .
surfaces of some of the entrained particles in the ESP. Figure 2.8 indicates that the measured vapor
phase controlled partitioning of Se is higher than the predicted value. This means that the predicted
vapor pressure of Se at the modeled ESP temperature of 180°C may be smaller than the measured
value. The vapor pressure of Se is very senmsitive to temperature changes at low APCD
temperatures; therefore, if the ESP temperature in the KEMA study was slightly higher than 180°C,
this will explain the difference in the amount of Se remaining in the vapor phase.

2.2.5 Conclusions
Several conclusions can be drawn from the above study

s Combustion temperature changes and variations in coal-chlorine content influence the
vaporization of non-volatile metals (Ba, Ni, Be, and Cr), but do not influence volatile
metals (Cd, Pb, As, Sb, T, Se, and Hg) which are predicted to partition to the gas at
100% between 800°C and 1800°C. Additionally, local reducing atmosphere conditions
(SRS 1.0) near the burning coal may cause Cr vaporization to be reduced significantly
even though the overall stoichiometry is fuel lean. This conclusion is dependent on the
coal type and the range of operating conditions used in this study.

¢ The dominant chemical form of Hg at the combustor exit is predicted to be elemental
Hg and the dominant form at the APCD inlet is predicted to be HgCl,. HgCl, is
soluble and will be partially absorbed by wet scrubbers.

* The percent of a metal condensing into or onto small nucleated particulates in the flue
gas increases as the volatility of the metal increases, and also increases as the particulate
loading in the gas decreases. The quench rate has no significant impact on metals
distribution if the cooling rate is SO0K per second or smaller.
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Predictions of the controlied partitioning of metals in a pulverized bituminous coal
combustor employing high efficiency ESP indicate that over 99% of the non-volatile
metals (U, Ba, Ni, Be, and Cr), and approximately 97-99% of the medium volatility
metals (Cd, Pb, As, Sb, and TI) are captured in the ESP ash and the bottom ash. The
highly volatile Hg is predicted to remain in the vapor phase at the APCD temperature
%lgdpmpe without capture. Approximately 95% of Se is predicted to be captured in the

The results from this study illustrate the importance of using representative operating
conditions and fuels during a test to determine representative emissions. It is also
critical to use the correct composition of the fuel to obtain better predictions of metals
behavior during combustion. The comparison to the KEMA data was favorable, but
may have been improved if detailed information on operating conditions were available,
especially for the temperature profile and residence time of the flue gas downstream of
the combustor.

The favorable comparison between predictions and measured data provide confidence in
the modeling approach and indicates that using this modeling approach can be effective
in planning tests and optimizing operating condmons prior to conducting actual
compliance tests.

The model also can be used to determine the impact of different combustor and APCD

types, operating conditions, and coal types on metals emissions. This will help facilities
prepare for the Clean Air Act Amendments of 1990 (CAAA).
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3.0 DEFINITION OF REGULATION AND STANDARDS

, The purpose of Task 1 of this program was to identify air toxic emission regulations of

interest to coal-fired utility boilers. To determine which HAPs are either currently regulated or
potentially regulated in the future, the Clean Air Act Amendments (CAAA) and state regulations
were reviewed. The following sections detail the results of this task effort.

3.1 Federal Regulations

Prior to the 1990 Amendments, Section 112 of the CAA required EPA to determine which
substances were to be considered hazardous air pollutants (HAP) and to develop standards of
control. These standards are known as National Emission Standards for Hazardous Air Pollutants,
or NESHAP. To date, EPA has only designated eight HAPs: asbestos, benzene, beryllium, coke
oven emissions, inorganic arsenic, mercury, radionuclides and vinyl chloride. The 1990
Amendments, specifically Title III, attempt to address this inadequacy. Under Title I, Congress
designated 189 pollutants (including NESHAP compounds) as air toxics, and defined an approach
for the control of these pollutants. Table 3.1 provides a list of the 189 HAPs. EPA may add to or
delete from this list. A substance must be deleted if it is determined that it may not reasonably be
anticipated to cause any adverse effects to human health or the environment.

Title III is applicable to major sources, defined as any stationary source (or sources under
common control) which emits, or has the potential to emit, 10 tpy of a single listed HAP or 25 tpy
of multiple HAPs. A proposed list of source categories was published in the Federal Register on
June 21, 1991 (FR 56 June 21,1991, 28552). While the industry group “Fuel Combustion
Sources” was proposed, utility boilers were temporarily exempted pendmg further investigation by
EPA. EPA is required to conduct a comprehensive study to evaluate emissions of the 189 HAPs
from utility boilers, the risk imposed by these emissions, potential control technologies, and costs of
these technologies.. The results of the study are to be presented to Congress by November of 1995.
EPA may delete any source category from its list if it determines that no source in the category
either causes a lifetime cancer risk greater than one in a million to a maximum exposed individual,
or, will emit noncarcinogenic poliutants which below a level adequate to protect public health with
an ample margin of safety.

If coal fired utility boilers are determined to impose a risk, then EPA must promulgate
~ regulations establishing emission standards. These regulations are to require the maximum degree
of reduction in emissions of a pollutant that EPA determines is technologically achievable taking
into consideration cost, non air quality health and environmental impacts, and energy requirements.
This technology based standard is defined as the maximum achievable control technology or
MACT. MACT may include process changes, substitution of material, and work practices, as well
as add-on control equipment.
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TABLE 3.1. 189 CLEAN AIR ACT POLLUTANTS

Chemical Name

Chemical Name

Acetaidehyde p-Cresol

Acetamide Cumene

Acetonitrile 2,4-D, salts and esters
Acstophenone DDE

2-Acetylaminofiuorene Diazomethane

Acrolein Dibenzofurans - '
Acrylamide 1,2-Dibromo-3-chloropropane
Acryiic acid Dibutyiphthalate

Acrylonitrile 1,4-Dichiorobenzene(p)

Aliyt chioride 3,3-Dichiorobe zidene
4-Aminobiphenyi Dichloroethyt ether (Bis(2-chloroethyl)ether)
Aniline 1,3-Dichloropropene
o-Anisidine Dichloros

Asbestos Diethanolamine

Benzene (including benzene from gasoline)

N,N-Diethyl aniline (N,N-Dimethylaniline

Benzidine

Diethy! suifate

Benzotrichioride 3,3-Dimethoxybenzidine
Benzyl chioride Dimethyl aminoazobenzene
Biphenyi 3,3-Dimethyt benzidine
Bis-(2-ethylhexyl)phthalate (DEHP) Dimethyl carbamoyl chioride
Bix(chioromehyi)ether Dimenthyi formamide
Bromoform 1,1-Dimethyl hydrazine
1,2-Butadiene Dimethyi phthalate

Caicium Cyanamide Dimethyl sulfate
Caprolactam 4,6-Dinitro-o-cresol, and saits
Captan 3,4-Dinitrophenol

Carbaryl 2,4-Dinitrotoluene

Carbon disulfide 1,4-Dioxane (1,4-Diethyleneoxide)
Carbon tetrachioride 1,2-Diphenythydrazine

Carbonyl sulfide

Ephichiorohydrin (1-Chioro-2,3-epolypropane)

Catechol Chioramben

1,2-Epoxybutane

Chioramben Ethyl Benzene

Chiordane Ethyl Carbamate (Urethane)

Chiorine Ethyl chioride (Chloroethane)
Chioroacetic acid Ethyiene dibromide (Dibromoethane)
2-Chioroacetophenone Ethylene dichloride (1,2-Dichloroethane)
Chlorobenzene Ethylene glycol

Chiorobenzilate Ethylene imine (Aziridine)

Chioroform Ethylene oxide

Chloromethyl methy! ether Ethylene thiourea




TABLE 3.1. 189 CLEAN AIR ACT POLLUTANTS (CONTINUED)

Chemical Name Chemical Name

Cresols/Cresylic acid (isomers and mixtue) Formaidehyde

o-Cresol Heptachior

m-Cresol Hexachlorobenzene
Hexachiorobutadiene Phosphorus
Cexachlorocyclopentadiene Phthalic anhydride
Hexachloroethane Polychiorinated biphenyts (Aroclors)
Hexamethylene-1,6-diisocyanate 1,3-Propane sultone
Hexamethylphosphoramide beta-Propiolacatone

Hexane Propionaidehyde

Hydrazine Propoxur (Baygon)

Hydrochloric acid Propylene dichloride (1,2-Dichioropropane)
Hydrogen fiuoride (Hydrofuoric acid) Propylene oxide

Hydrogen sulfide 1.2-Prgpy|enimine (2-Methyl azindin)
Hydroquinone Quinoline

isophonone Quinone

Lindane (all isomers Styrene

Maleic anhydride v . Styreneoxide

Methanol 2,3,7,8-Tetrachlorodibenzo-p-dioxin
Methoxychior 1,1,2,2-Tetrachioroethane

Methyi bromide (Bromomethane) Tetrachioroethylene (Perchioroethyiene)
Methyi chioride (Chioromethane) Tianium tetrachioride

Methyl chioroform (1, 1,1-1 richioroethane) Toluene

Methy! ethyl ketone (2-Butanone) 2,4 Toluene diamine

Methyl hydrazine 2.4-Toluene diisocyanate

Methyl iodide (lodomethan) o-Toluidine

Methyi isobuty! ketone (Mexone) Toxaphene (chlorinated campheme)
Methyl! isocyanate 1,2,4-Trichiorobenzene

Methyl methacryiate 1,1,2-Trichioroethane

Maethyl tert butyl ether Trichioroethyiene

4,4-Methylene bis(2-chioroaniline) 2,4,5-Trichiorophenol

Methyiene chioride (Dichloromethane) 2,4,6-Trichiorophenol

Methyiene diphenyl diisocyanate (MDI) Triethylamine 1
j4-4'-Methylenedianiline Trifluralin

Naphthalene 2,2,4-Traimethyipentane
Niitrobenzene Vinyl acetate

4-Nitrobihenyl Vinyl bromide

4-Nitrophenol Vinyl choride

2-Nitropropane

Vinylidene chioride (1,1-Dichioroethyiene)

IN-Nitroso-N-methylurea

Xylenes (isomers and mixture)

N-Nitrosodiumethylamine

0-Xylenes
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TABLE 3.1. 189 CLEAN AIR ACT POLLUTANTS (CONTINUED)

—

Chemical Name Chemical Name
N-Nitrosomopholine m-Xylenes
‘Parathion p-Xylenes
[Pentachioronitrobenzene (Quintobenzene)
[Pentachiorophenol
Phenol B
p-Phenlynediamine
Phosphine
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Assuming that coal-fired utility boilers are to be regulated, MACT would be established
according to the following discussion. For new sources, MACT must not be less stringent than the
level of emission control achieved in practice by th best controlled similar source. For existing
sources, MACT must not be less stringent than the average emissions limit achieved by the best
performing 12 percent of existing sources. If there are fewer than 30 sources in the source
category, MACT must not be less stringent than is achievable by the best performing five existing
sources. If there is an established health threshold for the substance, EPA can consider it, with an
ample margin of safety, when setting MACT standards. EPA must review and revise as necessary
MACT standards at least every eight years. In addmon, MACT standards do not replace any
stricter state or local standards.

For new sources, MACT standards are effective upon promulgation. For existing sources,
compliance must be achieved no later than three years after promuigation, with a possible one year
extension granted by permit if the time is needed to install control technology. Benefits are
available for facilities that show early reductions. Sources are eligible for a six year extension if
they make voluntary reductions of at least 90 percent from their 1987 levels before the applicable
MACT standard is proposed. In addition, sources can obtain a five year extension if they install
Best Available Control Technology (BACT) or Lowest Achievable Emission Rate (LAER)
technology for that pollutant prior to promulgation of the applicable MACT standard.

After the application of MACT standards, EPA is to determine the residual risk associated
with each controlled source and source category. By 1996, EPA is to report to Congress on
methods of calculating the remaining public health risk after application of MACT standards, the
significance of this remaining risk, methods of reducing such remaining risk, and recommendations
for legislation. If Congress does not act upon EPA's recommendations, EPA must within eight
years after promulgating MACT standards, promulgate additional standards based on their residual
risk findings, if necessary to provide an ample margin of safety to protect public health. These
additional standards are known as residual risk standards. For carcinogenic pollutants, EPA must
promulgate residual risk standards where MACT standards do not reduce risk to less than one in
one million.

Residual risk standards will be effective upon promulgation. However, existing sources
may obtain a two year waiver if it is necessary to install controls, provided the source will ensure the
protection of health of the persons effected from imminent endangerment during the interim. Also,
if a source commences construction after an applicable MACT standard is proposed, but before an
applicable residual risk standard is proposed, the facility must comply with the MACT standard but
need not comply with the residual risk standard until ten years after construction commences.

32 State Regulations

Due to heightened awareness regarding air toxic emissions and the lagging implementation
of federal regulations, many states have adopted or are considering adopting programs for the
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~ control of air toxic pollutants. This section presents the current status, scope and approach taken by
‘statés to implement air toxic control programs (ATCPs).

321 Current Status of State Air Toxic Control Programs (ATCPs)

Information about state ATCPs can be obtained from the National Air Toxics Information

Clearing House (NATICH). The information supplied by NATICH is a result of a survey of
individual states. The resulting database contains information on the states’ ATCPs including:

1. The structure of the state ATCP, such as a program based on guidelines rather than
formally adopted regulations.

2. The scope of the state programs, which may include:

A list of pollutants
A list of sources or source categories
Permitting of new sources/permit renewal for air toxics

Requirements for accident prevention and/or emergency msponse plann.mg
Submittal of emission inventory information

e & o o o

3. The extent of enforcement

If the permit renewal process is used to control air toxics, the regulating agency may use acceptable

~ ambient concentration guidelines (AACG) for air toxics or formally adopted standards (AACS).
Some or all of the AACG or AACS may be based on the application of an uncertainty factor to an
established Occupation Exposure Level and/or the results of a health effects literature review by the
agency. Altematively, a technology based control requirement may be used, such as "State of the
Art’ control for identified sources of specified pollutants. Risk assessments for cancer causmg or
systemic pollutants may also be required.

Table 3.2 provides the n:sults of the NATICH survey. Responses from 43 states are
presented, indicating whether they have a current program, a future program, or no program. All of
the states responding have some type of control program in place. Of particular interest are the
states which currently have programs in place. Table 3.3 shows which states have a current air toxic
control program (32) and which merely have NESHAP authority or regulations which apply only to
NESHAP like pollutants and sources (17). Table 3.3 also identifies the 21 states with ATCPs
based on promuigated regulations rather than guidelines. For the states which do have a current

ATCP for which information was available, the characteristics of these programs are summarized in
Table 3.4.




weiBoid ou =\ i spsspums Aenb 4@ jueique = SOVY €661 SZ Yl jo S8 eseqeieq SIHXOL iy HOILVN wol uofeuLIoj NY

wesBosd ey = | wesBoud WweLno = : sougepind Aenb ye welque = DOVY
::::c:o.:.._:ooo...o:::o::::.:ecoo:::oo__.:: LOuuumid esucdses
- 1 . | A O _Aousflieuss esnbes 4O 1Y
slafefalappulijayrfrjifaprppr e EEEEEEEEEEEEEEE PP toued uopuerssd
] weppow eynbes oLy
v 3fululelafulsieiuli o uialalulatafulafalulsf{ulolalsjofjufuifrfoalrfulujojuiayr|r|2(2|V 410000 9X0) enbey
] _ ot jemeue: juned esn 401y
u|sfulafs|afulila|ai|o[a[2]a[u]s sTulsfufufos[ofafafafojufufufafofufututafotiil aful» JRUS—
wajojue AoueBy Aiojey
ﬂuou.uoou._ouuue.ooooco.co_u.uuoo.:.ouuo:e:%52.8.3:38_.8..
. umuew Aouebe Bupeinbet)
:o::.o:.m,ﬂo_o._o:oo.c.e_:.uuo:oo:ou::::.uc:o:n Lauewssess WU
e0usd Uou exnbes go 1Y
alafuldiajululoloaloalotlojulalolsfulalals(s|o]o]ofuloafu]afa|a]ulu]juJuf)|[o|ujuiafafu .
| 1 Wi Jeoumd exnbeu O LY
] alulu
sfoloolalalululalulifalalofulalaloalala v uls]falafa]o|afafulafufa|u|u]a]i|a]a]a cuonenBes o0
_ 1 S . peseq ABojowngoe) es()
11 Julals 3 2 ulululul]>
stijulostafaulals|u s lofotafjulus [y |ululalulaofa|a]ofa]a]ofa]a]s|u]ul ] i o oM
J Y S I U N Ty O N . - ahits il uo peseq DOYY/S0YY
3 |u ] 2
sToala(alafatvialulvlilo|olojufulostafulafoialsfola)ala]|o]afa]a]u TR ] ooy .
— _ U0 peseq DQYY/SOYY =
] u ululasl]u
e[ o sluail|olululofufufafululufafulu{ulsludlo|u]ujsjufululoulul} § ] ) L
N (. b o e 4] itsls m:,gémbﬁ.wﬂ:
slulajulalslilalaialr]lulalola|ulalalofoafalula[s]2]a[a2]ulafjafafo]ju]uloafufa]u als L8990010 ma4se) guued 1y
i ) A - | Pesn DOYY 10 SOYY ey
ufolulo o alululoa oo lulaiululfulalulslatils{olalofulafulrfuioaju]julrfafulajajoajui T

- X 1.1

djujujujulsj|ajoiulasfulaidojujalojuiuiajuiuisjujiojujsjujujdjosajojujujulsjojujuljuilajoajo

safalofoafafulilafiTaielulufalonlsolulsfuls(aalulalalululitolululi{alal2lalili15

b~ 1 —F

s(oala oo ulalafulalalalslolali (ool o|uiaiajrfalafalalalalsfujulililulala]ao]a]s

[AM 1M VM TA VA X1 GS 3S 14 vd HO O HO AN IWN (N SH HN 3N GN ON LN O 1N IN G VIR V1 A% 8% ML GI Wi iH_1d 30 10 ¥ 00 2V W 3V
SNOISSIWG QIXOL HIV H40 TOHINOD 3HL OL SFHOVOUJJY S31VIS 30 AHVWNNS 2-€ 318VL




- TABLE 3.3. SUMMARY OF STATES WITH AIR TOXICS PROGRAMS
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(1) For the following states with ATCP's based on promulgated regulation, no information from the Bureau of
National Affairs was found: AK, CO, MI, and NE.

(2) For the following states, no information was available from the NATICH Air Toxics Database: AR, GA, NV,
TN, UT, and WV.

Note: No information was found for the staté of Minnisota.
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322 State Regulations Applicable to Coal-Fired Units

.For the 21 states having a current ATCP based on promulgated regulations, descriptions of
the individual regulations were obtained from the Bureau of National Affairs. These regulations
were then assessed as to their applicability to coal-fired units. Table 3.5 presents a summary of
state air toxic regulations which may be applicable to coal-fired units. Most identified state
regulations specify a general applicability (ie: new, modified, or existing stationary source). The
standards imposed by each of the state regulations follow one of six approaches. These approaches
can be summarized as follows:

Approach A - Emissions shall not exceed a calculated site specific stack emission limit;
Approach B - Emissions shall not exceed a specified stack emission limit;

Approach C - Emission shall not chdanger human health and/or the environment;
Approach D - Emissions shall not cause or contribute to a violation of an AAQS;

Approach E - Emissions shall not cause or conmbute to a violation of an AAQS for those
sources whxch emit above a specified sxgmﬂcant level

Approach F - Applicable source shall perform specified activities such as registration and
emission inventory reporting.

A description of these approaches follows.

Approach A. Under Approach A the standard directly specifies that no person shall cause
or permit the emission of any listed HAP to exceed its stack emission limit. Determination of a
stack emission limit is based on an equation which takes into account site specific parameters such
as stack height and distance to point of pollutant impact. If the source complies with the calculated
emission limit, then it is assumed that the owner or operator does not cause or exacerbate a violation
of the applicable ambient air quality standard (AAQS). This is demonstrated by the use of air
quality models, data bases and other approved procedures to determine the ambient air

concentration that is a result of the emission in question and then comparison of this value with the
AAQS.

If the source does not meet the calculated stack emission limit, then the owner or operator is
required to install and use BACT or some other specified equivalent, in addition to demonstrating
that the source will not cause an impact in excess of the applicable AAQS. In some cases BACT is
only required for new or modified sources and a less stringent Reasonably Available Control
Technology (RACT) requirement is imposed on existing sources.
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TABLE 3.5. SUMMARY OF STATE AIR TOXIC REGULATIONS APPLICABLE TO COAL FIRED UNITS

Sljkcgulnim Applicability Standard Possible Applicability to Coal Fired
Lpits,
AK \ o) - (1)

identification criteria.

AAQS (2)

A AB2588 ]Any existing source which Al sources shall submit a comprehensive air toxics emission [Facilities releasing less than 10 tpy
formulates, manufactures, uses, and |inventory. are currently not regulated
emils a listed sir toxic.
(1) ()] a) ()
CT 222-174- |Any new or modified stationary No source shall emit any listed air toxic at a concentration at Y
29 source permitied afier Oct 1, 1986  |the discharge point (ie; stack) in excess of the maximum
which emits or may emit an air toxic |allowable stack concentration (MASC)
401 KAR  [Any existing stationary source which [No source shall emit any listed air toxic in excess of the Y
63:020 emits a listed air toxic above a allowable emission limit as determined through the use of a
specifed significant level. specified equation and a specified acceptable ambient air
[concentration limit.
: For sources with no acceptable ambient air concentration,
resonable availsble control technology (RACT) must be
applied.
40! KAR  |Any new or modified stationary No source shall emit any listed air toxic in excess of the Y
63:022 source which emits & listed air toxic [allowable emission limit as determined through the use of a
above a specified significant level.  |specified equation and a specified acceptable ambient sir
concentration level
For source with no acceptable ambient air concentration, best
available control technology (BACT) must be applied?
LAC 33, Part} Any stationary source which emits or [No source shall emit any listed air toxic which will causc a | Emissions from the combustion of
I, Chnpl 51 |has the potential to emit , in the violation of a specified acceplable AAQS. coal, vented from a stack with an
aggregate, 10 pty or more or 25 tpy approved height which minimizes
of any combination of a listed air downwash are exempt
toxic.
COMAR Any source which emits 2 lisied air | The total allowable air toxic emissions from a source shall not [ Emission from qualifying small
26.11.15 toxic and is required to obiain a unreasonably endanger human health. This may be quantity dischargers and fuel burning
permit under COMAR 26.11.02.03- [demonstrated by comparison to a specified acceptable AAQS |equipment as defined by COMAR
or AAQG, 2611180 arccxempt =}
() ()] (1) 0 _
15ANCAC [Any facility which emits a listed air |No facility shall emit a listed air toxic in such quantities that Y
1101 toxic and is required 10 obtain a may sdversely affect human health. This may be
Fpemm under 1SA NCAC 2H .0610. |demonstrated by comparison to a specified acceplable AAQS
(1) () : (1))
NHAg.) Any stationary source which emits | No source shall emit any air toxic (which meets identification Y
ENV-A 1300]any air toxic which meets specified |criteriz) which will cause a violation of a specificd acceptable
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TABLE 3.5. SUMMARY OF STATE AIR TOXIC REGULATIONS APPLICABLE TO COAL FIRED UNITS (CONTINUED)

Possible Applicability 10 Coal Fired

Applicability Standard
Units
M
Any source openation or equipment | No source shall emit any listed air toxic unless registered and N
(ic: Storagge tank; Cl transfer permitted
operation)
NM 3) Any new or modified source which is|No source shall emit any listed air toxic which will cause a Y
——{ - — - -~ _[belicved 1o emit any aif toxic. _ _ _ fviolstion of » specified acceptable AAQS. _ _ _ ______| e e l
Any source which has 8 total All sources must register and supply air toxics emission Y
kpolemial cmission of sir toxics which]inventory information
cxceed a specified emission level.
»
IOK Reg No. 3.8 [Any sutionary source which emits  [No source shall emit any listed air toxic which will cause a Y
any air loxic violstion of a specified acceptable AAQS (4)
t Reg No. 22 |Any new or modificd stationary No source shall emit any lisied air toxic which will cause a Y
source violstion of a specified acceptable AAQS.
Any stationary source which used or |All sources must register and supply air toxic emission Y
emitted greater than & minimum levelfinventory information
of air toxics.
SC ) Any stationary source which emits aigNo source shall emit any lisied air toxic which will cause a | Does not apply to fuel buming
toxics violation of a specified accepuable AAQS. sources which burn only virgin fuel
) or used oil.
[TX [TAC, NRCIIjAny source operation (ic: spray q 3) N
115 chamber with the potential to exist
VOC'’s costing)
VA [Rule4-3 Any stationary source which emits or]No facility shall emit any air toxic in such quantities that may Y
may emit any air toxic above a cause or contribute to the endangerment of human health.
specified significant level. This may be demonsirated by comparison to a specified
acceptable AAQS or AAQG (4)
VT |VSA 5-261 |Any stationary source which emits a |No source shall emit any listed air toxic which will cause a Y
listed air toxic above a specified violation of a specified scceptable AAQS.
significant level
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TABLE 3.5. SUMMARY OF STATE AIR TOXIC REGULATIONS APPLICABLE TO COAL FIRED UNITS (CONTINUED)

Applicability

e
Standard

Possible Applicability 1o Coa! Fired

New stationary sources which emit [Air toxic emission from a source shall be sufficiently low as to Y
460 HAP's protect human health and safety from potential carcinogenic
and /or other toxic effects. This may be demonstrated by
comparison to a specified acceptable AAQS.
WIAC New or modified stationary sources |No source shall emit a listed i1 tosis «1 1 concentration at the |Emission from the combustion of
NR445.04  |which commenced after Oct 1, 1988 [stack in excess of the specified emision limit. coal vented from a stack with an
approved height which minimizes
WAIC Existing stationary sources which [ No source shall emit a listed HAP at a concentration atthe  |Emission from the combustion of
NR445.05  Jcommenced before Oct 1, 1988 stack in excess of a specified emision limit coal vented from a stack with an
approved height which minimizes
downwasharcexempt |

i

1) No informalion was available from the Bureau ol National Affairs.
No AAQS's have been s; med as of 12-21-90
No information was available al the time of which this report was prepa

4) The concentration limits are based on Occupational Exposure Limits (OEI.) therefore the regulation is directed towards worker safely.



Both Connecticut and Kentucky use this type of approach. Kentucky has an additional level
of applicability in that only sources which emit air toxics above a specified significant amount need
to calculate an emission limit to demonstrate compliance. This screens out small quantity
generators from even being regulated under the standard. '

Approach B. The standard directly specifies that no person shall cause or permit the
emission of any listed HAP to exceed its applicable stack emission limit. In contrast to Approach
A, the stack emission limits are specified rather than calculated. This may result in a more stringent
standard in that the benefit of a limit calculated usmg site specific parameters is not utilized. If the
source does not meet the specified stack emission limit, then the owner or operator is required to
install and use BACT or equivalent, and demonstrate that the source will not cause an impact in
excess of an applicable AAQS. The states of Louisiana and Wisconsin employ this type of
approach.

Approach C. In Approach C, the standard does not specify a limit but rather calls for the
total allowable emissions of any listed HAP to not reasonably endanger human health and/or the
environment. This requirement may be demonstrated by a variety of methods including comparison
of resulting ambient air concentration with specified AAQS. Usually BACT or the equivalent is
required regardless of the human heaith assessment.

Approach C is utilized by Maryland, North Carolina, Washington and Virginia. Under the
Maryland program, an owner or operator may demonstrate compliance with the human health
standard by comparing an ambient air concentration due to the facility’s noncarcinogenic emissions
with specified standards. Based on the result, a risk assessment must be conducted for

carcmogemcpollutantstodetenmnexfthwecmxsemorethanalm lOOOOOmcmasemapctsons
lifetime cancer risk.

The North Carolina and Washington programs are somewhat less stringent in that resulting
ambient air concentrations need only compare favorably to an apphcable AAQS to demonstrate
compliance to the standard, regardless if the pollutant is carcinogenic or noncarcinogenic. Both
states require the use of BACT or some state specified equivalent. Virginia's program is similar to
this approach, but in addition, the size of the facilities regulated is limited. This is achieved by
emission screening limits. For facilities which emit air toxics below their applicable screening limit,
the regulation does not apply.

Approach D. Under Approach D the standard directly specifies that no pefson shall cause
or permit the emission of any listed HAP in such concentrations as to cause or contribute to a
violation of an AAQS. Similar to the previous approaches, this is demonstrated by the use of air
quality models, data bases and other approved procedures to determine an ambient air concentration

impact resulting from the facility of concern and then comparison of this value with an applicable
AAQS.
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Consequences for sources not meeting the specified AAQS, vary from state to state. In
general, most require the owner or operator to install and use BACT. Some states which use this
approach, allow the use of the less stringent RACT requirement for those poliutants identified as
being of low or moderate toxicity. Other state programs are more stringent in that they specify an
- additional risk assessment requirement for new sources or those that emit highly toxic pollutants.
New Mexico, New Hampshire, and South Carolina, all use Approach D.

Approach E. Approach E is essentially the same as Approach D but the size of the facility
to which the regulation is applicable is indirectly limited. For example, in Virginia, screening
emission limits are specified below which a facility is not regulated.

Approach F. Approach F is all other programs which do not specify a standard or limit
but merely require activities such as registration of source, public notice and/or quantification of

emissions for inventory purposes. Regulations imposed at a state level by California and New
Mexico fall into this category. :

323 State Specified Air Toxic Pollutants

Seven states with current ATCPs based on promulgated regulations were identified in the
preceding section as being possibly applicable to coal-fired utility boilers. Appendix A lists the
corresponding acceptable ambient air quality standards, illustrating the type and to what level air

toxics are regulated by these programs. For the states employing approach A or B, acceptable
emission rates instead of AAQSs are specified or a method to calculate such values is provided.

3.24 Local District Control
Air toxics can be regulated, and often are, at a local level by air quality management districts.-

Table 3.6 gives a list of local agencies with air toxic programs as identified by the Air Toxics
Clearing House (NATICH).
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STATE

Alaska
California

Florida

Iowa

Kansas

Maryland
North Carolina
Ohio

Oklahoma
Pennsylvania
Tennessee

Washington

TABLE 3.6. LOCAL AGENCIES WITH ATC PROGRAMS

AGENCY

Jefferson County Air Pollution Control Program

Bay Area Air Quality Management District -
South Coast Air Quality Management District
San Diego Air Pollution Control District
Colusa County Air Pollution Control District

» Ventura County Air Pollution Control District

Lassen County APCD
North Coast Unified AQMD
Sacramento Metropolitan AQMD

Hillsborough Co. Environmental Protection Commission
Broward County Office of Natural Resource Protection
Orange County Air Pollution Control Board

Pinellas County Air Pollution Control Board

~ Polk County Physical Planning Dept.

Wyandotte Co. Health Dept.; Bur. of Air & Wate Mgmt.
Wichita-Sedgwick County Dept. of Community Health

Prince George’s County Health Department
Mecklenburg County Dept. of Environmental Protection
Toledo Environmental Services Division

Southwest Ohio Air Pollution Control Agency

North Ohio Valley Air Authority

Tulsa City-County Health Dept., Air Quality Control
Phil. Dept. of Public Health, Air Management Services
Chattanooga-Hamilton Co. Air Pollution Control Bureau
Puget Sound Air Pollution Control Agency

Grant County Clean Air Authority

South West Air Pollution Control Authority

Northwest Air Pollution Authority
Benton-Franklin-Walla Counties APCA
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40 AIR TOXICS MONITORING PROGRAMS

In today’s regulatory framework, the control of emissions is first written into law; it is then
up to polluters to test for the regulated compounds and manage them according to residual risk.
Rarely, is this process reversed, allowing sources to determine emissions of concem, categorize
them according to risk, and then have legislators enact risk-based laws for the EPA to enforce as
appropriate. It is no wonder then that because the enforcement of the 1990 Clean Air Act
Amendments (CAAA) is still, from a regulatory standpoint, “new”, there is little emissions data for
the 189 substances listed under Title III. This lack of data makes it difficult for the EPA to
determine whether regulation of any source, much less utility boilers, is necessary.

An exhaustive literature search was conducted to ascertain exactly how much emissions data
from coal-fired utility boilers are available, how current the data are, and how many substances on
the CAAA Title I list does the existing data base cover. The search began using the Dialog®
Information Retrieval Service and the University of California On-Line MELVYL® Catalog.
Environmental, pollution, and energy abstracts were the focus with a total of 42 unique databases
searched. Using these results, several documents were ordered from the National Technical
Information Service (NTIS). A brief review of these documents showed there were other primary
sources of information. After locating and reviewing these new sources, it was clear that the same
data circulates among several sources, and when a new source was supposedly found, it referenced
data from documents already in house. In short, the present data are finite and extremely limited in

scope.

The existing emissions data from coal-fired utility boilers covers mainly inorganics, -
specifically metals. What little organic emissions data exists is close to ten years old and can no
longer be considered accurate because of the test methods used. Efforts are presently underway to
verify the current data and fill the gaps in the existing emissions data base. This section briefly
discusses these air toxics monitoring programs and assesses the present “state of knowledge”™ of
air toxic emissions from coal-fired power plants.

. 41 Studies in Progress

The research currently being conducted to characterize air toxic emissions from coal-fired
utility power plants is an attempt to expand the scope of the current data base of emissions. The
new analytical data obtained from these studies will help the EPA determine the potential air toxics
from coal-fired boilers and whether regulation of these facilities is appropriate and necessary. This
determination is slated for November 1995. There are four investigations currently in progress and
one that is planned to assess hazardous air pollutants (HAPs) from coal-fired utility power plants.
Two are sponsored by the Electric Power Research Institute (EPRI) and Ontario Hydro of Canada,
and three are being conducted by the Department of Energy’s (DOE) Pittsburgh Energy
Technology Center (PETC). No data from these studies were available for analysis. :

4.1.1 PISCES

In 1988, EPRI initiated a program to assess the emissions of HAPs from power plants
under the acronym PISCES (Power Piant Integrated Systems: Chemical Emission Studies). The
study evaluates the presence and fate of chemicals in air, water, and solid waste discharges. This
holistic approach allows controls to be applied with full knowledge of impacts on other plant
process streams (Chow, 1991). The program also includes a relational database on chemical
species in power plant systems. The database allows users to draw relationships between
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chemicals, process streams, and plant configurations. To date, the database includes 80,000 records
of reported quantity data from 10 utility sites for 36 of the 189 hazardous air pollutants listed in
Title ITI of the CAAA (Chow, 1991). Table 4.1 lists the 36 hazardous air pollutants for which data
are available. This list of compounds is based on whether or not the substance was detected in the
" flue gas; it is not ranked according to actual risk.

As part of the literature review, EPRI was contacted to investigate further details of the
PISCES database and to possibly obtain a copy of a relevant data printout. However, according to
EPRI, the database is still undergoing verification and some data collection remains to be done.
Currently, the chemical data in the database is limited to inorganic species in the liquid and solid
process streams and includes few organic compounds. EPRI hopes to include data for more
organic species in all three process streams and inorganic species in the gaseous process streams
when it becomes available. Since PISCES currently contains little data of interest, and the data
qualitv had yet to be verified, no emissions data were used from this source.

4.1.2 Ontario Hydro

At great expense, Ontario Hydro, a publicly owned utility that supplies electricity to the
province of Ontario, Canada, has been characterizing organic emissions from all six of their fossil-
fuel fired generating stations in anticipation of Canadian regulations (Curtis, 1991). Four of their
plants fire bituminous coal: Lakeview, Lambton, Nanticoke, and Thunderbay. Of these four, only
Lakeview and Lambton have completed the testing and data analysis. When all of the data have
been collected and verified, it will become part of the PISCES database. The parameters measured
at the two completed sites are given below:

Lambton - dioxins, furans, chlorobenzenes, chiorophenols, polychlorinated biphenyls
(PCBs), and polyaromatic hydrocarbons (PAHs).

Lakeview - 32 metals and acid gas anions, a wide range of chlorinated aromatics, aldehydes,
ketones, and 38 PAH compounds.

A strong attempt was made to acquire this data; but, since the data from Nanticoke and
~ Thunderbay have yet to be verified, Ontario Hydro was somewhat reluctant to release the
information. '

413 Battelle and Radian

The Pittsburgh Energy Technology Center has two current projects to assess the air toxics
emissions from coal-fired utility boilers. The DOE has contracted the Battelle Memorial Institute
and Radian Corporation to investigate which air toxics tend to associate with various size
distributions of particulate matter emitted from the stack (Brown, 1993). The selected compounds
for these studies are again mostly inorganics, but benzene, toluene, formaldehyde, and polycyclic
aromatic hydrocarbons (PAHs) are also being investigated.

Battelie Memorial Institute (BMI) and its subcontractor Keystone/IEA are correlating the air
toxics produced by a laboratory-scale combustor with those from two full-scale, coal-fired electric
utility boilers. To help determine how well the lab-scale combustor simulates emissions from a
full-scale system, BMI is firing the same coals used at the two coal-fired electric utilities. Once the
emissions from the lab combustion work are quantified, the DOE and EPRI can use this
information to assist them in determining which air toxics to sample in future emissions
characterization studies (Brown, 1993).
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TABLE 4.1. HAZARDOUS AIR POLLUTANTS IN THE PISCES DATABASE

Compound

Acetaldehyde
Antimony Compounds
Arsenic Compounds
Benzene
Beryllium Compounds

. Biphenyl
Bis(2-ethylhexyl)phthalate (DEHP)
Cadmium Compounds
Carbon disulfide
Carbon tetrachloride
Carbony! sulfide
Chilorine
Chilorobenzene
Chioroform
Chromium Compounds
Cobalt Compounds
Dibenzofurans
1,4-Dichlorobenzene(p)
Formaidehyde
Hexachlorobenzene
Hydrochloric acid
Hydrogen fluoride
Lead Compounds
Manganese Compounds
Mercury Compounds
Naphthalene
Nickel Compounds
Pentachiorophenol
Phenol
Phosphorous
Selenium Compounds
2,3,7,8-Tetrachiorodibenzo-p-dioxin
Tetrachiororethylene (Perchloroethylene)
Toluene
Trichloroethylene
2,4,5-Trichlorophenol

Source: (Chow, 1991)
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The Radian Corporation will collect size-fractionated particles from the stack of a full-scale
coal-fired utility boiler and characterize the particles for both bulk and surface chemical
composition (Brown, 1993). Sampling will take place during a high-load season (winter), a lower-
load season (spring), and load swings. Each test period will last three to four weeks. Particulate
samples will be collected at the stack under both hot-stack and dilution-cooled conditions. To date,
Radian has also evaluated several sample preparation procedures and analysis techniques to
determine which procedures to use on the flyash samples collected from both the hot and cooled
stack gas. Two bulk-composition and three surface-leaching techniques have been chosen.

The bulk composition of the flyash particles will be determined by neutron activation and
glow discharge mass spectrometry (GDMS). To identify the surface composition of the flyash, the
particles will first be exposed to three leaching agents: nitric acid digestion, gastric fluid, and acetic
acid. All three leachate samples will then be analyzed using inductively coupled argon plasma mass
spectrometry (ICP-MS). ICP-MS provides lower detection limits and improved precision
compared to the conventional inductively coupled argon plasma emission spectrophotometry (ICP)
or graphite furnace atomic absorption spectrophotometry (GFAA) (Brown, 1993).

