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1. SUMMARY

1.1 PROPOSED STANDARDS

The proposed standards have been developed and are being proposed in
accordance with Section 111 of the Clean Air Act as amended. Publication
of these proposed standards was preceded by consultation with appropriate
advisory committees, independent experts, and Federal departments and
agencies.

The proposed standards would Timit the emissions of particulate matter
from electric utility steam generators capable of firing more than 73
megawatts (MW) heat input (250 million Btu hour) of fossil fuel.

The proposed standard would Tlimit particulate matter emissions}to
13 ng/J heat input (0.03 1b/million Btu) and would require a 99 percent
reduction in uncontrolled emissions from solid fuels and a 70 percent .
reduction for liquid fuels. No particulate matter control would be
necessary for units firing gaseous fuels alone, and thus a percent
reduction would not be required.

Because of potential sampling difficulties of sampling particulate
matter upstream of a particulate matter control device, the proposed
standard would define potential uncontrolled particulate matter emissions

as 3,000 ng/J heat input (7.0 1b/million Btu) when firing solid fuel and
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75 ng/Jd heat input (0.17 1b/million Btu) when firing 1iquid fuel. The
percentage reduction for solid and Tiquid fﬁe]s will be satisfied if the
facility is in compliance with the 13 nag/s emission Timit.

A 20 percent opacity (6-minute average) standard is proposed.
Alternately, a source specific opacity standard
could be determined during performance testing at the owner's or.operatorfs
request. No provisions for short-term exclusions of the opacity standard
for tube blowing or preheater cleaning are included.

The proposed emission standards are based on the performance of a
wel] designed and operated baghouse or ESP. Emission test data weré
collected for baghouse, ESP, and scrubber controlled steam génerators.
The proposed emission levels can be achieved using baghouses with air to
cloth ratios of less than 0.6 actual cubic meters per minute per square
meter (2 ACFM/ftZ) of cloth area, or high efficiency ESP systems sized
according to coal ash characteristics. No specific collection areas are
recommended for ESP's; however, a hot side collection area of 128 square
meters pér actual cubic meter per second (650 ft2/1000 ACFM) or a cold
side collection area of 197 square meter§ per actual cubic meter pér
second (1000 ft2/]000 ACFM) would be expected to be adequate for even
the most difficult cases. EPA consider§ these air to cloth ratios and
specific collection areas reasonable considering cost, energy, and
nonair environmental impacts. |

Performance testing wouyld be conducted by stack testing using EPA
Reference Method 5 (extgrna] filter) or Method 17 (fn—stack fi]ter).
Compliance with the proposed emission limit would be determined by

direct comparison of the performance test data with the emission standards.
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Compliance with the percentage reductioﬁ requirement would be accom-
plished using the performance test data (ng/J) and the uncontrolled emission
levels defined in the proposed standard. The potential uncontrolled
emission levels defined for solid and 1iquid fuels represent estimated
emission levels that would be expected from an uncontrolled steam
generator firing a typical coal or residual oil respectively. The
uncontrolled emission levels are defined because of the potential
difficulty of sampling particulate matter upstream of particulate matter
control devices and the necessity of accurately knowing the uncontrolled
emission level in order to determine the percentage emission reduction
achieved. Compliance with the proposed emission Timitation will assure
compliance with the percentage reduction requirement.

The owner or operator of an affected facility would be required to
continuously monitor opacity Qf the exhaust gases to assure proper
maintenance and operation of the air pollution control system. If
opacity interference is experienced after a FGD system, the opacity
monitor would be Tocated upstream of the FGD system. If opacity inter-
ference is ekperienced both upstream and downstream of the FGD system,
operating parameters of the particulate matter control system would be
monitored. In cases where the opacity standard is not achieved at the
same fime the emission limitation is achieved, the general provisions of
Part 60 [60.11(e)] of the Code of Federal Regulations allow a source
specific opacity standard to be established.

EPA has investigated the possible interaction of flue gas desulfuri-
zation (FGD) systems with the proposed particulate matter standard.

Three possible mechanisms were investigated: (1) FGD system sulfate
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carryover from the scrubber slurry, (2) particulate matter removed by
the FGD system, and (3) particulate matter generation from condensation
of sulfuric acid mist (H 504). EPA obtained particulate matter data from
three FGD system equipped steam generators with Tow particulate matter
emission levels. The data indicate that a properly designed, constructed,
and operated FGD system would not result in scrubber sTurry carryover
and that some particulate matter may in fact be removed by the FGD
system. Condensation of sulfuric acid mist (H2304) from su1fur'trjoxide
(503) in the flue gas has not been a common probTem to date because
typical stack gas temperatures of 150°C to 200°C (300°F to 400°F) are
sufficient to prevent condensation. The sulfuric acid dew point temperature
depends on the SO3 concentration in the flue gas and increases as the
sulfur content of the coal fired increases. Flue gas temperatures would
be reduced by FGD systems and may result in 503 condensation and formation_
of sulfuric acid mist. Although FGQ systems would be expected to remoye
approximately 50 percent of the acid mist, remaining acid mist may
interact with Method 5 or 17 particulate sampling and increase particu]atef
loadings. Data from the three steam generators firing Tow sulfur coal
and equipped with a FGD system were obtained and indicated that acid
mist would not be a problem when firing Tow sulfur coal.

In a case where a FGD is used with high sulfur coal, sufficient

data are not available to fully assess if sulfuric acid mist interaction is
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significant. The proposed emission standard is based on the emission
levels demonstrated at the discharge of the particu1atevmatter control
device. EPA will continue to investigate this subject and consider its
impact on the proposed particulate matter standard as data becomes
available.
1.2 ENVIRONMENTAL IMPACT

The beneficial and adverse environmental impacts associated with
the proposed standards have been considered prior to proposal. The
revised particulate matter performance standard for steam generators
would have overall positive effects. .

The proposed standard would reduce emissions 70 percent from
emission levels currently allowed under 40 CFR, Part 60, Subpart D,
which are 43 ng/J heat input (0.1 1b/million Btu). This emission reduction
would have a positive air quality impact. The water quality and solid
waste impact of the proposed standard would not be significantly changed
since Tess than a 1 percent increase would occur in the quahtity of par-
ticulate matter collected and disposed of. The energy impact when a baghouse
or ESP is used for émission control would not be significant. Particulate
matter control through scrubber techno]ogy, although not the basis of

this proposed standard, would have a larger water and energy impact.

1.3 ECONOMIC IMPACT
The economic impact of the proposed standard is small and varies
with the control system used. For a 500 MW plant, the operating cost of

an ESP to comply with the current particulate emission standard of 43
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ng/J heat input (0.1 1b/million Btu) using an ESP is approximately 2.91
mills/kWhr for Western coal and 1.34 mills/kWhr for Eastern coal. The
estimated cost for complying with a 13 ng/J heat input (0.03 1b/million ;
Btu) 1imit is 1.96 mills/kWhy for Western coal (baghouse) and 1.59
mills/kWhr for Eastern coal (ESP). This use of the more efficient
baghouse control technology when firing Western coal would be achieved

at no increase in cost above the current standard, just a change in
control technology. The use of a higher efficiency ESP when firing
Eastern goa] would be expected to increase retail electric costs by less .
than 1 percent above the current standard. The total annualized cost of
the particulate matter control system including the cost of comp]yingnﬂith
the current standard would represent approximately 6 percent of the

retail electric cost to consumers.
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2. INTRODUCTION

Standards of performance are proposed following a detailed investigation
of air pollution control methods available to the affected industry and the
impact of their costs on the industry. This document summarizes the informa-
tion obtained from such a study. Its purpose is to explain in detail the
background and basis of the propcsed standards and vto facilitate analysis of
the proposed standards by interested persons, including those who may not be
familiar with the many techmical aspects of the industry. To obtain additional

copies of this document or the Federal Register notice of proposed standards,

write to EPA Library (D-35), ‘Research Triangle Park, North Carolina 27711.
Specify Electric Utility Steam Generating Units — Background Information for
Proposed Particulate Matter Emission Standards, report number EPA-450/2-78-006a,
when ordering.
2.1 AUTHORITY FOR THE STANDARDS

Standards of pérformance for new stationary sources are established
under section 111 of the Clean Air Act (42 U.S.C. 7411), as amended, hereafter
referred to as the Act. Section 111 directs the Administrator to establish
standards of performance for any category of new stationary source of air -
pollution which ". . . causes or contributes significantly to air pollution

which may reasonably be anticipated to endanger public health or welfare."
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The Act requires thét standards of performance for stationary
sources reflect, ". . . the degree of emission Timitation achievable
through the app]icatfon of the best technological system of continuous

. emission reduction . . . the Administrator determines has been
adequately demonstrated." In addition, for stationary sources whose
emissions result from fossil fuel combustion, the standard must also -
include a percentage reduction in emissions. The Act also provides
that the cost of achieving the necessary emission reduction, the
nonair quality health and environmental impacts and the energy
requirements all be taken into account in estab]ishing'standards of
performance. The standards apply only to stationary sources, the
construction or modificationvof which commences after regulations are

proposed by publication in the Federal Register.

i

The 1977 amendments to the Act altered or added numerous provisions
which apply to the process of establishing standards of performance.’

‘1. EPA is required to list the categories of hajorlstationary :
sources which have not already been listed and regulated under
standards of performance. Regulations must be promuTgated for these
new categories on the following schedule: |

25 percent of the listed categories by August 7,‘1980 |

75 percent‘of the listed categories by August 7, 1981 '

100 percent of the listed categories by August 7, 1982
A governor of a State may apply to the Administrator to add a category
which is not on the Tist or to revise a standard of performance.

2. EPA is required to review the standards of performance every

four years, and if appropriate, revise them.
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3. [PA is authorized to promulgate a design, equipment, work
practice, or opcrational standard when anAemission standard is not
feasible. | |

4. The term ''standards of performance' is redefined and a new
term "technological system of continuous emission reduction" is defined.
The new definitions clarify that the control system must be continous
and may include a low-polluting or non-polluting process or operation.