Results from this program will allow the DOE and EPA to better determine which air toxics
are of primary concem in coal combustion and which analytical techniques to use to characterize
them. These data, however, are not yet available, and could not be used in this study.

414 Comprehensive Assessment of Toxic Emissions from Coal-Fxréd Power Plants -

Since there are large gaps in the existing air toxics data from power plants and little or no
analytical data on the removal of toxics using an electrostatic precipitator (ESP), baghouse, or wet
lime scrubber, the DOE has just initiated a program to assess toxic emissions from 8 different coal-
fired power plants with various types of control technologies. The program is a collaborative effort
between the DOE, the Utility Air Regulatory Group (URGA), EPRI, and the EPA.

The undertaking will involve measurements at eight power plants having different boiler
designs, NO, control methods, particulate control devices, and SO; removal systems (wet and dry).
The tests will include measurements of all elements and compounds denoted in Table 4.2. Of the
- 189 substances listed as air toxics, approximately 80 will be measured in the DOE program. All the
tests will use the same testing and analytical procedures. Solid, liquid, and gaseous samples will be
taken at collection points both entering and leaving the plant to determine the concentrations of
pollutants at each stage (DOE, 1993). The major objectives of the tests at each site are: o

. To determine the ability of various types of pollution control equipment to capture
toxic air emissions; _

. To determine the material balances of selected pollutants;

. To determine how the level of the emissions in the flue gases varies by the size of
the particles; '

. To measure the relative levels of the emissions in the particles and vapor of the flue
gases.

Work under the program will begin later this spring, with testing to conclude at all sites by July.
The DOE hopes to have the reports finalized by the end of the year so the EPA may begin the




TABLE 42. FLUE GAS SAMPLE TRAINS AND ANALYTES FOR DOE'S AIR
TOXICS ASSESSMENT PROGRAM

Isokiretic Trains

Nonisokinetic Trains

*SVOCs
PCDD/PCDF
*POM

*PAH
*Velocity
*Moisture

valsges -I
*Metals (As through V)
*Velocity
*Moisture

*Velocity
*Moisture

*Total particulate emissions
*Radionuclides '
*Bulk fly ash analysis

Carbon

Chiloride

Flouride

Sulfates

Phosphates
*Sulfates (impingers)
*Phosphates (impingers)
*Velocity
*Moisture

|YOST
*VOCs

M26
*HC! and CI2
*HF
*NH3
*HCN :
*Total Organic Carbon

Aldehydes
*Formaldehyde plus 7 others

Fractionated particulate for
‘ chemical analysis

impactors (pseudo-isokinetic)
*Particulate size distribution
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review process by early 1994. The five firms selected to conduct the tests aiong with the planned
test sites are given below: _

Southern Research Institute, Birmingham, AL
Northemn Indiana Public Service Co. Bailley Station, Gary, IN
Tucson Electric Springerville Station, Springerville, AZ

Battelle Memorial Institute, Columbus, OH
Ohio Edison Niles Station, Niles, OH
Cooperative Power Association Coal Creek Station, Underwood, ND

Roy F. Weston, Inc., West Chester, PA
Minnesota Power Co. Clay Boswell Station, Cohasset, MN
linois Power Co. Baldwin Station, Baldwin, IL

Radian Corporation, Austin, TX
Georgia Power Co. Plant Yates, Newnan, GA

Energy and Environmental Research, Inc., Irvine, CA
~Ohio Power Company Cardinal Station, Brilliant, OH

42 Sources of Information

The current state of knowledge concerning air toxics from coal-fired utility boilers is not
defined by one authoritative source of information. Instead, one must assemble bits of data from
several different sources to gain a comprehensive view of the subject. Discussed below are the
sources of information in which the limited emissions data were found for this project. For each
document, a general description of the research conducted and data provided is given. If discussed
in the final report, the study’s quality assurance procedures are also mentioned. Except for those
studies that recommended otherwise, all information used from these documents was based on
measured data. A list of substances from each report for which emissions data were used is also
provided. Emissions information for 47 HAPs is reviewed and summarized in the following
sections. Each section describes a different report or information source.

42.1 Estimating Air Toxic Emissions from Coal and Oil Combustion Sources (Brooks)

This report contains emission factors for arsenic, beryllium, cadmium, chromium, copper,
lead, manganese, mercury, nickel, radionuclides, formaldehyde, and POM emissions from coal and
oil combustion sources. The emission factors are organized in the following hierarchy:

Fuel type
Pollutant
Combustion sector
Boiler type

Controlled and uncontrolled factors are presented for all pollutants. For trace metals, the data are
presented in terms of measured factors (based on source tests) and calculated factors (based on
levels of trace metals in the fuels and theoretical partitioning assumptions). In addition to the
emission factors, control device effectiveness percentages are provided for the trace metals based on
source test results.




: The emission factors for coal-fired combustion sources are derived from a combination of '
measured data and calculated emission factors. The literature was reviewed for test data from which
trace element emission factors could be derived. The report lists about 35 references which
reported measured emission factors for one or more of the trace pollutants and types of combustion
sources under study. The report’s emission factors, however, should not be construed to represent
a fully characterized or representative emission rate for the given combustion source situation.
Extensive data quality assurance procedures, necessary to reasonably characterize a data set as
representative of a particular source, were not performed in this study. Instead, the factors given are
simply straightforward calculations of emission factor averages and ranges based on data presented
in the reviewed literature. With this in mind, the emission factors selected from this document are
for the following compounds:

Arsenic
Beryllium
Cadmium
Chromium
Formaldehyde
Lead
Manganese
Mercury
Nickel
Radionuclides

422 Toxic Air Pollutant Emission Factors: A Compilation for Selected Air Toxic
Compounds and Sources, Second Edition (Pope, 1990) . '

The report contains emission factors for selected air toxic compounds and sources, and
associates the factors with levels of source activity. The emission factors, compiled from a review
of the literature, are sorted by pollutant and source. Each factor is identified by pollutant name,
CAS number, process and emission source descriptions, SIC code and SCC's. There are
approximately 270 compounds and 470 sources having emission factors in this edition of the
compilation. However, only 18 compounds are covered for coal-fired boilers. From this list of 18
compounds, only the data that were based on actual source tests were selected. The emission
factors for coal-fired boilers extracted from this report include the following compounds:

Chlorine :
2,3,7,8-polychlorinated dibenzo-p-dioxins
Polycyclic organic matter (POM)
Selenium

The quality of emission factors presented in this compilation vary considerably. Emission
factors are derived in a variety of ways including source tests, theoretical calculations, or a
combination of both tests and calculations. Analyses of several source tests or a single source test
may be used to determine some of the factors in this report. Other fzctors are calculated by using
mass balances or national emissions estimates divided by national production capacities for
chemicals. Because insufficient data exist to determine the accuracy and validity of the emission
factors in this compilation, no estimates can be made of the error that results from using these
factors to calculate toxic air emissions from any given facility.
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423 The Fate of Trace Elements at Coal-Fired Power Plants (Meij, 1992)

In this research program, N.V. KEMA of the Netherlands studied the element
concentrations of coal, bottom ash, pulverized-fuel ash (PFA, ash collected in the ESPs) and fly ash
from a coal-fired utility boiler equipped with an ESP and a flue-gas desulfurization (FGD) device:

-Special attention was given to minor and trace elements present in the vapor phase in the flue gases

downstream of the ESP (As, B, Br, CL, F, Hg, 1, Se). In order to establish relationships between the
clements in the different streams, material balances were determined to obtain a good impression of
the accuracy of the measurements. The research established that an ESP removes hardly any
gaseous inorganic trace elements. This study proved to be a good source of information. The data
presented here were used to predict the amount of halogenated organics that might be emitted from
a utility boiler.

424 Hydrogen Chloride and-l1ydrogen Fluoride Emission Factors for the NAPAP
Emission Inventory (Misenheimer, 1986)

In this report, sources emitting hydrogen chloride (HCl) and hydrogen fluoride (HF) were
identified and rates of emissions for each source were estimated. When available, the emission
factors based on source tests by a sound methodology and accompanied by adequate background
data were chosen from the reviewed literature. Emission factors were evaluated using a system
similar to the one used in AP-42. The scaling system is as follows: A represents data from a large
data base covering a good cross section of the industry, determined from valid test methods, and
with a high confidence level; E represents data from a small database, not necessarily representative
of the industry, and with a low confidence level; B through D represent data with inte; i
confidence levels. The two emission factors chosen from this report are rated an A: '

. Hydrogen Chloride
. Hydrogen Fluoride

425 Emissions Assessment of Conventional Stationary Combustion Systems; Volume
HI. External Combustion Sources for Electricity Generation (Shih, 1980)

This study employed a phased approach to assess the emissions from coal combustion
sources. The assessment method first involved a critical examination of existing emissions data,
followed by a source testing program to fill the data gaps based on phased sampling and analysis.
Dat:th:cq\ﬁred as a resuit of the measurement program and existing data were then evaluated
together. - :

Specifically, the phased approach uses two levels of sampling and analysis. Level [ utilizes
semiquantitative techniques of sample collection and laboratory and field analyses to: provide
preliminary emissions data for waste streams and pollutants not adequately characterized; identify
potential problem areas; and prioritize waste streams and pollutants in those streams for further,
more quantitative testing. Using the information from Level 1, available resources can be directed
toward Level II testing which involves specific, quantitative analysis of components of those streams
which contain significant pollutant loadings.

By comparing the emission factors calculated from data collected during this program with
the corresponding emission factors derived from existing data, this study showed there is poor
agreement between the two. This discrepancy is not surprising because of the differences in trace
element contents of various coals and differences in the efficiency of particulate control devices.
The report claims the emission factors from the existing data are more reliable than the emission
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factors from the current study since the existing data are based on average nationwide
concentrations of trace elements in bituminous coal, average collection efficiency of particulate
control devices, and trace element data determined using more reliable techniques such as atomic
absorption spectrometry. Therefore, the emission factors chosen from this report include those
from the existing data base not the ones generated during this study. The emission factors chosen
are for the following compounds:

Antimony
Biphenyl
Cobalt

Naphthalene

42.6 Air Emissions Species Manual: Volume I Volatile Organic Compound Species
Profiles, Second Edition (EPA, 1990)

This document is a compilation of over 250 original volatile organic compound (VOC)
profiles. Of these profiles, the majority are newly developed from existing data or based on
engineering judgement. The other portion are from the 1980 VOC Data Manual or new data from
the VOC species field program. Each profile contains the following information: '

Profile Name

Profile Number

Profile Data Quality

Control Device Identification

References

Data Source

Source Classification Code (SCC)

Chemical Species Identified By: SAROAD code, CAS number, species name, molecular
weight, weight percent '

Date

To assist the user in identifying the data quality, the report uses an arbitrary scheme (A, B,

C, D, E) similar to the one used in AP-42 to rank each profile. The following criteria were used to
assign dataquality indicators (EPA, 1990):

Data Quality A: Data set based on a composite of several tests using analytical
~ techniques such as GC/MS and can be considered representative of
the total population.

Data Quality B: Data set based on a composite of several tests using analytical
techniques such as GC/MS and can be considered representative of
a large percentage of the total population.
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Data Quality C: Data set based on a small number of tests using analytical
techniques such as GC/MS and can be considered reasonably
representative of the total population.

Data Quality D: Data set based on a single source using analytical
techniques such as GC/MS; or data set from a number of sources
where data are based on engineering calculations.

Data Quality E: Data set based on engineering calculations from one source; data
set(s) based on engineering judgement; data set(s) with no
documentation provided; may not be considered representative of the
total population.

Of the 250 VOC profiles in this document, only two are from coal-fired boilers. These two
profiles quantify four of the air toxics listed under Title Il of the 1990 Clean Air Act Amendments
(CAAA). The data quality for these two profiles are given a ranking of D and E. These rankings
are understandable considering the limited amount of organic emissions data available. The
following compounds and their emission factors were selected from this report:

Ethylbenzene
Hexane
Toluene

Xylene

427 Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and The
Area Sources, Fourth Edition (EPA AP-42, 1988)

Volume One of the two volume series, contains emission data obtained from source tests,
material balance studies, and engineering estimates, which have been compiled for use by
individuals and groups responsible for conducting air pollution emission inventories. The
document covers most of the common stationary and area source emission categories: fuel
combustion; combustion of solid wastes; evaporation of fuels; solvents and other volatile
substances; various industrial processes; and miscellaneous sources. Emission factors given in the
document include most of the familiar pollutants associated with these sources' emissions: criteria
pollutants; volatile organic compounds (VOCs); aldehydes; and hydrocarbons.

To date, the air toxic emissions factors in this document are limited to a few compounds.
The air toxics data are based on uncontrolled emissions and are mostly calculated, not measured.
Consequently, these data were not selected during the review process.

428 Canadian Electric Association (Brown, 1993)

During the first phase of a two-phase program, the Canadian Electric Association conducted
a study to examine air, water, and ash pathways for trace constituents released to the environment
from four Canadian coal-fired power plants. Ail the major input and output streams of the utility
plant were sampled for up to 45 elements. Material balances were made based on the average of
several runs. Material balance closures to within 20% were found for 37 elements. Closure was
not obtained for fluorine, silicon, phosphorus, cadmium, mercury, and boron. Table 4.3
summarizes the emission of elements from this program that are on the list of 189 substances. The
:cond phase of this study dealt with the environmental dispersion and biological implications of

e release.
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TABLE 43. FLUE GAS TRACE ELEMENT RELEASES FROM
SELECTED CANADIAN COAL-FIRED POWER PLANTS

% of Total Element in Coal
Released with the Flue Gas

49 - 99.0
0.1 -87
0.1-1.0
0.09 - 15
0.74 - 9.3
3.5 - 73.0
02-25
79.0 - 87.0
02 - 1.4

Source: (Brown, 1993)
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Since the data from this study are nearly 10 years old and most of the analytes are inorganic
. species for which there are newer data, no information from this report was extracted during the
literature review. A

429 National Dioxin Study: Tier 4 - Combustion Sources (EPA, 1986)

The main objective of this study was to determine the magnitude and scope of chlorinated
dibenzo-p-dioxin (CDD) compound releases from combustion sources. It was designed to
determine which combustion source categories emit dioxins and in what concentrations. The focus
was on releases to the ambient air; however, other samples, such as ash and scrubber water, were
also obtained to determine if these compounds are released to other media. In terms of coal-fired
boilers, the study did not detect any dioxin releases.

42.10 Background Information Document for the Development of Regulations for PIC
Emissions from Hazardous Waste Incinerators (EPA, 1989)

Since the literature discussed above turned up little information on organics, attention was
focused on other sources of information during the final phase of the literature review. This
document summarizes current knowledge concerning products of incomplete combustion (PICs),
total hydrocarbons (THC), and CO emissions from hazardous waste incinerators ((HfWT) and
boilers and industrial furnaces (BIFs). This study supplies emissions concentrations for many of
the organic species listed in Title III of the CAAA that many sources do not. Since the emissions .
given in this report are from BIFs, the data are not totally representative of organic emissions from
coal-fired utility boilers. However, because some BIFs supplement their primary feed with
hazardous waste, these data could be considered a worst case condition for many coal-fired power
plants. Table 4.4 lists the compounds for which emission factors were selected from this report.
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TABLE 4.4. SELECTED PICS FROM BOILERS AND INDUSTRIAL
 FURNACES AND THEIR LEVEL OF EISSIONS

Substance Emission
Concentration
(ng/L)

0.26
4928
Bis(2-ethylhexyl)phthalate (DEHP) ‘ 77.7
Carbon tetrachioride ' 99.5
Chloroform 1407
1,4-Dichlorobenzene(p) 86.5
Ethylidene chiloride (1,1-Dichloroethane) 3.37
Formaldehyde 892.2
Hexachiorobenzene 8.95
Methy! ethyl ketone (2-Butanone) 33.2
1755.3
9.3
33.1
- . §2,3,7,8-Tetrachlorodibenzo-p-dioxin 0.00157
1,1,2,2-Tetrachloroethane 17
etrachlororethylene (Perchloroethylene) 297
§50.5
: 77
1,1,2-Trichloroethane 36.7
richloroethylene 81.8
2,4,5-Trichloropheno! 143.6
Vinyl chloride 14
Vinylidene chloride (1,1-Dichioroethylene 31.6

Source: (EPA, 1989)
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50 AIR TOXICS EVALUATION OF ABB COMBUSTION ENGINEERING LOW.
EMISSION BOILER (LEB) AND ITS CONTROL ALTERNATIVES :

The Clean Air Act Amendments (CAAA) of 1990 list 189 hazardous air pollutants (HAPs)
which must be controlled from various types of sources. Extensive resources would be required to
quantify and determine maximum achievable control technology (MACT) for each of the 189
HAPs for each source type. To reduce the resources required, various agencies and industry
groups are attempting to eliminate HAPs from consideration based on previous research and
testing. For coal fired utility boilers, several studies have been conducted to try and eliminate some
of the compounds from consideration. For example, the Power Plant Integrated Systems: Chemical
Emissions Study (PISCES) developed a list of 36 air toxics of concern (see Table 4.1). The
limitation of the PISCES study is that it only considered those substances which have been
measurzd to date and did not specify which substances would be emitted at levels of concem to
regulatory agencies.

Only a limited set of the 189 HAPs have been measured to date from coal fired utility
boilers as discussed in Section 4.0. Most of the testing focused on metals and only a few tests have
been conducted for organics. If testing programs are planned which only seek to quantify those
substances which have already been measured, the expected levels of a large number of the 189
HAPs will not be determined. Many of these unquantified substances could pose a substantial risk
to the pubic even if they are emitted at low levels from utility boilers. To determine if substances
which have not been quantified in past testing programs could be present, techniques such as mass
balance should be considered. For example, there may not be enough chlorine in the feed to
produce hexachlorobenzene emissions of regulatory concern. Source test data from similar types
of systems also can be used to estimate potential emissions from coal fired systems.

Another important topic that most studies have neglected is the relative toxicity of the 189
HAPs. To determine if a substance will be a critical concern, HAP emissions must be compared to
applicable state, federal, and local limits. Emissions which exceed acceptable regulatory levels
should be given special attention when developing MACT. If high risk substances are not
. controlled, they will have a significant impact on the residual risk standards which will be
implemented 8 or 9 years after the MACT standards (Quarles, 1990). The residual risk standards
may lead to additional controls on utility boilers.

The objective of this study is to address the concerns outlined above for ABB’s LEB.
Specifically, the objective of this study was to examine each of the 189 HAPs and rank the
substances into several classes depending on the degree of certainty that the compounds would be
found at levels of regulatory concern in ABB's LEB flue gas. Five categonies were defined
including: '

Categoryl:  HAPs known to be emitted in quantities sufficient to be of regulatory concem based
upon prior measurements.

Category [I: HAPs may be emitted in quantities sufficient to be of regulatory concemn based
upon theoretical analysis or measurements but stronger data or analysis is required
to confirm.

Category IlI: HAPs are not expected to be emitted in quantities sufficient to be of regulatory
concern based upon theoretical analysis or measurements but stronger data or
analysis is required to confirm.




Category IV: HAPs with a low probability of being emitted in quantities sufficient to be of
A regulatory concern based upon theoretical analysis or measurements.

Category V:  HAPs with a very low probability of being emitted in quantities sufficient to be of
~ regulatory concern based upon theoretical analysis, measurements, or
chemical/physical restraints. .

Where possible, emissions levels have been determined using representative measurements.
Unfortunately, little organic emission information exists for coal fired utility boilers. However,
there is a large database for metals emissions as discussed in Section 4.0. To achieve the project
objective of categorizing all of the 189 HAPs, other indicators of emissions potential had to be
examined. Some of the indicators examined include:

Dayton Ranking: Relative thermal stability of organics.

Boiling Point: Ability of particulate control equipment to remove HAPs.
Water Solubility: Ability of wet scrubbers (WS) to remove HAPs.
Chemical Structure: Formation potential of HAPs.

Primary Emission Source: Key HAP emission sources.

Mass Balance: | Maximum emission level.

Total Organic Compounds: Maximum emission level.

Hazardous waste Emissions: Maximum emission level.

Metals Partitioning Model: Predictions of controlled and uncontrolled metal emissions.

: Section 5.1 provides additional details on each of these parameters. Conservative emission
limits are determined and described in Section 5.2. Using the estimated emissions levels, key
parameters and emission limits, each HAP is classified in Section 5.3 as Category LIL IIL, IVor V
for ABB’s LEB without post combustion controls. The influence of combustor operating
parameters on uncontrolled metals emissions is also discussed in Section 5.3. In Section 5.4,the
three potential control alternatives being considered for the LEB are evaluated in terms of control of -
air toxics emissions. Based on the evaluation, some of the toxic compounds classified as Category
I and II in the uncontrolled flue gas are moved to lower probability Categories. The revised
categories for the LEB post combustion control Alternatives 1, 4, and 6 are provided in Section 5.4.

5.1 Key Parmmeters

To determine which HAPs are likely to be present in emissions from ABB’s LEB, several
indicators of thermal stability, control equipment effectiveness, and emissions were examined. By
considering each of these indicators, the relative emission potential of each of the 189 HAPs can be
determined. Each HAP emission potential indicator is described in the following sections. Values
for the indicators are provided in Appendix B. ,
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511 . Daytananking(lenpalStability)

In a combustion system, organics emissions may result from the incomplete destruction of -
organics in the coal or as products of incomplete combustion (PICs). In the first case some of the
HAPs in the fuel do not react as they pass through the system and are emitted in the same form
present in the coal. PICs result from either the decomposition of the HAPs present in the fuel or
reactions between elements in the system which produce HAPs. For example, chlorobenzene can
dm form benzene and hydrochloric acid and methane and chlorine can react to form
c ;

Destruction of HAPs present in the fuel and PIC formation are controlled by the combustor
temperature, residence time of gases at combustion temperatures, overall stoichiometry, and the
degree of mixing between the fuel and air. Generally, higher combustion temperatures, longer
residence times, and excess air provide good destruction of HAPs. Models which accurately
account for the impact of each ot these variables on HAP emissions are still unavailable. However,
several researchers have developed models which can be used to determine which HAPs are more
likely to be destroyed in a combustor. One such model was developed at the University of Dayton
Research institute (US EPA 625/8-89/019). The Dayton model provides the minimum temperature
(Tox(2)(°C)) for 99% destruction at 2.0 seconds gas residence time under fuel rich conditions in the
post-flame zone. This model assumes that gas-phase residence time and temperature in the post-
flame zone coatrols the relative emissions of most HAPs. Fuel rich conditions are assumed
because oxygen—starved emission pathways in the combustor are the main source of HAP
emissions. Assuming oxygen—starved conditions will generally provide a worst case estimation of .
thermal stability since most of the combustion gases have excess air.

The Dayton ranking classifies substances into one of seven groups based on the theoretical
or measured Tog(2) temperature. The classification system is shown below.

Tool2) CQ)
900-1590
800-895
705-790
604-695
425-600
360-415
100-320

QOM&&NHE

Class 1 compounds would require temperatures from 900 to 1590°C under starved-oxygen
conditions with a 2 second residence time to provide a destruction efficiency of 99 percent. Class 7
compounds would require a much lower temperature for adequate destruction. Appendix B
provides the Dayton classification for many of the 189 HAPs. A complete listing of Dayton
rankings is not available at this time.

The Dayton ranking can be used to determine which substances would most likely be
emitted from coal fired boilers using residence time and temperature data for a typical unit. Figure
5.1 shows a temperature vs. residence time profile for a pulverized coal system with tangential firing
(Widmer, 1993). This profile shows that the boiler maintains a temperature of over 727°C for
approximately 2 seconds. Thus it is expected that substances with a Dayton ranking of 4 or less
will be eas:!y destroyed in the combustor. Substances with a Dayton ranking of 3 or more may not
have sufficient time for complete combustion and may be emitted. ,
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512 - Boiling Point and Water Solubility

HAPs which are emitted from the boiler can be removed from the flue gas by one 61' more
of the following mechanisms:

. Condensation
Absorption
Adsorption

Condensation is an effective removal mechanism for those HAPs which have boiling points well
above the particulate control device inlet temperature. Removal efficiencies over 80% can be
obtained as long the inlet concentration is greater than a few thousand ppmv (Buonicore, 1992). To
determine the potential for capture by condensation, boiling points are included in Appendix B
(MERC Index, 1983; Handbook of Chemistry and Physics, 1979). If the boiling point is greater
than 175°C, typical air preheater exit temperature, some condensation may occur. If a particulate
control system is present, some of the condensed material may be captured.

HAPs with boiling points less than 175°C remain in the gas phase and exit the system
unless they are absorbed or adsorbed. In absorption, the gas phase HAPs are dissolved into a
liquid phase. The liquid phase might include a scrubber liquor or moisture condensing in the stack
gases as the temperature drops below the saturation point. In general, the removal efficiency of -
absorption depends on the HAP concentration in the gas phase, the liquid to gas ratio, and the
solubility of the gas phase in the liquid. For soluble HAPs present in concentrations above a few
hundred ppmv, removal efficiencies in the upper 90’s can be achieved (Buonicore, 1992). To
determine the potential for removal of HAPs by absorption, HAPs which are water soluble have
been noted in Appendix B (MERC Index, 1983; Handbook of Chemistry and Physics, 1985;
McCoy, 1992). If the solubility is greater than 90,000 mg/L at 77F, the HAP is considered soluble.
This standard was taken from the Handbook of Chemistry and Physics, 1985.

Gas phase HAPs also may be removed from the system by adsorption on the surface of
solid or liquid particles (adsorbent). In adsorption, the gas phase molecules are retained on the
surface of the adsorbent and do not become dispersed throughout the adsorbent. The removal
efficiency of HAPs by adsorption depends on the properties of the adsorbent and the gas being
adsorbed, the surface area of the adsorbent, the temperature, and the pressure of the gas. Common
adsorbents include activated carbon, activated alumina, silica gel, and molecular sieves. Activated
carbon can achieve removal efficiencies greater than 95% for gas phase concentrations exceeding
1000 ppmv (Buonicore, 1992). Carbon adsorption efficiency for some HAPs are provided Table
5.1. Perchloroethylene has the greatest potential for removal by carbon adsorption of the
compounds listed. :

5.13 Chemical Structure

The chemical structure of a HAP also will provide an indication of its stability and potential
for emission. For example, the aromatic ring structure is very stable as a result of the n—electron
delocalization. Therefore, simple aromatic structures such as benzene and toluene tend to be more
stable. Complex aromatic structures such as DEHP are not as stable because of the large chains
which are substituted in the hydrogen positions on the ring. While these complex aromatics
generally do no survive combustion, the aromatic ring(s) contained in these substances can survive
as PICs. Structures for many of the 189 HAPs are provided in Appendix B. By examining these
structures it is possible to determine if a substance is likely to survive the combustion process.




TABLE 5.1. PHYSICAL PROPERTIES OF COMMON VOCs. | V

Boiling Lower Carbon
Point Molecuiar Soluble Explosive
P Weight in Waser Flammeble  Limit* (voi%)  Efficiescy®

Acomne 133 s8.1 Yeos Yes 2.18 |
Benzone 176 n.i No Yes 1.4 6
Batyl acetate 259 116.2 No Yo 1.7 8
Butyl alcohol 241 74.1 Yes Yes 1.7 3
Carbon tetrachioride 170 153.8 No No -— 10
Eshyl acetate m a1 Yes Y 2.2
Eshyl alcobot 165 46.1 Yo Yeas 3 [ }
Heptane 209 100.2 No Yes 1 6
Hexsne -15%6 86.2 No Yes . - 136 6
Isoburyl alcobol .. 74.1 Yes Yes 1.68 |
bopropy! alcobol <08 60.1 Yo Yes 2.3 s
Methyl sicobol © 183 2 Yes Yes ] ?
Methylene chioride 104 - 9 Yo No -— 10
Methylethy! ketone 174 7.1 Yo Ya 181 3
Methylisobuty! ketone 237 100.2 Yes Yo 14 7
Perchioroethylene 250 165.8 No No . -— 20
Toluene px)] 92.1 No Yes | 4] 7
Trichioroethane 189 131.4 No No - -— 18
Trichlorotriftuoroethane 117.6 186.3 No No - |

113)
Naphtha 08 - No No . 0.8 7
Xylene 292 106.2 No Yo 1 10

“Lowsr expicsive limit: ths lowest concessration vales of 8 vapey famt will suppcrt jropagasien of & fisms spwasd Grough o cylindrical ahe.
'C-tnmm.h“l@hm“aﬂ-ﬂ&dlﬁ“&inlﬂﬂd
carbon par howr & concsawations shove 1S ppm.




514 Primary Emission Sources

-+ Key emissions sources have been compiled for many of the HAPs. For example, the -
California Air Resources Board generated a list of primary emission sources and other properties
for toxic air contar:inants (TACs) as required by assembly bill 1807 (Jones, 1989). The TAC
listing is an important resource because it identifies pesticides and other substances which would
generally not be present in the exhaust from a combustor. The Merck index also provides
information on the key uses of many of the 189 HAPs (Merck, 1983). The primary emission
sources for many of the 189 HAPs are provided in Appendix B. Since few measurements have
been conducted on utility boilers, the list of primary emission sources given in Appendix B is not
complete. Therefore, if boilers are not listed as a primary emission source for a HAP, the HAP will
not necessarily be excluded as an emission of concern for ABB’s LEB.

5.1.5 HAP Emissions From Bituminous Pulverized Coal Systems

One of the best ways to determine if HAPs will be present in the exhaust of a coal fired
boiler is to sample and analyze the emissions. As discussed in Section 4.0, only a few HAPs have
been quantified in emissions from utility boilers. Most of the HAP emission data were collected in
. the 80’s and focused on inorganic emissions. As a result, there is little information available for
organic emissions and the data available are of questionable quality. Several studies are underway
tso;gxprovg both the scope and quality of the existing database. These studies are described in

ion 4.0. : '

Several controlled and uncontrolled HAP emission factors were located for bituminous
pulverized coal systems. A description of each emission factor is provided in Section 4.0.
Emission rates for ABB's LEB were calculated using the emission factors and the ABB LEB heat
input rate of 2,857 MMBtuwhr (Regan, 1993). The emission rates are provided in Appendix B.
Since metal emission rates are strongly affected by the concentration of metals in the coal, the
measured metals emission rates provided in Appendix B may not be representative of emissions
from ABB’s LEB. To determine metals emission rates which can be expected for Illinois #6 coal,
ABB LEB fuel, EER’s metals partitioning model was used. This model is discussed in Section
5.1.9 and the predicted metal emission rates are provided in Appendix B.

5.16 HAP Emissions From Other Types Systems

As discussed in Section 5.1.5, little organic emission information is available for bituminous
pulverized coal boilers similar to ABB’s LEB. To determine the levels of organics which could be
present in emissions from these systems, a search was conducted for emission factors from other

of coal systems. As a result of this search, eleven additional organic emission factors were
located. A discussion of the source of each emission factor is provided in Section 4.0. The emission
factors were used to determine emissions rates from ABB’s LEB (see Appendix B). Since these
emission rates may not be representative of ABB’s LEB, they were used only to determine if a
HAP may be of concern (Category II). Thus additional testing would be required to determine if
the HAP is actually a concern (Category I) for ABB’s LEB.

Even with the emission factors from other types of coal fired systems, the organic emissions
database is still limited. To further increase the scope of the database, a search of hazardous waste
incinerator emissions was conducted. Hazardous waste systems have similar operating practices
(i.e. residence time, temperature and stoichiometry) as coal fired systems, therefore, comparable




removal of organics in the combustor and air pollution control system is expected. Emission
concentrations for over 30 HAPs were located in the literature for hazardous waste incinerators. A
discussion of the source of these emission concentrations is provided in Section 4.0. Emission rates
for ABB’s LEB were estimated using the hazardous waste incinerator emission concentrations (see
Appendix B). The hazardous waste incinerator concentrations are conservative in most cases
because HAPs were spiked into the waste to determine destruction efficiency. In general, coal does
not contain high HAP concentrations. If a HAP concentration for a hazardous waste incinerator is
less than the regulatory limit, the corresponding coal fired boiler emission concentration probably
will be lower than the limit.

5.1.7 Mass Balance

Over 40 HAP emission rates were estimated for ABB's LEB using coal fired utility boiler
and hazardous waste incinerator emissions data. To determine if the remaining HAPs could be
emitted at levels of regulatory concern, sulfur, halogen (Cl, Br, I, and F) and metal mass balances
were conducted. The goal of these mass balances was not to determine the exact level of emissions
of each HAP but to determine the maximum emission level that can be expected. If the maximum
emission level of a HAP is less than the corresponding regulatory limit, it is unlikely that the HAP
will be a key concem for the ABB’s LEB. ‘

To estimate the maximum amount of HAPs containing sulfur, metals and halogens that
could be formed from burning coal, sulfur, metal and halogen elemental mass balances were -
performed. These balances were conducted by calculating the total number of moles of sulfur,
metals and halogens that could be present in the stack gases based on a typical Illinois #6 coal
analysis. A large fraction of the sulfur and halogen moles in the stack were assumed to react to
form kinetically favored products such as HCl, HF, HBr, SO, etc. The remaining sulfur and
halogen moles were assumed to rezct to form HAPs containing sulfur and halogens. The complete
mass balance equation is shown below.

er - _Fe)CPMy,p)

" M B0y
Where: '
EF = Estimated emission factor for HAP (Ibm/Btu).
Fec = Weight fraction of mass balance element in fuel.
CF = Weight fraction of mass balance element available for HAP formation.
Muap = Molecular weight of HAP.
MEec = Molecular weight of mass balance element.
HV = Heating value for coal (Btw/l1bm). '
NEHAP = Number of moles of mass balance element in HAP.

Ultimate analyses (Fgc) and a heating value (HV) are provided in Table 5.2 for #6 Illinois
coal. These analyses were taken from the ABB Combustion Engineering evaluation report, a study
E:B:ducted in the Netherlands by KEMA (see Section 4.2.3), and a study conducted by Consol

vito, 1993).




TABLE 5.2. PULVERIZED COAL ANALYSES.

[Heating Value (Btulbm) 11477 (Regan, 93)

iComposition Percent Basis
Ash 18.2 (Regan, 93)
Hydrogen 4.2 (Regan, 93)
Carbon 65.3 (Regan, 93)
Sulfur , 4.5 (Regan, 93)
Nitrogen 1 (Regan, 93)
Oxygen 6.6 (Regan, 93)
Chilorine 0.47 (Devito, 93)

Composition ppm - Whole - Coal - Basis
9.57 (Devito, 93)
1.1 (Devito, 93)
0.11 (Devito, 93)
4.44 (Devito, 93)
10.5 (Devito, 93)
48.8 (Devito, 93)
0.08 (Devito, 93)
14.6 (Devito, 93)
9.77 (Devito, 93)
16.8 (Devito, 93)
1.13 (Devito, 93)
1.32 (Devito, 93) -
8 (KEMA, 92)
2500 (KEMA, 92)
100 (KEMA, 92)
2.3 (KEMA, 92)
700 (KEMA, 92

As
Be
Cd
Co
Cr
E
Hg
Ni
Mn
Pb
Sb
Se
Br
Ca
P

I

=t
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Another key parameter which must be specified to conduct the elemental mass balances is
the weight fraction of sulfur and halogens available for HAP formation. If it is assumed that all of
_ the sulfur and halogens in the coal are available for HAP formation, HAP emissions will exceed the
regulatory limits in most cases. In combustion systems, however, most of the sulfur and halogens
available in the coal react to form SO,, HCl, HBr, HI, and HF (AP-42, 1993; IEA Coal Research,
1992). Therefore, only a small fraction of the available sulfur and halogens exit the system in the
form of HAPs. Few studies have been conducted to date to determine the fraction of sulfur and
halogens in coal that are available for HAP formation. Hazardous waste incinerator data is available
which can be used to estimate the ratio of total stack organic chlorine to waste chlorine. In a series
of tests conducted by Castaldini (Castaldini, 1987) on industrial boilers co—firing hazardous waste
and fossil fuels, the ratio of total stack organic chlorine to total input chlorine was less than 1E~04
for most tests. Based on Castaldini’s research, it was assumed that 0.01% of the total halogen
input remained in the organic form. This study assumes that Br, I and F have that same behavior in
the combustion system as Cl. Resuits from the halogen mass balance are provided in Appendix B.

The ratio of total stack organic sulfur to total input sulfur was based partly on a hazardous
incinerator testing program conducted by the Midwest Research Institute (Trenholm, 1984). During
this testing program, the total feed rate of sulfur and the emission rate of organic compounds
containing sulfur were determined. The measured mass ratio of emitted to input sulfur was 0.02%.
Sulfur mass balances also have been conducted internally at EER. These balances have shown that
approximately 0.3% of the sulfur input to coal fired systems cannot be accounted for by SO, and
SO; emissions. To remain conservative, the higher stack organic sulfur to input sulfur estimate of
0.3% was used in the sulfur mass balance.

518 Total Organic Compounds

Even when the sulfur and halogen mass balances, hazardous waste incinerator emission
factors, and coal fired boiler emission factors are used, emission levels for over 70 HAPs still were
not available. To determine an order of magnitude emission estimate for the remaining HAPs, it
was decided that two groupings of total organic compounds (TOCs) should be used. The first
TOC group included compounds with one to six carbon atoms excluding methane and the second
group included compounds with more than seven carbon atoms. For pulverized dry bottor ash
coal combustion, TOC emissions for each group are provided below.

Group "~ Percent of TOC
C1-Cé6 (With CH4) 94 3387
C7 or Greater ' 6 216

The TOC percentages were taken from a detailed study on combustion system emissions by Shih
(Shih, 1980). The TOC levels were calculated using Shih’s percentages and an AP-42 TOC
emission factor of 3604 It/1E12Btu (AP-42, 1993). A Non—-methane C1-C6 TOC emission factor
was calculated using the AP-42 methane emission factor of 1441 1b/1E12Btu. The final TOC
numbers used in Appendix B are listed below.

Group
C1-C6 (No CH4) 1947
C7 or Greater 216
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These numbers provide very conservative estimates of organic HAP emissions from ABB's
LEB. Therefore, if the appropriate TOC emission level is less than the emission limit for a HAP, it
is very unlikely that the HAP will be emitted at levels of concern for ABB’s LEB. Since the
emission levels are high for C1-C6 and C7 or greater TOC groups, the emission limit will generally

"have to be high to exclude a HAP using the procedure given above.

519 Metals Partitioning Model

Metals behavior and mechanisms of metals partitioning during coal combustion as well as
the metals partitioning modeling approach and the validation of the modeling results were presented
in Section 2.2. Based on the understanding of metals behavior during combustion, the modeling
procedure was used to predict metals partitioning and emissions from a pulverized bituminous coal-
fired combustion system simulating the operating conditions and coal composition (Table 5.2) of
the ABB LEB. This treatment is not intended to be a substitute for actual compliance tests but as an
indicator to help planners and engineers predict metal emission levels from their coal-fired power
systems, and to understand the impact of operating conditions on metals behavior during coal
combustion (predicted impact of combustor parameters on the uncontrolled emissions of metals are
presented in Section 5.3.2).

As discussed in more detail in Section 2.2, uncontrolled emissions of metals are dependent
on several parameters including the volatility of the metal, metal and halogen (especially chlorine)
concentrations in the coal, and the combustor operating conditions (e.g., temperature and excess
air). Table 5.3 summarizes the predicted metals partitioning between the bottom ash and the flue
gas of the combustor (entrained and vaporized), and metals uncontrolled emissions from ABB's
pulverized bituminous coal-fired LEB. The partitioning model in this case was used as an indicator
to establish conservative estimates of metals emissions upstream of the control equipment. Table
5.3 indicate that most metals are expected to vaporize during combustion except for chromium and
nickel which are predicted to partition partly to the bottom ash (17.1 percent and 15.8 percent) and
mainly to the flue gas as solid particles (68.3 percent and 63.2 percent), respectively. Based on the
operating conditions of the LEB, Table 5.3 indicate that the uncontrolled emissions of metals may
_ range between 0.02 1b/h (Hg) to 4.18 Itvh (Pb). As described in Section 2.2, uncontrolled metal

emission values can be used in conjunction with aerosol dynamic study downstream of the
combustor to estimate metal stack emissions for a given air pollution control system. These results
will be presented in Section 5.4.1 for the LEB emission control alternatives.

TABLE 5.3. PREDICTED UNCONTROLLED PARTITIONING AND EMISSIONS OF
METALS FROM ABB’s BITUMINOUS PULVERIZED COAL-FIRED LEB.

Metal ‘Bottom Paruculate vVapor ‘Uncontrolied Uncontrolled
Ash Entrainment 1ssi0ns sions
(percent) ( nt ~(percent) (percent
As 0.0 ﬁ%% 100.0 oﬁl %‘3‘8)
~ Be 0.0 0.0 100.0 000 0.21
Cd 0.0 _ 0.0 100.0 100.0_ 0.03
Cr 17. ~ 68.3 14.6 82.9 217
Hg . 0.0 100.0 100.0 0.02_
Ni 15.8 63.2 21.0 842 3.06
b 0.0 0.0 100.0 ] 4.18
Sb 0.0_ 0.0_ 100.0_ 00.0 0.28
Se 0.0 0.0 "100.0 0.33
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Estimates of uncontrolled metal emissions from coal-fired boilers are useful for the
determination of the load and form of each metal to the air pollution control device (APCD). This
knowledge is important for choosing an appropriate APCD. For example, if a metal partitions to
the flue gas in the form of solid entrained particles, it is likely that most of these particles are above
1-ym which are most effectively removed in particulate APCDs. However, a metal which vaporizes
will eventually condense into and/or onto submicron particles which are least effectively removed in
APCDs. For such small particles, it is important to choose the appropriate APCD so that metal
emissions are minimized. The model predictions indicator is also useful in determining whether the
uncontrolled emission level of each metal is of concern in comparison with regulatory risk-based
limits. If the uncontrolled emission level of a particular metal is not of concern, there is a good
chance that its controlled emission level is also not of concern, and therefore, the form and load of
this metal should not influence the decision of which APCD to choose. Comparison of predicted
controlled emissions (stack emissions) with regulatory limits for ABB’s LEB control altemnatives
and other altematives will be presented in Section 5.4.1. Uncontrolled metal emissions results from
Table 5.3 and from field measurements will be used in Section 5.3.1 to rank metals based on
comparison with regulatory limits.

52 Regulatory Limits

Once HAPs having the potential to be emitted from the LEB have been identified, the
emission levels must be compared to applicable regulatory limits. If a HAP emission level exceeds
the regulatory limit, the HAP will be a key concen when MACT is determined. Since emission
limits are based on risk, to determine at the stack emission limits, ambient concentrations limits for
each HAP and a dispersion procedure had to be specified. The following sections list the ambient
concentration limits and describe the dispersion procedures used to estimate conservative stack
regulatory emission limits, : .

52.1 State Limits

Appendix A lists acceptable ambient concentrations for over 700 substances. This table is
described in Section 3.0. The minimum and maxirnum State HAP concentrations from Appendix A
are summarized in Table 5.3.

522 Risk Based Limits

Another source of emission limits are chronic and acute Reference Air Concentrations
(RAC) for noncarcinogenic compounds and unit risk factors for carcinogenic compounds. RACs
and unit risk factors have been used by the EPA and States such as California to determine if
emissions pose a significant risk to the public. For instance, the EPA used RACs and unit risk
factors to develop metals and THC limits for boilers and industrial furnaces (BIFs) burning
hazardous waste (EPA, 1989; EPA BIF Rules). Unit risk factors and RACs from the EPA and the
California Air Pollution Control Officers Association (CAPCOA) are listed in Table 5.4.

The unit risk is a measure of the likelihood of an individual developing cancer as a result of
a lifetime of exposure to 1 unit concentration of a carcinogenic pollutant. Since unit risk factors are
commonly expressed in units of risk/(ug/m3), a unit risk of 10-6 would coastitute a one in a million
chance of developing cancer from an exposure to one micrograms of the specified substance over a
lifetime. A unit cancer risk factor can be multiplied by the actual or expected dose an individual
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TABLE 5.4. AMBIENT AR CONCENTRATION LIMITS.

Lirnin Facor Concetration (1)} Conomtraion | Cancnerasion ___Lm_y_fgﬂ}
Max | Mn |} N Ggmd) | (ughnd | Gugmmy Max Min |
‘ 4.29E 0 4 SCE-0) 4SSE.01 9.006+00 S ANE.@IS 4SeE-81
mide 4.38E-05| 4.30E-08] 2.00E-08 S.00E-02 ’ O SMES2!S 4sSEes
2, 233E 10 S _I00E+00| O 1.008+01
| Acmcphan 100 O _1ME+02!0 1.08E.02
2-Acteyleminafluorens -N_A-— NA
crolein $S.40E+001 $.00E-01 I 200E- 2.50E+00 S SME«%0 100502
Acrylamide 3.00E+00) 1.00E-02| 1.30E-03 7.69E-04 7.00E-01 S _3800E+08/0 7.60E-84
Actylic acid 3.00E+02/9.99E+01 S 3.00E.02/S 999E.41
Acrylomitrile 4.50E+01 1 SOE-02] 2 90E-04 3.45E-03 2.00E+00 S 480E+8110 345E-83
iyl chioride 7.14E+01] 2 90E-01 S _734E.01{S ‘29¢E-81
incdopben 1.00E+01| 1.00E +01 S 100E+81|S 1.00E.01
1.31E+02 1.00E-02] 7.40E-06 1.3SE-01 S 1S1E.2lS 180502
S, 1 S SHE[S 1.065.00
240E-06/280E-11] 1.90E-04 5.265-03 O SIS 230E11
B araane 1.20E+0] 1.206-03| 290805 3ASE-02 710801 O _710€.01{S 130883
4.00E-02] 1.SQE-QS| 1.40E-01 7.14E-06 1.00E+01 g, O_100E.01|0 1.34E-8¢
Banzexrichloride 7.00E-04{ 7.00E-0¢ S _T0Ee4iS 00884
[Bareryl chiaride $.00E+01| 1.00E-02 : 1.20E+01 $.00E+01 S SME.N|S 1.0eE82
Biphenyl 3.10E+01] 1.00E-02 S _10E.01/S 1ME82
Bin(2-stirylaezyie  OEHF YY) 417E+00 | 7.00E+01 Q# O_7.005+41/0 &175o00
B is(chlorometh S.00E.02| 1.6QE-05] 620E-02 ()|  161E-05 S_Se0re2ls 16sres
Bromoform S.00E+01] 1.00E-02 S SME.LS 100883
1.3-Butadiene 7.33E+01| 1.74E-03! 2 S0E-04 ISTE-O S _735E.0|S LM
cium cyanarmi [ X S _SME-8)S 179K
aprolac [vapor) 2.00E. 6.66E+0) S 2008402} S 6645481
ICaguar 3.00E+401] 1.67E+01 S SHNE.ALlS 147E+81
Carbery! S.00E+01] 1.67E+01 S _sesE.nls 1670
7.14E+024$.60E+01 S 7)6E82!S S.460E+81
on wtrachloride 3 3.00E-02! 4.208-05 23E-2 240E+00 1.90E+02 O _190E+02/0 2.39E-92
ICavbonyi sulfide 2 43E+01|2 43E+01 S 243E+81|S 20801
acha 2.00E +021 6.66E 401 S 1ME«2|S 66T
& ] NA NA
C S.00E+00 2.70E-03] 3.70E-04 2.70E-03 S SO0E+00!S 270E-03
Q 3.75E+01{ 1.00E+01 4.00E-01 2.30E+01 | S _375E.01]0 asepet
Chlovoscistic acid Né_ NA
Chloroacmovbenan 3.00E+00) 1 .00E S 3ME«N(S 100500
Chiorobans 3.30E 7.00E+01 Ql S 350E.3/0 7.00E481
Lo v N‘ "A
Chiloralomm S.00E 02 4.00E-02/ 2 30605 43SE-02 1.50E+01 Q] S _SHE.2|S 4.00E-92
IChloromehy] | ather L 1 0E-03 3.70E-04 S 19E.82{O 370584
[Chiloropren 1.00E-02] 1.30E-07 T65E+00 S _3STE-02!S 100E-82
‘meols/Cresylic acid 2 76E+027.33E+01 3 S0E+02 S 276E+82!S 1330
o-Cresol 276E+027.33E+0) 1.80E+02 S 276E.2)S 1330
-Crasal 2 76EW02 1.33E40 1.30E+02 S 27E+0!S 7338.01
jp-Crana 27 7.33E+01 1306602 S 276E+02|S 7332481
umene S.36E+0N S $3E. S 530S STL.0)
2.4-D 1. 3.30E+01 S 1.00E+02!S 330E+01
IDDE NA NA
Disza 4.00E+00! 1.00E-02 S_400E.00!S 1.00E-02
D Na NA
1,2-Dibrorno-3-chloropro 6.30E-03 1.59E-0¢ 2.00E-01 O 20E-01{0 159584
5.00E+02} 1.67E+0L, SELU N (SRCATY 0
1,4-Dicj 1L.OTE«04{ 1 1.10E-05 9.096-02 7.00E+072 S _107+8/0 S.00E02
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TABLE 5.4. AMBIENT AR CONCENTRATION LIMITS,

Lirnit Facaor Concantration (1) Canomtration Conemtation S
e o Pl ey sl el s o
Dichlovobwziduse 4.008-012008-03] 340E-0¢ ()| 294503 S _4nE82]S 200L03
; ather Y 3.10E-0) » S 1.00E.02/5 3jeEa3
1.3-De 1 1. 2.90E.05 34SE-2 S 107%.02]0 3T02
; . 1.00E+01]3 S 1.00E.01{5 330E.08
: 1.S0E+02} 5.00E+01 S _130E.82S Seeteei]
Janil 2 SOE +02 ¢ 3IE+01 S _250E.02/S 8335.81
| sulfee NA NA
3,3-Dimethox NA NA
; | sninoazobenzens 1.30E.03 ) 7.69E-04 O _1.0E.8410 7.695-04
3,3-Dimathy! burzidine NA NA
] chlaride ), 1 S 10062/ S 1.00E.02
i 1.008+029.99E+0] S 3E.miS smt.m
1.1-Dy Bydras LODE01{3 4.50E-04 2040 S 190E481/0 20¢E.03
' 1.208+02] 1.67E«0} S _120E482(S 1.67E.91
saifus $.00E+00) 1.00E-02| 4.008.03 2.S0E-04 S S00E.00/0 250204
2 700601 S 200.08)S 700801
- 2 O 200E+:00/0 2008.00
4-Dinitretoluane 137E+01| 1.10E-02] 8.30E-05 LI4ER S 3ST1|S LIER2
1 ¢-Dioxane 9.00E+02 1.00E-02] 1.40E-06 .14E-01 S 90025 1eebe2
12-Di i 4.50E-03{ 4.5GE-03| 220504 4SSE-03 O _4SSE S asezmy
: in (}<Chioro- 2 3SQE-01) 230E.08 4.35E-02 2.00E-0] S 20080210 a3sLe2
1 NA NA
1 acryime 4. 368 02} 6.66E+01 ] 4 1 S LIE.02/0 o1
| Banzens 4, 1 ] ‘% S 14SE.3
] Carburnase 2.90E-04 345E03 O 3454310 34553
1 chiovide 8. 3 ’ LONE w04 O 1065.84{S L4641
lere dibramide 4.00E-01] 3.5QE-08 7.10E-08 L41E02 4.60E+00 O _4S0E-00|S RSeE-es
lane dichloride (1 2-Dichlorosbane: 4 3.808-02) 2.00E-08 S.00E02 9.50E+01 S_48E.m2|S
leve 3.02E40% 1 S INZE.0
1.00E+01{3.30E 5 100E+01
lans oxide 200E+0}| 1.00E-02/ 1.00E.04 1 6.00E 02 O _600E.02
ane Uiegrea 1.30E-05 1.69E-02 0_I1ME0
idane chioride (1,1 Dichloroethane 14 $.10E-01{ 260E-05 3.35E-02 S 190E.0¢
7. 7.70E-02{ 1.30E-05 7.69E-02 3.60E+00 02 0_3TeE+m
S.00E+000 7.70E-04/ 3.306-03 7.69-04 S S.00E.%
2.00E-01{ 2.008-03| S.106-04 1.96E-03 2.30E+00 O_2.00E+00
2 4.508-02! 200E-05 5.00E-02 S _240C.08
; 1. 1.008.01 240E.01 S 100800
schlororethans 1. 1] 4.00E-06 Qi‘ 2.SCE-0} S _1.00E.&3
smethyine dii 1.00B-01{ 1.008-01 S 1.09E-0)
ame i 4.00E-0} ] 4.005-01 S 4ME-41
-Heaane 4. S 99E S 4IE.0
drzine 1.00E+00) 3.00E-04} 4.90E-03 2.04E-04 2 40E-01 S 1.00E.00
drochloric acid 6.00E+027 008000 ()| 3006003 )l O 300E.©
flveride _ 6 19E.01l8 5.90E+00 :H O_S.90E.02
i 2.00E+016 S _2.00E.81
2S0E+028. | S 250E.22
$.00E+00! 1 S _5.00€.00
Malsic i 238E+01|3 2406400 1.OGE+0] S 235%.01
Methanal 6. MELON6.24 SELQ2 3 6.0
1.O0E+023 1 S0 S 10082
Methyi bremids (B romomethane 2.00F: 1.00E-02 8.00E-01 S _2.000.82
Methyl chioride 1 1.00E-02] : S  1LeSK.0
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TABLE S.4. AMBIENT AIR CONCENTRATION LIMITS.

Conomtration (1) Canomtration Conomtmtion _Summary (ug/m3)
aghnd) | (ug/m3) figmd) _Max Min |
thy) chloraform (1,1, 1-Trichloroshane 3208402 1.90E+05 3 1908405/ 0 320802
thyl etby] ketone 20 S 140840 800801
hyl hydrazin 323E-03 S 35080010 INEH
Methyl iodide S 10E-02|S 1.ME-92
Methy! isobutyl ketone S 4SEE+D|S 6XE.2
Mathy! isocysnas 3.60E-01 S SM0E-01]/S 20eE-01
Methyl methacrylate 9.30E+02 gi S 4IE+4|0 S.ME.02
Methyl test butyl ether NA NA |
4-Methylene bis (2-chloroaniline 2.20E+0007.00E-01| 3.70E-05 )  2.70E-02 S _2208.08/0 270E-02
Methylene chicride (Dichloromet 3S0E+0% 2.00° 01] 4.10E-06 (3)!  244E-01 3.00E+03 Q‘ 3.S5CE+03 S 3SEm|S 2.00E01
Methylenc diphany! diise NA NA
4°-Me: $.00E+001 2.60E+0C_3.40E-04 294E-03 1.90E+00 S SOE+00 2MED
: 5.00E+02 1 LAGE+0} S SS0E+02|0 1.40E.81
Nitrobenz 1.19E+02 1. 67E+01 3.00E-01 S _1152.02|0 sser.e
j4-Nisrodephenyl 1. 1. S_1950E.02!S 190E+82
}4-Nizroph NA NA
2-Nitroprop 1.115Q 1.006-02! 270E-02 (3))  3.70E-05 2.00E+01 Qr S 1178.02/0 3.70E-e8
IN-Nitroso-N-methyhaes NA NA
IN-Nitrosodimethylamine S.00E-02|5.00E-02| 4.30E02 ()  233E-05 S S50E-82/0 233E88
L 190E-03 @)l  S26E-04 O SUE4|0 ST
Parathion 1.00E+00| 3.00E-01 S _1.00E+08{S 3.00E-01
[Perstachloronitrobenzens (Q l 7.30E-03 L3TE0 0 13%sio 13N
[Pensachlovophenc $.00E+00 1.1 : % O 3008401/ S 1.19E.08
Phena 1.90E+0% 6.33E+01 430E+01 S _192.00|0 ¢SeE.01
p-Phenylene diamine 1. 3.00E-01 S 1.00E+00|S 3.00E-01
Phosgen 4.00E+01] 1.30E: 1.30E+01 S AME.0(S 130E.00
Phosp 4.00E+01 1 1.00E+01 S AME.|S 130E.00
[Phosp 1.00E+00! 3.00E-01 7.00E-02 S _1.00E+00/0 7.00E-82
[Phinal 600E+02 2.00E+01 7.00E+03 O _7.00E+83| S 2008+01
[Polyd d biphe Aroclors $.30E-02{ 8.10E-04| 1.40E-03 114E-04 1 20E+00 O 120800!10 7.14E-84
1.3-Propene suline 4.00E+01{4.00E+01| 6.90E-0¢ )|  14SE-03 S 4BE.81|0 14SE-8Y
B -Propiaiac $.00E+001S S S00E+00]S S.H0E.08
[Propicnald 4.29E«0N4 S 4ME.0|S 49203
[Propoxur $.00E+00! 1.70E S S00E.00|S 1.70E.88
[Propyiene dichloride 3.S0E+03 1.00E-02 S 3SE.8iS 1.00E-82
[Prop oxide S.00E+02 1.00E-02| 3.70E-06 2.70E-01 300E¢01 (2] 1OGE«03 0O) O 1ME+0|S 1.00E.82
1,2-Propylenimine : NA NA
KQuinaline NA NA
Quinane 4.00E+00! 1.30E+00 S 400E+00|S 1.30E.00
Styrene S.07TE+0%3.00E+01] S0E-07 @)  1.7SEe00 7.00E+02 ) S SATE.|O 1.75E+00
Styrene oxide NA NA
{Tarschlorodibenyo- 300E-06/3.00E06] SO ()] 2.00E-08 S 3005060 200E-08
1.1.2.2-Tetrach arosthane 7.00E+01} 1. 70E-02| 5.30E-05 @) 1.7ZE-02 S 7.00E.01|S 1L70E82
Terachlomorehylane (Perchiomathyiene) 1.055%44@01 S.30E-07 Q)i 172E+00 350E+01 (D] 630E+03 () O 6BSE+0|S 4I0E-01
[Tummium Tezachloride NA NA
:.935% 1.2SE+03 2.00E+02 S S93E+310 200E.02
NA NA |
1.00E+00f 1.OGE-01] 1.10E-05 )  9.09E-02 9.50E-02 S 1.00E+80|0 9.09E-92]
3.00E+01 1.00E-02 S 300E.01/S 1.MES2
3.00E-03| 3.00E-03! 3.20E-04 3.13E-03 ) 0O JIE|S IMNELQ
4,00E+02 1.33] 0 S 490282/ 0O 200E.01
4.50E+02 6.10E-02] 1.60E-05 (3){  6.25E-02 l S 4SNE0|S CI0E-8
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TABLE 8.4. AMBIENT AR CONCENTRATION LIMITS.

Limiz Facwar Conomnuaion (1) Concwrowtios | Conomuntion ‘ _MFE)__
Max Min | 1fugim?d) {gim3) {igm3) __(ug/m3d) Maz Min
270E+0% 3.00E-01| 2 00E-06 2) 3.00E-01 640E+02 S IMELLIS INEN
1.00E+02 O 1ME02/0 1OE+92
1.80E-01) 1.80E.01) S.70E-06 ()]  LISE-01 S _1seEeli0 LisEe:
4.00E. 1.33E S_4%E.niS 1338.02
NA NA
) NA NA
[ S 9.99E+01 S_SNEL2!S 9SME.
6.66E+01{6.66E+01 S C__.‘_g_o_ll_ S 664E .01
L1900 23002/ 780E05 @) 120E-02 | 260601 O 2508+01)0 1.33E82
200E+0%2 00E 3.20E401 S _200E.0!S 2006.00)
4.3SE«D4} 7. 3.00B+02 440E+03 S 43SE+04|0 3.ME.02
4.ISEv04 7. 3.00E+02 AATE+03 S LOSE410 J.NEN
4.35E +04{7.00E. 2.00E+02 SA0E.03 Q) S 4ISE04!0 300E.m2
4.35E+04}7.00E. S _4ISE.u _g_s%tﬁ
S.00E+01} 1.70E+00 S _S.ME.1/0 3.0
nic Compound 2.00E-02} 2.00E-04 O S00E-01]S 200204
1B ery llium Compoug - _| 4.00E-02{ 2 «0E-04 S _ANER|S 2MEM
dmiurn Compound S.00E-01{ S.60E-04 O _JISENI0 2382.04
Chrominm Compen . 2 $.30E-05 S 200E+80/0 714E-9¢
obalt (soxal 1. 1.20E-01 S _1.008.00!S 1.38E.01
cire Ovan Emissions i 1.60E-03] 1.60E-03 O 1SIEQ (S 16003
ide Compound NA NA
Glyeol sthers S.7 $.71 S STE«2|S S.7IE.9
[Lead Campound 1.50E 1 8.00E-08 1.25E-02 9.00E-02 S_150E+00/0 1.2%7-02
Mang anese Compaund: 1.19E 1.67E+0) 4.00E-01 S_1192+82/ 0 4.00E-01
ferey ompound 1 19E. 1.20E.01 $.00E-02 (4! . S _119E+80/ 0 R0E-42
Fine mineral Sbem . 240E+01 O _240E+0110 240E.81]
[Nickel Compound 1.00E+01} 200E-03) 2.60E-0¢ @2 3.85E-03 2.40E-01 O S _100E.01{S 200E-43
[Poiyn T sromatie hydrocarbon: 6.00E-021 6.00E-0¢ S S _6ME-2)S GO0E-04
[R adi cnuclides : ] NA NA
4.80E+00 7.00E-01] 1.40E-04 L14E03 | 4.00E«00 (4) S 480E+00| 0 7.14E-03

(3) - EPA Background information document for hazardous waste uu:nnm. October, 1989.
(4) - EPA Technical information document for BIF, March, 1992,
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receives to estimate the cancer risk to that individual attributable to that actual or expected dose. For
example, the risk due to inhalation associated with the exposure to a concentration of 5§ ug of
Acetamide per cubic meter of ambient air is given by; .

- ougof Acetamide 1x 10 risk

Risk = ==
sctal 3 of Ambient Air 1 ug/m’

where the unit risk factor already takes into account the characteristics of the exposed individual (ie:
an adult male at rest respiratory rate is equal to 7.5 I/min.). Conversely, an ambient concentration
(or limit) can be calculated assuming an acceptable level of risk;

Acceptable level of risk

A ‘ table Concentration (u, m’) =
P 4 Unit risk factor (m>/ug)

For each carcinogenic compound identified in Table 5.4, an ambient air concentration limit
was estimated from the equation above anc assuming a level of risk equal to 1X10-6. A value of
1X10-6 was assumed since most agencies currently implement similar values as an acceptable level
of risk and residual risk assessments to be conducted for the CAAA under Title III will be based on
1X10~6. Unit risk factors were obtained from both the EPA’s PIC Emissions Background
Information Document (EPA, 1989), CAPCOA Risk Assessment Guidelines (CAPCOA, 1992),
and Boiler and Industrial Furnace (BIF) technical information document (EPA, 1992).

For noncarcinogenic compounds there is an identifiable exposure threshold below which
adverse health effects do not usually occur. Therefore, protection against the adverse health effects
of a noncarcinogenic compound is likely to be achieved by preventing exposure levels from
exceeding this threshold dose. EPA has defined the RAC as a fraction of this threshold dose. All
RAC’s shown in Table 5.4 were obtained from EPA’s PIC Emissions Background Information
Document (EPA, 1989), the CAPCOA Risk Assessment Guidelines (CAPCOA, 1992), and Boiler
and Industrial Furnace (BIF) technical information document (EPA, 1992). .

523 Dispersion Estimation

To determine if the emission levels expected at the stack are of regulatory concern, stack
emission limits had to be estimated from the ambient concentrations listed in Table 54. To
accomplish this task, a conservative dispersion screening procedure was used (SCAQMD, 1991;
EPA, 1992). The screening procedure utilizes a dispersion factor which equals:

Dispersion Factor, DF = X/Q

Where, X=  HAP ambient concentration (j1g/m3)
Q=  HAP emission limit (Ib/day)

The dispersion factor is a function of the stack height and the type of terrain. A dispersion factor of
0.0009 pg/m3/lb/day was used to estimate the stack emission limits (EPA, 1989). This assumes a
stack height of 400 ft in an urban terrain. The actual design stack height for the ABB LEB is 500 ft
(Regan, 1993), however, the EPA only provides dispersion factors for stacks up to 400 ft. Since the
dispersion factor does not decrease significantly as the stack height increases abcve 300 ft, a
dispersion factor for a 400 ft stack should provide reasonable emission limits for the A=B LEB. In
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addition, the dispersion factor for a 400 ft stack will provide conservative emission limits which is
an objective of this study. The least and most conservative State ambient concentration, carcinogen
unit risk factor, or RAC were used for the HAP ambient concentration, X, in the dispersion
equation. These concentrations are listed in the last two columns in Table §.4. The final controlled
and uncontrolled categorization of the HAPs was based on the most conservative ambient
concentration. ‘

Appendix B lists the emission limits derived from the procedure given above and the
ambient concentrations listed in Table 5.4. The emission limits are expressed in Ib/hr. The
emission limits can be compared to the emissions rates to classify the emission potential of each
HAP.

53 valuati . .

One of the objectives of this study was to evaluate and categorize HAP emissions from
ABB’s LEB without post combustion controls. Specifying uncontrolled emissions of concern will
aid in the selection of appropriate post combustion controls. Section 5.3.1 ranks the 189 HAPs
using emissions levels, indicators of emission potential, and emission limits. Another objective
was to determine the impact of combustor operating parameters including excess air, temperature,
and coal composition on uncontrolled emissions from ABB’s LEB. Section 5.3.2 discusses the
impact of these parameters on metals emissions. A general discussion of the influence of
combustor operation on organic emissions is presented in Section 2.0 and 6.0.

53.1 Uncontrolled HAP Ranking

The guidelines displayed in Figure 5.2 were used to classify each HAP into Category I, II,
I, IV, or V for ABB’s LEB. Again, the categories are described as follows:

Categoryl: HAPs known to be emitted in quantities sufficient to be of regulatory concern based
upon prior measurements.

Category II: HAPs may be emitted in quantities sufficient to be of regulatory concern based
upon theoretical analysis or measurements but stronger data or analysis is required
to confirm.

Category Ill: HAPs are not expected to be emitted in quantities sufficient to be of regulatory
concern based upon theoretical analysis or measurements but stronger data or
analysis is required to confirm.

Category IV: HAPs with a low probability of being emitted in quantities sufficient to be of
regulatory concern based upon theoretical analysis or measurements. -

Category V:  HAPs with a very low probability of being emitted in quantities sufficient to be of
regulatory concern based upon theoretical analysis, measurements, or
chemical/physical restraints.

The procedures listed in Figure 5.2 rely on the Dayton Ranking (Section 5.1.1), uncontrolled

emissions levels (Sections 5.1.5 and 5.1.6), mass balance (Section 5.1.7), total organic emissions
(Section 5.1.8), metals partitioning (Section 5.1.9) and emission limits (Section 5.2) provided in
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Appendix B. Since this section does not consider the impact of post combustion control equipment
on emissions, parameters such as solubility, boiling point, and controlled emission levels are not
considered. Sections 5.4 and 5.5 discuss the impact of post combustion controls on emissions
from the ABB LEB.

. Several decision points in Figure S.2 require further discussion. If the estimated emission
level of a HAP exceeds the emission limit, the assigned category is based on the Dayton Ranking
and magnitude of the emission limit (see Box 2). After reviewing hazardous waste incinerator data,
it was found that HAPs with a Dayton Ranking of 3 or less can be present at levels of 0.1 lb/hr.
Therefore, if the emission limit is less than 0.1 1b/hr and the Dayton Ranking is less than 4 (see
Boxes 2a and b), there is a higher probability that the HAP may be present in boiler emissions at
levels of regulatory concern. In these cases, the HAP is assigned to Category II and further
emissions studies are necessary. Hazardous waste incinerator data also show that HAPs with a
Dayton Ranking of 4 or greater can be present at levels of 0.01 Ib/hr. Therefore, if the emission
limit is less than 0.01 Ib/hr and the Dayton Ranking is 4 or greater (see Box 2a and c), there also is
a higher probability that the HAP may be present in boiler emissions at levels of regulatory
concern. In these cases, the HAP is assigned to Category II and further emissions studies are
necessary. In all cases were the uncontrolled emission estimate is greater than the emission limit, a
category no greater than III can be assigned and additional emission study is recommended. This
procedure is necessary since the emission limit guidelines in Boxes 2a, b and ¢ are based largely on
g:.zardous waste incinerator conditions and may not be representative of those found in utility
ilers.

If the estimated or measured uncontrolied emission of a HAP is less than the emission limit,
the HAP will be assigned to Category III, IV, or V (See Box 3). Either Category IV or V is
assigned if the emission limit is one or two orders of magnitude above the emission level,
respectively (See Box 3a and b). Since Category IV and V require no additional testing, the
assignment procedures are designed to be as conservative as possible. If the emission level is the
same order of magnitude as the emission limit and the Dayton Ranking is 5 or greater, a Category
of IV is assigned (See Box 3b and c). In general, HAPs with Dayton Rankings of 5 or greater will
be easily destroyed in the combustion process (See Section 5.1.1). For substances with Dayton
Rankings of 4 or less, however, there is a higher probability that a substance could be emitted from
the boiler and Category of IIl is assigned.

To illustrate the procedures given in Figure 5.2, two examples are provided below.

(1)-Chromium. The measured uncontrolled emission level and risk based limit for
chromium are 5.37 Ib/hr and 0.0003 lb/hr, respectively. Since the emission level is
measured and exceeds the emission limit, chromium is a concemn for ABB’s LEB (see Box
1). The emission limit of 0.0003, however, was derived for Hexavalent Chromium. Since it
is unlikely that all of the chromium in the stack will be in the hexavalent form, chromium is
categorized as Category II (seec Box la). Additional testing is required to determine the
speciation of chromium. : , :

(2)-2,3,7,8 Tetrachlorodibenzo—p-dioxin (TCDD). The estimated uncontrolled emission
~ level and risk based limit for TCDD are 1.8e-05 Ib/hr and 9.26e-07 Ib/hr, respectively. The
emission level is estimated because TCDD has not been detected in boiler stack emissions
and is based on a detection limit. Since the estimated emission level exceeds the emission
limit, TCDD may be a concern for ABB’s LEB (see Box 2). Since TCDD is relatively
difficult to destroy (Dayton Ranking of 2) and the emission limit is low (<0.1 Itvhr), TCDD
may escape the combustor at levels of regulatory concemn and is assigned to Category II
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(see Box 2a and b). Additional testing is required to determine if TCDD is emitted at levels
of regulatory concemn. The testing must be conducted with a detection limit which is lower

Tables 5.5 and 5.6 list HAPs assigned to Categories I, I, I, IV, and V for ABB’s LEB. If
an emission level and/or limit for a HAP was not available, the HAP was not categorized. As shown
in Table 5.7, 26 HAPs could not be categorized. Table 5.5 shows that only arsenic, beryllium, and
cadmium are likely to enter the post combustion control equipment in quantities sufficient to be of
regulatory concern based on prior measurements (Category I). 20 HAPs may be emitted and
require further study (Category II). 38 HAPs are not likely to be emitted, but further studies are
required to verify this conclusion (Category III). 102 HAPs have a low to very low probability of
being emitted (Category IV and V) and require no further study.. It should be noted that the
categories in Tables 5.5 and 5.6 only apply to uncontrolled emissions from the ABB LEB. Control
Altematives 1, 4, or 6 may provide sufficient removal to reclassify many of the Category L, II, or Il
HAPs. Control alternatives are evaluated in Sections 5.4 and 5.5. '

Several other studies have been conducted to determine which HAPs will be emitted from
coal combustion systems. As mentioned earlier, these studics usually only specify if a substance
could be emitted and do not consider if the emission level is significant. In 1992 Moskowitz et al.
(Moskowitz, 1992) identified HAPs which are unlikely to exist in effluents from clean coal
technology demonstration projects (see Table 5.8). To compare the results from Moskowitz’s
study to those given in this study, unlikely emissions were assumed to correspond to Categories III
through V (see Table 5.5 and 5.6). 1,1-Dimethyl Hydrazine was the only substance predicted to
have greater emission potential in this study than the Moskowitz study. This excellent agreement is
surprising since the Moskowitz study did not consider risk. According to the Moskowitz study,
HAPs with the highest potential emission concentrations include:

. Metals ~ Arsenic, Cadmium, Chromium, Lead, and Selenium
. Organics -  Polycyclic organic matter including primarily benzo-a-pyrene.

These HAPs are predicted to have high emission potential (Category I and II) in this study.
Beryllium also is listed as a substance which may be emitted from ABB's LEB (see Table 5.5).
Since Beryllium has the same emission limit and level as Cadmium, it should be considered a
critical substance. :

The PISCES project (see Section 4.0) identified 36 HAPs which have been emitted from
coal fired boilers as shown in Table 4.1. One of the HAPs on the PISCES list, Dibenzofuran,
could not be categorized because emission limits were not available. Of the remaining 35 PISCES
HAPs, 12 were classified as likely to be emitted at levels of regulatory concemn (Category 1, or I)
and 23 were classified as unlikely to be emitted at levels of regulatory concem (Category III, IV or
V) in this study. This indicates that a majority of the substances identified by PISCES may not be
emitted at le\;els e?f regulatory concern. This illustrates the importance of considering risk as well as
the emission level. < '

532 Impact of Combustor Operating Parameters on Uncontrolled Metal Emissions
The major parameters which may influence vaporization and speciation of metals are:

combustion system temperature, air to fuel ratio, and fuel composition, including metals and
halogens content. The ezfect of these parameters on metals vapor pressures are discussed below.
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TABLE 5.5. UNCONTROLLED CATEGORY |, It, AND Ill HAPs FOR ABB LEB (Stack Height 400 ft).

Category |

Arsenic Compounds

Beryliium Compounds

Cadmium Compounds

Category Ul

Acetamide Hexachiorobenzene

Acrylamide Lead Compounds (b)

Benzene Nickel Compounds (c)

Benzidine 2-Nitropropane

1,3-Butadiene Phosphorus

Chiorine Polychiorinated biphenyls (Arociors)

Chromium Compounds (a) 1,3-Propane sultone

.3-Dichiorobenzidene 2.3,7.8-Tetrachlorodibenzo-p-dioxin

1.1-Dimethyl hydrazine Polycydic Organic Matter
hoim«hﬂ sulfate Selenium Compounds (d)

Category Hli

Acrolein Ethyiene thiourea

Acrylonitrile Heptachior

Aniline Hexamethyiphosphoramide

Benzotrichioride Hydrazine

Benzyl chiorids Hydrochloric acid

Biphenyt . Manganese Compounds

Bis(chioromethyl)ether Methyl chioride (Chioromethane)

Chiordane - Methyl hydrazine

Chioromethyt methyt ether Methyl isocyanate

Chioroprene 4,4"-Methylenedianiline

Cobalt Compounds N-Nitrosodimethylamine

Diazomethane N-Nitrosomorpholine

Dichioroethyl ether (Bis (2-chloroethyl) ether) p-Phenylenediamine

Dimethyl aminoazobenzene

Propylene dichloride (1,2-Dichicropropane)

2.4-Dinitrotoluene Propylene oxide
1,4-Dioxane(1,4-Disthyleneoxide) 1.1,2,2-Tetrachioroethane
1.2-Diphenyihydrazine o-Toluidine

Ethyl carbamate (Urethane) - Toxaphene (chiorinated camphene)
Ethyiene oxide Vinyl chioride

(@) Chromium is categorized as a 2 instead of a 1 because the emission limit is for hexavalent
Chromium. It has not been confirmed that all chromium is emitted as hexavalent chromium.

(b) Lead is categorized as & 2 instead of & 1 becauss the emission limit is based on a screening
vaiue for the California Alr Poliution Control Officers Association. The screening value does
not have 10 be applied 1 all facilities. .

() Nicksl is categorized as & 2 instead of a 1 because the EPA BIF rules do not consider Nickel
as a carcinogen. Under the BIF rules Nickel would not be a risk.

(d) Selenium is categorized as a 2 instead of a 1 because the emission limit is based
on a scresning vaiue for the California Air Pollution Control Officers Association. The
screening vaiue does not have to be appiied to all facilities.




TABLE 5.8. UNCONTROLLED CATEGORY IV AND V HAPs FOR ABB LEB (Stack Height 400 ft).