5. The time between the proposal and promulgation of a standard
under section 111 of the Act is extended to six months.

Standards of performance, by themselves, do not guarantee protection
of health or welfare because they are not designed to achieve any specific
air quality levels. Rather, they are designed to reflect the degfée of
emission limitation achievable through application of the best
adequately demonstrated technological system of continuous emission
reduction, taking into consideration the cost of achieving such emission
reduction, any nonair quality health and environmental impact and energy

requirements.

Congress had several reasons for including these requirements.
First, standards with a degree of uniformity are needed to avoid
situations where some States may attract industries by relaxing standards
relative to other States.  Sceond, stringent standards enhance the
potential for long term growth. Third, stringent standards may help
achieve long-term cost savings by avoiding the need for more expensive
retrofitting when pollution ceilings may be reduced in the future.

" Fourth, certain types of standards for coal burning sources can

adversely affect the coal market by driving up the price of low-sulfur
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coal or effectively excluding certain coals from the reserve base ;
because their untreated pollution potentiéls are high. ‘Congress does -
not intend that new source performance standards contribute to these
problems. Fifth, the standard-setting process should create incentives
for improved technology.

Promulgation of standards of performance does not prevent State or
local agencies from adopting more stringent emission limitations for the -
same sources. States are free under section 116 of the Act to establish j
even more str:.'Lngent emission limits than those established under section
111 or those necessary to attain or maintain the national ambient air
quality standards (NAAQS) under section 110.‘ Thus, new sources may in
some cases be subject to limitations more stringent than standards of
performance under section 111, and prospective owners and operators of
new sources should be aware of this possibility in planning for such

facilitles.

A similar situation may arise when a major emitting ‘facility is to
be constructed in a geographic area which falls under the prevention of
significant deterioration of air quality provisions of Part C of the
Act. These provisions require, among other things, that major emitting
facilities to be constructed in such areas are to be subject to best
available control techmology. The term "best available .‘control tech~
nology" (BACL), as defined in the Act, means "'. . . an emission
limitation based on the maximum degree of reduction of each pollutant
subject to regulation under this Act emitted from or which results from
any major emitting facility, which the permitting authority, on a
case-by-case basis, taking into account energy, environmental, and .

economic impacts and other costs, determines is achievable for such
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facility through application of production pfocessos and available
methods, systems, and techniques, iucluding fuel cleaning or treatment
or innovative fuel combustion techniques for control of cach such
pollutant. In no event shall application of 'best available control
technology' result in emissions of any pollutants which will exceed the
emissions allowed by any applicablé standard established pursuant to
section 111 or 112 of this Act."

Although standards bf performance are normally structured in terms
of numerical emission limits where feasible, alternative approaches are
sometimes necessary. In some cases physical measurement of emissions
from a new source may be impractical or exorbitantly expeﬁsive. Section
111(h) provides that the Administrator may promulgate a design or
equipment standard in those cases where it is not feasible to prescribe
or enforce a standard of performance. For example, emissions of
hydrocarbons from storage vessels for petroleum liquids are greatest
during tank filling. The nature of the emissions, high concentrations
for short periods during filling, and low concentrations for longer
periods during storage, and the configuration of storage tanks make
direct emission measurement impractical. Therefore, a more practical
approach to standards of performance for storage vessels has been
equipﬁent specification.

In addition, section 111¢h) authorizes the Administrator to grant
waivers of compliance to permit a source to use innovative continuous
emission control technology. In order to grant the waiver, the
Administrator must find: (1) a substantial likelihood that the technology
will produce greater emission reductions than the standards require, or

an equivalent reduction at lower economic, energy, or cnvironmental cost;
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(2) the proposed system has not becn adequately demonstrated; (3) the
technology will not cause or contribute to an unreasonable risk to public
health, welfare or safety; (4) the governor of the State where the source
is located consents; and that, (5) the waiver will not prevent the
attainment or maintenance of any ambient standard. A waiver may have
conditions attached to assure the source will not prevent attainment of-
any NAAQS. Any such condition will have the force of a performance ‘
standard. Finally, waivers have definite ond dates and may be terminated
carlier if the conditions are not mot or if the system fails to porform
as expected. In such a case, the sourcc may be given up to three years .

to meet the standards, with a mandatory progress schedule.

2.2 SELECTION OF CATEGORIES OF STATTIONARY SOURCES

Section 111 of the Act directs the Admimistrator to list categories
of stationary sources which have not been listed before. The
Administrator, ". . . shall include a category of sources in such list
if in his judgment it causes, or contributes significantly to, air
pollution which may reasonably be anticipated to endanger public health i
or welfare." Proposal and promulgation of standards of performance are -
to follow while adhering to the schedule referred to earlier.

Since passage of the Clean Air Amendments of 1970, considerable
attention has been given to the development of a system for assigning
priorities to various source categories. The approach specifies areas
of interest by considering the broad strategy of the Agency for
implementing the Clean Air Act. then, these "areas' are actually
pollutants which are emitted by stationary soﬁrces. Source categories

which emit these pollutants were then evaluated aﬁd ranked by a procéss

involving such factors as (1) the level of emission control (if any)
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already required by State regulations; (2) estimated levels of control
that might be required from standards of performance for the source
category; (3) projections of growth and replacement of existiné |
facilitics for the source category; and (4) the estimated incremental
amount of air pollution that could be prevented, in a preselected future
year, by standards of performance for the source category. Sources for
which new source performance standards were promulgated or are under
development during 1977 or earlier, were selected on these criteria.

The Act amendments of August, 1977, establish specific criteria
to be used in determining priorities for all source categories not yet
listed by EPA. These are

1) the quantity of air pollutant emissions which each such
category will emit, or will be designed to emit;

2) the extent to which each such pollutant may reasonably be
anticipated to endanger public health or welfare; and

3) the mobility and competitive nature of each such category of
sources and the consequent need for nationally applicable new source
standérds of performance.

In some cases, it may not be feasible to immediately develop a
standard for a source category with a high priority. This might happen
when a program of research is needed to develop control techniques or
because techniques for sampling and measuring emissions may require
refinement. In the developing of standards, differences in the time
required to complete the necessary investigatioﬁ for different source
categories must also be considered. For example, substantially more
time may be necessary if numerous pollutants must be investigated from

a single source category. Further, even late in the development
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process the schedule for completion of a standard may change. For
example, inability to obtain emission data from well-controlled sources |
in time to pursue the development process in a systematic fashion may
force "a change in schedﬁling. Nevertheless, priority ranking is,‘and
will continue to be, used to establish the order in which projects are
initiated and resources assigned.

After the source category has been chosen, determining the types of:
facilities within the source category to which the standard will apply
must be decided. A source category may have several facilities that cause
air pollution and emissions from some of these facilities to be |
insignificant or very expensive to control. Economic studies of the
source category and of applicable control technology may show that air
pollution control is better served by applying standards to the more
severe pollution sources. For this reason, and becauserthere is no
adequately demonstrated system for controlling emissions from certain
facilities, standards often do not apply to all facilities at a source.
For the same reasons, the standards may not apply to all air. pollutants
emitted. Thus, although a source category may be selected to be co?ered
by a standard of performance, not all pollutants or facilities within

that source category may be covered by the standards.

2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE
Standards of performance must (1) realistically reflect
best demonstrated control practice; (2) adequately consider the cost,
and the nonair quality health and enviroﬁnental impacts and energy require-
ments of such control; (3) be applicable to existing sources that are

modified or reconstructed as well as new installations; and (4) meet these
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conditions for all variations of operating conditions being considered
anywhere in the country. .

The.objective of a program for development of standards is to identify
the best technological system of continuous emission reduction which has
been adequately demonstrated. The legislative.history of section 111 and
various court decisions make clear that the Administrator's judgment of
what is adequately demonstrated is not limited to systems that are in
actual routine usc. The search may include a technical assessment of
control systems which have been adequately demonstrated but for ﬁhich
there is limited operational experience. In most cases, determination of
the ". . . degree of emission reduction achievable . . ."" is based on
results of tests of emissions from well controlled existing sources. At
times, this has required the investigation and measurement of emissions
from control systems found in other industrialized countriés
that have developed more effective systems of control than those
available in the United States.

Since the best demonstrated systems of emission reduction may not
be in.widespread use, the data base upon which standards are developed
may be somewhat limited. Test data on existing well-controlled sources
are obvious starting points in developing emission limits for new

sources. However, since the control of existing sources generally

represents retrofit technology or was originally designed to meet an
existing State or local regulation, new sources may be able to meet
more stringent emission standards. Accordingly, other information must

be considered before a judgment can be made as to the level at which

the emission standard should be set.
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A process Tor Lthe development of a standard has evolved which takes
into account the following considerations.

1. Emissions from existing well-controlled sources as measured, ;

2. Data on emissions from such sources are assessed with considera-
tion of such factors as: (a) how representative the tested source ié in
regard to feedstock, operation, size, age, etc.; (b) age and maintenance
of the control.equipment tested; (c) design uncertainties of control
equipment being considered; and (d) the degree of uncertainty thqt new

-sources will be able to achieve similar levels of control.

3. Information from pilot and prototype installations, guarantees
by vendors of control equipment, unconstructed but contracted projects,
foreign technology, and published literature are also considered during
the standard development process. This is especially important for
sources where “'emerging" technology appears to be a significant alternati?e.

4. Where possible, standards are developed which permit the use of
more than one control technique or licensed process,

5. Where possible, standards are developed to encouraée or permit
the use of process modifications or new processes as a method of control
rather than "add-on'" systems of air pollution control.

6. In appropriate cases, standards are developed to permit the use
of systems capable of controlling more than one pollutant. As an example;
a scrubber can remove both gaseous and particulate emissions, but an

electrostatic precipitator is specific to particulate matter.

7. VWhere appropriate, standards for visible emissions are developed
in conjunction with concentration/mass emission standards. The opacity
standard is established at a level that will require proper operation and

maintenance of the emission control system installed to meet the
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concentration/mass standard on a day-to-day basis. In some cases, -however,
it is not possible to develop concentration/mass standards, such as with

fugitive sources of emissions. In thesc cases, only opacity standards may

be developed to limit emissions.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requireé, among other things, an eéonomic.
impact assessment with respect to any standard of performance established
under section 111 of the Act. The assessment is required to contain an
analysis of: |

(1) the costs of éompliance with the regulation and standard
including the extent to which the cost of compliance varies depending
on the cffective date of the standard or regulation and the devolopment
of less CXpOnHlVL or more efficient methods of compllance,

(2) the potential inflationary recessionary effects of the
standard or regulation; |

(3) the effects on competition of the standard or regdlation with
respeét to small business;

(4) the effects of the standard or regulation on consumer cost, and,

(5) the effects of the standard or regulation on energy use.