Icuoguy v ' :

dehyde Hexachiorobutadiens
Altyl chioride Hexamaethyiene-1,6-diisocyanate
Antimony Compounds Hydrogen fluoride
Caicium cyanamide Hydroquinone

i Carbon tetrachloride Maieic anhydride

Chioroform Mercury Compounds
1.2-Dibromo-3-chioropropane 4,4-Methylene bis (2-chloroaniiine)
1.4-Dichiorobenzene(p) Methylene chioride (Dichioromethane)
1.3-Dichioropropens Nitrobenzens
4,6-Dinitro-o-cresol, and salts Parathion
2,4-Dinitrophencl| Pentachioronitrobenzene (Quintobsnzene)
Epichlorohydrin (1-Chioro-2,3-epoxypropans beta-Propiolactons
Ethylene dibromide (Dibromoethane) Quinone
Ethyiene dichioride (1,2-Dichiorosthane) 2,4-Toluene diisocyanate
Ethylene imine {Aziridine) 1,1,2-Trichioroethane
Ethylidene chioride (1,1-Dichiorosthane) Trichloroethylene
Formaidehyde 2,4,6-Trichiorophenol
[Hexachiorocyciopentadiens '
Category V
Acetonitrile Hexane
Acetophenone isophorone
Acrylic acid Lindane (all isomers)
4-Aminobiphenyl Methanol .
o-Anisidine : ' Methoxychior -
Asbestos Methyl bromide (Bromomethane)
Bis(2-ethylhexyl)phthaiate (DEHP) Methyl chioroform (1,1,1-Trichiorosthane)
Bromoform . Methyl ethyl ketone (2-Butanone)

Methy! iodide (lodomaethane)
Methy! isobutyl ketons (Hexone)
Methyl methacryiate
Naphthalene

4-Nitrobiphenyl
Pentachiorophenol

Phenot

Phosgene

‘Phosphine

Phthalic anhydride
Propicnaidehyde

Propoxur (Baygon)

Styrene

Tetrachiororethylens (Perchioroethylens)
Toluene

1.2,4-Trichiorobenzene
2.4,5-Trichicrophenol
Triethylamine

Vinyl acetate

Vinyl bromide

Vinylidene chioride .(1,1-Dichlorosthyiene)
Xylene (isomers and mixture)
o-Xylenes

m-Xylenes

p-Xylenes
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TABLE 5.7. HAPs WHICH COULD NOT BE ASSIGNED TO A CATEGORY

—

-Acetylaminofivorens N-Nitroso-N-methyiurea
Chioramben 1.2-Propyienimine (2-Methy! aziridine)
acid Quinoline

hiorobenzilate Styrene oxide
DDE {1,1-Dichioro-2,2-Bis (&Chlorophonyl)ﬂhyhm}_ Titanium tetrachloride
Dibenzofurans 24-Toluene diamine
Diethy! sultate Trifiuralin

,3-Dimethoxybenzidine - 2,2,4-Trimethyipentane

,3"-Dimethyl benzidine Coke Oven Emissions
1,2-Epoxybutane o Cyanide Compounds
Methy! tert butyl ether Giycol ethers
Methylene diphenyl diisocyanate (MDI) Fine mineral fibers
Nitrophenol Radionudlides W)
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TABLES.8 TITLE Il POLLUTANTS WHICH ARE UNLIKELY TO EXIST IN
EFFLUENTS FROM COAL FIRED BOILERS (MOSKOWTTZ, 92)

— e

Calcium cysnamide y Yy is(2-chlorosniling)
Captan Mothylens diphany! diisocyansts (MD
Carbaryl 4, 4¢-Methylemadisniling L
Chloramben N-Nitrosomorpholine

Chlordane Panathion

Chloroscetic acid Pentachloronitrobsnzane (Quintobenzans)
Chloroform Phosgene

Dichlorosthyl ether (Bis(2-chlorosthyl)ether) Propionaldelryde

1,3-Dichloropropsns Styreas cxide

Disthanolamine 1.1.2.2'7%

Dimethyl carbamoy! chioride Titanium tetrachloride

Dimethyl formamids . 'f‘;‘;.‘;," {chiorinatad cxmphens)
1,1-Dimethyl hydnnn. V" ol richlorosthane

,'imm m.,,’ “! Viay! bromide
Hexamethyiphosphoramide Vinylidane chloride (1,1-Dichlorosthylans)
Hydrazine




Impact of Temperature. Figure 5.3a illustrates the change in metals vapor pressures as
the combustion temperature changes between 800°C and 1800°C during coal combustion at 20
percent excess air. This figure shows that vapor pressures of volatile metals (Cd, Pb, As, Sb, T1, Se,
and Hg) do not change as the temperature changes between 800°C and 1800°C and, therefore, are
not expected to be saturated in the gas phase. This indicates that these metals may partition to the
combustor gas as vapors. Figure 5.3a also shows that vapor pressures of non—volatile metals (Ba,
Ni, Be, and Cr) decrease as the temperature decreases for the plotted temperature range. This
indicates that vapor pressures of these metals are saturated in the gas phase and that these metals
may partially vaporize depending on the temperature and the corresponding magnitude of their
saturated vapor pressures. Figure 5.3a indicates that vapor pressures of Ba, Be, and Ni are most
sensitive to temperature changes between 800°C and 1800°C, and vary by a few orders of
magnitude; however, the vapor pressure of Cr is less sensitive to temperature changes above
1000°C. The vapor pressure of Cr becomes saturated below 1200°C in Figure 5.3a.

The saturated vapor pressure of a metal corresponds to the maximum amount of that metal
which may vaporize at a given temperature. Therefore, an increase in a saturated metal’s
concentration in the coal will not increase its vaporization but will increase the portion which
partitions to the bottom ash and its entrainment. An increase of a non-saturated metal’s
concentration in the coal, however, will increase its vapor pressure and, hence, the total amount

-

which vaporizes.

Mercury is highly volatile and is predicted to remain in the vapor phase even at air pollution
control device (APCD) temperatures of 180°C. The chemical form of Hg in the vapor phase at the
inlet of an APCD plays a role in determining the appropriate APCD which may be used to scavenge
Hg from the gas. Figure 5.3b illustrates the impact of temperature on the vapor phase species of
Hg as the flue gas cools from the 1200°C (Combustor exit) to 180°C (APCD inlet). This figure
indicates that at the high combustion temperature, elemental Hg is the dominant species and remains
dominant up to approximately 600°C. Below approximately 400°C, the dominant form of Hg
changes to the chioride form (HgCl,). Between 400°C and 600°C, both Hg and HgCl, exist. HgO
is also formed but is a minor species for the plotted temperature range in Figure 5.3b.

Since particulate APCDs do not capture Hg from the vapor phase effectively, several other
methods have been employed in conjunction with regular particulate APCDs to clean Hg from flue
gases (Guest, 1992; Christiansen and Brown, 1992; White et al., 1992). These include using a
spray dryer to scrub Hg from the gas by converting it to a soluble form such as chlorides. Some
field tests have shown better removal of Hg in systems firing high chlorine coals. Figure 5.3b
shows that the chloride form (HgCl,) is dominant at low temperatures and, therefore, spray dryers
may be a viable choice for Hg removal. Another method is adsorption of Hg utilizing activated
carbon sorbents. This can be accomplished through spraying finely ground activated carbon in the
control device or by passing the gas through an activated carbon bed.

Impact of Stoichiometric Ratio (SR). Figure 5.4 illustrates the impact of stoichiometry
on metals vapor pressures during coal combustion at 1200°C. This figure clearly shows that
stoichiometry only impacts the behavior of chromium. The vapor pressure of Cr drops by two
orders of magnitude as SR approaches 1.0. This change resembles a step function: when SR> 1.0,
Cr is approximately 1x10-6 atm, and when SRS 1.0, Cr is approximately 3x10-8. This is a
significant change for Cr since its vapor pressure above SR of 1.0 at 1200°C is not saturated and,
therefore, all of the Cr input with the coal may vaporize; however, the vapor pressure of Cr at SRS’
1.0 is saturated and only a portion of Cr vaporizes. Though the combustor may be operated at
overall excess air conditions, the formation of a high temperature, reducing environment near the
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burning coal particles may cause Cr vaporization to be reduced. These local reducing environments -
decrease Cr uncontrolled emissions. From Figure 5.4, it can be concluded that the local and overall
stoichiometry during combustion of coal will significantly influence Cr vaporization and its
uncontrolled emissions, but will not influence the other metals shown in the figure. Since the LEB
will have the Combustion Engineering Concentric Firing system which employs a fuel rich core,
emissions of chromium may be lower than for conventional coal fired boilers.

Impact of Coal-Chlorine Content. As indicated earlier, the composition of the fuel
influences the vapor pressure and speciation of most metals. For example, the halogen content,
particularly chlorine, increases the vapor pressure of many metals because of the formation of metal
chloride species instead of metal oxides. Metal chlorides are more volatile than metal oxides.
Modeling results of bituminous coal combustion indicate that vapor phase metals are dominated by
metal oxide species; this may be a consequence of the relatively small concentration of chlorine in
the bituminous coal (Table 5.2). The saturated vapor pressure of Ba and Ni will increase if the
chlorine content of the bituminous coal were to increase. his is due to a shift in the compounds
that will dominate; for example, Ni(OH), will shift to NiCl, and Ba(OH), will shift to BaCl;. An
increase in the saturated vapor pressure for Ba and Ni will increase the vaporized portion of these
metals.

Summary. The previous results indicate that temperature changes and possible variations
in coal~chlorine content will influence the vaporization of non—volatile metals (Ba, Ni, Be, and Cr).
The more volatile metals (Cd, Pb, As, Sb, Tl, Se, and Hg), are predicted to partition to the gas at 100
percent, and are less influenced by temperature and chlorine changes for the temperature range
shown in Figure 5.3a. Additionally, Figure 5.4 indicates that local reducing conditions near the
burning coal causes Cr vaporization to be reduced significantly.

5.4  Evaluation of Controlled HAP Emiss ions from ABB's LEB

The primary objective of this task was to determine the impact of the post combustion
control Alternatives 1, 4 and 6 being considered for the LEB on the Category I and II organic and
inorganic substances identified in Section 5.3 and listed in Table 5.4. A secondary objective was to'
- identify post combustion control alternatives for those Category I and I HAPs which cannot be
controlled to acceptable levels using Altemnatives 1, 4 and 6.

The primary components of ABB’s post combustion control systems are listed in Table
5.9. Alternatives 1 and 4 each include an advanced ESP and FGD. The Alternative 1 and 4 FGDs
use wet limestone and magnesium sulfite, respectively, to scrub SO; from the flue gas. The
magnesium sulfite provides a higher SO, removal efficiency than wet limestone. The ESPs for
Alternatives 1 and 4 will use ammonia and sulfur trioxide injection to promote agglomeration of
fine particulate which may reduce PM10 emissions. ’

Alternative 6, the SNOx Process, does not include any of the components used in
alternatives 1 and 4. In addition to particulate and SO, control, the SNOx Process provides NOx
control. In the SNOx Process, ammonia is injected into the flue gas before the air preheater. The
gases then pass through a particulate collection device which has a catalyst for NOx control. Since
the particulate control device is located before the preheater, it operates at 700°F. This high
temperature may reduce the capture efficiency of volatile organics and inorganics. After the flue
gas passes from the particulate control device, it enters the Hot DeSOx system where SO, is
removed.
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TABLE 5.9. ABB POST COMBUSTION CONTROL ALTERNATIVE SUMMARY.

[Post Key Alterative System TDescription
Combustion JComponent (1) Temperature
iControl ©)
Alternative .
| 1 Advanced ESP 135 *99.5% particulate removal
¢ Wider plate spacing up to 16 inches
* Gas conditioning with the use of SO3/ammonia
¢ Pulsed energization
. _ * Improved energy management
Advanced FGD 132 *95% SO2 removal
* Open spray tower design with counter curreat flow
» Wet limestone injection
¢ Organic buffer additives
* Improved gypsum crystal size and dewatering system
 Lower auxiliary power consumption
I Advanced ESP 133 o Same as Altcrnative |
Thio-Clear ABS 132 + 98 10 9% SO2 removal ;
« Design very similar to advanced FGD except magnesium sulfite |
is used a reagent
(6 NH3 Injection Grid Tf(f * Ammonia injected into hot stack gases before air preheater
Catalytic Baghouse 370 *99.5% particulate removal
: * 80% NOx removal with Integral NOx SCR
(or)
Catalytic Ceramic Filter 370 * 99.9% particulate removal
» 80% NOx removal with Integral NOx SCR
Hot DeSOx 370 * 96 to 98% SOx removal
+ Catalytic reactor for SOx removal

(1) Devices listed in the order which they appear in the system traveling from the boiler to the stack.




The impacts of Alternatives 1, 4, and 6 on toxic inorganic and organic emissions are
discussed in Section 5.4.1 and 5.4.2. Due to the high toxicity of metals and the quantity of
emissions results and models available, the control of metals was the primary focus of the analysis.

54.1 Metals

The primary objective of this section is to determine the impact of the LEB post combustion
control Alternatives 1, 4, and 6 on the reduction of metals emissions, particularly Category I and II
metals. Metals in Category I for uncontrolled flue gas are As, Be, and Cd. The uncontrolled
Category II metals are Cr, Ni, Pb, and Se. It is very likely that when the potential LEB control
devices are considered, the number of metals in Categories I and II will be reduced. This section
presents and discusses the following:

Impact of LEB Control Alternatives 1, 4, and 6 on Metal Emissions.

Impact of Other Post Combustion Control Alternanves on Metal Emissions.
Revised Ranking for Category I and II Metals Based on Controlled Emissions.
Impact of Metal Speciation and Physical Properties on Metals Removal in APCDs.

Impact of LEB Control Alternatives 1, 4, and 6 on Metal Emissions. Before the flue
gas exhausts from the boiler stack, air pollution control devices (APCDs) will be needed to remove
the Category I and II metals. More than one control device may be required due to the diversity in
the physical and chemical forms of HAPs at different operating conditions. For example, a fraction
of the metals partition to the flue gas during combustion due to vaporization and particulate
encainment. As the gas cools, most metals condense onto and/or nucleate into small particles
which are removed in particulate APCDs such as baghouses and ESPs. Highly volatile metals
(such as mercury and selenium) remain in the gas phase even at low control equipment
temperatures and require other means of capture, such as liquid scrubbers for soluble compounds,
solid sorbents, and other catalytic materials which facilitate reactions between HAPs and sorbents.

Category I and II metals range from low volatility to medium volatility metals and their
vaporized portions are expected to condense/nucleate into small particles which can be effectively
removed using filters, ESPs, and other particuiate APCDs. The metals partitioning model,
described in Section 2.2 and 5.1.9, was executed to determine metals partitioning and stack
emissions from the LEB equipped with Control Altematives 1, 4, and 6. The following modeling
results illustrate the impact of the advanced ESP on metals capture for Alternatives 1 and 4, and the
effect of the catalytic baghouse and the catalytic ceramic filter on metals capture for Alternative 6.
The temperature at the inlet to the ESP for Altematives 1 and 4 is 135°C and at the inlet to the
catalytic baghouse and the catalytic ceramic filter for Altemative 6 is 370°C.

Control Alternatives 1 and 4. Table 5.10 shows the predicted partitioning and emission
results for Category I and II metals for Control Alternatives 1 and 4 employing an ESP. Mercury
and antimony (Category 4 metals) are also included in this and other tables for comparison
purposes. Table 5.10, and other tables in this section, also show maximum and minimum
regulatory metal emission limits. These emission limits are not necessarily based on promulgated
rules but were derived to provide a conservative level of emissions and are discussed in Section 5.2.

Results in Table 5.10 indicate that the use of an advanced ESP reduces most metal
emissions (except arsenic and chromium) to below the minimum regulatory limit and reduces all of
the metals to below the maximum regulatory limit. For Category : and II metals, except for Se, the
overall ESP removal efficiency ranged between approximately 98.3 percent for As, Cd, and Pb
(volatile metals) tc 99.6 percent for chromium (non-volatile metal).
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TABLE 5.10. PREDICTED METALS PARTITIONING AND STACK EMISSIONS IN COMPARISON

WITH REGULATORY LIMITS FOR ABB's LEB CONTROL ALTERNATIVES 1 & 4.

Metal Partitioning ESP Stack Regulatory Limits
Bottom ESP Stack Removal Emissions { Maximum Minimum
Ash Ash Emissions | Efficiency (bm) (1) (1b/h)

As 0.00% 98.31% 1.69% 98.31% 4.04E-02 2.31E+01 9.26E-03
Be 0.00% 98.57% 1.43% 98.57% 3.92E-03 | 1.85E+00 LL11E-02

Cd 0.00% 98.31% 1.69% 98.31% 4.64E-04 1.62E+02 1.10E-02

§ Cr 17.08% 82.59% 0.33% 99.60% 8.68E-03 9.26E+01 3.31E-04

Hg 0.00% 0.00% 100.00% 0.00% 1.99E-02 5.51E+01 3.70E+00

Ni 15.80% 83.78% 0.42% 99.50% 1.54E-02 4.63E+02 9.26E-02

Pb 0.00% 98.25% 1.75% 98.25% 7.30E-02 6.94E+01 5.79E-01

Sb 0.00% 97.31% 2.69% 97.31% 7.58E-03 2.31E+03 1.39E+01

Se ‘0.00% 0.00% 100.00% 0.00% 3.29E-01 2.22E+02 3.31E-01




Table 5.10 also shows partitioning of metals between combustor bottom ash, ESP collected
ash, and stack emissions. This partitioning indicates that the majority of metals end up in the
collected ESP ash. Mercury and selenium however are highly volatile and are predicted to remain
in the vapor phase at the ESP inlet temperature. The ESP moc=! does not account for capture of
metals in the vapor phase and, therefore, these metals are predicted to escape the ESP. Uncontrolied
emissions of selenium and mercury meet the conservative minimum regulatory limits as shown in
Table 5.10. If the mercury or selenium content of the coal increases, however, other methods of
control may be needed to reduce their emissions to acceptable levels. Controls which have worked
successfully for mercury include wet scrubbers and activated carbon adsorbers (Guest, 1992;
Christiansen and Brown, 1992; and White et al., 1992).

The use of an advanced FGD unit, which uses wet limestone injection in Control Alternative
1 and magnesium sulfite in Control Alternative 4, for SO, abatement can also be effective in
removing additional metals from the flue gas and especially metals that are still in the vapor phase
such as mercury. The wet limestone and magnesium sulfite may work as scrubbers for soluble
metal compounds and/or adsorbers of gas phase metals. Field measurements from pulverized
bituminous coal-fired utility boilers in the Netherlands (Meij, 1992) equipped with ESPs and
FGDs indicate additional removal of some metals from the flue gas including mercury. The
solubility of metal compounds and other physical properties are presented later in this section.

Control Alternative 6. As indicated in Table 5.9, Control Alternative 6 may include a
catalytic baghouse or a catalytic ceramic filter. Predictions of metals partitioning and emissions
from the LEB equipped with each of the filters were performed and the results are presented in
Table 5.11 for the catalytic baghouse and in Table 5.12 for the catalytic ceramic filter. Results
indicate that the range of the catalytic baghouse removal efficiencies of metals (99.7 percent - 99.8
percent) in Table 5.11 are generally higher than the range of the ESP removal efficiencies (98.3
percent — 99.6 percent) in Table 5.10. As in the ESP case, Table 5.11 shows that most of the metals
end up in the catalytic baghouse collected ash. Table 5.11 also shows that, except for chromium,
stack emissions of Category I and II metals are below the conservative minimum regulatory limits,
and all Category I and II metal emissions are below the maximum regulatory limits. Table 5.12
indicates that, in general, the catalytic ceramic filter was slightly more effective in removing metals
than the catalytic baghouse; the ceramic filter removal efficiencies ranged between 99.76 percent
(Pb) and 99.91 percent (Cr) for Category I and II metals. The catalytic ceramic filter resuits in
Table 5.12 also indicate that stack emissions of Category I and II metals, except chromium, are
below the minimum regulatory emission limits, and all Category I and II metal emissions are below

The predicted controlled emissions of total chromium from the LEB employing the catalytic
baghouse and the catalytic ceramic filter options of Control Alternative 6 (Tables 5.11 and 5.12,
respectively) are approximately one order of magnitude higher than the minimum regulatory limit
for hexavalent chromium shown in the same tables. There are two factors to consider, however,
before concluding that chromium emissions may be a problem. First, the percentage of hexavalent
chromium relative to the total chromium in the flue gas is generally less than 20 percent, as
indicated in a recent compilation of compliance test data of hazardous waste incinerators (Rizeq et
al, 1992d), especially at high temperatures and metal feed rates. The minimum regulatory
chromium limit was calculated based on a risk factor for hexavalent chromium,; therefore, if a risk
based limit for the total chromium were to be calculated, the emission levels are expected to meet the
limit. Second, the total chromium emissions in Tables 5.10 through 5.12 meet the hexavalent
maximum regulatory limit. Therefore, the controlled emission levels of total chromium from the
LEB with any of the control alternatives are not likely to pose significant risk to the public.
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TABLE 5.11. PREDICTED METALS PARTITIONING AND STACK EMISSIONS IN COMPARISON WITH
REGULATORY LIMITS FOR ABB's LEB CONTROL ALTERNATIVE 6 (CATALYTIC BAGHOUSE).

Metal  Partitioning Baghouse Stack Regulatory Limits

Bottom |Catalytic Baghouse Stack Removal Emissions | Maximum. | Minimum
Ash Ash Emissions | Efficiency (Ib/h) (Ib/h) (b/h)

As 0.00% 99.78% 0.22% 99.78% 5.17E-03 | 2.31E+01 9.26E-03
Be - 0.00% 99.76% 0.24% 99.76% 6.59E-04 1.85E+00 1.11E-02
Cd 0.00% 99.78% 0.22% 99.78% 5.95E-05 1.62E+02 1.10E-02
Cr 17.08% 82.65% 0.27% 99.68% 6.97E-03 | 9.26E+01 3.31E-04
Hg 0.00% 0.00% 10000% | 0.00% 1.99E-02 | 5.51E+01 | 3.70E+00
Ni 15.80% 83.94% 0.26% 99.69% 9.58E-03 | 4.63E+02 | 9.26E-02
Pb 0.00% 99.79% . 021% 99,79.% 8.88E-03 | 6.94E+01 5.79E-01
Sb 0.00% 99.69% 0.31% 99.69% 8.77E-04 | 231E+03 | 1.39E+01
Se 0.00% 0.00% 100.00% 0.00% 3.29E-01 2.22E402 | 3.31E-01
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TABLE 5.12.  PREDICTED METALS PARTITIONING AND STACK EMISSIONS IN COMPARISON WITH
REGULATORY LIMITS FOR ABB's LEB CONTROL ALTERNATIVE 6 (CERAMIC FILTER).

Metal Partitioning Ceramic Filter]  Stack Regulatory Limits
Bottom |Ceramic Filtler] ~ Stack Removal | Emissions | Maximum | Minimum
Ash Ash Emissions Efficiency (1b/h) (Ib/h) (1b/h)

As 0.00% 99.77% 0.23% 99.77% 5.46E-03 | 2.31E+01 9.26E-03
Be 0.00% 99.80% 0.20% 99.80% 5.42E-04 1.85E+00 1.11E-02
Cd 0.00% 99.77% 0.23% 9977% | 6.27E-05 1.62E+02 1.10E-02
Cr 17.08% 82.85% 0.07% 99.91% 1.93E-03 9.26E+01 3.31E-04
Hg 0.00% 0.00% 100.00%. 0.00% 1.99E-02 5.51E+01 3.70E+00
Ni 15.80% 84.12% 0.08% 99.90% 3.07E-03 | 4.63E+02 | 9.26E-02
Pb 0.00% 99.76% 0.24% 99.76% 9.83E-03 | 6.94E+01 5.79E-01
Sb 0.00% 99.47% 0.53% 99.47% 1.49E-03 | 2.31E+03 | 1.39E+01
Se 0.00% 0.00% 100.00% 0.00% 3.29E-01 | 2.22E+02 | 3.31E-01




Impact of Other Post Combustion Control Alternatives on Metal Emissions. The
only metal that was not reduced below the minimum regulatory limit using the LEB Control
Alternatives 1, 4, and 6 was total chromium. As discussed above, the predicted total chromium
emissions may not pose significant risk to the public since the minimum limit is based on
hexavalent chromium risk factor and it has not been shown that the total chromium is 100 percent
hexavalent. However, if at some point it is required to reduce total chromium to below the
hexavalent chromium minimum limit, there are other particulate control devices to consider.

HEPA Filter. Table 5.13 shows the predicted partitioning and emissions of Category I and
11 metals from the LEB employing a HEPA filter which is located after the preheater at 135°C. This
table indicates that the HEPA filter reduces emissions of all Category I and II metals, including total
chromium, to below the conservative minimum regulatory limits. Table 5.13 also shows that the
overall HEPA filter removal efficiencies for all Category I and II metals range between 99.995
percent to 99.998 percent which are more effective than Control Alternatives 1, 4, and 6. HEPA
filters seem to be a good choice to reduce particulate matter from the flue gas to very low limits.
The cost of HEPA filters and their operational constraints (such as temperature and possibly. gas
particulate loading), however, may be more restrictive than other Control Alternatives. Therefore,
the economical and technical feasibility of using HEPA filters have to be considered prior to the
decision of installing this alternative. For example, the use of a catalytic baghouse or ceramic filter
in Control Alternative 6 may be sufficient (as shown previously in Tables 5.11 and 5.12) to control
metals to below minimum metal regulatory limits, particularly if the chromium limit does not have to
be as stringent as the minimum limit based on hexavalent chromium risk factor.

Baghouse. The location of the particulate control device in Control Alternative 6 is
upstream of the preheater where the gas temperature (370°C) is higher than the gas temperature
(135°C) at the inlet to the ESP in Control Altematives 1 and 4. The higher gas temperature causes
portions of the vaporized volatile metals to remain in the vapor phase and their removal efficiencies
in the control equipment suffers. Particulate control equipment are generally more effective in
capturing volatile metals when located at lower temperatures. Table 5.14 shows the predicted
partitioning and emissions of Category I and II metals from the LEB employing a baghouse located
after the preheater at 135°C. This table indicates that the baghouse removal efficiency of antimony
(a volatile metal) is higher than the catalytic baghouse Control Alternative 6 (Table 5.11) removal
efficiency. The removal efficiencies of non-volatile and medium volatility metals are not affected

since they completely condense at gas temperatures at the preheater inlet.

Revised Ranking for Category I and II Metals Based on Controlled Emissions.
Based on the comparison between controlled emissions of metals and their minimum regulatory
limits presented in Tables 5.10 through 5.12, the number of Category I and II metals were reduced
for COntrol Alternatives 1,4, and 6. Table 5.15 presents the revised ranking of the previously
ranked Category I and II metals based on the controlled emissions of these metals from the LEB
Control Alternative 6 (either a catalytic baghouse or a catalytic ceramic filter, Tables 5.11 and 5.12,
respectively) and from Alternatives | and 4 (Table 5.10).
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TABLE 5.13. PREDICTED METALS PARTITIONING AND STACK EMISSIONS IN COMPARISON
WITH REGULATORY LIMITS FOR ABB's LEB HEPA FILTER CONTROL ALTERNATIVE.

Metal Partitioning HEPA Filter Stack Regulatory Limits

Bottom HEPA Filter|  Stack Removal | Emissions Maximum Minimum
Ash Ash Emissions | Efficiency (lb/h) _(bh) (1b/h)

As 0.000% 99.995% 0.005% 99.995% 1.12E-04 | 2.31E+0] 9.26E-03
Be 0.000% 99.995% 0.005% 99.995% 1.40E-05 1.85E+00 1.11E-02
Cd 0.000% 99.995% _0.005% 99.995% 1.29E-06 1.62E+402 1.10E-02
Cr 17.079% 82.919% 0.002% 99.998% 3.95E-05 | 9.26E+01 3.31E-04
Hg 0.000% 0.000% 100.000% 0.000% | 1.99E-02 | S5.51E+01 | 3.70E+00
Ni 15.796% 84.202% 0.002% 99.998% 6.42E-05 | 4.63E+02 | 9.26E-02
Pb 0.000% | 99.995% 0.005% 99.995% 1.93E-04 | 6.94E+01 5.79E-01
Sb | 0.000% 99;997% 0.003% 99.997% 8.70E-06 | 2.31E+03 | 1.39E+01
Se 0.000% 0.000% 100.000% 0.000% 3.29E-01 2.22E+02 | 3.31E-01
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TABLE 5.14. PREDICTED METALS PARTITIONING AND STACK EMISSIONS IN COMPARISON
WITH REGULATORY LIMITS FOR ABB's LEB BAGHOUSE CONTROL ALTERNATIVE.

Metal Partitioning Baghouse Stack Regulatory Limits
Bottom Baghouse Stack Removal Emissions | Maximum Minimum
Ash Ash Emissions | Efficiency (1b/Mh) (Ib/h) (1bMh)

As 0.00% 99.78% - 0.22% 99.78% 5.175-03 2.31E+01 9.26E-03
Be 0.00% 99.76% 0.24% 99.76% 6.59E-04 1.85E+00 1.11E-02
Cd 0.00% 99.78% 0.22% 99.78% 5.95E-05 1.62E+02 1.10E-02
Cr 17.08% 82.65% 0.27% 99.68% 6.97E-03 | 9.26E+01 3.31E-04
Hg 0.00% 0.00% 100.00% 0.00% 1.99E-02 | S5.51E+01 3.70E+00
Ni 15.80% '83.94% 0.26% 99.69% 9.58E-03 | 4.63E+02 | 9.26E-02
Pb 0.00% 99.79% 0.21% 99.79% 8.88E-03 | 6.94E+01 5.79E-01
Sb 0.00% 99.87% 0.13% 99.87% 3.58E-04 | 231E+03 | 1.39E+01
Se 0.00% 0.00% 100.00% 0.00% 3.29E-01 2.22E+02 3.31E-01




TABLE 5.15. REVISED METALS RANKING BASED ON CONTROLLED EMISSIONS
- FROM ABB’s LEB CONTROL ALTERNATIVE 6.

Metal Uncontrolled Category | Controlled Category Controlied Category
: (Previous) (Revised Based on (Revised Based on
Altemau'ﬁesli 4) Alternative 6)
As I
—Be IV \
Cd \Y v
Cr_ i i
Ni T Y
Pb \
Se m

Table 5.15 shows that previously ranked Category I and II metals (except chromium) are all
in new categories based on their controlled emissions. Beryllium and cadmium have been most
effectively controlled. For Control Alternative 6, lead moved from Category II to Category V, nickel
from Category II to Category IV, arsenic form Category I to Category III, and selenium from
Category II to Category III. For Control Altematives 1 and 4, lead moved from Category II to
Category IV, nickel from Category II to Category III, arsenic from Category I to Category II (above
the minimum regulatory limit), and selenium from Category I to Category ITI. Results in Table
5.15 indicate that As, Be, Ni, and Pb were better controlled using Control Alternative 6 instead of
Control Alternatives 1 and 4. For each Alternative, chromium remained in the same category.
However, as mentioned above, the control limit is for hexavalent chromium, and in the calculations
100 percent of the chromium was assumed to be hexavalent (to be conservative). However, it is
expected that only 20 percent of the total chromium is in hexavalent form and therefore, chromium
is not expected to pose a risk, though its emissions should be measured. The only other metal
emission of concemn is arsenic for Control Alternatives 1 and 4.

Impact of Metal Speciation and Physical Properties on Metals Removal in APCDs.
The composition of the fuel influences the vapor pressure and speciation of most metals.
- Speciation of metals during coal combustion to both the vapor and condensed phases are important
because they may impact the decision of which post combustion control equipment to choose.
Metal chlorides, for example, are more volatile than metal oxides and tend to vaporize to a larger
degree and form, upon condensation, submicron particles which are least effectively removed in
particulate APCDs. Speciation of metals during coal combustion and other physical properties of
metal compounds (solubilities and boiling points) are presented in Table 5.16. The condensed and
vapor phase metal species that may be present during coal combustion were determined from the
metals partitioning model based on a metals thermodynamic database including bench scale
experimental results (Srinivasachar et al., 1992). Solubility of metals and phase change
temperatures of metal compounds were obtained from Perry’s Chemical Engineering Handbook
(Perry and Green, 1984).

Modeling results of metals speciation during bituminous coal combustion (Table 5.16)
indicate that vapor phase metals (except Ni) are dominated by metal oxide and oxyhydroxide
species; this may be a consequence of the relatively small concentration of chlorine in the
bitumninous coal (Table 5.2). The saturated vapor pressure of Ni will increase if the chlorine content
of the bituminous coal were to increase. This is due to a shift in the compounds that will form and
dominate; for example, most of the Ni(OH), will shift to NiCl,. An increase in the saturated vapor
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TABLES 5.16. SPECIATION, SOLUBILITY @ 0°C. AND BOILING POINTS FOR MEI'ALS IN ABB's LEB.

Speciation During Coal Combustion Solubilities and Boiling Points’
Metais Vapor Condensed Phase Metal Solubility Boiling
Phase Compounds | g/100-g H,0 Point (°C)
As As, O AlAsO, As, O 12 MP 312
(s 1100 K) (< 800 K) As)O, s9 DC @ 315°C
Be Be(OH), BeAl,O, Be insoluble 2767
(1473 - 409 K) (1473 - 644 K) BeAl,O, insoluble MP 1870
BeSO, BeSO, insoluble DC @ 550°C
(644 - 409 K)
Cd Cd. CdO Cdso, Cd insolubie 767
(1473 - 409 K) (800 - 409 K) CdOo insoluble DC @ 900
CdsO, 76 MP 1000
Co - - Co - insoluble 2900
CoCl, 45 1049
Cr CrO,(OH), Cr,0, Cr,0, insoluble MP 1900
(1473 - 800 K) (1180 - 800 K) CrO,Cl, DC 117
CrOCl, Cr«SO,), Cr,(SOL), insoluble -
(800 - 400 K) (800 - 409 K)
Hg Hg -  Hg insoluble 357
(1473 - 800 K) HgCl, 3.6 304
HgCl,
(800 - 407 K)
Mn = - Mn DC 1900
MnCl, 63.4 1190
Ni NiCl, NiAlL,O, NiCl, 538 973
(1473 - 409 K) (1473 - 800 K) NiSO, 272 MP 840
Ni(OH), NiSO, ‘
(< 1180 K) (800 - 409 K)
Pb PO PbSO, PbO 0.0068 MP 888
(1473 - 1180 K) (800 - 409 K) PbCl, 0.673 954
PbCl, ’ : PbSO, 0.0028 MP 1170
(1180 - 409 K)
Sb SbO $H,0, Sb,0, v.sls 1570
(1473 - 800 K) (800 - 409 K) $b,0, vsls MP 930
SbCl, : SbCl, 601 220
(800 - 409 K)
Se SeO, - Se insoluble 688
(1473 - 409 K) SeO, 38 SP 340

MP: Melting Point  SP: Sublimation Point

: DC: = Decomposes
v.sls.:  Very Slightly Soluble :




pressure of Ni will increase the vaporized portion of this metal and consequently increase its flue
gas load which has to be removed by the APCD. The condensed phase species of metals, as shown
in Table 5.16, are metal oxides, metal sulfates, and metals associated with aluminum. Most of these
condensed phase metals remain in the bottom ash of the combustor.

: The solubility of metal compounds that may exist during combustion are also shown in
Table 5.16. The solubility of a metal is important since soluble metals which end up in the bottom
ash or in control equipment ash may cause leaching problems if not disposed of properly. The
solubility of metals in the vapor phase is also important since it may influence selection of pollution

~control equipment. For example, mercury is expected to remain in the vapor phase at APCD
temperatures and, therefore, can not be removed effectively by conventional particulate APCDs such
as baghouses or ESPs. The solubility of the vapor phase mercury species in this case is important
if using wet scrubbers. The vapor phase mercury (HgCl,) at APCD temperatures, as shown.in

Table 5.16, is partly soluble in cold water and, therefore, wet scrubbers may be effective in removing -

mercury. Recent experimenta! results confirmn that wet scrubbers can be effective in removing
mercury from the vapor phase ‘Christiansen and Brown, 1992). Most of the metal compounds in
Table 5.16 are insoluble or very slightly soluble in cold water, particularly metal oxides. The most
soluble metal compounds in Table 5.16 are metal chiorides. ,

Phase change temperatures (boiling, melting, and sublimation points) for metal compounds
are also shown in Table 5.16 to provide an additional indicator for metals volatility. The lower the
boiling point of a metal compound, the mere volatile is. Table 5.16 indicates that Be, Co, and Mn
are the least volatile metals and Hg and Se are the most volatile at typical combustion temperatures.

Summary. In general, the LEB Control Alternatives 1, 4, and 6 are very effective in
controlling uncontrolled Category 1 and II metal emissions to below conservative minimum
regulatory limits. Most of the uncontrolled Category I and II metals partition to the collected ash of
Control Alternatives 1, 4, and 6 and the removal efficiency of these metals ranged between 98.3
percent and 99.6 percent for Alternatives 1 and 4, and between 99.7 percent and 99.9 percent for
Control Alternative 6. For each Control Alternative, chromium remained in Category II. However,
as mentioned above, the control limit is for hexavalent chromium, and in the calculations 100
percent of the chromium was assumed to be hexavalent (to be conservative). It is expected that only
20 percent of the total chromium is in hexavalent form and therefore, chromium is not expected to
pose a risk, though this should be verified through measurements. The only other metal emission
of concern zs arsenic for Control Alternatives 1 and 4. Arsenic is downgraded to Category III for
Alternative 6.

542 Organics

The impact of Control Alternatives 1, 4, and 6 (see Table 5.9) on Category II uncontrolled
organic emissions (there are no Category I organics) is discussed in this section. Category II
uncontrolled organics are those substances in the flue gas upstream of the post combustion control
equipment which are emitted in quantities sufficient to be of regulatory concern based upon
theoretical analysis or measurements but stronger data or analysis is required for confirmation.
Category II organics are lisied in Table 5.17. This table also lists important information for each
Category II substance including: whether the substance is being quantified in the DOE test
program; key properties affecting the control of the substances (see sections 5.1.2 and 5.1.3);
emission estimates for the LEB control alternatives and other potential post combustion control
options; and estimated conservative emission limits. In addition to the coal fired boiler emission
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TABLE 5.17. ABB 350 MWe LOW EMISSION BOILER EVALUATION TABLE FOR CONTROLLED CATEGORY Il ORGANIC EMISSIONS (Stack
Height 400 ft in an Urban Area, Substances sorted by regulatory limit).

E‘mbstance DOE | Boiling | Water Chemical Utility Municipal Hazardous |  Emission
Teost Point | Soluble Structure Boller Waste Waste Limit
Program| (C) (Y/IN) Emissions Incinerator incinerator
(V/N) ' (Ib/hr) {ib/hr) {ib/hr) Itvhr
[TCDD Y (C6H2)2C1402 | ND 1.80-05| 5.97¢-05 (ESP) 3.30E-06 9.26E-07
1.630-07 (DSVFF)
6.700-08 (SD/FF)
Benzidine Y 400 N 2-H2NC6H4- ‘ NA 3.21E-04
' ‘ CE6HANH2-2
f2-Nitropropane Y 120 N .| (CH3)2CHNO2 NA 1.71E-03
IAcetamide Y 221.2 Y CHICONH2 NA 2.26E-03
[Dimethyl sullate Y 188 N (CH30)2S802 NA 1.16E-02
Polycydic Organic Matter Y Various | Various Various 0.053 (ESP) NA 2.78E-02
0.024 (WS)
[Polychlorinated biphenyls N Various | Various Varlous 5.40-03 (ESP) NA 3.31E-02
1.10-04 (SD/FF) |
Acrylamide Y 125 Y H2C=CHCONH2 NA 3.56E-02
Benzene Y 80.1 N C6H6 0.24 - 1.03E+01 5.56E-02
1,3-Propane sultone Y 180 C3H603S NA 6.71E-02
1,3-Butadiene Y -4.4 N CH2.CH-CH«CH2 NA 8.06E-02
- FHexachlorobenzene Y 323-326 N C6Cl6 1.88E-02 9.08E-02
3,3-Dichiorobenzidene Y N C12H10CI2N2 NA 9.26E-02
1,1-Dimethyl hydrazine Y 62-64 Y {CH3)2NNH2 NA 9.45E-02

TCODD - 2,3,7,8 Tetrachiorodibenzo-p-dioxin

FF - Fabric Filter

SD - Spray Dryer
DSI - Dry Sorbent Injection

ESP - Electrostatic Precipitator

WS - Wet Scrubber




estimates, hazardous and municipal waste incinerator data were considered because of the lack of
good boiler air toxic data. Emissions from the LEB were estimated using municipal and hazardous
waste emission concentrations (AP—42,1992; EPA, 1989) and ABB’s estimated stack gas flow rate
of 3.3e07 dry standard cubic feet per hr (dscfh). The emissions are considered conservative. The
emission limits were derived in Section 5.2. These limits are not necessarily based on promulgated
rules but were derived to provide a conservative level of emissions that boilers may have to comply
with at a future date. The information in Table 5.17 will be used throughout this section to evaluate
the effectiveness and Category Il HAP emission potential of ABB'’s alternatives. -

As illustrated in Table 5.17, limited organics emissions data are available which can be used
to evaluate the LEB’s post combustion control alternatives. Most of the testing conducted to date
has focused on metal emissions even for municipal and hazardous waste incinerators. The DOE
test program (see section 4.1.4), however, is attempting to eliminate the uncertainty surrounding
organic emissions. As shown in Table 5.17, all of the Category II substances except PCBs are
currently being quantified in emissions from coal fired boilers. Once this information becomes
available, a more comprehensive evaluation of the LEB will be possible. At this time, however, a
less direct approach using emission estimates and fundamental emission mechanisms must be taken
to evaluate the potential control alternatives. . ‘

" The HAPs listed in Table 5.17 can be remov?d from the flue gas by one or more of the
following mechanisms: :

Condensation and Capture
Absorption

Adsorption

Reactions with Reagents

The potential for removal of the Category I HAPs by each of these mechanisms is
described in the following subsections for Alternatives 1, 4, and 6. Adsorption and reactions with
reagents are presented in the same section due to the lack of testing results and research conducted

to (;iate Additional details on these capture mechanisms are provided in Section 5.1.2 and Section
6.0.

Condensation and Capture. One of most promising mechanisms for removal of
organics is condensation and capture. The flue gas cools as it travels through the boiler, allowing
semi-volatile HAPs to condense when the flue gas temperature drops below their saturation
temperature. The degree of condensation increases as the flue gas temperature drops further below
the HAP saturation temperatures. The condensed and particulate phase HAPs are removed from
the flue gas by the particulate control equipment. The quantity of condensed and particulate phase
HAPs removed depends on the design and operation of the control equipment.

Without knowing the vapor pressure of each HAP, it is not possible to determine flue gas
temperature at which HAPs will begin to condense. However, the boiling temperature can be used
as an indicator of the relative potential of substances to condense and be captured. For example,
since the inlet temperature to the particulate control device for Control Alterative 6 is 370°C, HAPs
with boiling points below 370°C will be in the vapor phase and will not condense and therefore.
cannot be captured. Category II HAPs which may be controlled by condensation and capture for -
each ABB altemative are listed below. ‘
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HAPs whicl | ved by Cond . Te
Alternatives 1 and 4: * 2,3,7,8 Tetrachlorodibenzo—dioxin
¢ Benzidine
* Acetamide
¢ Dimethyl Sulfate
» Polycyclic Organic Matter (Heavier Compounds)
e Polychlorinated Biphenyls
e 1,3 Propane Sultone

e Hexachlorobenzene
e 3,3 Dichlorobenzidene

Alternative 6: * 2,3,7,8 Tetrachlorodibenzo—dioxin
* Benzidine
e Polycyclic Organic Matter (Some)
¢ Polychlorinated Biphenyls

Alternatives 1 and 4 have the same potential for removal of organics because both systems
have ESPs which operate at 135°C. 2-Nitropropane, Acrylamide, 1,3 Butadiene, and 1,1 Dimethyl
hydrazine are too volatile and will not be captured by Altematives 1, 4, or 6.

From the irformation provided above, Alternatives 1 and 4 seem to be the best choice
because of the wider range of HAPs which can be controlled. However, the ceramic or fabric filter
used for Alternative 6 may provide better removal effectiveness than the Alterative 1 and 4 ESPs.
In general, fabric and ceramic filters are more effective at removing small particulate than ESPs.
Small particulate are of concern because they can travel deep within the lungs. Congener specific
removal efficiencies fcr ESP and Fabric Filter systems are listed in Table 5.18 for dioxins and
furans (Neilsen et. al., 1985). This data illustrates that fabric filters have higher dioxin and furan
removal efficiencies especially at low temperature. In another study conducted by Environmental
Canada (Environmental Canada 1986), the removal effectiveness of Fabric Filter systems for
various organics was determined at different operating temperatures for municipal waste
incinerators (see Table 5.19). Results from this study indicate that organics are controlled
- effectively by Dry Sorbent Injection/Fabric Filter systems and Spray Dryer/Fabric Filter systems at
operating temperatures of 140°C or lower. At higher temperatures, a greater fraction of organics
will be in the vapor phase and will not be captured. Since the Alternative 6 fabric filter will be
operated at temperatures well in excess of 200°C, it may not be as effective as the Alternative 1 and
4 ESPs which are operated at much lower temperatures. The best solution would be to replace the
low temperature ESPs in Alternatives 1 and 4 with fabric filters. -

In addition to providing less potential for condensation of HAPs, the operating temperature
for Alternative 6 also may contribute to the formation of dioxins and furans. Barton et. al. (Barton,
1990) identified an important dioxin and furan formation mechanism for municipal waste
combustion systems involving reactions between hydrocarbons and chlorine on entrained
particulate matter. Data from these facilities indicate that emissions of dioxins and furans can
increase across a hot ESP or baghouse. The mechanism involves a series of steps. First, ash or
unburned waste, in this case coal, are entrained by the gas flow. A very small fraction of
hydrocarbons in the waste escapes destruction in the combustor. Upon reaching the reaction zone,
the hydrocarbons react with HCl on the surfaces of the particles to form dioxins and furans. This
proposed mechanism is consistent with recent studies which indicate that dioxin and furans
reactions occur on solid particles at temperatures between 200 and 400°C. Since the Alternative 1
and 4 flue gases are cooled quickly in the air preheater to temperatures below 200°C, this formation




- TABLE 5.18. ELECTROSTATIC PRECIPITATOR AND FABRIC FILTER CONTROL OF‘ DIOXINS AND FURANS
) (Neilsen et. al., 1985)

SUBSTANCE Control System Removal Efficiency (%)
SD4+ESP D+FF High Temg SD+FF Low Tempy

Dioxins

Tetra 48 52 97
Penta 51 75 899.6
Hexa 73 93 99.5
Hepta 83 82 99.6
Octa 89 NA 99.8
Furans

Tetra - 65 o8 _ 99.4
Penta 64 88 - 89.6
Hexa 82 86 98.7
Hepta 83 82 99.8
IOcta 85 NA 99.8

TABLE 5.19. FABRIC FILTER REMOVAL EFFICIENCY OF ORGANICS AND IMPACT OF OPERATING
TEMPERATURE (Environment Canada, 1986).

SUBSTANCE

SD - Spray Dryer
FF - Fabric Filter
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DSVFF SD/FF

110 C 125 C 140 C >200 C 140 C
Chiorobenzenes 95 98. 98 62 99
PCBs 72 99 99 54 99
PAHSs 84 82 84‘ 98 99
Chiorophenols 97 99 99 56 99

PCDD 98.9 88.9 99.9 99.9 99.9




- mechanism may not be important. However, the Alternative 6 combustion gases are not cooled in
-the-air preheater prior to the control system and remain in the reaction temperature range longer.
This may contribute to an overall higher dioxin and furan generation rate for Alternative 6.

Estimated 2,3,7,8 Tetrachlorodibenzo-p—dioxin (TCDD), polycyclic organic matter (POM),
and polychlorinated biphenyl (PCB) emission levels for post combustion control equipment similar
to ABB’s are provided in Table 5.17. The emission rates were determined using utility boiler and
municipal waste incinerator emission factors and the LEB process rates. TCDD has not been
detected in utility boiler emissions but the detection limit is not low enough to determine if TCDD
would be emitted at levels of concem. TCDD has been detected in municipal and hazardous waste
incinerator emissions. Table 5.17 shows that TCDD may be controlled to acceptable levels using
Fabric Filters (Alternative 6). This conclusion is probably conservative since municipal waste
combustors have higher emissions of dioxins than coal fired boilers (EPA, 1986). Even though
fabric filters have been shown to have the ability to control TCDD to acceptable levels, Altemative 6
may not provide acceptable control because of the high inlet temperature as discussed earlier.
Alternatives 1 and 4 use ESPs for PM control and therefore could have unacceptable emissions
levels TCDD as shown in Table 5.1.2. This conclusion may not be realistic since it is based on
municipal waste incinerator data.

Table 5.17 shows that POM may be controlled to acceptable levels using a wet scrubber
(Alternatives 1 and 4). Due to the uncertainty in the data source and the lack of Fabric Filter
emission results, additioral testing is necessary to determine if Alternatives 1, 4, and 6 will control
POM to acceptable levels. The current DOE test program should provide an accurate and extensive .
POM data set for evaluation of each LEB alternative.

PCBs may be controlled to acceptable levels by Alternatives 1, 4, and 6 as shown in Table
5.17. Fabric Filter systems provide better control of PCBs than ESPs based on municipal waste
incinerator data. This conclusion may not apply directly to Alternative 6, however because the
system is operated at higher temperatures and a lower efficiency may result. Unfortunately these
observations cannot be verified for utility boilers because the DOE program does not include PCB
testing. Testing conducted by Ontario Hydro (Curtis et. al., 1992) has positively identified PCB
emissions from a 300 MWe utility boiler with an ESP under normal operating conditions and at
cold startup. This clearly indicates the need for additional PCB testing on utility boilers. The test
plan presented in this document includes PCB testing. :

Absorption. Only Alternatives 1 and 4 have the potential for significant absorption
because FGD is not used in Alternative 6. In the FGD process, a limestone slurry is injected
counter current into the gas stream. Since the slurry is intimately mixed with the gas, soluble HAPs
may be absorbed into the slurry drops. Since these drops are collected at the bottom of the spray
tower soluble HAPs will be removed from the system. The following substances may be partly
controlled by the FGD. _ -

HAPs whick | iby Al )
Alternatives | and 4: e Acetamide
* Acrylamide

¢ 1,1-Dimethyl hydrazine

Alternative 6: None
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Testing is required to determine the impact of the FGD on the soluble HAPs. The DOE
program should provide data which can be used to determine the effectiveness of FGD systems at
removing soluble substances.

Adsorption and Reagent Reactions. Adsorption of HAPs onto entrained fly ash and the
reaction of HAPs with reagents also may provide some control for Altematives 1, 4, and 6. There
are limited data that show spray drying followed by fabric filtration is an effective VOC control
technique (EPA, 1986). Lower VOC control effectiveness can be expected from spray drying
followed by ESP particulate control. The mechanism for VOC control in these types of spray
drying systems may be VOC attack and capture by caustic reagents. A similar type of behavior
may be present in the FGD processes used on Alternatives 1 and 4. There is little information
available which can be used to evaluate the degree of control which can be expected through
adsorption and/or reagent reactions from Alternatives 1, 4, and 6. The DOE program as mentioned
earlier will provide the information needed to determine the impact of adsorption and reagents in -
systems similar to those proposed by ABB. '

Summary. As discussed in Section 5.4.2.1, Alternatives 1 and 4 have the capability of
controlling more of the Category Il HAPs because of the low ESP operating temperature.
However, since ESPs generally have a lower removal effectiveness than fabric and ceramic filters,
Alternative 6 may provide better control for some of the Category II HAPs. A potential
disadvantage of Altermative 6 may be the increased potential for the generation of dioxin and furans
because of the high operating temperature. To provide better Category II HAP control, the
operating temperature of the Alternative 6 fabric or ceramic filter should be lowered to the
Alternative 1 and 4 ESP operating temperature or the Alternative 1 and 4 ESPs should be replaced
with fabric filters. These options may not be necessary if it is determined through further testing
that the combustor destroys organics to acceptable levels and conditions in the boiler convective
section and post combustion control system do not promote organic emissions. The current DOE
testing program will provide the information necessary to characterize most Category II organic
emissions from Alternatives 1 and 4, however additional testing will need to be conducted to
characterize emissions from Alternative 6 and PCB emissions from Alternatives 1 and 4. The
DOE program will also provide additional insight on the impact of adsorption, absorption, and
reagent reactions on organic control for Altemnatives 1, 4, and 6. :
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6.0 ~ AIR TOXIC EMISSION CONTROL TECHNOLOGIES

The previous section provided the results of an analysis to estimate which of the 189 CAAA
air toxic compounds would be present in the LEB uncontrolled flue gas, and in the flue gas
downstream of Pollution Control Alternatives 1, 4 and 6. The results indicate that arsenic may be

~ emitted in quantities of regulatory concern with Alternatives 1 and 4, and chromium may be of
concern for all three systems. Measurements will be required to verify these results. Specific
recommendations concerning control of chromium and arsenic were made in Section 5. The
analysis also indicates that emissions of toxic organics may be more of a problem than metals.
Potential control methods for organic vapors are described here, along with an estimate of their
costs as applied to a 350 MWe boiler. _

6.1 ) vai velopi icV

There are two main types of strategies for the control of organic vapors from combustion
sources. Typically, good control of the combustion process and/or air pollution control devices are
employed. Minimization of organic emissions by combustion control can be accomplished by
(US.EPA, 1987): -

. Limiting the variations in excess air, temperature, and mixing in the combustor that
may allow organics to escape untreated from the combustion zone. These organics
may be toxic, or may be precursors to the formation of other toxic compounds.

. Minimizing the entrainment, and maximizing the burnout of particle matter. If the
waste combustion zone is overcharged, and/or gas velocities are excessive, a large
release of unbumed material may result. :

. Increasing the particle residence time in the combustion zone.

. Assuring proper operating temperatures and excess air to allow for complete
on. :
. Avbiding conditions downstream of the combustion zone which hold particles in the

‘dioxin formation temperature window of 250-350°C (Barton et. al., 1990).

In addition to good combustion practice, there are a number of flue gas cleaning methods
for the control of volatilized organic emissions. Depending upon the flue gas temperature and
compound volatility, some organics will condense onto/into particles, and some may remain in a
gaseous state. Control of particles was discussed in Section 6.1.1. The more commonly applied
control devices for volatile organics include:

. Destruction Techniques: Afterburner (thermal incinerator) and Catalytic Incinerator
. Capture Techniques: Carbon adsorption, Absorbtion, and Condensers

Figure 6-1 provides typical con:-ol levels for the various downstream devices used to control
volatilized organic emissions.
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6.1.1 Thermal Incinerators

In some applications, afterbumers are used to complete the destruction of organics in the
flue gas. Here, the organics are simply destroyed by the high temperatures resulting from the
combustion of residual compounds within the flue gas which act as a source of fuel. The design
and operation of such devices have been treated in most handbooks on stationary combustion
devices. Like other incinerators, the afterburner performance depends largely on the combustion
chamber temperature, stoichiometry, and residence time.

Thermal incinerators are typically applied to emission streams that are dilute mixtures of
volatile organic compounds (VOC) less than 20 ppmv and air (U.S. EPA, 1991). Due to safety
reasons the VOC content is usually limited to 25 percent of the lower explosion limit (U.S. EPA,
1991). If the flue gas entering the afterburner is not hot enough, the afterburner is supplemented
with auxiliary fuel. The potential drawbacks of thermal incinerators include:

. Additional fue! requiremnents under fuel lean conditions.

. Increased operating temperature above 600°C without the use of a catalyst, creating
: potential for vaporization of some metals. .

. Adds to the original flue gas flow rate.

The afterburner system requires periodic maintenance on the burners, air and fuel lines, and control
system. However, afterburners are used frequently in hazardous waste applications due to their
relatively low maintenance requirements, low capital cost (compared to catalytic systems), and high
destruction efficiency.

6.12 Catalytic Incinerators

Catalytic incinerators are similar to thermal incinerators in design and operation except that
they employ a catalyst to aid in the destruction of VOCs. The main advantage over thermal
incinerators is that the catalyst allows destruction at low temperatures, thus minimizing the use of
auxiliary fuel. The catalyst acts to accelerate the reaction rate. The efficiency of the incinerator
depends on temperatures, residence time in contact with the catalyst, and organic concentration.

Catalyst types include platinum, palladium, and other noble metals. The catalyst usually has
a honeycomb formation to maximize catalyst surface area. Poisoning of the catalyst sites is a major
concern in regards to catalyst efficiency. Materials such as phosphorus, and chlorine, can severely
affect catalyst performance. Catalysts such as chrome/alumina, cobalt oxide, and copper
oxide/manganese oxide have been demonstrated to effectively control emissions of chlorinated
compounds. Platinum based catalysts are used for control of sulfur containing VOCs, but are
sensitive to chlorine poisoning.

Pressure drop across the catalyst bed, and the inlet and outlet gas temperature are monitored
to assure proper operation. Inlet temperature is monitored to ensure that the catalyst operates -
within its specified temperature zone. Total hydrocarbon monitoring is used to indicate organic
destruction efficiency.
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613  Carbon Adsorbers

Carbon beds can be used for the removal of VOCs from combustion flue gas. The flue gas
passes through a bed of granular activated carbon solids. The activated solids are highly porous
and have large surface to volume ratios. The volatile organic compounds are selectively adsorbed
on the surface of the bed material. The pressure drop across the bed, and the gas inlet temperature
are monitored to assure proper operating performance. Pressure dtop is monitored to detect for
holes, leaks and bed pluggage. Inlet temperature is monitored to assure that the bed operates within
th:'f specified temperature range. Total hydrocarbon monitoring is used to indicate carbon bed
performance. '

The carbon bed, like the catalytic converter, has relatively few maintenance requirements
except for bed regeneration. In normal situations, after the carbon bed has been saturated to a state
where it will not adsorb any more organics, it must be cleaned or replaced. Cleaning (desorption of
the carbon bed) involves heating the carbon bed to its regeneration temperature using steam,
followed by drying and cooling of the bed to the operating temperature. For continuous operation,
multiple fixed bed adsorbers are employed to ensure that one bed is always available.

Volatile organic removal efficiencies up to 95 to 99 percent can be achieved with adsorption
either by carbon or impregnated carbon as shown in Figure 6-2 (U.S. EPA, 1991). Parameters
impacting destruction efficiency of a carbon bed include: :

Flue gas temperature (< 130°F)

Flue gas pressure (1) o pressure)
Residence time

Concentration of organic compounds
Flue gas humidity (dry carbon preferred)
Carbon bed age

Improvements in carbon bed technology have occurred to a large degree in Europe. For
example, a carbon bed is utilized in the Stadtwerke Dusseldorf system. This system is a three stage
process for sulphur, chlorine, fluorine, heavy metals and nitrous oxides. In the first and third
stages, lime is used to remove the acidic components and NHj is used to remove NO;. In the
second stage, an activated charcoal bed filter is used to adsorb vaporous heavy metals and
chlorinated hydrocarbons. This system has been demonstrated to achieve Germany's emission
limits for waste incineration plants (Hg-0.05 mg/m3, Cd-0.05 mg/m3 and PCDD/PCDF, 0.10
ng/m3). As of 1986, approximately 48 waste incineration plants in Germany have been retrofitted
with activated coke treatment systems (Streng and Kassenbohm, 1993). Current developments
include the impregnation of the carbon with compounds to enhance removal efficiency. Iodine and
sulfur impregnated carbon has recently been demonstrated to improve removal efficiency in spray
dryer applications where the carbon is injected into the flue gas stream (Felsvang et.al, 1993) -

6.14 Absorbers

In addition to particulate removal, scrubbers may be used for the control of organic
emissions. Similar absorption devices such as spray columns and packed or plate towers may also
be used for such applications. The absorption process involves the transfer of volatile organics in
the flue gas to a nonvolatile liquid. Absorption occurs when the concentration of the organic
species in the liquid phase is lower than the equilibrium concentration in the vapor phase.



In a spray column the solvent is injected into a vessel as a finely atomized spray. Organics
present in the flue gas which are soluble in the solvent are dissolved into the small liquid droplets.
The dropiets fall to the bottom of the vessel where they are collected and removed. A packed or
plate tower follows the same basic design as a spray column except that the vessel is full of either
trregular solid packing material or contains a number of perforated plates. This addition to the
vessel aids in absorption efficiency by providing a contact surface area. In both tower designs,
ordinarily, the gas and solvent streams flow countercurrent in order to obtain the greatest rate of
absorption. Key parameters impacting performance include: liquid to gas ratio, operating pressure,
and concentration of the organic compounds. The range of organic vapor capture efficiency for
absorbers in general is given in Figure 6-1. In general, absorbers are not practical due to required
height of absorption tower to provide sufficient contact times.

6.1.5 Condepsers

Condensers are widely used as raw material or product recovery devices. Condensation
involves the contact of a volatile organic compound within the flue gas at its saturation point with a
surface whose temperature is below the compounds saturation temperature. Heat is transferred and
an accompanying phase change occurs ( the volatile organic condenses). Condensers are usually
applied to flue gas streams with high VOC concentrations (greater than 5,000 ppmv) with improved
removal efficiency at a concentration of 10,000 or more (U.S.EPA, 1991).

To monitor the proper operation and performance of a condenser, the outlet stream
temperature is the fundamental indicator. Maintenance for such devices (mainly contact
condensers) may include the disposal of contaminated spent coolant. Condenser performance in
regards to VOC control is shown in Figure 6-2. Typically, parameters impacting condenser
efficiencies are fluctuations in inlet flue gas temperature and organic concentration.

6.1.6 Developing Technologies

Takacs and Moilanene (1991) evaluated the Occidental ammonia control system used to
provide simultaneous control of PCDD/PCDF, HCl, NO; and to a lesser degree SO,. In this
system, PCDD/PCDF control is believed to work on the principle that NH3 can prevent the
formation of PCDD/PCDF by competing with the hydrocarbon precursors present in the flue gas
for the available chiorine. Because NHj3 is much more reactive with chlorine than the hydrocarbons,
ammonia chloride is more likely to form than PCDD/PCDF. Lab scale testing using this process
was very encouraging; PCDD, PCDF and HCl removal efficiencies were 94, 100, and 97 percent
respectively (Takacs and Moilanene, 1991). .

A recent paper by Blumbach and Nethe (1992) presented results based on practical
experience with the German Sorbalit® system. This system is intended for use to control both
toxic metals and organics. It has been used extensively on waste incinerators throughout Europe.
The Sorbalit® agent is produced by mixing calcium hydroxide with surface-activated substances
such as carbon or lignite coke. In application, the Sorbalit® agent is injected into the flue gas,
followed by a baghouse downstream. At one waste-to-energy plant, PCDD/PCDF emissions were
reduced from 9-10 ngTEQ/Nm3 to 0.02-0.06 ngTEQ/Nm3 with similar reductions for mercury
emissions. The values given are Total Equivalence values (TEQ) which are weighted values to
account for the different degrees of toxicity of the various dioxin congeners. At a hazardous waste
incineration facility, the level of polychlorinated biphenyls (PCB) content in the untreated gas was
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130 ng/Nm3, while in the treated gas the various types of PCB's were no longer detectable (Jager
and Obermeier, 1990). At another hazardous waste facility, the reduction in polyaromatic
hydrocarbons (PAH) was from 0.169 pug/Nm3 in the untreated gas to 0.011 g/Nm3 after the
Sorbalit® process (Nethe).

a5 Estimated Costs of Organic Air Toxic Control Devi

In this section, capital and operating costs for the thermal and catalytic incinerators, carbon
bed, absorbers, and condensors are estimated for application to the 350 MWe LEB. The cost
estimates are based on an EPA cost estimating procedure given in the Handbook of Control
Technologies for Hazardous Air Pollutants. The procedure provides cost correlations for various
air toxic control devices and is intended to provide costs within +/-30 percent error. Unfortunately,
the correlations are generally utilized for waste incinerators with flue gas flow rates lower than the
example boiler’s 884,000 dscf/min. In some cases, costs had to be extrapolated past the sizes
provided in the handbook and therefore, the costs presented here are to be considered as an order of
magnitude estimate. To adjust costs to the higher flowrate of the LEB, the following correlation
was used. .

MW, .

MWpgile: 1 is the rating oftheemplecaseuﬁlityboilerandMszismeraﬁngofthe facility
upon which an initial cost estimate was made. It should be noted that the equation shown above is a
rule of thumb approximation. In addition, all cost values calculated were modified to 1993 dollar

values using price indices of 121.07 percent and 131.40 percent for the conversion from 1988 and
1986 dollar values to 1993 values (Consumer Price Index Hotline). _

X Costyiers

For each device, the total capital cost was calculated based on the purchased equipment cost
and EPA cost factors. These factors are given in the EPA cost estimating handbook and specify
individual indirect or direct capital cost items as a percentage of the purchased equipment cost. The
total capital cost for each device was therefore found by summing the purchased equipment cost
and the individual indirect and direct capital costs. Annual operating cost items were given in the
EPA handbook as a percentage of the total capital cost. It was assumed that the boiler capacity
factor is 90 percent. The total annual operating cost was calculated by summing both the direct and
indirect operating costs. ~ ;

For the incinerators and carbon bed, the following correlation was employed to calculate
purchased equipment cost:

Cost = 21,342 Qg;025 for thermal incinerators
Cost=1,215 Q05575 for catalytic incinerators
Cost = 271 S0.778 4 2Cpq for carbon beds .
where S is the vessel surface area (ft2) and Chreq is the pounds of carbon required.
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For the absorber and condenser, graphs were provided in the handbook. In addition, the following
assumptions were made about each device to arrive at a purchase price:

Thermal Incinerator

The thermal incinerator was sized for a destruction efficiency of 99 percent.
The combustion temperature and residence time were assumed to be 1,800°F and 0.75 sec.

Heat recovery in a heat exchanger was assumed to be 70 percent based on a value
recommended by EPA (U.S. EPA, 1991).

Supplemental fuel was assumed to be natural gas

Catalytic Incinerator

Design was assumed to be a fixed bed.

The catalyst bed inlet temperature was assumed to be 600°F while the outlet temperature and
space velocity were assumed to range from between 1,000-1,200°F, and 30,000-40,000 1/hr,
respectively, based on values specified by the EPA (U.S. EPA, 1991) for a precious metal
catalytic incinerator able to achieve a 95 percent destruction efficiency.

Heat recovery in the heat exchanger was assumed to be 50 percent based on a value
recommended by EPA (U.S. EPA, 1991).

Supplemental fuel was assumed to be natural gas.

Carbon Bed

Design was assurned to be a fixed bed.
The bed was sized to achieve a design removal efficiency of 95 percent.

A default value of 0.100 for carbon bed working capacity was assumed based on a value
specified by EPA (U.S. EPA, 1991). '

304 stainless steel was chosen as the material of construction

Steam was assumed to be the regeneration agent at one pound of steam per pound carbon.

Absorber

The design of the absorber was assumed to be a single bed absorption column packed with
2 inch porcelain rings. ’

The absorber was sized to achieve a design removal efficiency of 98 percent.
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The cost of operating labor was based on an operator wage of $12.96/hr (1988 dollars) and
a time requirement of 0.5 hours per 8 hour shift for each device. The cost of maintenance for most
devices was based on a wage rate of $14.26/hr (1988 dollars) and a time requirement of 0.5 hours
per 8 hour shift for each device. Supervisor costs were taken as 15 percent of the operator labor
costs.

The capital cost estimate for each device is shown in Table 6-1. As may be seen, capital
costs for the incinerators is much higher than for the other devices. This is mainly due to the
complex instrumentation required, as well as the cost of materials and construction. The capital
costs for the carbon bed and absorber are similar and are slightly more than half of the cost of the
incinerators. The condensor has the lowest capital cost. , :

Table 6-2 provides the operating costs for each organic control device. Again the
incinerators are the most expensive option — an order of magnitude higher than the other devices.
The catalytic incinerator has the highest operating cost because of catalyst replacement. Table 6-3
summarizes capital and operating costs for each control option discussed. The catalytic incinerator
is the most expensive, while the condenser type device is the least expensive.

It should be emphasized that these types of control equipment are very size and site
dependent, and that the costs shown should be used as order of magnitude estimates only.
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TABLE6-1. CAPITAL COST ESTIMATES FOR A THERMAL INCINERATOR, A CATALYTIC INCINERATOR, A CARBON BED, AN ABSORBER AND A CONDENSER
Costs Factors for Estimated Factors for ! Estimated Faclorsfor | Estimated Factors for | Estimated Factors for ' Estimaited
Thermal Costs Calalytic : Costs | CabonBed (1) ! Costs Absorber (1) : Costs | Condenser(1) ! Costs
Incinerators (1) s, | Wncinerators (1) | ' . N !
{$x10°) ! ($x10%) ! ($x10%) ) ($x10°) ! (8x10%)
W«u : ; - * -
Purchased Equipment Device As astimated=-EC : 2045 [Asestimeted-EC! 2103 |as estimated-EC : 1120 |As estimated=EC : 842 |As estimated-EC : 5.04
instru. & controls included WthEC | 0  [incudedwthEC | 0 [incdedwihEC; 0 [0.10EC | 084 [includedwithEC , ©
Taxes 0.03 EC { 061 [003EC i 065 loosEc } 034 [003EC ; 025 [003EC ) 0.15
Freight 0.05 EC ¢ 102 loosec ¢ 109 |oosEC 1 058 |oosEC { 042 |o0s5EC | 025
[} | ’ [} t [}
Purchased Equipment Costs PEC=1.10EC | 2208 |PEC=1.18EC | 2367 |PEC=108EC | 1219 [PEC=118EC | 903 |[PEC=108EC | 544
I S R SRR PR TN B I I SR
"""""""""""" —TEETTTY ' i ( ]
Instaltation Foundation 8 Supports 10.08 PEC I 177 |oosPec I 160 looepPec I o097 loizpec ' 119 |oosrec I 043
Erection & Handling  [0.14 PEC I 300 [o14PEC I 33t fotePEC U 11 |osorec ! 397 JoA4PEC t o078
Electrical 0.04 PEC ! o068 Joos4PEC I 005 |o.o4PEC ! 049 |001PEC ' 01 |oo0ePEC ' 043
Piping 0.02 PEC I om |oo2pPEC ! o047 |002PEC | o02¢ |o3oPEC 1 208 Joo2pPEC L o1
Painting 001 PEC : 022 [0.01PEC : 02¢ |oo2pPeC | 024 foo1PEC | 21 JooipEC | 005
insulation 0.0 PEC [ 9 |ooPEC | 9 [ooPEc y 9 [oo1PEC | 01 [orrec , 0s4
Total Direct Costa (DC) DC«120PEC | 2048 [DC-120PEC | 3089 [DC=1.20PEC | 1584 [1esPEC | 1837 [bc-143PEC | 776
' 1 1 1 n 3
indirect Costs | 1 ' ' '
Engineering & supervision 0.10 PEC t 221 |otoPeEC + 237 |o10PEC i 122 [o.10PEC i 080 |otopPEC | 054
Construction & fleld éxpenses 0.05 PEC i 11 JoosPEC 1 e |oiseec i 183 JosoPEC | 000 ([005PEC | 027
Contractor fee 0.10 PEC 1 221 lotoPEC t 237 0 0.10 PEC t 009 lo10PEC ' 054
Start-up fee 0.02 PEC 1 044 |o02PEC 1 048 |ooarec ! 038 [001PEC 1 01 [002PEC o1
Performance test 0.01 PEC 1 022 loo1pPec " 024 0 0.01 PEC 1 01 [oo1PEC I 005
. 0.03 PEC : 066 looaPeEC : 071_ |0.03PEC : 036 loo3Pec : 03 |ooapec : 0.16
Total Indirect Conts (IC) IC = .31 PEC : 684 |iC=.31PEC : 735 |iIc= 31PEC : 377 IC=035PEC : 347 |Kc=31PEC : 1.67
- t 1 t '1 t t
| Total Cavhtal Costs (TCC = 1C + PO) 1.60 PEC ! a2 Jieorec ! 3788 |1.61PEC ! 1061 |220PEC ! 2184 |1.74PEC | o038

1. Source — U.8. EPA (1001)
equipment

2. Purchased

costs shown have been estimated in 1993 dollars.
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TABLE 6-2.

v

ANNUAL OPERATING COST ESTIMATES FOR VOLATILE ORGANIC CONTROL METHODS

Thermal Catalytic Carbon Absorber | Condenser
Incinerator | Incinerator Bed Costs Costs Costs
Costs - Costs J
($x10%m) | ($x10°4m) | ($x10°Am) | ($x10°Am) | ($x10 hyn
Direct Annual Costs 155
1 \Utilities Natural gas: $3.99/1000 ft»3 21.05 19.45
Electricity: $0.071/KWH -2 1.64 1.19 0.66 0.23
Replace Catalyst: $3,632/13 metal oxide 483
Carbon: $2.42/% carbon 0.23
Steam: $7.26/1000 b steam 1.61
Cooling water: $0.24/1000 gal 0.18 0.71
Refrigerent: $0.0/b refrigerant 0
Operation  Operator: $15.69/hr 0.08 0.08 0.08 0.08 0.08
Supervisor: 15% of operating labor cost 0.01 0.01 0.01 0.01 0.01
Maintenance Labor: $17.26 /hr 0.08 0.08 0.08 0.08 0.08
Materials: 100% of maintenance labor cost 0.08 008 0.08 0.08 0.08
Direct Annual Cost (DAC) 233 26.2 35 16 05
indirect Annual Costs /
Overhead: 6% of operating & maintenance labor cost 0.015 0.015 0.015 0.015 0.015
Adminstrative: 2% of total capital cost (TCC) 0.71 0.76 0.39 0.17 0.18
Property taxes: 1% of TCC 0.35 0.38 0.2 0.08 0.09
Insurance: 1% of TCC 0.35 0.38 0.2 0.08 . 0.09
(3) Capital recovery: 16.28% of TCC less 108% cat cost 5.75 5.32 _3.19 137 145
Indirect Annual Costs (IAC) 7175 6.855 3995 1.715 1.825
Total Annual Costs (TAC = IAC + DAC) 248 33.03 746 34 2.305

. Source U.S. EPA (1591) .
2. Factors have been modified to refiect inflation since 1988. A price index of 12.1.07 percent was utilized (Consumer Index Hotline).
3. Capital recovery factor is i(1+)n/(1-i)n-1 where i = interest rate (10%) and n = equipment life




TABLE 6-3. SUMMARY OF CAPITAL AND OPERATING COSTS FOR ORGANIC

VAPOR CONTROL DEVICES.
Device Capital Cost (millions) Annual Operating Cost (millions)
Thermal Incinerator 3.53 2.48
Catalytic Incinerator 3.79 3.3
Carbon Bed 1.96 0.75
Absorber : 2.18 0.33 H
Condenser 0.89 0.23

Note: Costs represent an order of magnitude estimate only.
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7.0 AIR TOXIC TEST PROTOCOL FOR ABB COMBUSTION ENGINEERING
LOW EMISSION BOILER (LEB) :

The Department of Energy’s (DOE’s) Pittsburgh Energy Technology Center (PETC) is
funding a program entitled “Combustion 2000”. The intent of the program is to support
development of high efficiency/low emission coal combustion devices for the generation of electric
power in the 21t century. While the program focusses on ultra low emissions of NO,, SO, and
particulate matter, ABB/CE is also concerned about how their design will impact the emission of air
toxics.

In Section 5.0, CAAA air toxic compounds were identified that might be emitted from
ABB’s LEB in levels of regulatory concern (see Table 5.5). Due to the lack of emissions test
results for these air toxics, additional testing must be conducted to evaluate the LEB and Control
Alternatives 1, 4 and 6 emission levels. Many of the data gaps will be filled by the DOE test
program. However, several critical substances such as PCBs are not being quantified during the
DOE program and will require further efforts. In addition, many of the design aspects of the LEB
boiler are not represented by the units being tested in the DOE program. Therefore, it is essential
that additional testing be conducted to characterize CAAA substances of concern for the LEB
design. ' :

This section provides a draft test protocol for the evaluation of toxic by-product emissions
- from pilot scale tests and full scale utility boilers using state of the art testing methods. Many of
the methods outlined below are being used in the DOE test program and have gained wide
acceptance. However, several of the proposed methods have not been validated and require further
study and validation efforts before they are used.

The focus of the testing will be on compounds which are either known to be emitted,
expected to be emitted, or expected to be impacted by the application of new low emissions
technology. The substances of concem, critical properties, and sampling and analytical methods are
identified in Section 7.1. Required detection limits and sample times are provided and discussed in
Section 7.2. Process sample considerations are provided Section 7.3. Flue gas sampling methods
are described in Section 7.4. Flow charts outlining key sampling procedures are provided in
Appendix C. These charts must be customized to the ABB site before they can be used to quantify
air toxic emissions. :

7.1 Sampling and Analytical Methods

In Section 5.0, CAAA air toxics were categorized into five groups based on their potential
to be emitted at levels of regulatory concern with and without post combustion control equipment.
The pollutants assigned to the first three categories could be emitted from the LEB and are targeted
for detection through emission measurements. These three categories include:

Categoryl:  HAPs known to be emitted in quantities sufficient to be of regulatory concern based
upon prior measurements.

Category II: HAPs may be emitted in quantines sufficient to be of regulatory concern based

upon theoretical analysis or measurements but stronger data or analysis is required
to confirm.
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Category Ill: HAPs are not expected to be emitted in quantities sufficient to be of regulatory
S concern based upon theoretical analysis or measurements but stronger data or
analysis is required to confirm.

Category 1, II, and III air toxics for ABB’s LEB without post combustion controls are listed
in Table 7.1. Uncontrolled Category L, II, and III air toxics are being considered in order to evaluate
the LEB Control Alternatives 1, 4, and 6. Table 7.1 also lists proposed sampling and analytical
methods for each air toxic substance of concern. All inorganic substances except hexavalent
chromium should be sampled using EPA ’s Multipie Metals sampling train (EPA 29) and analyzed
using atomic absorption spectroscopy (AAS) or iductively coupled plasma spectrometry (ICP).
Hexavalent chromium will be sampled using EPA Method 306 and analyzed using ion
chromatography (IC). Semi-volatile organics (boiling point > 100°C) will be sampled using the
EPA semi-volatile sampling train (EPA Method 10) and analyzed using gas chromatography/mass
spectrometry (GC/MS) or high performance liquid chromatography (HPLC). Volatile organics
(boiling point between 30 and 100°C) will be sampled using the EPA volatile organic sampling train
(EPA 0030) and analyzed using GC/MS. Very volatile organics (boiling point < 30°C) are not
effectively sampled using EPA 0030, therefore a whole gas sample will be taken using EPA 18.
The sample will be analyzed using GC/MS or GC/FID. Since 1,3 butadiene reacts readily with
substances in the stack gases, an on-site GC is recommended.

All of the sampling and analytical methods listed in Table 7.1 are based on EER’s
experience gained during the previously mentioned DOE test program, recommendations from the
EPA, the EPA’s hazardous waste incineration measurement guidance manual (EPA, 1989), and the .
EPA’s water sampling guidelines (EPA, 1992). While many of the methods have been extensively
validated, some of the proposed methods have not been extensively tested and further validation
may be required before testing can begin.

7'2 B - ln » l- * Is lﬁ

Specification of analytical detection limits and sampling volumes is an important
consideration when developing a test plan. If appropriate detection limits and sampling volumes are
not specified and a high risk substance is not detected in the stack gases, the resuiting stack
concentration may be too large to prove emissions are not a risk. For most substances, the stac
concentration is computed using the following equation. .

Stack Concentration = (Quantity of Substance Detected) / (Sample Volume)

If a measurable quantity of a target substance is detected, the stack concentration can be used to
accurately evaluate the contribution of the substance to the overall risk of the boiler emissions.
However, if a measurable quantity of a substance is not found in the stack gases, the detection limit
must be used to calculate the stack concentration. If either the detection limit is too large and/or the
sample volume is too small, the calculated stack concentration may be exceed the acceptable risk
based concentration. In this case, the substance must be considered a risk even though the
substance was not detected. To reduce the occurrence of this type of problem, the analytical
detection limit should be low enough and/or the sample should be large enough so the resulting
stack concentration does not exceed the acceptable risk based stack concentration.