Section 317 requires that the economic impact assessment be as.
extensive as practible, taking into account the timerand resources
available to EPA.

The economic impactrof a proposed standard upon an industry is usually
addressed both in absolute terms and by comparison with the control costs
that would be incurred as a result of compliance with typical existing State

control rcgulations. An incremental approach is taken since both new and
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existing plants would be required to cdmply with State regulations in
the absence of a Federal standard of performance. This approach
requires a detailed analysis of the impact upon the industry résulting
from the cost differential that exists between a sténdard of performance
and the typical State standard.

The costs for contro] of dir pollutants are not the only costs considered.
Total environmental costs for control of water pollutants as well as afr
pollutants are analyzed wherever possible, -

A thorough study of the profitability and price-setting mechanisms of the
industry is essential td the analysis so that an accurate estimate of
potential adverse economic impacts can be made. It is also essential to know
the capital requirements placed on plants in the absence of Federal staﬁda%ds
of performance so that the additional capital requirements necessitated:by
these standards can be placed in the Proper perspective, Finally, it i§
necessary to recognize any constraints on capital availability within an
industry, as this factor also'influences the ability of new'plants.to generate
the capital required for installation of additional control equipment |

needed to meet the standards of performance

2.5 CONSIDERA?ION OF ENVIRONMENTAL, IMPACTS

Section 102(2)(C) of the National Environmental Policy Act (NEPA) of;
1969 requires Federal agencies to prepare detailed environmental impact
statements on proposals for legislation and other major Federal actions
significantly affecting the quality of the humaﬁ environment. The objecti§e
of NEPA is to build into the decision-making process of Federal agencies a’

careful consideration of all environmental aspects of proposed actions.
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In a number 6f legal challenges to standards of performance for
various industries, the Federal Courts of Appeals have.held that .
environmental impact statements need not be prepared by the Agency for
proposed actions under section 111 of the Clean Air Act. Essentially, the
Federal Courts of Appeals have determined that " . . . the best system of
emission reduction, . . . require(s) the Administrator to take 1nto account
counter-productive °nv1ronmenta] effects of a proposed standard, as well

as economic costs to the industry . . " On this basis, therefore, the

Courts ", . . estab11shed a narrow exemption from NEPA for EPA determlnatlon

under section 111."

In addition to these judicial determinations, the Energy Supply and -
Environmenta] Coordination Act (ESECA) of 1974 (PL-93-319) specifically
exempted proposed actions under the Clean Air Act from NEPA requirements.
According‘to section 7(c)(1), "No action taken under the Clean Air Act
shall be deemed a major Fédera] action significantiy affecting the quafity
of the human environment within the meaning of the National Env1ronmenua]

Policy Act of 1969."

| The Agency has’ concluded, however, that the preparation of environmental
impact statements could have beneficial effects on certain regulatory actions.
Consequently, while not legally required to do so by section 102(2)(¢) of
NEPA, environmental impact statements will be prepared for variqus reéulatory

actions, including standards of performance developed under section 111 of

the Act. This voluntary preparation of envirommental impact statements,
however, in no way legally subjects the Agency to NEPA requirements.
To implement this policy, a separate section is included in this

document which is devoted.so]e1y to an analysis of the potential environmental

2-13



impacts associated with the proposcd standards. Both adverse and bene—
ficial impacts in such areas as air and water pollution, increased solid
waste disposal, and increased energy consumption are identified and

discussed.

2.6 IMPACT ON EXISTING SOURCES

Section 111 of the Act defines a new source as ". . . any stationary
source, the construction or modification of which is commenced . . . "
after the proposed standards are published. An existing source becomes
a new source if the source is modified or is reconstructed. Both
modification and reconstruction are defined in amendments to the general |
provisions of Subpart A of 40 CFR Part 60 which were promulgated in the

Federal Register on December 16, 1975 (40 FR 58416). Any physical or

operational change to an existing facility which results in an increase

in the emission rate of any pollutant for which a standard applies is
considered a modification.‘ Reconstruction, on the other hand, means the
replacement of components of an existing facility to the extent that the -
fixed capital cost exceeds 50 percent of the cost of constructing a . |
comparable entirely new source and that it be technically and economically
!feasible to meet the applicable standards. In such cases, reconstruction
is equivalent to new construction.

Promulgation of a standard of performance requires‘States to establish
standards of performance for existing sources in the same industry under
section 111(d) of the Act if the standard for new sources limits emissiong
of a designated pollutant (i.e. a pollutant for which air quality criteria
have not been issued under section 108 or which has not been listed as a

hazardous poliutant undér section 112). If a State does not act, EPA must
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establish such standards. General provisions outlining procedures for
control of existing sources under section 111(d) were promulgated on

November 17, 1975, as Subpart B of 40 CFR Part 60 (40 FR 53340).

2.7 REVISION .OF STANDARDS OF PERFORMANCE

Congress was aware that the. level of air pollution control achievable
by any 1ndustry may 1mprove with technological advances. Accord1ng1y,_
section 111 of the Act prov1des that the Administrator ". . . shall, at
least every four years,‘feview and, if appropriate, revise . . ." the
standards. Revisioné are made to assure that the standards continue to
reflect the best systems that become available in the future. Such
revisions will not be retroactive but will apply to stationary sources

constructed or modified after the proposal of the revised standards.
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3. THE FOSSIL FUEL STEAM ELECTRIC UTILITY INDUSTRY

3.1 GENERAL

3.1.1 Description and Uses of Large Steam Generators

A large fossil fuel-fired steam generator is a unit of more than 73

6 6

megawatts (250 X 10° BTU/Hr) heat input. A 73 megawatt (250 X 10

BTU/Hr) steam generator produces enough steam to generate approximately 25

megawatts of electric power.1’2

The largest fossil fuel-fired steam
generators in the United States produce enough steam to generate 1300 ‘
meqawatts.3 As shown by Table 3-1, nearly all large fossil fuel-fired
steam génerators are sold to the electric utility industry for generation
of electric powev‘-.4 A few large steam generators are sold to produce

steam for industrial use.

3.1.2 Electric Utility Industry Statistics

At the end of 1975, the total capacity of fossil fuel-fired steam
generator power units was 347.7 gigawatts.3 Table 3-2 shows statistics on
1975 fuel conédmﬁtion.3 As shown, 60 percent of the thermal energy was
supplied by coal and the remainder was about equally split between gas and

oil.
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TABLE 3-1
COMPARISON OF ANNUAL SALES OF WATERTUBE GENERATORS4
TO UTILITIES AND TO ALL USERS
CAPACITIES >31.5 KILOGRAMS OF STEAM PER SECOND (250,000 1b/hr)

Year Total Steam Capacity.Sold
Megagrams .per Second (10~ Ib/hr)

To A1l Users ' : To Utilities
1961 13.02 (103.3) 12.40 (98.4)
1962 10.05 (79.8) 9.69 (76.9)
1963 14.92 (118.4) 13.94 (110.6) .
1964 18.85 (149.6) 16.93 (134.4)
1965 24.03 (190.7) 21.37 (169.6)
1966 22.43 (178.0) 20.69 (164.2)
1967 26.11 (207.2) 24.99 (198.3)
1968 25.14 (199.5) 23.89 (189.6)
1969 27.00 (214.3) 24.99 (198.3)
1970 31.08 (246.7) 29.74 (236.0)
1971 18.60 (147.6) 17.83 (141.5)
1972 21.31 (169.1) . 19.35 (153.6)
1973 ' 33.30 (264.3) 30.47 (241.8)
1974 37.16 (294.9) 34.41 (273.1)
1975 13.37 (106.1) 11.37 (90.2)
1976 7.17 (56.9) 6.27 (49.8)
TOTAL 343.54 (2726.4) 318.33 (2526.3)
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TABLE 3-2

FOSSIL FUEL CONSUMPTION FOR POWER GENERATION 19753

Fossil Fuel Consumption Percent of Total Heat Input

Coal 366.1 x 10°Kilograms 60.0
(403.6 x 10° tons)

0i1 | 72.50 x 1066Cubic Metres 19.2
(456.0 x 10° Bb1)

Gas 8.38 x 10]?2Cub§c Metres 20.8
(2.96 x 10

Table 3-3 shows 1974 United States total electric utility energy
generation.5 Additional electrical energy is generated by 1ﬁdustry,
remote domestic units, and by automobiles, aircraft, construction
equipment, locomotives, and vessels. As shown in Table 3-3, about 79
percent of the 1974 electric utility energy was generated from fossil
fuels. About 16 percent was generated by hydropower systemé and about

6" percent was generated by nuclear power plants.

TABLE 3-3
1974 UNITED STATES ELECTRIC UTILITY POWER GENERATION5

Type | Power Generation Percent
530u1es

(107 Kw Hr)

Fuel Burning(a) 5.28 ‘ 78.5
(1466)

Nuclear .40 5.9
(170)

Hydropower 1.05 15.6
(291)

TOTAL 6.73 100.0
(1867)

(a)

Includes o0il and gas turbines
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Table 3-4 shows u§e of 1974 electric utility generated energy by
consuming sector.5 As shown, about 58 percent of the total electrical
energy was used for domestic or commercial purposes. About 42 percent
was used by the industrial sector. Transportation uses very Tittle of
the electrical energy generated by power plants because it is more

practical to equip mobile units with internal generating systems.

TABLE 3-4

UNITED STATES USE OF ELECTRICAL ENERGY5
BY CONSUMING SECTOR 1974

‘ Exajo$%es Used
Sector (10"~ Btu) Percent

Household and Commercial 3.89 57.9
‘ (3.69)

Industrial ' 2.8]
(2.67)

Transporﬁation(a) 0.02
(.016)

TOTAL 6.72
(6.37)

(a)
Does not include electrical energy generated
transportation equipment, such as automobile
generators, etc.