Detection limits are largely determined by the analytical technique while the sample volume
is the product of the sample time and rate. Since the analytical detection limit and sample rate are
fixed by the analytical and sampling methods and stack conditions, the stack concentration for
nondetected data is a function of the sample time. Therefore, to ensure that stack concentrations for
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TABLE 7.1. TARGET AIR TOXICS SPECIES AND TEST METHODS.

Bolling Soluble Structure Sampling Analyticet
Hazardous Alr Pollutant Point (C) (1) | (YN) (1,2) Method Method
[Category 1 ‘ .
Itsen;c na Y “VP-ASAUECP-AIRSOd | EPAZD | AAS,TCP ]
Berylilum " na na VP-Be(OH)2CP-BeSO4 | EPA29 AAS, ICP
Cadmium 765 N VP-Cd,CdO CP-CdSO4 EPA 29 AAS, ICP
itk '
mide —20% Y CHICORAZ EPAT010 GOWS |
Acrylamide 125 Y H2C=CHCONH2 EPA 0010 GCMS
Benzene 80.1 N C6H6 EPA 0030 GCMS
Benzidine 400 N 2-H2NCEH4-CEHANH2-2 | EPA 0010 | HPLC or GC/MS
1,3-Butadiene 4.4 N CH2-CH-CH=CH2 _ |CARB 422.102]  On-site GC
Chiorine -34.6 N ci2 EPA 26 ic
Chromium (Hexavalent) 117 D VP-CrO2CI2 CP-Cr2(SO4) EPA 306 EPA 306
3,3-Dichlorobenzidene na N C12H10CI2N2 EPA 0010 | HPLC or GC/MS
1,1-Dimethyl hydrazine 62-64 Y (CH3)2NNH2 EPA 0030 GC/MS
. Dimethyl sultate 188 N (CH30)2502 EPA 0010 GC/MS
- Hexachlorobenzene 323-326 N C6CI6 EPA 0010 GCMS
% Lead Coumpounds 954 N VP-PbCI2 CP-PHSO4 EPA 29 AAS, ICP
Nickel Compounds na na VP-NI(OH)2 CP-NiSO4 EPA 29 AAS, ICP
2-Nitropropane 120 N (CH3)2CHNO2 EPA 0010 GCMS
Phosphorus 280 N P4 EPA 29 AAS, ICP
Polychiorinated biphenyts (Arociors) Various Various Various EPA 0010 GC/MS
1,3-Propane sultone 180 na C3H603S EPA 0010 GCMS
Polycyclic Organic Matter Varous ‘| Various Varlous EPA 0010 Fluoresence
2,3,7.8 - Tetrachlorodibenzo-p-dioxin na na (C8H2)2CHO2 EPA23 HRGCHRAMS
Selenium Compounds 350 Y VP-Se02 EPA 29 AAS, ICP

(2) - Soluble i 100,000 mg disolve in 1L.
D - Decomposes

VP - Vapor phase

CP - Condensed phase

AAS - Atomic absorption spectroscopy

(1) - Metal solubility and boiing point for vapor phase.

HPLC - High performance liquid chromalography
GCMS - Gas chromatograpyh mass spectrometry

ICP - Inductively coupled plasma specirometry



TABLE 7.1. TARGET AIR TOXICS SPECIES AND TEST METHODS.

Bollin Soluble Struct slytical
Hazardous Air Pollutant Poim (C)g(i) (YMN) (1,2) o m A;m
Catagory I .
Acrolein 525 Y CH2=CHCHO EPA 0011 | HPLC or GC/MS
Acrylonitrile 775 N CH2=CHCN EPA 0030 GC/MS
Anline 184 Y CGH5NH2 EPA 0010 GCMS
Benzotrichloride 220.6 N C8H5CCI3 EPA 0010 GCMS
Benzyl chloride 179.3 N CEH5CH2C! EPA 0010 GC/MS
Biphenyl 255.9 N C6H5-C6H5 EPA 0010 | GCMS of HPLC
Bis(chloromethyl)ether 104 N cicozcer EPA 0030 GCMS
Chilordane na N C10H6CI8 EPA 0010 GCMS
Chiloromethyl methyl ether 55-57 na CICH20CH3 EPA 0030 GCMS
Chloroprens 59.4 N CH2=CCI-CH=CH2 . EPA 0030 GCMS
Cobalt Compounds na na v na EPA 29 AAS, ICP
Diazomethane -23 na CH2=N2 EPA 18 GCMSIFID
Dichioroethyl ether (Bis (2-chioroethyl) eth 178 N (CICH2CH2)20 EPA 0010 GCMS
Dimethyt amincazobenzene na N CGHSN=NCBH4N(CH3)2 EPA 0010 GCMS
2,4-Dinitrotoluene na na CH3C6H3(NO2)2 EPA 0010 | GC/MS or HPLC
1,4-Dioxane (1,4-Diethyleneoxide) 101 Y ' CAHB02 EPA 0010 GCMS
1,2-Diphenylhydrazine 131 N- CEHSNHNHCEHS EPA 0010 GCMS
Ethyl carbamate (Urethane) 198 N H2NNHCO2C2H5 EPA 0010 GCMS
Ethylens oxide 13.2 Y C2H50 EPA 18 GCMSFID |
Ethylene thiourea na Y C3HE-N2S EPA 0010 | HPLC or GC/MS
Heptachior . na N C10H5CI7 . EPA 0010 GCMS
Hexamethyiphosphoramide 230-232 na [(CH3)2NJ3P{O) EPA 0010 GC/MS
Hydarzine 1135 Y H2NNH2 EPA 0010 GCMS
Hydrochloric acid -84.9 Y HCt EPA 26 ic
Manganese Compounds na na na EPA 29 AAS, ICP
Maethyl chioride (Chloromethane) -24.2 N CH3CI EPA 18 GC/MS/FID
Maethyl hydrazine 87 Y CH3NHNH2 EPA 0030 GCMS
Methyl isocyanate 30.1-40.1 Y CH3NCO EPA 0030 HPLC
4,4-Methylenedianiline 398-399 N CH2(C8H4NH2)2 EPA 0010 GC/MS
N-Nitrosodimethylaming 153 Y (CH3)2NNO EPA 0010 GC/MS
N-Nitrosomorpholine 224 Y C4AHBN202 EPA 0010 HPLC or GC/MS
|p-Phenylenediamine 267 N 1,4-(H2N)2C6H4 EPA 0010 GC/MS
Propylene dichloride (1,2-Dichloropropane 95-86 N CHACH(CCH2CI EPA 0030 GC/MS
Propylene oxide 34.3 Y C3H60 EPA 18 GCMS
1,1,2,2-Telrachloroethane 147 N CI2CHCHCI2 EPA 0010 GCHRMS
o-Toluldine 199-200 N CHICBHANH2 EPA 0010 | HPLC or GCMS
Toxaphene (chlorinated camphene) na N C10H10CI8 EPA 0010 GCMS
Viny! chioride -13.4 N CH2=CHCI EPA 18 GCMS




nondetected substances are acceptable, the appropriate sample time must be specified so that a
sufficient sample volume can be collected. Table 7.2 lists the stack concentration limit, analytical
detection limit, and sampling rates for group I, II, and ITl substances. The stack concentration limits
were derived in section 5.2 and the detection limit and sample rates were taken from the appropriate
sampling and analytical methods and the DOE test program (DOE, 1993). From these values, the
sample time can be calculated using the equation given below.

Sample Time = [(DLXSF)J/[(SR)XC)]

DL = Analytical Detection Limit
SF = Safety Factor

SR = Sample Rate

C = Stack Concentration Limit

A safety factor of 10 was used to account for matrix and analytical interferences which may
increase the analytical detection limit. The required sample times are listed in Table 7.2. In general,
a one hour sample time is sufficient for most substances. However, several substances have large
analytical detection limits in comparison to the stack concentration limit and require a six hour
sample time. Based on the results in Table 7.2, the following sample times are required to achieve a
safety factor of 10.

B . l S l Iu ’
EPA 0010/23 - 6 hours

EPA 0011 - 1 hour
EPA 0030 - 6 hours

EPA 26 - 1 hour
EPA 29 - 6 hours
EPA 306 - 3 hours

EPA Method 18 is a whole stack gas sample and therefore does not concentrate the target
substances. For this method, enough stack gas should be collected for the analytical procedures -
five liters is usually sufficient. The 6 hour sample time required for volatile organic sample train
(EPA 0030) may resuit in breakthrough of some target substances, therefore, a reduced sample time
is recommended. All of the EPA 0030 compounds except chloroprene require a one hour sample
time. To reduce chances of breakthrough, a two hour sample time (DOE, 1993) is recommended
for EPA 0030. This will provide a reduced safety factor of five for chloroprene if the detection limit
cannot be reduced. A safety factor of five should still provide sufficient protection. The
recommended sample times for each method are listed below. -

Recommend Sample Times

EPA 0010723 - 6 hours
EPA 0011 - 1 hour
EPA 0030 - 2 hours

EPA 26 - 1 hour
EPA 29 " - 6 hours
EPA 306 - 3 hours

Since several of the substances do not have analytical detection limits as shown in Table 7.2,
the sample times given above may not be sufficient. Ideally, validation studies should be conducted
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TABLE 7-2. TARGET DETECTION LIMITS AND SAMPLE TIMES.

(1) - Water sampie detection iimit. Extract volume of SO0 mi assumed.

(2) - Detection timit for PAH.

(3) « Detection (imit does not depend on the sampie time for bag sampies.

7-6

Substance Mass Flow| Concent. Sampling Detection | Sampiing Requireg
Liemit Limit Method Rate Sample T}
{ib/hr) (tg/Nem) (ng) {dsct/hr) {Hrs)
E_S5.17E-03| 2.54E+00 EPA 29 GEAA 450 45 3.0
E 3.00E-04] 1.47E.01 EPA 29 GFAA 90 45 6.0
E 4.64E-04! 2.28E-01 EPA 29 GFAA 45 45 3.0
A _8.08E-02| 3.98E+01 | CARB 422 {3) NA NA
Acetamide @_ 2.26;&3 1.11E+00 | EPA 0010 NA NA NA
Acrylamide R_3.56E-02{ 1.75E+01 1 EPA 0010 NA NA NA
Benzidine R _3.31E-04] 1.62E-01 | EPA 0010 | HPLC {1} 40 45 3.0
3,3-Dichlorobenzidens R _9.26E-02| 4.55E+01 | EPA 0010 10 45 1.0
Dimom suitate A _1.18E-02| 5.89E+00 |_EPA 0010 NA NA NA
Hexachiorobenzene A _9.08E-02| 4.48E+01 | EPA 0010 GCMS 10 45 1.0
2-Nitroglﬂm R._1.71E-03| 8.43E-01 EPA 0010 GCMS 10 45 1.0
Polychiorinated biphenyis (Arociors) A._3.31E-02] 1.62E+0! | EPA 0010 GCMS 1000 45 1.0
Pm&: m Matter h 2.78E-02] 1.37€+01 | EPA 0010 GCMS (2) 10 45 1.0
L__1.3-Propane suitone A _6.71E-02] 3.30E+01 | EPA 0010 NA NA NA
Benzens R S5.58E-02] 2.73E+01 | EPA 0030 GCMS 10 1 1.0
1,1-Oimethyi nydrazine AL 9.45E-02] 4.64E+01 L EPA 0030 NA NA NA
‘ 2,3,7,0-Tomchbvodmmtoxin AL _$.26E-07| 4.55E-04 EPA 23 | HRGCHAMS 0.01 48 1.0
Chiorine _JR 1.85E+01] 9.10E+03 EPA 28 ] 25000 45 1.0
Lead Compounds E B8.88E-03] 4.36E+00 EPA 29 GFAA 450 45 1.0
|_Nickel Compounds JE_9.588-03] 4.71E+00 | EPA 29 [ 2000 45 6.0
[__Phosphorus R 3.24E«00] 1.59E+03 | EPA 29 [+3 33750 45 1.0
Selenium M E_8.80E-02{ 4.23E+01 EPA 20 GFAA 900 45 1.0
Chromium {Hexavaient) A._3.31E-04{ 1.82E-01 EPA 308 EPA 308 50 45 3_.0
Aniling IR. 4.63E-011 2.27E+02 |_EPA 0010 10000 45 1.0
Benzotrichioride AL 3.24E-02| 1.59E+01 _EA 0010 NA NA NA
Benzyl R _4.63E-01] 2.27E+02 | EPA 0010 | GC/MS {1) 50000 45 3.0
Biphenyt E_1.00E-04} 4.91E-02 | EPA 0010 | WPLC (1) 20 45 8.0
Chiordane A 1.25E-01{ 6.14E+01 | EPA 0010 GCMS - 10000 45 3.0
Dichioroe! sther_(Bis(2-chiorosthyl)ether) | 1.44E-01 7.05E+01 | EPA 0010 GCMS 5000 45 1.0
Di SMINGRZODENZING R_3.56E-02] 1.75E+01 | EPA 0010 QCMS 10000 45 6.0
L_2,4-Dinitrotoiuene R _5.09E-01] 2.50E+02 | EPA 0010 GCMS 10 45 1.0
1,‘-Diomop,4-0iom.nm|¢oz R _4.863E-01] 2.27E+02 | EPA 0010 | GCMS {1} 25000 45 1.0
1,2-Diphenyihydrazine A 2.08E-01] 1.02E+02 | EPA 0010 | CGCMS {1} 10000 45 1.0
Ethyl carbamate (Urethane A._1.80E-01] 7.84E+01 | EPA 0010 QCMS 50000 45 8.0
13 thioures A _3.S6E+00] 1.75E+03 | EPA 0010 1CGCMS (1) 50000 45 1.0
Heptachior R _3.88E-02| 1.75E+01 | EPA 0010 QCMS 10000 45 8.0
Hexamethyiphcaphoramide R _1.85E+01} 9.10E+03 | EPA 0010 CGCMS (1) 10000 45 1.0
| _Hydrazine AL _9.45E-03] 4.64E+00 | EPA 0010 NA NA NA
‘ 4I4'-Mcm.no¢lanlllno A 1.36E-01] 6.89E+01 _EP;A 0010 NA NA NA
N-Nitrosodim, mine AL _1.08E-03} S.29E-01 | EPA 0010 | CGC/MS (1) 2500 45 Reduce DL
N-Nitrosomorpholine R _2.44E-02| 1.20E+01 | EPA 0010 | CACMS (1) 5000 45 8.0
o-Toluidine A _4.83E-01| 2.27E+02 | EPA 0010 GCMS 10000 45 1.0
nediamine A _1.39E+01] 6.82E+03 | EPA 0010 GCMS 10000 45 1.0
1,1,2,2-Tetrachioroethans R_7.87E-01] 3.87E+02 | EPA 0010 GCMS 10 45 1.0
Joxaphens (chiorinsted ca R_1.39E-01| 8.82E+01 | EPA 0010 NA * NA NA
Acrolein R _9.26E-01] 4.55E+02 | EPA 0011 HALL 28550 45 1.0
Acrylonitrile R_1.60E-01| 7.84E+01 | EPA 0030 GCEMS (1) 25000 1 Reduce DL
Bis(chioromethyi)ether R_741E-04] 3.84E-01 | EPA 0030 NA NA NA
Chloromcmn methyl ether RL_1.71€.02} 8.43E+00 | EPA 0030 NA NA NA
Chicroprene R _4.63E-01] 2.27E+02 | EPA 0030 | GC/MS {1} 2500 1 6.0
Methy! hydrazine A_1.49E-01| 7.34E+01 | EPA 0030 NA NA NA
]_Methyi isocysnate AL 9.26E+00] 4.55E+03 | EPA 0030 NA NA NA
Propyiens dichioride {1,2-Dichioropropane)  |RL 4.83E-01[ 2.27E+02 EPA 0030 GCMS 10 1 1.0
Diazomethane R 4.63E-01] 2.27E+02 EPA 18 (3) NA NA
Ethyiene oxide R _4.63E-01] 2.27E+02 EPA 18 {3) NA NA
Methyi chioride (Chioromethane) AL 4.63E-01{ 2.27E+02 EPA 18 (3) NA NA
Propyiene oxide AL 4.63E-01] 2.27E+02 EPA 18 (3) NA NA
Vinyl chionde R 5.9:5;01 2.92E+02 EPA 18 (3) NA NA
Hydrochioric acid AL 3.24E+02! 1.59E+05 EPA 26 | o] 25000 45 1.0
Cobait Compounds € 5.30E-02| 2.80E+01 EPA 29 P 2000 45 1.0
Mangan I 8.00E- 3.938+01 EPA 29 P 900 45 1.0

E - Estimated or measured coal fired boiler emissions
AL - Risk based lmit or State ambient air concentrati

OL - Detection kimit



to determine detection limits before testing begins. These detection limits can then be used to
determine if longer sample times are required. Two substances, n-nitrosodimethylamine and
acrylonitrile, would require sample times in excess of 6 hours. Sample times longer than 6 hours
can result in sampling problems including train failure and breakthrough. Therefore, it is
xecommcm that the detection limit be reduced for these two compounds before extended sample
times are

73 Process Sampling Considerations

Process sampling locations should be selected on the basis of project objectives. Process
sampling is critical to achieving the project objectives and factors such as representativeness, sample
contamination and worker safety must be considered.

Representativeness: Sampling locations and procedures must be chosen to ensure that the
sample obtained is representative of the process material. Given that the homogeneity of the
material is a primary criterion, the following general principles have been applied in developing
sampling location and procedures:

e Forsolid and slurry streams, a series of samples should be collected under normal
operating conditions clearly defined by process parameters. These samples may be
split, composited or archived for the purpose of ensuring sampi- integrity.

. All process samples- will, to the extent possible, be collected simultaneously. In
practical terms, this means that samples will be collected over the same interval of
time. In the case of an extended process upset, failure of a critical sampling
operation, or other circumstances whi;:h would causeonon-simulglmous samplinlgn?r
non-representative process operation for more than 10 minutes, all process sampling
will be temporarily halted until the process is stabilized or until all sampling .
activities can be resumed.

Sample Contamination (Quality Assurance): Sample locations have been chosen so
that the probability of sample contamination within the sampling procedure itself or by outside
media is minimized. Contamination of the samples after collection should be minimized or
eliminated through the use of comprehensive sample custody procedures.

Worker Safety: Sampling locations should be chosen to avoid those that might create a
condition which is unsafe for ei-her the workers or the environment. :

74 Flue Gas Sampling Procedures

Flue gas sampling will involve both manual sampling methods and continuous instrumental
methods. The sampling methods and corresponding target substances for the boiler flue gas are
summarized in Table 7.3. The target lists shouid be expanded to include additional CAAA
substances that are on the normal method target list. This will provide information to validate the
procedures used to determine critical substances in Section 5.0. The methods listed in Table 7.3 are
described in the following subsections:

7.1.1 EPA Method 0030 (SW-846) - Volatile Organic Compounds




TABLE 7.3. TARGET SUBSTANCES FOR EACH SAMPLING METHOD.

AR
SAMPLING TARGET
METHOD SUBSTANCES
JEPA 0010/23  |Acetamide 2,4-Dinitrotoluene
Acrylamide 1,4-Dioxane (1,4-Diethyleneoxide)
Benzidine 1,2-Diphenythydrazine

3,3-Dichiorobenzidene
Dimethyl sultate
Hexachiorobenzene
2-Nitropropane

1,3-Propane sultone
Polycyclic Organic Matter
Aniline

Benzotrichloride

Benzyl chloride’

Biphenyi

Chiordane

Dimethyl aminoazobenzene

Polychlorinated biphenyis (Arociors)

Ethyl carbamate (Urethane)
Ethyilene thiourea
Heptachlor
Hexamethylphosphoram:de
Hydarzine

4 4-Methyienedianiline
N-Nitrosodimethylamine
N-Nitrosomorpholine
p-Phenylenediamine
1,1,2,2-Tetrachioroethane
o-Toluidine

Toxaphene (chiorinated camphens)

Dichioroethyl ether (Bis (2-chioroethyl) e2, 3 .7.8 - Tetrachlorodibenzo-p-dioxin

EPA 0011 Acrolein
‘EPA 0030 Benzene Chioroprene
1,1-Dimethyl hydrazine Methy! hydrazine
Acrylonitrile Methy! isocyanate
Bis(chloromethyi)ether Propylene dichioride (1,2-Dichioropropane)
Chioromethyl methyl ether
FEPA 18 Diazomethane Propylene oxide
Ethytene oxide Vinyi chioride
Methyl chioride (Chloromethane) '
EPA 26 Chiorine Hydrochloric acid
1EPA 29 Arsenic Phosphorus
Beryilium Selsnium Compounds
Cadmium Cobalt Compounds
Lead Coumpounds Manganese Compounxis
Nickel Compounds
EPA 306 Chromium (Hexavalent)
!CARB 422.102 |1,3-Butadiene




712 EPA Method 0010723 (SW-846) - Semi-Volatile Organic Comnpounds

7.1.3 EPA Method 29 - Multiple Metals

7.14 EPA Method 18 - Measurement of Gaseous Organic Compound Emissions

7.1.5 CARB Method 422 - 1,3 - Butadiene

7.1.6 EPA Method 26 - Hydrogen Chloride, and Chloride

7.1.7 EPA Method 0011 - Aldehydes

7.1.8 EPA Method 306 - Hexavalent Chromium

7.1.9 Flue Gas Temperature, Velocity, Moisture, Molecular Weight, and Flow Rate

7.1.10 Continuous Emissions Monitoring
The discussions below briefly summarize each method, highlighting site-specific procedures orv
deviations from standard methods where necessary. It is important to note that the sampling
procedures must be customized to the LEB site before they can be used to quantify emissions.
74.1 EPA Method 0030 (SW-846) - Volatile Organic Compounds

Volatile organic compounds (VOC’s) will be measured at the control equipment iniet and at
the stack using Method 0030 (EPA SW-846, September 1986). Method 0030 is designed to

determine VOC’s with boiling point between 30°C and 100°C in the flue gas of waste incinerators.
The following figures summarize the method and site-specific procedures:

Method Overview: Figure C-1
Glassware Preparation: Figure C-2
Train Assembly: Figure C-3
Train Schematic: Figure C4
Sampling Procedure: Figure C-5
Leak check Procedure: Figure C-6
Recovery Procedure: Figure C-7

Sampling will be performed non-isokinetically at a single point in the flue gas according to
the method. Three slow VOST runs will be performed sequentially for each test condition. Each
VOST run will consist of 40 minutes of sampling at 1 dscf/hr for a total sampling time of 120
minutes. If the stack temperature is over 350°F, probe heating will not be required. Target
substances are listed in Table 7.3.

Modifications

Modifications td the standard methodology which will be made in consideration of high
SO, and particulate loading before the control equipment are:




. Insertion of an additional impinger containing 30% H;O; solution upstream of the
last impinger to scrub SO,, protecting the pump and metering equipment;

. Addition of a nozzle to the probe which will face downstream to minimize particulate
entrainment and plugging.

Two additional modifications are also under consideration to account for interference from SO,
during sample analysis. The first alternative is addition of an H,O, impinger upstream of the
Tenax traps to remove SO prior to the trap. The impinger would be analyzed for VOC’s
following the test. The second alternative is to add H,O, to the condenser used during sample
analysis. The need for these modifications will be determined based on the preliminary tests.

742 EPA Method 0010 (SW-846) and Method 23 - Semi-Volatile Organic Compounds

Semivolatile organic compounds (SVOC), including polychlorinated dibenzo[p)dioxins and
dibenzofurans (PCDD/PCDF) will be determined at the control equipment inlet and at the stack.
Method 0010 (SW-846) is designed to determine SVOC’s (boiling points > 100° C) in the flue gas
of stationary sources. EPA Method 23 (40 CFR 60 Appendix A, July 1, 1992) is very similar but
is intended for characterization of PCDD/PCDF only. The methods will be combined to quantlfy
the substances listed in Table 7.3.

The following ﬁgures summarize the method and s1te-specxﬁc procedures to be used:

Method Overview: Figure C-8
Glassware Preparation: Figure C-9
Train Assembly: Figure C-10
Train Schematic: Figure C-11
Leak Check Procedure: = Figure C-12
Recovery Procedure: Figure C-13

Sampling will be performed isokinetically over a full point-to-point traverse of the sampling
location. The sampling times will be 6 hours at the control equipment inlet and the stack,
respectively. The target flow rate is 45 dscf/hr, yielding a total sample volume of 270 dscf.

Modifications

Modifications to the standard methodology which will be made in consideration of high
SO, and particulate loading are:.

. Modified sample train recovery procedures;
. Use of Teﬂon probe liners instead of glass or quartz liners to prevent breakage due
to the long probe length required. A 1/2" thick walled Teflon liner, in conjunction

with a 28/15" glass ball to the filter holder, will be used. The nozzle to the probe
will be made of glass or quartz.

. Insertion of an additional impinger containing 30% H,O, solution upstream of the
last impinger to scrub SO,, protecting the pump and metering equipment;
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. Use of a glass cyclone preceding the filter at the control equipment inlet only to
reduce filter plugging due to the very high particulate ioading.
7.4.3 EPA Method 29 - Multiple Metals

Trace metals and particulate matter will be determined at the inlet to the control equipment
and stack. EPA Method 29 is intended to determine metal emissions from waste incinerators.
Target metals are listed in Table 7.3.

The foillowing figures summarize the method and site-specific procedures to be used:

Method Overview: Figure C-14
Glassware Preparation: Figure C-15
Reagent Preparation: Figure C-16
Train Assembly: Figure C-17
Train Schematic:- Figure C-18
Leak Check Procedure: Figure C-19
Recovery Procedure: Figure C-20

Sampling will be performed isokinetically over a full point-to-point traverse of the sampling
location. The sample flow rate will be 45 dscf/hr. Sampling times will be 6 hours at the control
equipment inlet and stack, yielding total sample volume of 270 dscf. A 4.5-inch diameter filter will
be used at the control equipment inlet to accommodate the high particulate loading. A 3-inch
diameter filter will be used at the stack to reduce the significance of any target substances found in
the filter materials.

Modifications

The following modifications will be made to the standard field sampling procedures in
consideration of the high particulate loading and SO, concentration at the control equipment iniet.

. An acetone rinse of the probe, cyclone, filter housing, and connecting “front-half”
glassware will be performed to enable particulate matter determination (allowed in
the method);

. Use of Teflon probe liners instead of glass or quartz liners to prevent breakage due
to the long probe length required. A 1/2" thick walled Teflon liner, in conjunction
with a 28/15" glass ball to the filter holder, will be used. The nozzie to the probe
will be made of glass or quartz. , :

. Use of a glass cyclone preceding the filter at the control equipment inlet only to
reduce filter plugging due to the very high particulate loading.

744 EPA Method 18 - Measurement of Gaseous Organic Compound Emissions

Method 18 is designed to determine very volatile organic compounds from stationary
sources. This method, published in 40 CFR 60 Appendix A dated February 13, 1991 places an
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empty tedlar bag in a rigid container which is then sealed and evacuated by a vacbum pump which
draws a grab sample into the Tedlar bag. The EPA 18 target substances are shown in Table 7.3.

The following figures summarize the method and site-specific procedures to be used:

Method Overview: Figure C-21
Leakcheck Procedure; Figure C-22
Train Assembly/Operation:  Figure C-23
Sampling System: Figure C-24
Recovery Procedure: Figure C-25
745 CARB Method 422.102 - 1,3 - Butadiene

California Air Resources Board Method 422.102, December 13, 1991, will be used to
sample and quantify 1,3 - Butadiene emissions during the test. The method includes the use of an
on-site gas chromatograph to perform multi-dimensional GC analysis, using a flame ionization
detector or photoionization detector. On-site sampling and quantification are necessary because 1,3
- Butadiene is very reactive and its concentration will decay within a few hours of sampling.

7.4.6 EPA Method 26 - Hydrogen Chloride and Chloride Emissions

Measurements of gas-phase hydrogen chloride and chloride emissions will be made at the

- control equipment inlet and at the stack only. EPA Method 26 (40 CFR 60 Appendix A, revised
October 10, 1992) is intended to determine hydrogen halides, binary chloride and binary bromide
from wast= incinerators in the absence of other chloride-containing volatile species. The analysis
procedure for this method can be adapted to determine total organic carbon and hydrogen cyanide
without modification of the field sampling train. The following figures summarize the method and
site-specific procedures to be used:

Method Overview: Figure C-26
Glassware Preparation: Figure C-27
Reagent Preparation: Figure C-28
Train Assembly: Figure C-29
Train Schematic: Figure C-30
Leak Check Procedure: Figure C-31
Recovery Procedure: Figure C-32

Sampling will be performed non-isokinetically at a single point for each location. The target
sample flow rate will be 45 dscf/hr. The sampling system will be run for 1 hour at the control
equipment inlet and at the stack, resulting in a total sample volume of 45 dscf at both locations.

Modifications

Modifications to the standard procedure will be made to accommodate the high particulate
loading at the control equipment inlet and high SO, concentrations. The modiﬁcat_ions are:

. Use of Teflon probe liners instead of stainless steel or glass liners for consistency
with other sampling equipment. A 1/2-inch, thick-walled Teflon liner, in conjunction

7-12




with a 28/15 glass ball connector to the filter holder, will be used. The nozzle to the
probe will be made of stainless steel, glass, or quartz;

. Use of a glass cycione preceding the filter at the control equipmem inlet only to
reduce filter plugging due to the very high particulate loading; : ’
. Addition of a nozzle to the probe which will face downstream to minimize particulate-
entrainment and filter plugging.
7.4.7 EPA Method 0011 - Aldehydes and Ketones

Emissions of eight aldehydes, including acrolein will be measured at the control equipment
inlet and stack only. EPA Method 0011 (SW-846, June 26, 1990) is intended for use to determine
aldehyde emissions from stationary sources. The following figures summarize the method and site-
specific procedures to be used:

Preliminary Field Determinations: ~ Figure C-33

Reagent Preparation: Figure C-34
Train Assembly: Figure C-35
Train Schematic: Figure C-36
Leak Check Procedure: Figure C-37
Recovery Procedure: - Figure C-38

The sample is drawn through a series of chilled impingers containing aqueous acidic 2,4-
dinitrophenylhydrazine (DNPH). No filter is used so that any target substances adsorbed on the
fly ash are immediately fixed in the DNPH solution. Sampling will be performed isokinetically at
a single point for each location. The sample flow rate will be 45 dscf/hr. Total sampling time will
be 1 hour at each location, yielding a total sample volume of 45 dscf.

Modifications .
Modifications to the standard procedure will be made in consideration of the high SO,
concentration and particulate loading at the control equipment inlet. These are:

. Use of Teflon probe liners instead of glass or quartz liners to prevent breakage due
to the long probe length required. A 1/2-inch, thick-walled Teflon liner, in
conjunction with a 28/15 glass ball connector to the filter holder, will be used. The
nozzle to the probe will be made of glass or quartz.

748 EPA Method 306 - Hexavalent Chromium

Hexavalent chromium (CrVI) will be measured at the control equipment inlet and stack.
Draft EPA Method 306 will be used. Figure C-39 illustrates the sample train. A glass or Teflon
probe and nozzle assembly is used to extract a sample from the flue gas. The sample train utilizes a .
recirculating spray quench probe arrangement to ensure all hexavalent chromium is immediately
absorbed. Dilute sodium hydroxide solution from the first impinger is pumped to the probe spray
nozzle, which is located such that the spray is introduced into the probe near the nozzle exit. There
is no particulate filter used in the sample train. The firs? three impingers containing sodium
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hydroxide solution will be of Teflon construction. The remainder of the sampling train is similar to
conventional Method 5 trains. Analysis of the sample is by ion chromatography with a post
column reactor utilizing dipheny! carbazide.

Sampling will be performed isokinetically over a full point-to-point traverse of the stack.
The flue gas sample flow rate will be 45 dscf/hr. Total sampling time will be 3 hours for each run,
yielding a total sample volume of 135 dscf.

Modifications

The standard method procedures will be modified in consideration of the high SO,

concentration as recommended by Steinsberger et. al. (EPRI Workshop on Trace Metals,
Scottsdale, Arizona, April 1993) as follows:

. The normality of the first impinger solution will be increased to 6.1 and the quantity
of solution in this impinger will be increased to 250 mi assuming 1800 ppm SO,
according to the following formula:

"N=(SO,, ppm)*(sample volume, dscm)/(6000*first impinger volume, liters)

. pH of the solution will be monitored during sampling by adding cresol red indicator
—to the impinger solutions. If the indicator turns, sampling will be halted and
additional 6.1 N sodium hydroxide solution will be added.

7.49 Flue Gas Temperature, Velocity, Moisture, Molecular Weight, and Flow Rate

All of the manual flue gas sampling trains which sample isokinetically over full point-to-

point traverses of the duct also will measure the temperature, velocity, and moisture content of the

_flue gas according to EPA Methods 1, 2, 3, and 4. These measurements combined with O,

measurements described below and measurement of the duct cross-sectional area will enable the

. molecular weight and flow rate of the flue gas to be calculated. Measurements will be performed at
the controlled and uncontrolled sampling locations during the test program.

Flue gas molecular weight at the control equipment inlet will be based on O, measurements
made using a portable Teledyne fuel cell type analyzer, in conjunction with O, and CO;
measurements made at the stack using continuous emissions monitors. The Teledyne analyzer will
be calibrated with certified calibration gases. CO; at the control equipment inlet will be assumed to
the same as at the stack, corrected for any difference in O, concentrations between these locations.
Molecular weight at the stack will be based directly on contmuous emissions monitor

measurements.
7.4.10 Continuous Emissions Monitoring -

Measurements will be made at the stack to determine emissions of NOyx, SO 3, CO, and total
hydrocarbons (THC). These measurements will be made using continuous emissions analyzers
according to the followmg methods:

NOx EPA Method 7E
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SO; EPA Method 6C
CO  EPA Method 10
THC EPA Method 25A

The design of the sample acquisition and conditioning system is illustrated in Figure C-40.
Samples will be withdrawn from the stack using a stainless steel probe equipped with an in-stack
stainless steel fritted filter. The sample will not be diluted and the probe will be equipped with 3-
way valve for introduction of calibration gases. Samples for all species except THC will be
transported via heated Teflon tubing maintained at approximately 250+25°F to a sampie
conditioning unit. The sample conditioning unit, which will be located at the stack, filters the
sample and removes moisture in a glass refrigerant condenser. The filtered and dried sample will
be transported to the analyzer system via unheated Teflon lines. A separate unheated Teflon line
will also carry calibration gases to the probe. Samples for THC analysis will be transported to the
THC analyzer via a separate heated Teflon line and will be maintained at approximately 250+25°F
through to the point of analysis. The sample will be filtered but not dried prior to analysis. The
THC analyzer is equipped with a separate pump. The temperature of all heated lines will be
monitored using thermocouples placed under the heating jacket.

The procedures for monitoring flue gas composition include:
O CEMS calibration and maintenance;

. CEMS QC checks;

. CEMS operation;

. CEMS data reduction and reporting.