Table 3-5 shows to£a1.United States energy consumption by consuming
sector and energy sources. As shown, United States energy is derived .
pfimari]j from fossil fuels with small percentages derived from nuclear,
hydropower, and geothermal energy sources. About 46 percent is furnished
by -petroleum, 30 percent by natural gas, and 18 percent by coal.

About 27 percent of United States energy is used for‘e1egtric power
generation. About the same proportion is used by the industrial and
transportation sectors. Household and commercial sectors use about 19
percent of the total eﬁergy. Most of the coal is used for e1éctric
power generation with other large use by the industrial sector. The
transportation sector uses more than one-half of petroleum derived
energy. Household and commercial, industrial, and electrical genefation
sectors use other large quantities of petroleum derived energy. As
shown by Table 3-5, about one-half of the energy used by industry
other than electrical energy comes from natural gas. Household and
commercial and electrical generation sebtors also use large volumes of
natural gas. Little natural gas is used by the transportation sector.

3.1.3 New Source Growth Projections

For new source growth projections, see "Review of New Source
Standards for SO2 Emissions From Coal-Fired Utility Boi]ers; Volume 1,
Non Air-Quality Impacf Assessment," Teknekron, Inc., Emission Standards
and Engineering Divisfon, Office of Air Quality Planning and Standards,
U. S. Environmental Protection Agency, Research Triangle Park, North

Carolina, 1978.
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3.2 FACILITES, FUELS, AND EMISSIONS

3.2.1 Facilities and Fuels

Large fossil fuel-fired steam generators are classified in several
different ways as follows:

Fuel

Firing Method

Physical state of ash

Fluid flow

Draft

Manufacture

3.2.1.1 Common Chakacteristics6

Figure 3-1 shows a typical large fossil fuel-fired steam generator
Asystem. Although there is a wide difference among pulverized coal-
fired steam generators, they have common characteristics. A common
design objective is to produce the required quantity and quality of
steam at minimum cost. Air preheated to as much as 315°C (600°F) by
the combustion gases is introduced into the combustion chamber With

the fuel through multiple burners strategically arranged to promote
optimum combustion conditions. In the combustion chamber, the combustible
matter reacts with the 6xygen of the air to release thermal energy at
temperatures exceeding 1100°C (2000°F).6 The walls of the combustion
chamber are Tined with water-filled tubes which absorb thermal energy
and generate steam. The water tubes are filled with 1iquid or vapor,
depending on pressure and temperature conditions. Heat transfér in

the combustion chamber cools the combustion gases to about 1100°C

(2000°F).
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Figure 3-1

Typical pulverized coal fired boiler
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The cooler combustfon gases flow from the combustion chamber to the
superheat and reheat sections of the steam generator where further heét
transfer and gas cooling occur. Steam superheat and reheat are necessary
for thermodynamic efficiency and also to prevent steam condensation
which would damage the blades of the steam turbines which turn the |
electric power generators. Modern steam electric power generation
systems use steam at pressures ranging from 13.8 to 27.6 megapascals
(2000-4000 PSI) at-a minimum temperature of about 540°C (1000°F). Steam
turbines are designed in stages so that steam is sent back to the steam
generator for reheat between stages. Most modern systems are designed
with a superheat stage followed by a reheat stage. Some systems are
“designed with more than one reheat stage. The most efficient fossil
fuel-fired-steam-electric system generates 3.6 megajoules (one kilowatt
. hour) of electrical energy from 9.2 megajoules (8714 Btu) of gross
thermal energy input.7 Most modern systems generate 3.6 megajoules
(one kilowatt hour) of electrical energy from Tess than 10.60 megajoules
(10,000 Btu) heat input.7 Because of the thermal energy losses of the
steam turbine thermodynamic cycle and the heat losses from the steam
generator, less than 40 percent of the thermal energy of the fuel is
converted to electrical energy. About 12 to 20 percent of the gross'
heat input is lost in the steam generation system and the remainder is
lost in the steam turbine system, mostly as latent heat in the tukbine
condenser.

Combustion gases from the superheat and reheat sections flow to the

economizer section where heat is transferred to the steam generator




feedwater. Combustion Qas temperature out of the economizer ranges from
315°C to 480°C (600-900°F). Combustion gases from the economizer flow

to the air preheater. When hot-side electrostatic precipitators are

used for fly ash collection, the dust collection system is located

between the economizer and air preheater. With cold-side electrostatic
precipitators, the dust collection system and flue gas desylfurization
system, if any, are located after the air preheater and before the

induced draft fan and stack. Baghouses and scrubbers are always installed
after the air preheater. The air preheater heats the air flowing to the
steam generator combustion chamber to as much as 315°C (600°F). Combustion
gas temperature out of the air preheater ranges from 120°C to 200°C
(250-400°F).

To minimize heat loss, large steam generator air preheaters are
designed to reduce stack temperature to the Towest Tevel which does not
cause corrosion problems. Corrosion wiill occur in and after the air
preheater if the combustion gas temperature falls below the dew point of
sulfuric acid mist. Consequently, air preheaters are designed for
higher outlet temperatures when high sulfur fuels are fired than when
Tow sulfur fuels are burned. Heat losses from the'steam,generation
system are also minimized by insulating hot surfaces and by minimizing
the quantity of combustion air, L
3.2.1.2  Fuels

Large fossil fuel-fired steam generators are designed to fire
either coal, 0il, or gas or a combination of these fuels. Since no new
large 01l or gas-fired steam generators are planned for the future, no

data are reported for o0il or gas fue]s.8’9’10’11 Table 3-6 shows selected
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properties of a variety of United States coa1s,6 As shown, the Western
coals usually have low sulfur content,.high moisture content, and Tow
heating value. Eastern coals contain less moisture and have a higher
heating value. The sulfur content of Eastern coal ranges from less thah
1 percent to more than 4 percent.3 |
3.2.2 Emissions
3.2.2.1 General

Emissions from Tlarge fossil fuel-fired steam generators include
particulates, sulfur oxides, oxides of nitrogen, carbon MbnoXiﬂe, halogens,
trace metals and hydrocarbons, including polycyclic organic matter. The
discussion of this section is Timited to particulates, primarily particulates -
from pulverized coal-fired steam generators. |

3.2.2.2 Nationwide Particulate Emissions

Table 3-7 gives a summary of 1976 estimated particulate emissions

12 As shown, particulate emissions from stationary

from all sources.
combustion sources were 4.6 teragrams (5.1 X 106 tons) per year as
compared with 13.4 teragrams (14.9 X 106 tons) per year from all
sources and were about 34 percent of all particulate emissions.

Table 3-8 shows estimated 1976 particulate emissions from stationary

combustion SOUPCGS.]Z

As shown, estimated 1976 particulate emissions
from the large fossil fuel-fired generators used by the electric utility
industry were 3.24 teragrams (3.57 x 106 tons per year) as compared with
4.34 teragrams (4.78 x 106 tons) per year from all stationary source
combustion or about three-quarters of combustion particulate emissions.

As shown, nearly all of the particulates from electric utility sources

were emitted from coal-fired units.




TABLE 3-7
NATIONWIDE PARTICULATE EMISSION ESTIMATES 1976 12
Teragrams Per Year (106 tons/yr)

Source Category

Transportation 1.2 (1.3)
Highway 0.8 (0.9)
- Non-Highway 0.4 (0.4)
Stationary Fuel Combustion 4.6 (5.1)
Electric Utilities 3.2 (3.6)
Other 1.4 (1.5)
Industrial Processes 6.3 (7.0)
Chemicals 0.3 (0.3)
Petroleum Refining 0.1 (0.1)
Metals 1.3 (1.5)
Mineral Products 3.2 (3.5)
Other 1.4 (1.6)
Incineration 0.4 (0.5)
Miscellaneous 0.9 (1.0)
Forest Wildfires 0.5 (0.6)
Forest Managed Burning 0.1 (0.1)
Agricultural Burning 0.1 (0.1)
Coal Refuse Burning 0.1 (0.1)
Structural Fires 0.1 (0.1)
Total 13.4 (14.9)




TABLE 3-8

SUMMARY OF 1976 NATIONWIDE PARTICULATE EMISSIONS2
FROM STATIONARY FOSSIL FUEL COMBUSTION SOURCES

Particulate Emissions = Teragrams Per Year (106 Tdns/Yr)

Coal 0i1 Gas Total

Electric Utilities 3.10 . 0.13 0.01 3.24
(3.42) (0.14)  (0.01) (3.57)

Industry Except Light 0.71 0.07 0.04 0.82
Industry (0.78) (0.08)  (0.04) (0.90)
Residential-Commercial  0.15 0.10 0.04 0.28
and Light Industry (0.16) (0.71) (0.04) (0.31)
Total 3.9 0.30 0.09 4.34
(4.36) (0.33)  (0.09) (4.78)

3.2.2.3 Uncontrolled Emissions From Coal

Although the mass emission of particulates cannot be predicted
exactly, a conservative value can be estimated by assuming that about
80 percent of the ash of coal is entrained in the combustion gases of
pulverized coal-fired steam generators]3. Consequently, high ash
coals generate more particulates than low ash coals.

When the heating value and ash content of coal is known,
uncontrolled particulates can be estimated in terms of mass per unit

heat input according to the following equation:z’13

m
]
(o]
I

|

L
3

Where:

E_ = Emission rate - micrograms per joule

m




Ash content - percent

I=
1}

Qm = Gross heating value - megajouTeé per kilogram

or, in English units:
Eq = 8000 A
. Qe

Where:

Ee = Emission rate - 1bs/106 Btu

A = Ash content - percent

Qe = Gross heating value - Btu/lb

The foregoing equations are useful for estimating control
efficiency requirements when pakticu1ate regulations are given in
terms of mass per unit heat input.

The mass concentration of uncontrolled particu]ates in the

combustion gases of pulverized coal-fired steam generators can be

estimated by using the following equations;2’13=14
CI = 24.30A
m Qm
and C0 = 20.95A
m Qm
Where:
CI = Particulate concentration at air preheat inlet -
m

grams per dry standard cubic metre
CO = Particulate concentration at air preheat outlet -

grams per dry standard cubic metre

Om

Gross heating value - megajoules per kilogram
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A = Ash content - percent

or in English units:

CI = 4562A

e Qe
and C0 = 3933A

e Qe

Where:

CI = Particulate concentration at air preheat inlet -
e .

grains per dry standard cubic foot

CO = Particulate concentration at air preheat outlet -

e

grains per dry standard cubic foot
A = Ash content - percenf

Qm = Gross heating value - Btu per pound

These equations assume: .
1. 263.36 dry standard cubic millimetres per joule (9820 DSCF/
106 Btu) at 0 percent excess air.14

2. 25 percent excess air at the air preheat inlet, and2

3. 45 percent excess air at the air preheater out]et.2

The foregoing values are also useful for estimating gas flow at
the air preheater inlet and outlet. Actual volumes will usually be
less than the volumes calculated using these assumptions.

When emission test results are given in terms of mass per unit

volume, these values can be converted to units of mass per unit heat

input when the percent oxygen at the sampling Tocation is known.z’]4




Metric Units

Nanograms per joule

English Units

263.36 (Particulate concentration (20.9

-cubic metre)

in grams per dry standard (20.9-% 025

Pounds per milljon Btu = 1.4029 (Particulate concentration (20.9
in grains per dry - (20.9 -% 02)

)

)

standard cubic foot)

3.2<2.4 Uncontrolled Emissions From Residual 0i1 Combustion

Uncontrolled particulate emissions from residual oil combustion are

estimated as follows:

Residual 0i1 Grade

Uncontro11ed'Particu1ate Emissions

No.

No.

No.

6

1.255 + 0.38 kilograms per thousand 1itres
(10S + 3 pounds per thousand gallons)

1.25 kilograms per. thousand 1iires
(10 pounds per thousand gallons)

0.88 kilograms per thousand litres
(7 pounds per thousand gallons)
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4. PARTICULATE CONTROL TECHNOLOGY FOR COAL-FIRED STEAM GENERATORS

4.1 GENERAL

The device most commonly used for'high efficiency removal of
particulates from the combustion gaseé of coal-fired steam generators is
the electrostatic precipitator. The use of baghouses for high efficiency |
particulate coﬁtro] is becdhiﬁg more widespread, especially for cases
where the coal ash is difficult to collect in an electrostatic pre-
cipitator.] When flue gas desulfurization systems are required, particulate
scrubbing is often incorporated into the air pollution control system.

Mechanical collectors such as cyclones and settling chambers are
not efficient enough to reduce Darticulate‘emissions from pulverized
coal-fired steam aenerators to the levels required by current new source
performance standards.
4.2 ELECTROSTATIC PRECIPITATOR (ESP) SYSTEMS
4.2.1 Description

Figure 4-1 shows a cutaway of a typical ESP system applied to
pylverized coal-fired steam generators. The ESP system serves the
fﬁﬁétion of particle charging, particle collection, removal of the
material ffom the collection electrodes, and disposal of the collected

ash.
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Primary electric power is usually 240 or 480 volt a1ternatin§
current. Transformer-rectifier sets are used to convert the cﬁrrent _
from alternating to direct and to step up the secondary voltage. High
efficiency ESP systems are equipped with powér controls which regulate
power at the optimum Tevels for particulate collection. Secondary
voltages range from 10,000 to 40,000 volts depending upon particulate
and gas characteristics.

Rapping systems are designed to dislodge the collected ash by
striking the collecting surface with metal hammers. Rapping systems are.
equipped with controls which permit adjustment of the frequency and
intensity of rapping. This controls the build up of dust on the
collection surfaces. High efficiency ESP systems are equipped with
multiple hoppers and baffles which minimize the tendency for gases to
bypass the electrical field (sneakage).

4,2.2 Performance Factors

ESP performance is affected by several factors such as:2

1. Coal ash characteristics

2. ESP size

3. Grounded collection surface spacing
Power control design

Gas flow distribution

Rapping control design

Fly ash hahd]ing sytem design

0 N Y 01

Thermal expansion design
9. Discharae electrode failure
10. Maintenance pnractices and

11. Gas conditioning
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AT1 of these factors can be related by the following equations:2

(1)
F =100 Tn 100

m ——

Wm T00-E

Where F_ = ESP plate area - square metres per actual cubic
metre per second

wm = Particle drift velocity - centimetres per second
E = Particle collection efficiency - percent

or expressed in English Units

(2)
Fo = 16.67 1n 100
We T100-E
where
Fo = ESP plate area - square feet per 1000 actual cubic feet per
minute .
we = Particle drift velocity - feet per second
E = Particle collection efficiency - percent

ATthough the foregoing equations might make it appeaf that pre-
dicting ‘the performance of an ESP system is simply a matter of sub-
stituting numbers for W and E and then calculating the size required
(F), predicting ESP performance is actually very difficult. This is
because W and E are a function of numerous factors sych as the eleven
factors previously named. Even wfth the most comprehensive data base it
is not possible to exactly quantify the effect of these factors on
performance. Consequently, the designer usually applies conservative
safety factors or provides for the installation of additional collecting
surface area should the original installation fail to perform according

to design expectations.
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Coal ash characteristics vary; Some coal ash is relatively easy
to collect and other coals produce an ash which requires much larger
ESP systems.2 When designing new ESP systems,‘the best data base for
predicting size requirements is performance data on a full scale
ESP system applied to a coal-fired steam generator firing the same
coal that will be fired in the new steam generator. This data is
available for plants which are adding another steam generator which
will fire the same coal as that fired in existing units or for entirely
new plants which will purchage coal supplies from the same mine as
another operating plant. When the existing data base is for the same
coal and the same efficiency as the design requirements of the new
ESP system, ESP size‘requirements can be predicted more accurately
than if these factors are not known.
For situations where there is no experience with the particulate
to be handled, coal ash analyses provide Va1u§b1e data for selecting
the size and types of ESP required to achieve the desired.efficiency.
Ash analyses jnclude measurement of chemical composition and resistivity
measurements. Chemical composition of ash includes Li02, Na20, KZO’
Ma0, CaO, Fe203, A]203, 3102, T102, P205, 303, and loss on ignition.z
Ash resistivity is measured at temperatures ranging from 70°C to 500°C
(150-900°F) and a resistivity versus temperature curve is plotted such
as the one simulated in Figure 4-2.2
Ash resistivfty is a major factor affecting the size of an ESP

sysfem.2

‘Althouagh low resistivity can make it difficult to collect
varticulates in an electrostatic precipitator, the resistivity of

coal ash is characteristically above the range where Tow resistivity
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problems occur. Consequently, coal ash resistivity problems are largely
Timited to coals which produce a high resistivity ash.

Figure 4-2 shows a typical resistivity-temperature curve for a high
resistivity ash. As shown, there is a temperature where resistivity is
maximum. For high resistivity ash, collection in an electrostatic
precipitator is the most difficult at maximum resistivity. For high
resistivity ash coals, the temperature at maximum resistivity usually
lies in the same range as the temperature of the gas out of the steam
generator air preheater (co1d‘side). The resistivity of the ash entering
the air preheater (hot side) is much less at temperatures ranging from
315-480°C (600-900°F). Consequént]y, high resistivity coal ash is
easier to collect on the hot side than on the cold side. However, this.
does not always mean that a smaller ESP can be applied on the hot side
than on the cold side becausekgas volume is greafer on the hot sideﬁ
The designer decides if a hot side or a cold side ESP is Tess costly by
taking into account the following factors:2

1. The temperature-resistivity characteristics of the ash

2. Specific collection area requirements

3. Differences in gas volume cauysed by temperatyre differences

4. Differences in gas volume caused by air Teakage into the

air preheater and

5. Differences in construction requirements caused by

temperature differences.
At times even the most expert designers differ on whether a hot side
or a cold side ESP is the Teast costly for a given application.

Although grounded collecting surface area spacing has an

important effect on the performance of an ESP system, it is better
4-6
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to rely on the judgment of the vendor rather than to set specifications.
Most vendors space grounded collecting surface areas 25 centimetres (9
in.) apart. A1l vendors center the discharge electrodes between the
collecting surfaces.2

The ESP power control system regulates the power to the discharge
electrodes to provide the optimum current and voltage conditions for
maximum collection efficiency. The power controls are usually adjusted
by the vendor after activation of the unit. Numerous separate power
control systems on a single ESP unit provide a safety factor in case of
an electrical failure in one part of the ESP system. Separate bower
controls also improve the efficiency of collection because the separate
controls can be adjusted to compensate for different electrical input
requirements as the gases flow from the inlet to the outletlof the
system. The instrumentation for modern designed ESP systems includes
instruments which indicate: (1) primary current, (2) secondary current,
(3) primary voltage, (4) secondary voltage, and (5) spark rate for each
separate power control system. For Targe ESP systems there are sevefa]
hundred separate indicating devices and at times, more than 100 separate
control systems.2

Poor gas flow distribution can seriously impair the performance of
an ESP system. With poor distribution, the gases flow at high velocity
through some parts of the system and at Tow velocity, through other
parts. Both mathematical analysis and field performance tests show that
poor gas flow distribution reduces collection effi‘ci'ency.2 Gas f16w
distribution is the best when small scale shbp models are studied prior
to construction and when gas flow distribution adjustments are made
under cold conditions in the field. Technology is not developed for
measuring gas flow distribution when the electrical system of an ESP is

energized.
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When the ash is removed from the collecting surface there is
reentrainment as the material falls to the hopper below. Reentrainment
is Tess when the deposits fall as a sheet to the hopper. If the deposit
becomes too thick, this interferes with collection efficiency becau;e of
the increased resistance of the deposit. Control of rapping involves
rapping the collecting surfaces with sufficient intensity without
damaging the surfaces to remove the maximum proportion of deposit while
minimizing reentrainment. These parameters are usually controllied
automatically and are adjusted in the field. The use of separately
controlled rapping systems is beneficial because the amount and charj
acteristics of the ash deposits vary from the inlet to the outlet.
Larger amounts of ash and coarser ash are collected at the inlet.