QC checks such as stratification and bias response will be performed prior to the start of
testing. Calibration and bias checks also will be performed at intervals during the test program.
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APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

Pollutant /State LA MD NC NM Rl VT WA |
Limit 1 Timel Limit 1 Timel _Limit dTimel Limit_tTimel Limit {Timel Limit_iTimel Limit 1 Time}
Acctaldehyde 4.29E+03,_8 . : T&)El'&i. 8 + [180E+03" 8 [ 4.50E-01" |
Acetic acid : = : 2._§_Q§HD1= 8 .L 2.50E+02: 8 ]8.33E+01 : 24
Acetic anahydride J ¥ 2.00E+02V 8 v 2.00E+027 8 [ 6.66E+01! 24
Acetone H H § A H 1.78E+05, 8 |]S5.93E+03, 24
Acetonitrile 9.40E+02) 8 ] | 7.00E+021_8 ) - |7.00E+03) 8 [233E+021 24
Acetylene tretrabromide i Y : SOE+03 8 I U 5.00E+017 24
Acetylsalicylic acid L 1 ] 5.00E+01, 8 L 1 : 1
SAOE+00'_8 ! ] 2.50E+001_8 ] 2.50E+00! 8 | 8.00E-01! 24
Actylamide 8.00E-02; 1 N H 3.00E+00; 8 n LOOE-02, 1 | 1.00E-O1] 24 }
Actylic acid .40§102: 8 : : 3.008+02: B : : 9.99£+OI: 24
lonitrile ATE+00 1 1.50E-01' 1 [450E+017 8 [7.00E027 1 | 150E02! 1 | 1.50E-02' 1
N L H 2.50E+00; 8 i A 2.00E-04, 1
Allyl alcohol ] t 1 SO0E+01}_8 ] ] L67E+011_24
Allyl chloride 7.14E+01; 8 v Y 3.00E+017 8 Y 2.90E-01" 1| ¥
HAilyl glycidol ciher i ] 1 220E+02) 8 ] ) 7.33E+01) 24
3> JAllyl propyl disulfide ] ] ] 20E+02)_8 ] ! 4.00E+01! 24
s JAlluminum N H : O0E+02; 8 H H 3.33E+01, 24
[B-Aminodophenyl ! ! 1 L.OOE+O1: 8 \ ) !
inopyridi U ! ' 2.00E+017 8 J ! 6.70E+007 24
H L 2 200E+00, 8 1 ! 6.00E-01, 24
640E+021 8 ]3.30E+02! 8 ] 1.80E+02)_ 8 ] 1.80E+03) 8 | 5.99E+011 24
H - 4 1.00E+02, 8 H : 3.33E+01] 24
JAmmonia chromaie i L 8.30E-05) 1 | 830E-07; 1 i 1 )
Ammonia dichromate ' | 8.30E-05' 1 | 8.30E-07! 1 ! | !
Ammonia perfluoroctancate { H H 1 H H 3.00E-01, 24
Ammonia sulfamate ) [ ! 1.00E+021 8 ! 2.38E+011_24 ]13.33E+0h 24
-Amyl acelate . . . 5.305+037 8 T 5.30E+04, 8 | 1.76E+03' 24
sec-Amyl acetate H HE H 665E+03; 8 | 1 6.65E+04) 8 |221E+03, 24 |
Aniline 1.81E+02! 8 ] [ S.O0E+00' 8 ]3.00E+00) 24 | 1.00E-02' 1 | 3.33E+011 24
Anisidine H — . 5.00E+00! 8 |1.00E+00! 24 +___ 11.70E+00] 24
Antimony (and compound) 1.19E+01; 8 1 f 500E+00; 8 [14.00E+01) 1 |5.00E+01 8 |1.70E+00; 24
Antimony trioxide 1 ] ! ] ! 1.00E-02! 1 [1.70E+00" 24
Arsenic (and compounds) 2.00E-02, 1| A 2.30E:04, 1 H 200E04, 1 |230E-04, 1 | 230E-04, 1|
Arsine ] [ I 2.00E+001 8 | 1.00E-021 1 | 7.00E-Oh 24
Asbestos (friable) ! . 2.80E-117 1 _ . . 240E-06] 1
Atrazine { 1 L SOOE+01, 8 A 1 L67E+01; 24
Azinphos-methyl ] 1 ] 2.00E+00! 8 [ ] 7.00E-011 24
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APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

Pollutant /State LA MD NC NM Rl vT WA
imit ! Timel  Limit ! Timel  Limiv _Timel Limit STimel Limit 2 Timel Limit tTimel Limit Time
: 'L : 6.00E+00; 24 L L 1
1.19E+0)! 8 ! 5.00E+00! 8 § L19E+01! )
H H H 1.00E+02; 8 H ' H
1.20E+01) 1 ' ) 1.20E-031 J00E-O1 1 | 1.20E011 1
¥ ! L.QOE-OS! 1 | 4.00E-02" 8 | 2.00E-05' 1 | 1.50E-05! 1 SO0E-05!
1 \ 330E02; 1 | 4.00E02;, 8 H 3.00E-04, 6.00E-04,
) ! ! S.00E+01)_8 ' ' 1.67E+010 24
i ; _H 5 7.00E-04] A ' I
1 ] ] S.00E+01; 8 | 1.00E-02 i 1.67E+01 241
4.00E-02' 1 ! 4.10E-03! 1 ' ! 1.30E-03! 1 | 240E04' 1
3.10E+01; 8 ; : 1.50E+01; 8 |7.00E+00; 24 | 1.00E-02, 1 |5.00E+00, 24
i 1 ! 1 4.00E-011_1 ‘ '
‘ g Y 370E04T 1 [5.00E-027 8 H . 1.60E-05] 1 |
{Bis (2-Chlorocthyl) cther 3.00E-01; 1 H 1 H 1 i 300E.03, |
IBismuth telluride | | ! S.00E+O1)_8 | ' 3.33E+010 24
[Borates, tetra, sodium salts, anahydrous i U U 1.00E+01] 8 4 . 31.30E+00; 24 |
Borates, teira, sodivm salis, decashydrate I ¢ 0 5.00E+01) 8 ) i 1.67E+01; 24 }
iRorales, teirs, sodium salts, pentahydrate { ) ! 1.00E+01' 8 | 1 3.30E+00' 24 I
Boron oxide ] ; 3 1.00E+02, 8 H H 3.33E+01, 24
Boron tribbromide ) ' [ 1.00E+021 8 ) ) 3.33E+01 24
Boron trifluoride H - H 3.00E+01' 8 M . 1.00E+01}
IBromacil L 1 H 1.00E+02, 8 H A 333E+01, 24
{Bromine ] ) ! ! 71.00E+00! 8 ' ! 2.30E+000 24
IBromine pentafluoride . i : 7.00E+00, 8 K . 2.30E+00; 24
iBromoform 1 ! ! 5.00E+01) ¢ ! 1.00E-02 1.67E+01:_24 |
“Butoxyethanol i ! | 1.20E+403! ! 1.20E+04' 8 J400E+02' 24 | -
L -Butyl acciate 0 N o 7.10E+03, 8 H 7.10E+03, 2.36E+03, 24
sec-Butyl acetate ! ' ) 9.50E+031 _8 ' 9.50E+041 3.16E+031 24
iButanc . . . . X : 6.33E+037 24
tert-Butyl acetate 1 1 : 9.§ggﬁ: : E 95&*04} 8 i
late ! ! 3.30E+02
e : T T 1.50E+03_8 3 60Ew02" 24
sec-Butyle alcohol [ ) ' 3JO0SE+0% 8 1 3.05E+031 8
ficrt-Buty! alcohol : : B 3.00E+03! 8 1 3.00E+03' 8




APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

Pollutant /State LA MD NC NM Rl vT WA
Limit !Time] Limit ! Time} _Limit { Time] Limit ! Time Limit ! Time imit_! Time 1 Time
i 1 ' 1 s 1.50E+02, | 1 2 5.00E+01; 24
tert-Butyl chromate ! ! ] 1.00E+001 ! ! 3.00E-011_24
-Butyl gylcidol cther . . v [135E+03] 8 . . 4.50E+027 24
A i H H L 1 8.33E+01; 24
n ] ] ! 1.50E+01! 8 ! [ S.00E+00' 24
-sec-Butylphenol 1 H H 3.00E+02, 8 / . 9.99E+01; 24
tert-Butyltoluene 1 \ ' 6.00E+02) 8 1 143E+021 24 | 200E+02: 24
i 9.20E017 1 ] i 1.74E.031 1 i 3.50E-02' 1 |733E+011 24
admium (and compounds) 6.00E-02, 1 § 5.50E-03, 24 | SO0E01, 8 | 6OOE04, 1 | S.70E-04, 1 | S.60E-04, 1 §
alcium chromate ! [ ' 8.30E-01 1 ! ] N |
Etlcium cyanamide ' ¥ ' S.00E+00; 8 N i 1.70E+00' 24 I
slcium hydroxide 1 A \ 5.00E+01, 8 i 1 1.67E+01; 24
) ! 1 2.00E+01! 8 ] 2.00E+01' 8 | 6.70E+00! 24
H H H 1.20E402, 8 4 1 l4.00E+01; '2:4:|
' ! } 1.OOE+OL 8 ' { 33I0E+00s 24
; ] | 2.00E+027 8 1 ! 6.66E+017 24
H 1 H LOOE+00, 8 H L 3.00E01, 24
] I i S.00E+01_8 1 ] 1.67TE+01t 24
B N g 5.00E+01; 8 . . L67E+01; 24
1 f \ 00E+00; 8 1 \ 3.00E01y 24
[ ] —_ 1 3.50E+01)_8 ] ] L1TE+O1! 24
8.60E+01; 8 H 1.86E+02, 24 |3.00E+02, H T.14E+02, 24 |9.99E+01; 24
' : : l.40|_§g+0|: 8 : : 4.108+00: 4
6.6TE+007 1 v 670E+00' 1 | 670E-02' 1 [ 3.00E02' 1 [6.70E02' 1 [6.70E02V 1
A H H SO0E+01, 8 A 1 1L.67E+01, 24
2.43E+011_8 ] [ [ ] ] [
v v T |7.00E+02' 8 H s | 6.66E+01, 24
! | ‘ 1 2.00E+01, 8 1 i 6.JOE+00;_24
] | ) S.00E+00!_8 ] ] 2.J0E-03Y_|
H K H S.00E+00, 8 : : 1.70E+00, 24
3.00E-03) 1 t ] ! ! 02psim3 1 | [
3.00E-03] 1 . . . | 02psfm3 | 1 .
H 1 H S.00E+00; 8 \ i | 1.70E+00; 24
3.51E+010 8 ! 3.75E+011_24 | 3.00E+01! 8 ! 3.00E+01!_8 |1.00E+010 24
6.6]E+00, 8 |]5.00E+00, 8 L 3.00E+00, 8 B 3.00E+00] 8 [1.00E+00, 24
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Pollutant /State LA MD NC NM RI VT
Limit_, Timel _Limit__ Timel Limit {Timel Limit _ITimel Limit {Timel Limit ITime
horine trifluoride ) ! ' 4.00E+001 8 ] I 1.30E+001
hlororacetaldehyde N . . 3.00E+01" 8 J N 1.00E+01"
a-Chloroacetophenone ] 1 H 3.00E+00; 8 1 ] 1.00E+00;
loroacetyl chloride ! ] 1 2.00E+00'_8 1 ] 7.00E-011
hlorobenylidene malonitrile . H i 1 4.00E+00, 8 4 H 1.30E+00; 24
lorobenzene 1.1I0E+03;_8 ! 2.20E+03) 1 | 3.50E+03)_8 ! 8.33E+021 1 | 1.17E+03; 2
IChiorobromomethane 1 ' ' I | ! 3.50E+03' 24
lorodifluoromethane H N H H H H 1.17E2+04, 24
hlorocthane 6.29E+041 8 ] ' ' ] ) !
4.30E+00; \ 430E+00, 1 JS5O00E+02, 8 | 4.00E02 1 |4.30E02] | |430E027 1
3.56E+01, 1 1 H 1 1 A
hloromethyl methyl ether 1 ) ! 1.00E+02! 8 | ! ]
i : H ; 1.00E+02, 8 : + |333E+01] 24
loropentafluorocthane ' | } ] ! i 2.10E+04 24
§Chlorophenols ! J ’ — U U 1.80E-017 1
fChloropicrin ! 1 A 7.00E+00, 8 A ) 2.30E+00, 24 |
[iChioroprene 8.57E+02) ] 440E+021 1 |3.SO0E+021 8 ' 1.00E020 1 | 1.17E+021 24 §
§0-Chlorosiryrene . \ . 2.85E+03] 8 Y ! 9.49E+027 24 l
. Jo-Chlorotoluene | L L 1 1 1 8.33E+02) 24
KEChiorpyrifus ] ] ] 2.00E+00)_8 1 ] 1.00E-01¢ 24
hromium (and compounds 1.00E02] 1 ] H 200E+00;, 8 | 9.00E05, | | 8.50E-05| 1 | 8.30E-05] 1
e | e | | |
EChsomium (IV) J ! 3.30E-057 1 | S.00E-017 8 T 1 !
“hromyl chloride ] A L 1.50E+00, 8 2 H 5.00E-01,
E’L,,m ] ' ] 1.00E-02¢ 8 [ | 1
iCiopidol ' A g 1.00E+02, 8 i A 3.33E+01, y_l
Cobait (1otal) f 1 1 O0E+00; 8 1 1.20E-01) 24 | 2.00E-01y 24
obalt carbonyl ] ] ] 00E+00! 8 ] ] 3.00E-011 24
obalt hydrocarbony H H N O0E+00, 8 H H J.00E-01, 24
oke oven emissions ! ! ! ! ! : ! 1.60E-031 1
ad) 2.38E+011_8 1 T 1.00E+017 8 H 1L.OOE+02" 8 |3.30E+00! 24
2.76E+02; 8 1 1 2.20E+02, 8 H i 1.33E401, 24
] ] ] 6.00E+01!_8 ] I 2.00E+011 24
. H H 5.00E+01, u T L.67E+01] 24
5.86E+03; 8 1 1 245E+03) ¢ \ S8IE+02) ) |8.16E+02y 24
i ] ] 2.00E401' 8 1 - ] 6.70E+00" 24
\ H N S.00E+01, 8 H S20E+02; 8 | 1.67E+01, 24
anogens ) | ] 2.00E+02) ' ] 6.66E+01s 24
anopen chionide J J ! 6.00E+00, _ N 2.00E+00, 24




APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

Pollutant /State LA MD NC NM RI VT WA
Limit | Time Limit_ Timel Limit _, Time Limit_, Timel Limit ¥ Time] Limit "Tumel Li it Time}
] ! ] 1.05E+041 8 ! 1.05E+041 3S0E+0 24
. . U 2.00E+03" 8 . 2.00E+037 8 [6.66E+027 24
1 N M 1.00E+03, H 2.40E+02; 24 13.33E+102, 24
] ] | 1.02E+4) ] 242E+03) ) |3.38E+03! 24
yclohexylamine A g H 4.00E+02] § . ] JIE+02; 24
i ! ! ) S.00E+00; 8 1 1 S.00E+00; 24
i i ! 2.00E+031_8 ) ! 6.66E+021 24
A H N I H H 5.13E+03, 24
] ] 1 S.00E+011_8 ) ] 1.67E+011_ 24
N . . 1.00E+02! . . 3.30E+017 24
I 1 A 3.00E+00; ¢ 1 7.10E-01) 24 | 1.00E+00, 24
] ] 1 1.00E+00' 8 ] ‘.| 300E-011 24
\ H L |240E+03] | ! ! .
181E+021 8 ' | I ] '
i J T 1.OOE+00T 8 ) T 3.00E-017 24
H N H 4.00E+00, 8 H 1.00E02, 1| |1.30E+00, 24
] ] [ 1.00E+001_§ ] ] 3.00E-011 24
Dibromocthane 4.50E-01] 1 . H — H . 4.00E-027 1
phosphate L i H S.00E+01; 8 L 1 1.67E+01; 24
1.19E+02!_8 ] ] 5.00E+01'_8 ] 5.00E+02' 8 |1.67TE+01' 24
2-N-Dibutylaminoethanol H N H 140E+02, 8 H H 4.66E+01, 24
il 1 1 4.00E+001 8 ' 1 1.30E+001_24
1,4-Dichlorobenzene 1.07E+04' 8 ! ! T T T
Dichlorobenzene L N L 3.00E+03, 8 L 3.00E+03, 8
Dichlorobenzene ] ] ] 4.50E+031_8 ] ]
3,3-Dichlorobenzidine § . . 4.00E- 01'. 8 | 200E-03, 1 !
Dichlorodifluoromethane 1 1 248E+01) 24 1 1.18E+02; 24
| hydantion ] ] ] 2.00:;@ 8 ] ]
A H H H 8.10E-01, 8§ H 1.90E+04, 24
1,2-Dichloroethane 3.85E+001 ) ¢ i ! ' i
1,2-Dichlorocthylene . ! ! 1.90E+03' 8 : 1.90E+04'
' \ 1 3.00E+02; 8 L 3.10E-03, 1
] ] 5.00E+01! 24 |4.00E+02'_8 ] 1
2.13E+02] | A K H K .
1,1-Dichloro-1-nitrocthane 1 ! | l.oosm: 8 ! ! ?3-315:8; ! 24
2-Dichloropropane 8.26E+03! 8 [ 24
i:)izcmo,wm N H H S.00E+01, 8 A i 1.67E+01, :W],
I2.2-Dichloropronionic acid ! ] ] 6.00E+0h 8 1 ' 2.33E+04: m
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[

Pollutant /State LA MD NC ~NM RI VT
__MM Limit I-Em Limit l'l"lme imit el Limit |.!ﬂ‘

L.OTE+02 8 . A - N . H
H H ] L 1 1.67E+05; 24 |2.33E+04; 24
! ] ' 1.00E+01!_8 ] \ 3.30E+001_24
H H ' X 2.50E+00, 8 H H 8.00E-01] 24
! 1 1 3.00E+021 8 ! ! 9.99E+01y 24
J B ! 1.00E+027 8 ! 4 [333E+01Y 24
H A H 2.50E+00, N N 2.00E-04, 1
[ 1 ] 1.50E+021 ¢ ! ' S.00E+011 24
. - s+ [3.00E+02] ¢ H 1.14E+01] 24 [9.99E+01] 24
1 1 L SO00E+02; 8 ) 1 1.67E+02, 24
] ] ! 4.00E+01! ] ] 1.33E+011_24
H i 3.00E+01, 24 H H H 1.67E+01;_24
1 ! ! 7.05E+031 8 ! ) 2.35E+031 24
) 1 ! S.00E+017 8 T 1 67E+011 24
A H H 8.60E+03, 8 H M 2.86E+03, 24
] [ ' SO0E+001 8 [ ' 1.70E+00¢_24
. . . 2.50E+03 8 [l . SO0E+02, 24
) 1 \ 2.00E+02; 8 | L 6.66E+01) 24
] i ] 0 ! TI8E+03 24 | 1t
N : H 2.50E+02, 8 . ! 1.I7TE+02; 24
i : : |so|3+o:z: 8 1: 4.29E+011 24 | 5.99E+011 24:‘
. ! ! 2.50E+02} 8 ! ! 8.33E+017 24
N 1 H L.OOE+02, 8 H H H
] ] ] 3.00E+02' 8 ] 1 9.99E+011_ 24
H H \ 00E+01T 8 H . 3.30E+00; 24
i 1 1 SO00E+01; 8 1 1.20E+02y 1 | 1.67E+01), 24
] ] ! SO0E+01' 8 ] ] L.67E+01! 24
H H H 2.00E+00, 8 X : 71.00E-01,
1 i ) 1.00E+011 8 ) !
T ! N 2.00E+00' 8 J i
N 2 H H P A
) 1 [ 23SE+03_8 ] ]
A H H 6.00E+03; 8 4 6.00E+03] 8 _
1 1 3.00E+01) 24 1 1 1
] ] 300E+00' 1 | 5.00E+00' 8 1 1.00E-02' )

3.57E+01, 8 HEl H H i L10E02, 1|

3.S7E+01_ 8 ' ] \ ¢ '
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Pollutant /Stsie LA MD NC 1 NM RI VT
Limis ! Time] Limit ! Time] Limit ! Tjme] Limit ! Timel Limit ! Time] _Limit_! Time
Dioctyl phthalate 1 1 1 N 2.00E+0y 24 1
] [ 1 ] S.00E-01! 1 ]
1,4-Dioxin 2.14E+03] 8 N S.60E+02] 1 H H 1.00E-02, |
Dioxane 1 i 1 9.00E+021 8 . LOOEO02) 1}
Diphenylamine ! J ) 1 2.00E+02! 1 Bl 333IEs01' 2
Diguat H H A 5.00E+00, 8 H A 1.70E+00, 24
| ' ] ! | | ]
Disulfiram . H ' 200E401]__8 ; H 6.10E+00! 24
Disulfuton 1 1 L 1.00E+01; 8 1 L | 3.00E-01) 24
.6-Ditert butyl-p-cresol ] ] ] 1.00E+02! 8 . ] 333E+01) 24
Diuron H H H 1.00E+02, 8 . : 3.33E+01,
Divinyl benzene ! 1 1 3.00E+021 8 1 ]
Endosulfan ) L J J Kl ' 2
Endrin___ A \ Hil A 1 \ y
Enflurane ] ! ) o _ ] 1L.91E+03! 24
ichlorohydrin 8.30E+01] 1 g 830E+01] 1 | 1.00E+02] 8 [2.00E+02, 24 | 3.50E017 1 N
! \ i ____1 BOOEON t | ) 1
Ethanolamine ] ] ] 8.00E+01"_8 I |1.90E+02' 1 |2.66E+01' 24
-Ethoxyethanol , H : H 1.90E+02, 8 H 4.52E+01, 24 | 6.33E+01; 24
-Ethoxyethyl aceiate I ! ! 2.70E+021 8 ) 6.43E+01)_24 | 8.99E+011 24
Ethyl acetate | : T ]140E+04) 8 J 1.40E+0S" 8 |4.66E+03' 24
Ethyl scrylate 4.76E+02) 8 L H 200E+02; 8 ) ' 6.66E+01; 24
Ethylamine » ] ' [ 1.80E+021 8 ! 4.29E+01_8 |5.99E+011 24
Ethyl smyl ketone : H ! 1.30E+03; 8 o H 433E+02] 24
Ethyl Benzene 1.03E+04, 8 1 L |435E+03, 8 1 4.35E+04) 8 | 1.45E+03 24
Ethy) bromide ] [ ! 8.90E+03' 8 ! 8.90E+03! 8 [296E+03! 24
Ethyl butyl ketone A N H 2.30E+03, 8 H H 7.66E+02; 24
Ethyl chloride ' ¢ ' [ ' ] 8.66E+03¢ 24
Ethyl ether ! ] v 1.20E+04! 8 H 1.20E+03]_8 |4.00E+03] 24
Ethyl formate 1 H L 3.00E+03; ! H L 9.99E+02; 24
Ethyl mercaptan ] ] ] O0E+011 [ 1 330E+00t 24 |
Ethyl silicate H N H 8.50E+02, 8 HE N 2.83E+02] 24
Ethylene chiorohydrin ! i ! 3.00E+01) 8 t ! 1.00E+01; 24 |
Ethylenediamine ] ] 3.00E+011 24 [2.50E+02! 8 J J 8.33E+011 24
Ethylene dibromide ] 3 | 400E-01; 1 |2.00E-02, 8 . 8.50E-05, 1 | 4.50E-03, 1
Ethylene dichloride 1 ] 380E+001 1 | 400E+02s_8 | 4.00E02 1 | 3.80E.021 1 )
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Pollutant /Staie LA MD NC NM 7] vT WA
' Limi} : Time] Limil : Timel Limit | Limit '. [imel Limit : Time] Limit | Time] Limjt [ Time
Ethylene glygol 3.02E+0%1 8 1 |.2$a+ogn 24 [ 1.25E+00 8 ] \ 4.16E+021 24
Ethylene glycol dinitrate r . % 3.00E+00! 8 \ V.
Ethyleneimine L 1 L4 LOOEH0); 8 ) 1
- H 1] ] n
a : idm:me l.00§+_00: 1 ; 2.70E 02: 1 2.008+01: 8 1005-02; 1 I.OOEM: 1
-Ethylmorpholine 1 q i 2.30E+02) _§ 1 ! 1.66E+01)_24
Fenugmipho ' ! V] 1.00E+00' 1 ! J 3.00E-01' 24
Fenthion ) { X 2.00E+00, | 1 : 00E-01, 24
Ferbam il i ! 1.00E+02) 8 A [
Ferrovanadium dust ! . y 1.00E+01, \ 1.
Febrous glass dust ! 1 1 1.00E+02; 8 1 1
Fensulfothion ' | ' 1.00E+00! ! !
Fluoride N T 1.60E+01] 24 | 2.50E+01, 8 y S.9SE+01; 1
Fonofos ' ' [ 0054001 8 ) )
» [Florine V ! ' 2.00E+00' 8 ' 2.00E+02] 8
o [Formamide A H H 3.00E+02, § H H
Formic acid ! ] [ 9.00E+01)_ 8 ] 9.00E+01t_8
iFurfural H . M 8.00E+01" 8 T 8.00E+01" 8
JFusfuryl alcohol 1 1 1 4.00E+02) ¢ 1
Formaldchyde 1.69E+00' 1 ] 1 SOE+01 | 8.00E02' 1
manium tetrahydride K X : 6.00E+00] ¢ ’ r
lutaraldchyde ) ] ‘ 7.00E+00 8 ' t
IGlycidol J 4 ' 7.50E+02' 8 T T
Glycol ethers 5.71E+02, 1 1 2 H N 2
Hafnium ! ' i 5.00E+000 8 ] [ L.70E+00¢ 24
Halothane . H M . H M 133E+03! 24 I
Heptachlor L A L 5.00E+00; 8 1 1 1.70E-04; 1|
Heptane ) ] ] ] [ 1.60E+04' 8 | SIIE+03' 24
Hexachloro-1,3-Butadiene 4.5SE+00, | 1 H L ' 1 8.00E-01] 24
Hexachlorobenzene 2.00E01 1 [ ) ) ' 2.10E03) 1 | 200E031_|
Hexachlorobutadiene Y . v [ 2.40E+00' 8 Y 4.50E-021 1 [ 8.00E01T 24
Hexachlorocyclopentadiene L L 6.00E-01y 24 [1.00E *24 | 1.00E+00; 8 i T 3.00E-01, 24
Hexachlororethane 2.50E+01t 1 | ! 1.00E+03' 8 ] _2.50E-01t | | 2.50E-01 |
Hexachloronaphthalene 0 N y 2.00E+00! 8 | y N 7.00E-017 24
Hexafluoroscetone ! T.00E+00; 8 2.30E+00) 24
H“‘mﬂh lene d'i’“ anate --——J—- et s LOOE01] 24
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=
Pollutant /State LA MD NC NM Rl vT WA
Limit 'L'I'i_m_e. Limit : [ime imit_; Time imit s Limit : Timel _Limi . Time imit_, Time
Hexamethylphosphoramide : : : 4.008—0!: 8 : : :
-Hexanone . \ N . . . 6.66E+01; 24
oc-Hexy! scetate i f L |3.00E+03, 8 H 1 |999E+02; 24
Hexylene glycol ' ! [ 2.50E+00! 8 [ [ 4.16E+02! 24
Hydrazine 2.00E02, 1 { 6.00E-01, 24 |1.00E+00, 8 | 3.00E04, 1 i :
H xdl_Lc_onc acid 1.80EB+02¢ 8 ! 1 \ 1 1 ‘
Hydrogen bromide ! L ' 1.00E+02! 8 | ! 3.33E+01 24
Hydrogen chioride 1 7.00E+00, 1 H 7.00E+01, 8 |6.00E+02, 24 |1.67E+01, 24 |2.33E+01,
Hydrogen cyanide 2.60E+02) ] 1.40E+02)_24 |1 00E+021_8 0 ] 333£+on 24
Hydrogen floride 6.19E+017 ! 3.00E+01T 24 [2.50E+017 8 ! S.95E+01" 24 | 8.30E+00! 24
Hydrogen peroxide 2 i 1 L.SOE+01; 8 ' 1.50E+01) 8 | 5.00E
ZHydrogen sclenide 1 ] ! 2.00E+00' 8 [ ! 7.00E-01¢
Hydrogen sulfide 3.30E+02, 8 N . . A 3.33E+01, 24 |4.66E+01
Hydroquinone 1 I ! 2.00E+01; 8 ! ! 6.70E+00:
-Hydroxypropy! acrylaie B v ' 3.00E+01' 8 ' ! 1.00E+01!
Indene H N H 450E+02, 8 4 \ 1.80E+02,
dium (and compound) _ ] ] ! 1.00E+001__8 ] ] 3.00E-01)
lodine H \ H 1.00E+01] 8 H 1.00E+02] 8 [ 3.30E+00!
lodoform I 1 1 L.OOE+02) 8 i 1 3.33E+01,
Iron onide fumes ] ! ! S.00E+01' 8 ] ] 1.67E+O1!_24
Iron pentacarbonyl H H i 8.00E+00; 8 H 1 2.70E+00, 24
Iron salts ! ! «___ |1.00E+01_8 ! ) 330E+001_24
Isoamyl acelate i | 1 5.25E+03' 8 ! 5.25E+037 8 | 1.75E+037 24
Isoamy| alkcohol L N ) 3.60E+03, 8 A 3.60E+03, 8 | 1.20E+03, 24
Isobutyl scetate 1 ! ) 7.00E+03)_8 ! 7.00E+031 8 |2.33E+03¢ 24
Isobuty) sicohol N A . 1.S0E+037 8 \ 1.50E+03] 8 | SO0E+02] 24
pcytl alcohol ! 1 1| 2.70E+03, 8 4 1 8.99E+02) 24
ophora ] { ] 250E+02! 8 ] ] 8.33E+011 24
[sophorone diisocyanate . M H 9.00E01, 8 5 Y 1.00E-01; 24
bopmpoxyclhano% \ ' ) 1.0SE+O 8 t ] 3.50E+0 24
opropyl scctate N . | 9.50E+037 8 . 9.50E+03] 8 |3.16E+037 24
ppropy] alcohol A 1 1 9.80E+03; 8 i 9.80E+04; 8 [3.26E+03, 24 |
sopropylamine ] ] ] 1.20E+02!_8 ] 1.20E+02! u 4.00E+01t 24
propy ether H H H ; %gg‘ : H 1.OSE+04, 8 ?'.;gg:gsz' 24
Lsopropy idyl e { [ | Latl] i ! : iN |
N- ‘u :y:a::fe = ] ] 1 1.00E+02! 8 ] : 3.33E+010 24
Ketene H 1 L |9.00E+00, 8 H H 3.00E+00; 24 |
Lead (and inorganic compounds) ] ! ! ! ] L.S0E+00: 1 i
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Pollutant /Sate LA MD NC NM Rl

‘ Limit " Time] _Limit I'Im imit_t Timel _Limit iT‘lmc imit |
Lead arsenate S . Y ! v v
Lead chromate 1 1 1 5.00E-01, 8 2

iquified petroleum gas ] ] ] ] ]
Lindane - H + | S00E+00] 8 H
Lithium chromate ! ! S.egT?-S/ 1 — )
Lithium hydride 1 ! ! 2.50E-017 8 J

aleic anhydride 2.38E+01, 8 N :20E+01, 24 |'1.00E+01, H

angancse (and compound 2.76E+011_8 ] 3.10E+011_24 [5.00E+011_§ ]

anganese cyclopentadienyliricarbonyl ¥ / 6.00E-01' 24 |1.00E+00" 8 !
Manganese (ctroxide 1 1 6.20E+00, 24 | 1.00E+00, 8 1

e and Compounds 1.19E+00! | 1 ! '

allkyl H H 6.00E-02; 24 H K

Mercure, aryl and inorganics ! ! 6.00E-01) 24 ! 1

rcure vapor : ! 6.00E-01' 24 ! I

sityl oxide L L L 6.00E+02, - 8 H

thacrylic acid ' ] ] T.00E+00 8 !
Methnol 6.24E+03" 8 . . . .
Methomyl | 1 1 2.50E+02) !

ethoxychior ] ] 1 1L.OOE+02} ]

thoxyethanol K H . 1.60E+02, 8 §
-Methoxyethylacetate ) 1 ] 240EH0) 8 '
4-Methoxyphenol . Y J 3.00E+01! § i
Methyl 2-cysnoscrylaie A N M 8.00E+0], 8 A M

thyl acetate ] ] ' 6.10E+031 8 1 L4SE+031 24
Methyl acetylene . A H b H :

thyl acetylene-propadiene | 1 | 8 ) l
Methyl acrylate ' ' ' 3.50E+02! ' '
Methyl alcohol . . H 2.60E+03; § 1 6.19E+03, 24
Methylamine | t ' 1.20E+021 8§ ] 1.20E+021 8
- Methy! aniline . . . 200E+017 8 N !
Methyl bromide H N 1 200E+02, 8 H LLOOE02, 1
Methyl cellosolve ] ! ' ! 1.00E+02) 24 !
Methyl chloride N : ! 1.05E+03, 8 H 1.OOE-02] |
Methyl chloroform 1 ! 1.20E+04) 24 ) . ]
Methylcy-~hexancl : : : 235E+03! 8 J 5.60E+02! 24
Methyl demeton 1 . 1 i ———cl P
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Pollutant /State LA MD NC NM RI vT
\ Limit | Timel _Limit l Time] Limit 1 Time Limit " Iimel Limi ) Time Limit ' Time
Methyl ethyl ketone « 1.40E+04) ) 3.70E403, 24 | 5.00E+03, 8 Y 5.90E+03] 8
ethyl ethyl ketone proxide H L ] 1.S0E+01) 8 1 1.50E+01, 8
thyl formate ! i [ 2.505#03' 8 ! |
thyl hydrazine H i . 3.50E+00] 8 : H
thyl todine ] [} ] [} {) 1
thyl isoamy ketone ' ! ' 240E+03! 8 ! !
thyl isobutyl carbinol i H H 1.00E+03, . H E+0]
Methyl isobutyl ketone 4.88E+031 8 ! 2.56E+031 24 |2.05E+03) ! ! E 2
Methyl iodide \ . T T1.00E+02! Y 1.00E-027 1 _[333E+01] 24
Methyl isocyanate L 1 1 5.00E-01) 1 A | 2.00E-01; 24
ethyl isopropyl ketone ] <l ] T.05E+03! ] ] 235E+031 24
Methy) mercap . —— . A 1.00E+01, 8 H 1 |3.30E+00; 24
ethyl methacroylate 9.76E+031 _8 [ 1 4.10E+031_8 i 4.10E+04r 8 |1.37E+00 24
Melll | n-amyl ketone ‘ 4 L ' 2sse+osl 8 U J 783E+021 24
thyl n-butyl ketone H X H i H : 6.66E+01, 24
-Mgl_y_-g;gynohdone [ [ ! ' [ 9.60E+02 24 -
thyl parath H : : 2.00E+00] | y H 7.00E-017 24
Methy pl'opyl ketone ! i i 7.00E+03) 1 i 2.33E+03) 24
Methyl silicste ! ] ] 6.00E+011_{ [ ] 2.00E+01) 24
a-Methyl styrene H \ i 240E+03, 8 H H 199E+02, 24
Methylacrylonitrile ' 1 1 ) ) ‘ 1L.OOE+01: 24
lal . L - l i ' 1L.O3E+047 24
Methylamine ' H H H 1 A 4.00E+01, 24
Methylcyclohexane [ ] ] [ ' ] SIIE+03_24
Methylcyclohexanol . ; . : H 1 [183Ewm] 24
o-Methylcyclohexanone 1 f A 2.30E+03; 8 f } 7.66E+02; 24
Methylcyclopenisdienyl manganese icarbonyl ! ] ! 2.00E+00!_8 ! ] 7.00E-011 24
Methylene bis(4-cyclo-hexylisocyansie) H A M 100E+00, 8 \  , | =, 2.00E-01, 24
Methylene bisp ] isocyanate ' ' 1 2.00E+00:_8 | 2.00E-0l1 24 | 4.80E-On 24 | 2.00E-011 24
4,4-Mcthylene bis(2-chloroaniline) . . 1 [220E«00; 8 |1 O0E+00, 24 \ 7.00E-01; 24
Methylene chloride 1 H 240E+01, 1 [3.50E+03; 8 ] 2.00E01, 1 | 2S0E-0]; 1| H
Mecthylenedianiline ! ! ! 8.00E+00'_8 ! ] 2.60E+00!_24
Metrubuzin H . H 5.00E+017 8 . . 1L67E+01} 24 |
[Mevinphos ! ! ! O0E+00; 8 1 } 3.00E-01) 24
[Molybdenum (as Mo soluble coumpounds) ! ! t__|5.00E«01 8 ! I J167E+01" 24
{Molybdenum ( as insoluble compounds) __ 1 : b LOOE02, 8 H 5 THE
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Pollutant /State LA MD NC NM RI VT WA

“Qi' "r'm !éﬂil '!:g I!'gil ';I!’Qe imit Iigﬂ ':!:ﬂe !!'m!'l .!Egg imit ! Time

1 ] H 2.50E+00; 1 ! 8.00E-01; 24
! ! [ 7.00E+02! ] ] 2.33B+02! 24
3.62E+03, 8 HEN H H H .
4.19E+0% 8 1 LI0E+03s 24 | 1.80 ] ! 4.29E+03; 24
B I 77 L I ,

H H 1 3.00E+01, 8 H N
' 0 ] 5.00E+021_ 8 1 1.20E+02¢ |

2.10E-017 ( 6LOE-01, 24 [1.00E+01; 8 | 200E03 1 | 3.30E03' 1

4.20E-01) 1 L A 1 1
! ! ' 3.50E+00! 8 ] 1.00E-02! 1
g ! 2.10E-03; 1| 1.00E+01] 8 H H
] ¢ ' 3.00E+001 8 1 ' L70E+00y 24
1 T T O0E+02! 8 ' g 3.33E+017 24

1.20E+02, ! 1 |SO0E+«01, 8 H 5.00E+02) 8 |1.67E+01, 24
[ ] ' 1 i 7.14E+01'_24 | 9.99E+011 24
A . h 3.00E+01, 8 { + | 1.OOE+017 24
1 1 1 1 8.00E02) 1| L 1

1.19E+02! 1 6.00E+01! 24 | 5.00E+01' 8 1 1.19E+02' 24 | 1.67E+01! 24
H L s _|3.00E+01, 8 A 1.14E+01, 24 | 2.00E+00; 24
' ! ] 1.90E+02) 8 ) 1 1
. J v 3.10E+03 8 | 7.38E+027 24 | 1.03E+03' 24
A 1 L 3.00E+03, 8 HE ) 9.99E+01, 24
) [ [ 5.00E+00! 8 ] [ 1.70E+00) 24
. . . 2.50E+03] 8 H 2.50E+03; 8 [8.33E+02] 24
] 1 L 9.00E+02; 8 L 9.00E+02y 8 |3.00E+02; 24

2.00E+01" ! ! 1 200E-01' 1 | 1.00E-02! 1 [1.17E+02! 24

— H : 1LI0E+02] 8 ! 2.62E+02, 24 | 3.66E+01] 24
' ] ) 1.OSE+04: 8 ' ' 3.50E+031 24
! . U . A 2.40E-01' 1 | 3.00E-01' 24
{ 1 1 1.4SE+04, 8 \ X 4.83E+03, 24
] i ' 5.00E+01! 8 [ ] 1.67E+011 24
T r u 2.00E-027 8 H ! 7.00E-037 24
" 1 1 1LOOE+0l)_8 1 LOOE+021 8 [3.30E+00; 24
1 1 i 1.00E+00" 8 i 1 3.00E-01" 24
3 H ' 2.00E+01, 8 ¥ K 6.70E+00, 24
) [ ) 1.00E+00:_ 8 il [ J.00E-01t 24
T Y i 1.00E+00, 8 e ! 3.00E-01] 24
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Pollutan /State o LA MD NC NM [T VT
} Limit_, Time it  Timel Lim jt_, Timel Limit_, Limit_, Time| _Limit_; Time
Pentaboranc ] 1 ) 1.00E-0)y 8 1 |
IPentchloronapthalene . . U soos+oo' 8 . 1.19E+00] 1
iPentane L L 1 A !
IPerchioromethyl mercap ] ! ] aooawm ] ! !
{Perchiory) fluoride A : _ 1L40E+02] 8 i i
{Pentachlorophenol ! ! 3.oog+go= 24 :ooewo: ] : n95+oo. 1
Perchioroethylene I 1.90E+021 1 [335E+037 8 | 5.00E-02! 1
[Phenathrene H A - N H .3o§+oo.
Phenol 452£+02u 3 i ) .'aolzm: 8 ' 1.90E+031
IPhenithiszine . . . 5.00E+017 8 H —
IPhenyl ether 1 ] i 7.00E+01; 8 L 1.20E4+02) 8
[Phenyl glycidy! ether ] ] ] 6.00E+01! 8 ! ]
iPhenyl mercap H H A 2008+Ol. 8 H H
ip-Phenylene diamine ] ! 28] lOOEoOOl 8 1 ¢
{Phenylphosphine U . e 2;0_@00! 8 J \
{Phorate H 1 H S.00B-01, 8 \ :
iPhenylhydrazine ! ! ! 2008402! 8 1 !
{Phosgene 9.50E+00] 8 H 2.50E+00" 24 | 4.00E+00] 8 r [4.00E+017 8
{Phosphine i A 1 4.|ME+N| 8 { 4.00E+01, 8
Phosphom acid - ! ! ] 00E+01!_8 ] 1.00E+02' 8
Phosphoms H N HE OOEHX'. 8 H H 300!3 01, 24
IPhosphorus oxychloride ¢ Lt ' 6.00E+001 ) ] 2.00E+001 24
:» psphorus pentachloride | . U 1.00E+017_8 v 1.,00E+01]_8 |3.30E+001 24
Phosphorus pentasulfide H H A 1.00E+01, 8 { 1.00E+01; 8 |[3.30E+00; 24
Phosptmumchlonde ! ! 1 1.50E+01V_8 [ 1.50E+011_8 '
fPhthalic anhydride 1.4SE+02] 8§ i : 6.00E+01! 8 ! 6.00E+02, 8 |2.00E+01, 24
m-Phihalodinitrile 1 1 1 5.00E+01) 8 0 \ 1.6TE+01y 24
Picloram ' ! ! O0E+02) 8 1 __ 3JIEH01! 24
p.cm ocid ' H ' O0E+00, 8 H 2.40E-01, 24 | 3.00E-01, 24
’ : : 1: 00§+00: 8 : : EI.OOE-OI: 24
IPiperazine dihydrochloride ! ! ! SO0E+01T 8 b U 16TE+01] 24 |
fPlatium ' L 1 1 1.00E+01, 8 1 5.00E-03) 24 [3.30E+00, 24
iPolychlorinated biphenyls 1 ! 8.30E-02! 1 [ ] 8.10E-04' | ]
\ T T 1 Y T
[Polynuclear aromatic hydrocarbons 6.00E-02, 1| . X H . A 6.0045;0_4‘_%
Potassium chromate i) ) 8.30E-054 { [ | 1
?_.. ﬁ;-l:- =—-—='=-==§'ios-os. : SRS : : s .
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Pollutant /State L MD NC NM Rl vT
' , -mi Y ime iﬂli( v e o ¢ ¥ ime i i‘ Y i 5 e !! .‘ vl
Potassium hydroxide . ’ 2.00E+0 ' 8 ! 2.00E+01!
Propane sulione M Hl N 400E+01;, 8 H !
Propasgy alcohol ! [ [ 2.00E+010_8 1 '
B-Propiolactone { . . . H .
Prevsonaldehyde 4.29E403, 8 L L 1 i 1
Propoxur ] ] ] S.O0E+00! 8 ] ]
Proprionic acid H H . 3.00E+02, ¢ H H
In-Propyl acetate ' | 1 8.40E+031 § ! !
n-Propyl alcohol ! g ’ 5.00E+03! 8 V 5.00E+04}
n-Propyl nitrate H H ) H 1 H
Propylene dichloride ] ] ] 3.50E+03'_8 ! 1.00E-024
[Propylenc glycol dinitrate H H . 3.00E+00] 8 ! I J
Propylene glycol mon-methyl ether 1 1 i 3.60E+0}, 8 1 | 1.15E+03; 2
Propylene imine b ! ) S.00E+00! 8 ] 1.00E-02! 1.67E+01! 2
Propylene oxide 2.70E+0), 1 H H S.00E+02, 8 | 1.00E-02, H
iPyrene (| 4 ] ' ] 3.40E+00 .
Pyrethrum . 4 T |500E+01] 8 ! 4 LETE+0IT 24
idine 381E+02, 8 H 2 1.50E+02, 8 M 3.5TE+02 SO0E+01, 24
Quinone ] ] ] 4.00E+001 8 [ 0 1.30E+00) 24
Resorcinol . . \ 4.50E+02, 8 ¥ H 1.50E+02! 24
IRhodium metal ‘ 1 ) 1.00E+0L) 8 1 1 3.30E+00; 24
Rhodium (insoluble compounds) ! ] 1 1.,00E+01!_8 1 ] 3.30E+00! 24
Rhodium (soluble compounds) ! J + | 1.00E+00, 8 . H 3.00E-02, 24
Ronnel [ { ' 00E+02: 8 ' ! 3.33E+011_ 24
Rotenone ) . i 5.00E+017 8 . . 1.67E+01 24
Rubber solvent (Naptha) A 1 H 1l 1 A SI3EH03; 24
lenium (and compounds) 4.76E+00'_8 ! ] 2.00E+00! 8 ] 4.80E+00! 7.00E-011_24
Jenium hexafluoride N \ H 2.00E+00, 8 . N 7.00E-017 24
. 1 1 1 1.00E+02) 8 H 1 333E+0)) 24
Silica, amorphe i \ 1 ] ] 2 40E+02) 124
Silica, cyrstalline H H H H : L12E+02, y 24
ilics, fused ] \ \ 2 \ . ' 2.40E-01n 0
{Sodium chromate . H 8.30E-05, | H H . .
Sodium hydroxide 1 { 4 1 t 1
Silicon tetrahydride U ! JENNL ODE sO1USS ' 124:70%?:
Silves (10tal) N 3 3 , $ + : "
Silver metal | I | l.00§400| 3 ] ]
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APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONC_ENTRATION LIMITS FOR AIR TOXICS
- Y T B e o e ST