Af times an otherwise well designed ESP system~may fail to function
properly bécause of problems with fly ash handling. If the ash is not
removed from fhe hoppers at at least the rate of accumulation, ash w111
fill the hopper. When this happens, ash will fill the spaﬁe between: the
collecting surfaces and will touch the discharge electrodes. This
shorts out the affected sections, thereby destroying the effectiveness
of the ESP system. Common causes of ash buildup are:

1. Sticky ash or an inadequate system for rapping the sides

of the hopper.

2. Undersized outlet openings.

3. Undersized star feeders or other sealing devices.

4. Undersized ash conveying systems. .

5. Mechanicé] and/or electrical failures.
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Failure to provide properly for therma1‘expansion can also cause
otherwise well designed ESP systems to function improperly. Unequal
expansion can cause buckling of collecting surfaces. This changes the
distance between the discharge electrodes and the collecting surfaces
and destroys the effectiveness of the affected sections. Unequal
expansion can also rupture the ESP housing. When this happens,‘air
Teaks into the ESP system. This disturbs flow volumes and patterns and
causes ash reentrainment. The increased gas vo1ume caused by leakage
also reduces the efficiency of the ESP system.2

Discharge electrode failures are not unusua1. Failures of the
insulators which minimize curreht Teakage to ground are usually caused
by dust deposits or cracks in the insulator. Provision for minimizing
these types of problems are incorporated in the original design. If the
discharge electrode wires become too thin at any point, the wires will
break and will ground out on the collecting surfaces. When weights are
used for suspension, the weights will fall to the hopper below. This
can block fly ash handling systems.?2

Wire breakage is controlled in a stepwise manner. When breakage
occurs, loose ends are trimmed off at the earliest opportunity. This is
usually done during a short term shutdown. Because there are many
discharge electrodes in each electrical section, cutting off a few wires
has Tittle measurable effect on the ESP system performance. Eventﬁa]]y;
the wires are replaced when the unit is shut down for long term main-

tenance, such as where there is a week or more shutdown for maintenance
2

of the entire steam generator system.




- Although gas conditioning is not deve1oped to the state where it is
certain beneficial results will always énsue, this technique has promise
for improving the collection characteristics when high resistivity ash

coals are fired. 2,3,4

If ash collection characteristics are improved
by gas conditioning, smaller ESP systems can be used to achieve the
desired emission control 1imits. The most common conditioning agents
are acidic sulfur compounds such as 803 or H2304 or compounds which
release these substances.B’4 Other compounds such as particulate

agglomerating compounds are also used. Although these agents are added

in concentrations which do not significantly increase total SO2 emissions,

it is possible that sulfate or sulfuric acid mist emissions could be

increased. Data on these latter potential sulfur oxide effects are not

. 2 . e e s
conclusive.” Ammonia and steam have also been used for gas conditioning.

4.3 BAGHOUSE SYSTEMS
4.3.1 Descrfgtion

In a baghouse system dust laden gas is passed through a fabric in
such a manner that dust particles .are retained on the upstream or
dirty-gas side of the fabric thereby cleaning the gas. Figure 4-3 show;
a cutaway of one type of baghouse system. For this type of system, the
dirty gases flow into the housing, upward through the bags, and then out
of the clean gas outlet. The gases are moved by a fan installed at the
outlet of the baghouse. The system shown in Figure 4-3 is designed for
inside-out filtration. Consequently, the pressure differential inflates

1

the bags. Some systems are designed for outside-in filtration. In

this case, it is necessary to use stiffening devices to prevent bag
. .

collapse during filtration.

2
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Baghouse systems are divided into separate compartments or cells.
This allows one compartment to be cleaned while the others are in service.
At times, baghouse systems are designed so that bags can be inspected and
replaced in one compartment while the other cdmpartments are in service.
Figure 4-4 shows a multicell baghouse with one set of bags removed for
ihspection. The entire system included within a single housing is called
a baghouse module. Large baghouse systems can be designed as one module
or as several modules. With several modules, one module can be taken out
of service for maintenance without affecting the operation of the other
modules. If enough modules or isolated compartments are provided, even
the largest pulverized coal-fired steam generators can be kept on line at
full load while necessary maintenance is performed.]

Common methods employed for cleaning the ash from the bags of fabric
filter systems of coal-fired steam génerators are reverse air and pulse
jet cleaning. These techniques may be employed with or without shake
assist. Fiqure 4-5 shows one type of reverse air c]eaninglcycle. With
reverse air cleaning the clean gas outlet of an individual compartment is
shyt off from the main gas stream. During this period the other compartments
handle the dirty gas Tload. After the outlet is closed, a reverse air fan
is used to reverse the flow through the.bags. Usually the reverse air
fan circulates cleaned combustion gas. When the baghouse is designed for
inside-out filtration, the reverse flow will co]]dpse the bag unless
stiffening devices are employed. The reverse flow dislodges the ash
collected on the bags and causes the ash to fal] to the hopper below.

The dirty reverse air gas flows into the dirty gas stream and is cleaned

by the bags in other compartments of the baghouse. With jet pulse cleaning,
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as shown in Figure 4-6, individual bags are exposed to short blasts of
clean air. The duration of the blasts is uﬁua11y Tess than one second.
The blasts cause ripples in the bag fabric which dislodge the ash.
Either reverse air or pulse jet cleaning techniques can be combined
with mechanical shaking techniques. Mechanical shaking causes ripples
in the fabric which disTlodge the ash. Some baghouses are designed for
either or both reverse air and pulse jet cleaning.

4.3.2 Performance Factors

Baghouse performance is affected by several factors, such as

1. Bag material

2. Bag construction

3. Bag treatment

4. Baghouse size.

5. Baghouse configuration and control
6. Cleaning techniques

7. Tube sheet construction

8. .Process characteristics

9. Maintenance practices

Bag material, construction, and treatment are very important
factors which affect baghouse performance. The permeability of the
fabric must be high enough to minimize pressure drop while at the
same time effectively filtering out the fly ash from the gas stream.
Frazier permeability is expressed in English units of actual cubic
foot of air passing through a square foot of cloth at 0.5 inches of

Wéter pressure drop.5 Frazierlpermeabi1ity can be converted from

English units to metric units of cubic metres per minute per square

4-16




metre by multiplying the English Frazier units by a factor of 0.305.
Table 4-1 shows the differences in air permeability for new, used, and
used-vacuum cleaned bags.5 As shown, the air permeability for used
bags was much Tower than the air permeability of new or used- vacuum
cleaned bags.

The bag fabric must be resistant to the effects of chemical attack,
abrasion, and temperature. Glass fabrics are used for most modern
baghouses installed on coal-fired steam generators. Glass bag finishes
such as silicones, resins, graphite, and Tef]on(R) are used for improve-
ment of abrasion resistance. Other types of synthetic fabrics are also
empfoyed and are specified by fabric filter system vendors.

Unlike electrostatic precipitator systems, where undersizing does
not affect the capacity of the steam generator, but does affect the
effectiveness of the emission control system, the penalty for under-
sizing a baghouse is Toss of boiler capacity. Full load pressure drops

range from 0.75 to 2.5 kilopascals (3-10 in. HZO)‘ Section 4.5

discusses air to cloth ratios, effectiveness, and pressure dyops for
operating baghouses.

Baghouse configuration and control have a significant effect on
baéhouse performance in the field. For baghouses designed for cleaning
the bags off 1ine, multi-cell construction is a necessi'ty.1 Multi-cell
construction also has several other advantages. Athough there is no
specific criteria for the number of bags per cell, the number of bags is

usually small enough to facilitate rapid Tocation of worn or leaky bags

or other leakage once a faulty cell is identified.1 In cases where bags

4-17




Table 4-1
AIR PERMEABILITY OF NEW, USED, AND USED-VACUUM CLEANED BAGS5

Frazier Permeability
Metres per Minute E§r Square Metre

Condition (CFM/Ft
New Bag  16.6  (54.3)
Used Bag 1 0.335 (1.1)
Used Bag 2 ' 0.488 (1.6)
Used-Vacuum Cleaned Bag 1 . 9.30 (30.5)
Used-Vacuum Cleaned Bag 2 12.2 (40.0)




are cleaned off line, the number of cells per baghouse are designed to
minimizé the increase in pressure drop when one cell is off line for
cleaning.

Controls often include provision for remote control of the inlet
and outlet valves for each cell. With this type of control, faulty
cells can be located by shutting off various sections of the baghouse
while observing the opacity of the plume. Some baghouses are designed
for isolation of faulty cells to permit repairs within a cell while fhe
rest of the baghouse is in service. If there are numerous cells and
the baghouse is properly ﬁized, baghouses can be serviced without Toss
of power generating capacity.1

The fabric filter system controls usually provide for automatic
cleaning with provisions for adjusting the frequency and duration of
cleaning. The baghouse can be equipped so that cleaning can be imple-
mented either by a time cycle or hy pressure drop. With timing control,
the cells of a baghouse are cleaned at predetermined intervals which
keep the pressure drop below 1.25 kilopascals (5 in. of HZO)' With
pressure control, a predetermined cleaning cycle is initjated each time
the pressure drop across the baghouse exceeds 1.25 kilopascals (5 in.
of HZO)’ With the foregoing types of controls and mylti-cell design,
even the Targest steam generator can be operated without downtime for

1 When the

repairs or maintenance of the particulate control system.
boiler is operated at low loads, it is often necessary to shut -off part

of the baghouse to keep gas temperature high enough to prevent acid

attack.




A variety of techniques are used for cleahing filtered particulates
from the bags. The prime methods used are: (1) shake, (2) pulse jet,
and (3) reverse air cleaning. Sometimes more than one of the foregoing
cleaning techniques are used in combination or tHe baghouse is designed
so that the operator can select operation in ejther a single cleaning
mode or in a combination cleaning mode. One baghouse described in
Section 4.5 is designed so that the oberator can operate the baghouse |
with (1) pulse jet cleaning, (2) reverse ajr c1éaning, or (3) both pulse
Jet and reverse air cleaning. Providing for multiple cleaning capa-
bilities provides a safety factor in case particu1ate characteristics
differ from design expectation. |

With shake cleaning,the bags are cleaned in a manner similar to
shaking a rug. Too violent shaking damages the bags. Too gentle shaking
can fail to remove enough particulate causing pressure drop to exceed
design specifications. Consequently, controls are needed to permit
adjustment of the intensity, frequency, and duration of sHaking.