Pollutant /State LA MD NC NM Rl vT WA
Limit _, Time] Limit } imit_ Timel _ Limit . Timel Limit_TTimel Limit Jimel _Limit __ Time
ilver (soluble compounds) ! : ] [ 1.00E-011_8 ! ] 3.00E-021 24
ium szide . . . 3.00E+00! 8 o . 1.00E+00! 24
jum bidulfite 1 ! 1 S.00E+01, 8 A H -1.6TE+01; 24
ium dichromate ! ! 8.30E-05! 1 | i { i )
jum fluoriscetate X H M H 1 / 2.00E-017 24
ium hydroxide ! ! ) 1 1 2.00E+01) 8 |6.70E+00) 24
ium metbisulfite ! ! T SO0E+01' 8 J J 1L6TEs01T 24
Stibine : H i 5.00E+00, 8 M M 1.70E+00, 24
Stoddard solvent ] ' ' ! S25E4+0_ 8 ) 1.25E+041 | )
tronium chromate ! U 0E0ST 1 | T y g H
Suychnine 1 I 1 1.50E+00, 8 Hl ] 5.00E-01; 24
S S.0TE+03! 8 ] 1.34E+03! 24 [2.15E+03! 8 [3.00E+01' 1 [S12E+02' 1 | 7.16E+02 24 }
Subtilising H H N 6.00E04, 8 ' H 0.00E+00] 24 |
Sull ! ! 1 2.00E+001 8 ! ! 7.00E-011_24
Sulfur hexafluoride : . £ J Y J 200E+04! 24
Sulfur pentafluoride 2 1 2 1.00E+00, 8 2 1 3.00E-01, 24
Sulfur tetrafluoride ] ] ] 4.00E+00!_8 [ ' 1.30E+00t_24
Sulfuric acid 2.38E+01]_8 Y 1.20E+01 24 i Y 2.38E+017 24 [3.30E+007 24
Sulfur monochloride - i 1 1 6.00E+01, 8 ) 6.00E+02) 8 [2.00E+01; 24
ulfuryl Nuoride ! ! ] 2.00E+02! 8 ] ] 6.66E+01t 24
Sulprofos H H H 1.00E+01; 8 H M 3.30E+00; 24
antajum (metal and oxide dust) ' ! ' SO0E+01s 8 ] | 1.67E+0) 24
ellurium . . . 1.00E+00! 8 l 240E+007 1 [ 3.00E-017 24
lellerium hexafluoride H H X 200E+00, 8 H H 1.00E-01; 24 |
[emephos | ! | 1.00E+02 8 | ] J.3IE+ON 24
fesphenyls H ] i 3.00E+01,; 8 : H 1L.67E+017 24
ctrachlorodibenzo-p-dioxin ‘ i 1 3.00E-06) 1 1 1 ! 1
1,1,1 or 2.2-Tetrachloro-2,2 difluorocthane ! ] S20E+04! 24 | 1 ! 9.93E+03' 24 [139E+04! 24 |
1,1,.2.2-Tetrachlorocthane 1.70E+00, 1 : 630E+01, 1 [7.00E+01; 8 M 1.70E-02 2.33E+01, 24
erachlororethylene 1.0SE+021_1 ] 1 1 ) 4.10E011_1 )
Tetrachloronapthalene v T T 2.00E+01' 8 +— | 4.80E+00T 1 ]6.70E+00" 24 |
E-"_—' Sy H A - A i H 3.00E-01; 24
: ] ! S90E+0N 8 [ LALE+04! 24 |1.96E+03) 24
K . 5 H N S.00E-017 24
\ 1 I300E+02) 8 3 1 1.00E+01§_ 24
] ] 8.00E+01' 8 1 — 2.66E+011 24
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APPENDIX A. INDIVIDUAL STA

TE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

— — - -
Pollutant /State LA MD NC NM RI vT WA
. imit , Time] _Limit Jimel _Limit T Time Limit_ Time] Limit_J Time Limit_, Time] Limit Time
etrasodium pyrophosphate ] ] ] S.00E+011_8 ] ] SIE+011_24
eyl . . . 1.50E+01] 8 . ) 5.00E+00! 24
allium (soluble compound A ] H 1L.LOOE+00; 8 H ' 3.00E-01; 24
4 4-Thiobib(6-tet butyl-m-cresol) ] ] ] 1.00E+02!_ 8 ] ] 3.33E+01)_24
ioglycolic acid K H H 4.00E+01] 8 5 h 1.33E+01; 24
ionyl chloride ! ! ! 5.00E+01;_ 8 ) ! L.6TE+01)_24
in metal J ! ! 2.00E+01' 8 ! ! 6.70E+00! 24
in (organic compounds) ] A M 1.00E+00, 8 H \ 3.00E-01, 24
in (inorganic and oxide) ] 1 1 2.00E+011_8 1 ] 6.70E+001 24 !
olucne 8.90E+037 8 U 4.70E+03] 74 [375E+031 8 |2.00E+03' 24 | 8.03E+03" 24 |1 25E+03T 23 ‘
oluene-2 4-Diisocyanate 8.60E-01; 8 A SO0E-01) 24 | 4.00E-01, 8 | 200E.01; 24 1.00E-01, 24 ['1.00E+00, 24
oluene-2.6-Diisocysnate 8.60E-01' 8 ' ' ' ' 1 ]
0-Toluidine . i N LIOE+0l, 8 | 4.00E02; 1 | 1.00E-02] 1 |3.00E+01 24
m- Toluidine ' 1 ‘ 9.00E+0l; 8 ] 1 3.00E+011 24
p-Toluidine | L L U : ' J.00E+01T 24
oxaphene ! L ' H ! N 3.00E-03, 24
ributyl phosphate " ] [ 2.50E+011_8 ] ] 8.30E+001_24
richloroacetic acid H . + | 7.00E:01" 8 ! T 2.33E+017 24
1,2,4-Trichlorobenzene — 1 1 1 400E+02) 8 | 1 1.33E+02) 24
1,1,2-Trichloroethanc 6.25E400! ] ] 4350E+02! 8 |7.00E+00' 1 | 6.10E02' 1 | 1.50E+02! 24 |
1,1,1-Trichlorocthane 4.55E+03] ¢ ; . H H 1.90E+05, 8 [6.33E+03] 24 |
richloroethylene S.88E+011 1 ! ! 2.70E+03 8 | 3.00EOL 1 | 4.20E011 1
richlorofluoromethane ! ! ! T ! !
fichloronaphthlene ) 1 1 S.00E+01, 8 H LI9E+0), 1 |
4,6-Trichlorophenol ] | ] ! ' 1.80E-01! |
1,2,3-Trichloropropane H M : 3.00E+03] 8 ; 1L.43E+017 24
1,1,2-Trichlorol,2.2-trifluarocthane 1 1 1 1 1| 1.8IE+05; 24
[ricthylamine | ! | 4.00E+02' 8 ]3.00E+02' 24 !
[rifluorobromomethane N N L H : 145E+04, 1
rimellitic anhydride [ [ 1 4.00E-0I 8 ] 1
rimethyl benzene . . . 1.25E+037 8 J T
i phite L H ! L.OOE+02, 8 | \
2$$’:£'m"i.’e " 1 ) ] 2.40E102!_8 ] ]
4,6 Trinitrotoluene M : H 3.00E+00, 8 H .
riorthocresyl phosphate 1 I | 1.00E+00; 8 1 2.40E01) 24 |
rip 1 amine SrECTeaT . 'r . swswl' 8 MLWWL=
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APPENDIX A. INDIVIDUAL STATE AMBIENT AIR CONCENTRATION LIMITS FOR AIR TOXICS

Pollutant /State TA MD NC NM Ri VT WA

. ”M imi 'Ti imit ime it 4 u'mn : Time Hmi} : !m e 'Tlllle
riphenyl phosphate | ' ' J.00E+0I)_8 1 ' 1.00E+011 24
ungsten (insoluble compounds) . . . 500840!' 8 . : 1.67E+01, 24
ungsten (soluble compounds) 1 H H 1.00E+01; 8 H H 3.30E+00, 24
rpeptine ] ] ! 5.60E+03)_8 ] ] 1sssm' 24
Uranium ( insoluble and soluble) . g g 200E+00]_8 . A 1.00E-01] 24
VN&P Naptha { i ) 3S0E+00 8 ! J.21E403; 24 |4.50E+0%) A4
n-Valeraldchyde | ] ! 1.75SE+03! 8 ! ! S.83E+021 24
Vanadium as V203 1 H 2 1 ) H 2.00E-01, 24
Vinyl acetate 8.30E+021_8 ] I [3.00E+021_ 8 i ] 9.99E+011 24
Vinyl bromide . . : HE . . 6.66E+01} 24
Vinyl cyclohexene Toride 1 1 H A H A 2.00E+02, 24
Vinyl chloride 1.19E+00! ) ] nosm' 1 ! ! 2.00E01' 1 |230E02! 1
Vinyl toluene H X g H S.NE+03, 24 |7.99E+02] 24
Vinylidene chloride 2.00E+00; 1 ! T20E+02) 34 | 240E+0% 8 ! ! 6.66E+011_24
[Warfarin ! ! i 2.00E+02! 8 J U 3.00E-017 24
elding fumes H 1 X L 2 2 1.67E+01, 24
-Xylenc a,a-diamine 1 ' ! 1.00E+00) 8 ' | 3.00E-011_24

IXylene (Mixed isomers) LO3E+04! 8 Y 27oe+03', 24 14.35E+04, 8 |7.00E+02] 24 |1.04E+03] 1 |145E+03! 24
Xylidine l 1 1 A 1 L 3.33E+01) 24
Yttrium (metals and coumpounds) 1 ! ! ! ! | 3.30E+00!_24
Zinc (and compounds) 1.19E+02, 8 K . H . 1.20E+01, 24 !
!mdtlmd.em : : ‘ : : ! 2.4os+oof 24

Zinc oxide fumes H L L 2 i X

7 irconium compound: ] ) ! ' [ ] 1.67E+01)

. T I

* All values are based on those cited in the actual state regulations as supplied by the Bureau of National Affairs
All values are in ug/m3 unless otherwise specified
Both values given for asbestos are in fibers/ml

8 = The limit is based on an eight hour average concentration
24 = The limit is based on a twenty-four hours average concentration
1 = The limit is based on a annual average concnetration
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APPENDIX B. EMISSIONS EVALUATION TABLE FOR ABE'S 350 MWe LOW EMISSION

BOWLER (Stack Height 400 A In Urben Area).
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Pre-Test

Calibrations
¥
B T
1
v 1
TR Rl
v 1
Leak Check Leak Check
v 1
Begin Testing Finish Testing
v 1
Leak Check Leak Check
v 1
Tonagh‘l;azge Pair > 18.:3::‘19 > > Tm%hlnmgo Pair

- Figure C-1. M0030 sampling procedure overview.
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Glassware

'

Soak with non-ionic
detergent for 1 hour.

:

Rinse each component 3x
with de-ionized water

|

Dry at 110°C and cap

Figure C-2. M0030 glassware preparation procedure.
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Attach heat traced sampie iine to
heated probe

Attach heat trace sample line to
coiled condenser

v

Attach Tenax tube to coiled
condenser

v

Afttach Tenax tube bottom to
condensate trap

v

Attach condensate trap to top of |
straight tube condenser

v

Attach Tenax/charcoal resin trap to
straight tube condenser

v

“Attach 2nd condensate trap to
bottiom of Tenax/charcoal tube

v

Attach SO4 scrubbing impinger
. to 2nd condensate trap

e

Attach drying tube to SOo
scrubbing impinger

v

Connect drying tube outlet to
VOST sampiing pump and
control

Inspect train assembly

v

Proceed to leak check

Figure C-3. M0030 sampling train assembly procedure.
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Enter preliminary data at
Pretest top of run sheet
Leak Check
SLOW VOST —
FEVs
A
NO
— End Sampling

Figure C-5. M0030 Sampling Procedure.

C-6




Attach charcoal tube to the manifold
: with three way valve

'

Completely isolate system by closing
vacuum release (toggle valve)

I

End record leak rate

Recheck connections;
repeat leak check
Turn on pump I
¢ _ NO
Evacuate system, set Post test final
vacuum at 15” Hg leak check
anregassxﬂowfqrw Tum pump off
o m -
Leak rate .Rekaseapslowlyrelense
<0.02 Vm ' vacuum to charcoal tube
YES
Slowly open vacuum release toggie
switch to charcoal wbe
Turn off pump
Record leak rate

Figure C-6. M0030 leak check procedure.
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Transport all replacement

Tenax trap pairs to samphng Condensate

site on biue ice

I .

At selected time intervals condensate into 40 mi
repiace Tenax trap pairs A-type sample vial
Label and Place used Tenax :
trap pairs on biue ice Preserve with HCI
immediately following their (as necessary)
removal from VOST train

I

Retumn used Tenax trap etely fill vial by adding
pairs to recovery laboratory PLC-grade D.|. Water to
and store at 4°C » zom-hudspaca condition
Store at 4°C

Figure C-7. M0030 field sample recovery.
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Calibrations

Condition
glassware

XAD-2 Modules !

velocity traverse

y

Sampie train

assembly

l

Transport w0
sampie area

l

Sampling site
set up

l

Samples to
custody personnel

Paperwork

Leak check

Begin
testing

Change
Ports

Sample recovery

Transﬁon 0

recovery area

Sampling area
breakdown

Leak check

L

Finish testng

Figure C-8. Method 0010/23 sampling procedure overview.
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Check for: ¢ Adeguate ventilation

o Gloves

o Safety glasses

Soak and wash ali glassware in hot soapy water.
Remove any traces of grease.

Rinse with distilied deionized water (3 times)

Rinse with acetone (3

times) pos(icido grade

Rinse with methylene chloride (3 times) pesticide
grace (Soak for 5 minutes)

Rinse with toluens (3 times) pesticide grade (Soak
inutes) ; )

for § mi

Rinse with acetone (1

times) pesticide grade

Cap glasswars with clean

glass plugs or me ne

chioride and acetone-rinsed aluminum foi

o Labsl glassware for organics
¢ Seal with Tefion tape until assembled

Figure C-9. Method 0010/23 glassware preparation procedure.
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bL=d

1
H::;:dngfyx XAD Tower assembly Impinger 1 lmpinggr 2and 3| impinger 4 impinger 5
Place filter on frit | 1/2 stem G/S Impinger 2: G/S G/S mod
. Remove XAD module A G/S mod
use TFE tweezers from freezerand | mod empty _l_n_‘\giggm:rda' a/S impinger impinger
t attach to condenser * ! - * *
Clamp on inlet and Weigh 1o Place 100 mi of Place 100 ml i
oml:a‘l"l::llet housings Attach ,.!p post fo nearest 0.5 H'PLQ-?M" ol 30%°H202, Hi f..‘i‘.‘i'c'.l':}'e.'”""
¥ condenser. Sealwith| | 9rams. fecord | | waler inlo eac
TFE tape or glass j *
Clamp cyclone or plugs (¥ used) Weigh to Weigh to Waeigh to
cyclone bypass to t nearest 0.5 nearest 0.5 nearest 0.5
filter inlet grams, record umms record rams, record
i 2 Transport to stack
Phgcions | | “oarsi rom cven
cyclone SS a nger box
TFE coated cork *
Plug filter outlet
gt | [ 0o i
coated cork below 50°
* Assemble and leakcheck
impingers. Do not use a
Transport to stack enge grease v
separate from
impinger box Wrap plugs in cleaned
alummum foil for use
in recovery

- Figure C-10. Method 0010/23 sampling train assembly procedure.



THERMOCOUPLE

. PROBE —e
PITOT TUBE

RECIRCULATION
PUMP

HEATED PROBE LINER CONDENSER
”~
—-—— - T
| XAD-2 RESIN MODULE
FILTER
AND CYCLONE®
T
=
' |
| | |
| | |
L 1 2 3 4 s |
I - a—— J -— —— -— — - —_— L1 -—— L] -— —
MANOMETER Lisiets ’
o FITER FINE FLOW
T ADJUST VALVE
WCUUM
ORIFICE e
C t COARSE FLOW
PUMP  ADJUST VALVE
OILER
INCLINED MANOMETER , : Lebl
DRY GAS ‘
METER 1 EMPTY HALF-STEM IMPINGER

2 MOD. G-S IMPINGER WITH
100mi OF D. 1. WATER (HPLC)
3 STD.G-S IMPINGER WITH .
" 100mi OF D. 1. WATER (HPLC)
4 100 m! 30% H50, SOLUTION
$ MOD. G-S IMPINGER WITH
300g OF SILICAGEL

@ = THERMOCOUPLE

*ESP Inlet Only

Figure C-11. M0010/M23 sampling system schematic marked for
high SO, and particulate loading.
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Cap probe nozzle (e—

Recheck connections;
systematically
y leak-check
Tum on pump
l Post test End record
Evacuate system set leakrate

vacuum at 15° Hg

!

Measure gas fiow " Tumn off pump
for 60 sec

Release cap siowty
release vacuum

No

Leakrate
< 0.02 actm

Remove cap siowly
release vacuum

v

Tum off pump

'

Record leakrate

Figure C-12. M0010/M23 leakcheck procedure.
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vi-3

Flor

Fiter houel
front haWt a

E it 3
» mply into Repeat f
Empty into
Contalner 8

EER-0010/23-01M0
June 19,1000
GCE

Figure C-13. Combined EPA Method 001(/23 (modified for PAH determination and
high SO2 concenuauon) sample recovery flowchart.

lone (¥
eyl u-d)‘
(Finet housing front hali, ?uom_
probe liner, .l'zmlo. and TFE Wne)
[Attach 250 mi Attach 280 mé
. il g marts M..f:'..?
Ainse with 2 1
s motwione | | [
mes
chioride and eoak for §
soak for § oe
. m Empty inte each
impinger with
l chioride 3 imes




Calibrations
Condition
glassware
. Samples to
Mix Reagents iy l
Prelimi
velocity traverse Paperwork
Sample train Ul
assembly : Sample recovery
l Transport to
recovery area
Transport to
sample area 4
' Sampling area
breakdown
Sampling site }
setup
l Leak check
Begin Leak Change Leak . 4
Leak check "{ testing Cbeck [ Poms Check _JL Finish testng

Figure C-14. M29 sampling procedure overview.
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Rinse with hot tap water 3 times

l

Wash with hot tap water and
brush with non-metallic brush

l

Rinse 3 times with tap water

I

Rinse 3 times with DI HyO

l

Soak 4 hoﬁrs or longer in
10% HNO3 (use plastic tub)

B!

500 mi HNOq into 4000 m! DI Ho0
dilute to 5000 ml w/Di HoO

Rinse 3 times with DI H,0

T

Seal all containers with
teflon covered caps

Figure C-15. M29 glassware preparation procedure.




{13

Filter, Paliflex type
2500 QAT - UP

‘

0.1N HNO4

No Preparation
Needed

:+

5% HNO3/10% Hp05
solution

Prepared 1000 mi
vol flask

'

4% KMnOy4 solution

l

Prepared 1000 mi
volumetric flask

i

8N HCL

Add 900 mi
H,0 DI

:

Place 900 mi 10% HaS80,4
in 1000 ml flask

l |

[
Place 500 mi Dll’ Ho0 into
1000 mi volumetric flask

:

Place 100ml
DI Hzo into
vol flask

Add 6.3 m HNO,
(um) (70%)

l

Weigh out 40 g KMnOy4,
add to flask

'

'

:

Add 50 m} HNO3 (conc.)

Dilute to volume
with 10% H,S04

Add 690 ml of
Conc. HCI

Dilute to volume
with DI H,O

!

l

Bring to Volume
with DI H,0

Figure C-16. M29 reagent preparation procedure.

Add 333 ml 30% H,0,

Dilute to volume

with DI H,0
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THERMOCOUPLE

GLASS PROBE

~
I *— STACK

PROBE TIP ——»f}

s ——

REVERSE-TYPE —®
PITOT TUBE

6L=J

Modified G/S
Modified G/S: 500 ml 5% HNO3/10%H,0)
G/S: 500 5% HNOy/ 10% Hy09

Modified G/S: Empty
Modified G/S: 200 ml 4% KMnOg4/ 10% H
Modified G/S: 200 ml 4% KMnO4/10% H)
Modified G/S: Silica Gel

NOVALN -

MANOMETER

ALL GLASS SAMPLE EXPOSED SURFACE TO HERE,
(EXCEPT WHEN TEFLON FILTER SUPPORT IS USED)

THERMOMETER

IMPINGERS WITH
OLASS ABSORBING SOLUTIONS

DRY GAS

Figure C-18. M29 sampling system schematic.



Cap probe nozzie

l

Tum on pump

Evacuate system set
vacuum at 15* Hg

Measure gas flow
tor 60 sec

Leakrate < 0.02
actm?

No

Recheck connections;
~ systematically
leak-check

Post test
final
leakcheck?

f

Tum off pump

T

Remove cap siowly
release vacuum

|

Tumn off pump

|

Record leakrate

Release cap siowly
release vacuum

Figure C-19. M29 leakcheck procedure.

€-20

End record
ieakrate




|

o

|
é?
4]
23 L g;é _J_‘

‘E -1 g% '; i i'egi g,
“ i i3 4§
i i

—-ugg — 12
F :

Front hall of Kiter
housing

Brush loose
particulale matler
non-metalic brush

onfo filter with

Seal Petri dish
with mpe

C-21

Figure C-20. M29 sampling train field recovery procedure.



Pre-test

Compleied data sheets to data
Condition Tedlar bags with reduction personnel
ultra-pure N2 Q
‘ Samples to custody personnel
Leak Check Tedlar bags 'y
1 { Each Test Transport to recovery area
Transport bags to sampling
"~ location f
{ Place Tedlar bag into opaque bag
(Large trash bag)
Assemble sampling system
Disconnect Tedlar bag from
rotameter
Begin Testing |———1| Setflowrate |j———3p| Finish testing

Figure C-21. Overview - Evacuated Tedlar bag sampling method.
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Select Tedlar ba gs with greaseless

v

Attach Tedlar bag to nitrogen purge
. system

v

- Evacuate bag completely

v

- Fill bag and evacuate bag two times

v

On the third time, fill bag to at least 3
inches of pressure on an incline
~manometer. Record pressure and
wait 10 minutes

Fill bag half full of nit
ar%stmunﬁlusﬁm

Leakage is indicated, discard bag.

Figure C-22. Tedlar bag leakcheck and preparation.
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Place Tedlar bag (filled with
N2) inside evacuation box and
attach to sampie line.

v

Chaeck the following:

1. Rotameter valve closed?
2. Is charcoal tube in place?
3. Open Toggle vaive

To complete sampling, close
rotameter vaive.

3

Initiate sampling by evacuating
evacuation tank until pressure is
less than stack pressure. Then
open rotameter vaive and adjust

" to desired fiowrate

Direct flow from Tedlar bag to T
pump using 3-way valve
SAMPLE COLLECTION
Check the following:
1. Direct flow from evacuated tank -
to vacuum ?.gmp using 3-way vaive.
Start pump and evacuate 2. Open toggle vaive
Tedlarbag T
‘ fsotatsi pynnl\: to urg:d sample Ii'r::t
isolate Tediar bag from pump SOt b UG g s
using 3 way va!vg and toggle down vacuum pump.
valive T
Wait for Recieve . ng:
clearance > SOrance 1. Direct flow from sampie
begi i Cloa o " jine to pump?
gin testing begin testing 2. Is toggle vaive closed?
3. Open rotameter vaive

Figure C-23. Sampling system assembly and operation - Evacuated bag method.
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From Stack
or Process

/4" SS/TFE
Charcoal
Tube
Calibrated Glass
3-Way Vaive
Rotometer Evacuated Tank ‘
o ] ™\
. Water Knockout F'
at SS14 \ L
Toggle '
Vaive
@)
10 Liter
Tedlar Bag
Q

Pump

This system will be used at:
SS14 - Reform Gas
S$S17 - Thermal Desorber Flue Gas

Figure C-24. Evacuated Tedlar Bag sampling system.
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To complete sampling, close
rotameter valve

v

Use 3-way valvga to isolate Tedlar
' g

Disconnect Tedlar bag and cap
(wrench tight, not hand-tight)

v

Place bag into a large container to
protect from light

Iy

Transport to sample recovery area and
m over 10 sample custody personnel
(Do not forget to sign custody sheets)

Figure C-25. Recovery procedure - Evacuated Tedlar bag sampling method.
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Pre-test

Calibrations
Condition
glassware
Mix Reagents ' ' o umsnm“ plesp e:swnnm el
Preliminary _ : . :
velocity traverse Paperwork
Esch |
test
Sample train
assembly - Sample recovery
l ‘Transport to
Transport . recovery area
sample area : 4
; Sampling area
breakdown
Sampling site f
set up
I Leak check
Begin Leak Change Leak . .
Leak check testing o Chedi Ports Check -4{ Finish testing

Figure C-26. M26 sampling procedure overview.
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Rinse with hot tap water
3 times

v

Wash with hot soapy tap
water and brush with
non-metallic brush

v

Rinse with hot tap water
3 times

Rinse with deionized
waler 3 times

v

Seal all containers with
TFE tape

Figure C-27. M26 glassware preparation procedure.
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0.1 N HaSOy4 impinger
solution

'

0.1 N NaOH impinger
solution

R
approx.
mi DI HoO

‘

:

Fill 1000 mi volumetric
flask with approx. 500
mi DI H0

" Using a uated
PlPO?gadggdB mi of

concentrated H2SO4

.

!

Add 4.0 grams of
NaOH pellets and stir
using a magnetic stirrer

until NaOH dissolves

Mix well

I

)

Pour beaker into a 1000
mi volumetric flask

Filt to volume with DI
Ho0

l

'

Rinse beaker 3x with
Dl HoO pouring rinse
into 1000 mi volumetric

: flask

Store in designated
container

l ,

Bring flask to volume
with DI HoO

Figure C-28. M26 regen: preparation procedure.




Place 100 ml 0.1 N H2S0O4
in impingers 1 and 2

‘

Place 100 ml 0.1 N NaOH
in impingers 3 and 4

'

Place 100 mi of 30% H202
in impinger 5

'

Place 200 g silica gel
in impinger 6

v

Assemble impingers,
grease is O.K.

v

Place tefion mat in filter holder,
assembile filter holder

'

Place filter holder apparatus in oven,
connect with impinger set-up

Do preliminary leak check

: 4

Inspect train assembly, check
glassware, tighten clamps

f

» > Attach probe

Figure C-29. M26 sample train assembly procedure.
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LE=J

r“ﬂﬂmlﬂ
%ud: TFB nmtle line S ] Check P Valve
all 3| = | el letulii il el (1 I
'l‘empenlure Sen:or"F—-\ 5 J, U..Fi.i._i_ “ '.__ __ l._ 1) () 'f =N
| | vBiY
41K@{y4 (] (] (] A
S-Type pllo( mu -»- _ --iia;_-"-iEi:iiis:gzu‘f_.1:7;fi1:! N )
] o 1 v O
q . S ) o 'acuum
Pitot :l 117} 3 4°5°6° \ Line
el BT B =SS Dl
1. Modificd G/S: 100m1 0.1 N H,S04 el
3, Modifled /S, 100 23 0.1 M NaOH
ied Thermometers .
4. Modified G/S: 100 ml 0.1 M NaOH . Vi vacwm
5. Modificd G/S: 100 ml 30% H,0, N S [ Gue
6. Modified G/S: Silica Gel ‘ ® /

Figure C-30. M26 sampling system schematic.



Cap probe nozle

l

Tum on pump

Evacuate system set
vacuum at 15° Hg

Measure gas flow
for 60 sec

Leakrate < 0.02
acim?

Yes

No

Recheck connections;
systematically
leak-check

Post test
final
loakcheck?

f

Tum off pump

!

Remove cap slowiy
release vacuum

A 4

Tum off pump

|

Record leakrate

Release cap siowly
release vacuum

Figure C-31. M26 leakcheck procedure.
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End record
(eakrate
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Select Site
(single point)

I

Determine Stack
Pressure, Temperature &
Moisture

;

Determine Stack Velocity

)

Select Nozzle Size

I

Determine Minimum
Sample Volume and
Time

Figure C-33. Method 0011 pretest determinations.
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DNPH (Must wear
plastic gloves at all times)

Prepare in acetone free
environment

)

Place 820 ml of HPLC
water in a 2 L volumetric
flask

y

If all crystals dissolve
add more and stir until
the solution is saturated

Filter solution

!

v

Keep in amber glass bottle
rinse with Acetonetrile and
oven dried

Add 180 ml of conc. HCl1
and stir well

I

y

 Solution is good for five
days

Add crystal DNPH and
stir over night

!

Transport to the field site
every two days

Figure C-34. DNPH reagent preparation procedure.




"2mpasoad Aiquiasse uren | 100 POYIIN “Sg-D) oma]

30T onydom dgoForydom dc0F o1 ydrom d¢gFormydom
NONE %0¢ ‘ .—um—&&—:_ yoea
BaAIS 3 00 QI 208d Adurg Ul HANQ [w 001 22%id SIHANED
¢ 193urdwy  Jodudug € Jodwdwy z pue | 193uiduny 9[ZZON 9qoig

sidudun jo ureansdn ased uodiis asn jou o «
110j wnuyumpe Jo ade) uoy M pasaA0d sFutuado e doay «

C-36




"anewayos wnsAs Jugdures 1100 ‘9¢-D 2nd1g

YALAW SYD Add

r~
™
[ ]
(&)
SHHONIJNI HLINS
-DYNENAH YD QHIIGOW
omwes  Auna  LRTCS
HIVE A
81 mﬁmzofz [~
- ﬁ
THO VTS |
« . . ,
H#NI1 a - ) ‘e v®
~.— WANOWA ! L L L Ly 24LLOLI 3dAL'S
: 240¥d

_ ! YOSNAS HUNIV YFdWAL
TIVM
’ _ '\ NOVLS |
HKIVA 1 ¥IA'I0H i ViV g
ADHHD ¥ALi

.» _| QdIviaH
YALANOWYHHL .
YALAWOWNHHL




Cap probe nozzle |«

l

Tumn on pump

Recheck connections;
systematically
leak-check

Evacuate system set
vacuum at 15° Hg

Poﬁs'::lost End record
. leakrate
v leakcheck?
Measure gas fiow
for 60 sec » f

Tum off pump

T

> Release cap siowly
release vacuum

No

Leakrate < 0.02
actm?

Remove cap siowly
release vacuum

1

Turn off pump

l

Record leakrate

Figure C-37. Method 0011 leakcheck procedure.
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6€-J

& «
(1] 0
Probe, Nozzle Impingers 1,2, & 3 Impingers 4 &5 Sample blank
Place DNPH in amber glass
Weightto + 0.5 g Weightto £ 05 g bottie, and MeCi2 equal in
amount to container (1)
Cool probe, cover loosely Tme;mg"nm Discard
Cap bottle, mark liquid level,
seal with TFE tape
\ 4 A 4
Rinse with MeCI2 and brush Rinse all impingers with
with TFE brush until no MeCL2 using smallest \ 4
noticeable yellow color then possible volume
rinse once more Label container (2)
-
<

Place in amber glass bottle

'

Cap bottles, mark liquid level,
seal with TFE tape

v

Label Container (1)

Figure C-38. M0011 sampling train field recovery procedure.




"COS Y31y 10J PayIpoW LTRI) WNNLICYD JUI[EARXIH - €1 POYIRIN "6€-D amdy

DR sen g

19D el

wo0l -HOEN N |
jwGL-HOEN N |
IWweL-HOEBN N |
NI

S
0y
0°¢
0T

[WOST-HCENNT'9 I

C-40

INWOUBH
10id

aqny, 101g
<— 3] -§

popaau
5 'HOSN N 1'9 [SUORIPPY

‘L%u@? oqaig

=«B /lAIEw:umo::E&Eu,_.
Foels —>




“esssscssencsscoesssssnssnany

WSS u:to._ro:. SUOISSIWA SNONUNU0J YAd ‘Oy-D Aundid

c-41

SVO NVdS

sazh HL b2 adreyosi ssed4g ddures ‘7|
hﬁaﬂ..:« wOm ¢z 101eynday ssedAg ajdwes paeay ||
13zhfeuy YON ‘TC dwng wenydeiq 341 0
SVO NVdS szhruy €0D ‘1T 1] pAeay fenu] 6
1zheuy mu 0T - aur] ajdures pareayup) '8
—¥7 192Afeuy CQ ‘61  WANSAS-[RAOWIY UNISION [ENIU] L
......... PaX ol . 1NN Moy ‘81 oury sjdweg paedy ‘9
81 13p1023Y [duueyD-NInN Ll 191u] sen uoneiqife) ‘s
% ATEA AEM-S 9] IA[EA UOHIRIQIED ‘P
(A3epuodag) sk “S1 : aqoid g
—~—q ¢z (Arepuoaag) sauonipuo)) djdwes “y| »as 7
et TN W VN 91 adnen anssayg ‘gl 1)1 [0OM SSBID °§
o
—j it
PSR AN 91
- 8l —_—O7
3 — ]
‘.H.I 1z A = —{sa ] w @ 1 G 6 i
81 L s n .
" .f 8 L
1 " DI@MH o N
Hol A

4




	2.2 Metals
	2.2.2 Metals Partitioning Modeling Approach
	2.2.3 Coal Type and Combustion Parameters
	2.2.4 Modeling Results
	2.2.5 Conchisions
	State Regulations Applicable to Cd-Fired Units
	Statt Specified Air Toxic PolhtanU
	3.2.4 LocalDistriCtConaol


	4.1 studiesinRogress
	4.1.1 PISCES
	4.1.2 OntarioHydro
	4.1.3 BattelleandRadian
	PowerPlaats
	4.2 Somes of Information
	Sources (Brooks)
	Edition Pope,
	Generation Shih,
	Compounds Species Profiles Second Edition A,
	Compilation of Air Pollutant Emission Factors Volume
	(EPAAP-42
	Canadian Electric Association Brown,
	Organic Compounds
	EPA Method 29 Multiple Metals
	Emissions
	CARB Method 422.102 1.3 Butadiene
	EPA Method 26 Hydrogen Chloride and chloride Emissions
	EPA Method 0011 Aldehydes and Ketones
	EPA Method 306 Hexavalent Chromium
	7.4.10 Continuous Emissions Monitoring



	concentration (b) impacts of CO (800 C 0.8 sec
	Adapted from Neville and Sarofim
	Metalspartitioningmodel
	Uncontrolled metals partitioning in a pulverized bituminous coal-fired boiler
	(a): entrainment rate = 88%; (b): entrainment rate =
	pulverinxi bituminous coal-fid boiler
	Example of a furnace time-temperature pmfle
	Impact of temperatam on metals vaporization (a) and on mercury speciation (b)
	lmpact of stoichiometry on metals vaporization
	Coal Ash Distribution by Boiler Type Brooks.
	Composition of Kema™s Bituminous Coal Meij.
	Summary of Sates with Air Toxics Programs

	Summary of State Air Toxic Regulations Applicable to Coal Fired Units
	Local Agencieswith ATCPmgrams
	Hazardous Air Pollutants in the PISCES Database
	Program
	Physical Roperties of Common VOCs
	Pulverizedcoai Analyses
	Bituminous Pulverized Coal-Fired LEB
	Urieonmlled Category I II and III HAP™S for ABB LEB (Stack Height 400 ft)
	Uncontrolled Category IV and V HAP™S for ABB LEB (Stack Height 400 ft)
	which Could Not Be Assigned to a Category
	Boilers Moskowitz,
	Regulatory Limits for ABB™s LEB Conaol Alternatives 1 &
	Regulatory Limits for ABB™s LEB Conuol Alternative 6 (Catalytic Baghouse)
	Regulatory Limits for ABB™s LEB Control Alternative 6 (Ceramic Filter)
	Regulatory Limits for ABB™s LEB HEPA Filter Control Alternative
	Regulatory Limits for ABB™s LEB Baghouse Control Alternative
	Conaol Alternative
	5.16 Speciation Solubility 63 OOC and Boiling Points for Metals in ABB™s LEB
	Substances Sorted by Regulatory Limit)
	(Neilsen et al
	Temperature (Environment Canada