With pulse jet cleaning, each individual bag is subjected to a high
intensity blast of air. Pulse jet cleaning air is supplied at about 690
kilopascals (100 PSI) and pulse time is about O0.] second.1 Pulse jet units
are usually designed so that pulse time, the interval between pulses, the
number of pulses, and the frequency of cleaning can be adjusted. Pulse
jet cleaning causes ripples in the bags which disTodge the filtered
particulate. Pulse jet cleaning can be accomplished either while the bag
is filtering combustion gases or with the cell off line.

For combustion sources, most reverse air cleaning systems actually

operate with cleaned combustion gas instead of air. Multi-ce]l baghouse
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desian is a necessity when reverse air cleaning is employed. With reverse
air cleaning, the clean gas outlet of a_ceT] or a bank of cells is shut
off. Then cleaned combustion gas from a separate reverse air fan is
forced from the clean side to the dirty side of the bag in a reverse
direction. This dislodges collected particulates. The dirty gas from the
cleaning operation flows in a reverse direction through the open dirty
side inlet of the cell being cleaned to the dirty side inlets of other
cells within the baghouse which are operating in the normal filtration
mode. Thus, any particulates entrained by reverse air cleaning are
filtered from the gas before the gases flow to the stack.

For a small reverse air type baghouse, normal cleaning involves
cleaning one cell at a time. For baghouses with the large numbers of
cells, banks of cells are cleaned in common. This leaves the other
compartments in the normal filtration mode while the one or one bank of
cells being cleaned are off line. For a ten cell system, the available
cloth area is reduced by ten percent during cleaning. The cleaning
controls are sometimes set so that compartments are continuously cleaned
on a cyclic basis, one at a time. Another cleaning option when particulate
lToadings are low is to initiate a cleaning cycle on a time basis. For
example, a baghouse might be operated forty minutes without cleaning at
which time a cleaning cycle would be initiated. During cleaning each
cell is cleaned separately during a total time period of, perhaps, five
minutes. Then forty more hinutes of filtration elapses without cleaning.
With the latter type of reverse air cleaning, it is possible to shut down
the reverse air fan during the forty minute periods between cleaning.
Well designed reverse air type baghouses are equipped for adjusting

reverse air flow, the frequency of cleaning, and duration of cleaning.
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Too much reverse air can impair the efficiency of filtration. Too
Tittle reverse air or infrequent cleaning éan cause operating pressures
to exceed 1.25 kilopascals (5 in. HZO).6

When outside in filtration is employed, each bag must be fitted
with a anti-deflation device. Some manufacturers sew metal rings into
the bags to prevent collapse durfng outside in gas f‘1ow.6 Other manu-
facturers fit the bags over wire cages to prevent coHapse.1 With
inside out f%]tration, no anti-deflation device is needed during filtration
since gas pressure inflates the bag. However, manufacturers usually
equip inside out bags with anti-deflation devices to prevent collapse
if reverse air cleaning is empToyed.

Baghouses have tube sheets which prevent the Teakage of dirty gas
to the clean gas side of the bags. The bags are secured to fittings on |
the tube sheet as shown in Figure 4-7.] Because of the change in
velocity and direction of gas flow when gases enter the bag in inside
out filtration, turbulence is great at the inlet. This tﬁrbu]ence can
cause excessive bag wear at the 1’n1e‘c.'l ansequent1y, several manu-
facturers use metal tubular extensions at the point where the gases

1 Other manufacturers design for outside in filtration

enter the bag.
to minimize wear caused by turbu]ence.]

Maintenance is a key element affecting the performance of baghouses.
Since there are usually no visible emissions from baghouses installed on
coal-fired steam generators, the opacity of the plume is a good indicator
of the need for maintenance. Any visible emissions eXceeding five percent

opacity are an indicator that maintenance is required. For well designed

baghouses equipped for isolation of individual cells, trouble spots can
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be Tocated by shutting off various sections and observing the stack.
Once a faulty cell is identified, visual or'f1uorescent tracer techniques
are used to Tocate faulty bags or tube sheet 1eaks.1 Detailed records
of bag replacements and periodic checks on used bag fabric characteristics
are helpful for determining the optimum time for replacing an entire
set of bags. By staggering replacement schedules on a cell by cell
basis, all of the bags can be replaced without shutting down a steam
genérator.
4.4 SCRUBBERS

Scrubbers are not commonly used for control of particulates from
coal-fired steam generators unless the source is equipped for flue gas
desulfurization (FGD). The venturi scrubber is the most common type of
scrubber applied for scrubbing particulates from coal-fired steam
generators. Figure 4-8 shows‘a venturi scrubber located ahead of a FGD
spray tower. As shown, Tiquor from the hold tank is circulated to both
the spray tower and the venturi. Sometimes FGD scrubber systems are
designed with separate particulate and sulfur dioxide (502) Tiquor
systems. Figure 4-9 shows a FGD system designed for both 502 and
particulate removal using a single venturi scrubber system. Figure 4-
10 shows a FGD system designed for simultaneous particulate and SO2
removal in a moving bed absorber. Pressure drops across the foregoing
systems range from 2.5 to 5 kiTopagca1s (10-20 in. H20).7 Some FGD
systems are equipped with ESP systems ahead of the scrubber systems.
The ESP can be designed to achieve full particulate removal or in
other cases, partial particulate removal with the remainder being

removed in the SO, scrubber system.
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Even with the most efficient particulate control systems ahead of
the 502 absorber, the absorber removes additional fly ash from the
combustion gases. The absorber also adds some particulates to the combustion
gases in the form of entrained 1iquor which contains dissolved and
suspended solids. Consequently, effective particulate control in con-
junction with FGD involves not only the app1icatioh of high efficiency
particulate control systems, but the use of effective mist eliminator
systems at the outlet of the SO2 absorber.

A common type of mist eliminator applied to FGD absorbers is the
baffle and Chevron type. Figure 4-11 shows two, three, and six pass
Chevron configurations. Figure 4-12 shows a radial type mist e1iminator'5
which is also applicable to FGD absorbers. The foregoing mist eliminators
are designed to remove liquid droplets as they impinge on the surfaces
of the device. |

Since FGD system Tiquor is composed of a suspension of solids in a
solution of soluble solids, solids from the entrained 1iqu6r tend to
deposit or precipitate on mist eliminator surfaces. When deposition
occurs which cannot be removed, the effectiveness of mist elimination
is impaired.

The key design principTgs for an effective mist eliminator av*e:8

a) the spacing between surfaces should be small enough to permit
impingement of droplets on the collecting surfaces before the gases
Teave the devices, |

b) the spacing between surfaces should be wide enough to minimize

plugging and to permit cleaning,
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c) the angle between the direction of gas flow and the collecting
surface and the length of the gas path should promote optimum and
effective drbp]et impingement,

d) Tlinear gas velocity should be high enough to promote droplet
impingement while Timiting reentrainment,

e) the material of construction and strength should withstand
cleaning operations, corrosion, and erosion,

?) effective reliable mist removal should be achieved with -
minimum pressure drop.

Because of the solubility characteristics of sulfite and sulfates,
there is Tess tendency for solids deposition on mist eliminator surfaces
for sodium based 1iduor than for solids depositiqn from calcium based
liquors. When mist eliminator plugging becomes a problem, corrective
measures such as installation of wash sprays upstream and downstream of
the mist eliminator are employed. If the problem sféms from deposition
of soft‘solids on the mist eliminator surfaces, sprays WiT] usually
correct fhe problem. Often the deposition problem is a combination of
soft solids deposition accompanied by the %drmation of hard scale from
precipitation of solids from a supersaturated liquor. Techniques
employed to correct this combined problem in addition to spray washing
involve pH control and the use of unsaturated mist eliminator wash
Tiquor. At times wash trays, such as the one shown in Figure 4-13, are
employed to permit recycling and, control of the special Tiquor used for
washing mist eliminator surfaces. |
4.5 CONTROL TECHNIQUE DATA FOR COAL-FIRED SOURCES

Sections 4.2, 4.3, and 4.4 discuss electrostatic precipitator,
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baghouse, and scrubber particulate control systems. Section 4.5
summarizes and discusses emission and operéting data on the foregoing
types of systems.

4.5.1 Electrostatic Precipitators

Table 4-2 summarizes particu]até emission test data for coal-fired
steam generators equipped with high efficiency e}ectrostatic precipitator
(ESP) systems. As shown, EPA Method 5 was used for 16 of the 21 tests;
The measurements for individual test runs ranged from 3 to 2] nanbgrams:
ner joule (0.007-0.05 ]b/106 Btu). Little relationship was found
between ESP specific collection area and effectiveness for hot sidekor?
cold side ESP systems. This lack of correlation is attributable tqi .
differences in the characteristics of the fly ash as discussed in
Section 4.2. Figure 4-14 shows that for best cdn£ro11ed sources,;ESPj
systems controlled particu]ates to less than 13 nanogfams per jouléi 7
(0.03 1b/10°% Btu). L

Table 4-3 summarizes particulate emission test data on difficult .
particulate emission control cases. The sources of Table 4-3 were;; i
selected based on: a) the reports of owners and ESP vendors that the -
low sulfur coals fired at the plant produced a difficult to col]eéﬁ ash
and b) data on ESP size which show the ESP systems installed at the
plants have Targe specific?co]]ection areas. |

EPA used the data of Table 4-3 and app]fed mode]iﬁg techniqdes to
predict the size.of ESP required to meet various particulate emission

control Timits aé shown in Table 4-4.
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4.5.2 Fabric Filter Systems

Table 4-5 summarizes emission test data on industrial and utility
baghouses. As discussed in Section 4.3, effective baghouses are designed
on a multicell basis. The prime difference between an industrial and a
utility baghouse is the number of cells. Consequently, data on the
effectiveness and reliability of industrial boiler baghouses is applicable
to utility steam generators. As shown, 5 of the 9 tests were sponsored
by EPA and EPA test methods were used. For the other 4 tests, West
Virginia test methods were used which are similar to EPA Method 5. As
shown by Table 4-5, emissions were less than 13 nanograms per joule
(0.03 1b/106 Btu) for best controlled sources.

The pressure drop data of Table 4-5 shows that for 4 of the 5
sources for which pressure drop is reported, full load pressure drops
were less than 1.25 ki]opasca]s (5 1in. HZO)' For the fifth source,
full load pressure drop ranged from 2 to 2.5 ki]opascals (8-10 ih.

HZO)' Air to cloth ratios for the 5 tests reported ranged from 0.58 to
0.91 actual cubic metres per minute per square metre (1.9-3.0 ACFM/FtZ).
The foregoing data show that an air to cloth ratio of 0.6 actual cubic
metres per minute perjsquare metre (2 ACFM/FtZ) is a conservative
criteria for sizing a baghouse for a coal-fired steam generator which
will filter the full load gas volume at a pressure drop less than 1.25
kilopascals (5 in. HZO).6 |

Since baghouses applied to coal-fired steam generators are relatively
new, there is no long term data on bag Tife. Preliminary reports
indicate bag 1ife should be at least two years if pressure drops are

less than 1.25 kilopascals (5 in. Hy0).1>2229>%
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4.5.3 SCRUBBERS

4.5.3.1 Particulate Removal

Table 4-6 summarizes data on the effectiveness of scrubbers installed
on coal-fired power plants. As shown, all of the scrubbers are installed
in conjunction with flue gas desulfurization. A1l of the tests were
made using EPA Method 5. EPA witﬁesséd 3 of the 7 tests. Outlet
particulate emissions ranged from 8 to 30 nanograms per joule (0.019-
0.070 1b/106 Btu). Pressure drops ranged from 2.5 to 4.5 kilopascals
(10-18 1in. H20). The emission test data show that scrubbers are capable
of controlling particulates to a level Tess than 21 nanograms per joule
(0.05 1b/10° Btu). | -

4,5.3.2 Effect of Scrubber Liquor Entrainment on Particulate Emissions

It is possible that particulates from entrained flue gas desulfurization
Tiquor could make it 1mpossib]e to achieve Tow ﬁarticu1até emission
Tevels even though high efficiency particulate control devices are
installed ahead of the 502 absorber. Table 4-7 and Figuré 4-15 show
data on the effectiveness of scrubbers equipped with mist eliminators.

As shown, in every case outlet particulate emission cohcentrations were
Tower than inlet particulate emission concentrations even at inlet
Toadings as Tow as 10 milligrams per standard cubfc metre (0.0044
grains/SCF). |

Other tests have been made to measure entrainment of scrubber
Tiquor. Two separate tests made at Source 2 of Table 4-7 showed scrubber |

6

Tiquor entrainment to be less than 4 nanograms per joule (0.01 1b/10° Btu).

Additional testing of a venturi spray tower (15 runs) and a turbulent
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Figure 4-15. Particulate removal effectiveness of a spray type scrubber as a function of inlet
loading for a lime scrubbing system.
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contact absorber (20 runs) system showed entrainment of scrubber Tiquor

).41,42,43 The

was less thah 4 nanograms per joule (0.01‘1b/106 Btu
data on entrainment shows that well designed mist eliminator systems,
such as well designed Chevron mist eliminator systems, are capable of
1imiting scrubber Tiquor particulate entrainment to a level less than 4
nanograms per joule (0.01 1b/106 Btu) if mist eliminator surfaces are
clean. It is reported that for the FGD systems tested for the data of
Table 4-7 and Figure 4-15 and for the forementioned FGD systems tested
for entrainment that there were no problems with keeping the mist _‘
eliminator surfaces clean during the tests or duriﬁg extended operations

before and after testing.

4.5.3.3 Acid Mist Removal

Table 4-8 shows the effectiveness of two Time scrubbing systems for

reducing acid mist emissions. 41542543

For the 1ime venturi spray tower
system tests sulfuric acid mist removal ranged froml50.9 to 74.9 percent |
and averaged 58 percent for a series of 10 runs. The effectiveness
measured by the 7 turbulent contact absorber tests ranged from 18.2

to 87.5 percent and averaged 63.9 percent. The effectiveness of the
turbulent contact absorber averages 71.5 percent if the atypical 18.2
percent run is excluded. The sulfur content of the coal that was burned

during these tests ranged from 3 to 4.5 percent.

4.5.4 Opacity Data

Table 4-9 summarizes data on opacity versus mass particulate emissions
from three high efficiency control systems. As shown only one of the

sources was equipped with a Targe diameter stack. Observations were
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made each 15 seconds during EPA Method 5 mass emission testing. No
visible emissions were detected from-the spreader stoker-fired source
while the baghouse was operating in the reverse air mode. Opacity of
the plume from the 680 MW power system was steady at 10 percent throughout
mass emission testing. Opacity did not exceed 10 percent for a 6 minute
period during any of the observations.
4.6 CONTROL TECHNIQUES DATA FOR OIL-FIRED SOURCES

Table 4-10 summarizes test results for 56 tests of oil-fired
utility boilers equipped with electrostatic precipitator (ESP) systems.44
As shown, controlled particulate emissions ranged from 1.3 to 105
nanograms per joule (0.003-.244 ]b/106 Btu). Controlled particulates
from sources using additivés to minimize boiler corrison were greater
than particulate emissions from steam generators firing o011 without
additives. The usefulness of the data of Table 4-10 is 1imited because
the type of ESP is not identified. It is not known how many of the
electrostatic precipitators were originally designed for coal and Were
being used unmodified to control particulates frém oil combustion.
Such unmodified ESP systems are not as effective as modified ESP
systems or ESP systems which are originally designed to control par-
ticulates from 0i1 combustion. One test of a modified ESP system
installed on a source firing oil with additives shows particulate
emissions were as low as 8.6 nanograms per joule (0.02 1b/106 Btu).45
Another EPA study supported by referenced literature and a panel of

experts concludes that electrostatic precipitators are capable of
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Table 4-10
SUMMARY OF DATA ON CONTROLLED PARTICULATE EMISSIONS**
FROM ELECTROSTATIC PRECIPITATORS INSTALLED
ON UTILITY OIL-FIRED STEAM GENERATORS

Controlled Emissions

No. of Sources Nanograms .per joule
Tested - Additives ~ (1b/10° Btu)
Range Average
35 Yes 9.0-105 6.8
(0.021-.244) (1.108)
21 No 1.3-66 15.5
(0.003-.154) - (0.036)
56 - 1.3-105 36.7
(0.003-.244) (0.084)
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controlling particulates from oil-fired utility boilers to a level less
than 13 nanograms per joule (0.03 1b/106 Btd).45

Table 4-7 shows test results for a scrubber operating on a residual
oil-fired boiler in conaunct1on with flue gas desu]fur1zat1on As
shown, the scrubber reduced particulate concentrations from 85 nano-
grams per joule (0.187 1b/10 Btu) to 34 nanograms per Jou1e (O 078
1b/10 Btu).

I
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5. MODIFICATION AND RECONSTRUCTION

5.1 GENERAL

The terms modification and reconstruction have special meanings
when used in new source performance standards. These terms are clarified
in Subpart A, Part 60, Subchapter C, Chapter 1, Title 40, Code of
Federal Regulations. In general terms, a modification is a selected
type of change which increases the emission of selected pollutants to °
the atmosphere. When the alterations are Timited, new source perform-
ance standards only require'that increases in the emission of selected
pollutants be prevented. In general terms, reconstruction is a change
which is so substantial as to class fhé source as a new source rather
than an altered existing source. In thiS'caSe, the source becomes
subject to all the Timits of the new source performance standard.
5.2 MODIFICATION

5.2.1 Scope and Effect of Modifcation Regulations

The term modification has special meaning when used with new
source performance standards. According.to regulations, a modification
means any change in the hethod of operation of an existing facility
which increases the amount of any air pollutant (to which a standard

applies) emitted into the atmosphere by that facility or which results
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in the emission of any air poilutant (to which a standard applies)

1 The term modification

into the atmosphere not previously emitted.
is further Timited by exempting selected types of changes from the
applicability of new source performance standards. -

Normally, all that is required when an existing source becomes
subject to modification requlations is that emissions of a specific
pollutant after alteration be no more than théy were before alteration.
Usually, the source does not have to be equipped to comply with the
numerical Timits of the standard. Modification requlations apply to
the pollutants of the new source standard, and apply on pollutant-by-
pollutant basis. In rare cases, emission of one or more pollutants
may be less than the 1imit of a new source performance standard prior
to the alteration. In this situation, an‘emission increase is allowed,
up to the 1imit of the applicable new source performance standard.

For example, a source subject to modification regulations because of
a switch from gas to coal would not have to be equipped to prevent
particulate and 502 emission increases. For this situation, emission
increases would be allowed up to the levels of the particulate and
502 standards for coal.

Adding an affected facility to a plant or replacing an existing
facility within a plant would not cause other unchanged existing
facilities within the plant to become subject to ihe no emission
increase ru]e.1 When a plant has several existing facilities, the no
emission increase rule does not apply to an altered existing facility
if net plant emissions are not increased.1 For example, if emissions

of vollutant A are increased by a change to facility 1 in a plant,

5-2




- the emission increase is allowed if emission of poltutant A from
facility 2 is decreased by an amount equal to or exceeding the amount
of increase from facilify 1.

Fmission increases are allowed if such increases are caused by
routine maintenance, repair, and repTacement.] Emission increaseé
are also allowed if caused by increases in production rate which can
be accomplished without major capital expenditure.1 Increases in
emissions caused by Tonger operating hours are also exempted from the

rule on no emission increase.1

Another exemption is for the use of

an a]ternative fuel or raw material if--prior to the date any stanqard
becomes applicable--the existing facility was designed to accommodate
that alternative use.1 Conversion to coal, required for energy con-
siderations as stipulated in Section 111(a)(8) of the C1eén Air Act

as amended in 1977, is not considered a modification. Emission
increases caused by the addition or use of any system whose primary
function is the reduction of air pollutants, are also exembt from the

no emission increase ru?e.1

5.2.2 Modified Coal-Fired Steam Generators

For the purposes of determining if modification or reconstruction
requlations apply or should apply, the coal-fired steam generator
system is defined as including the following major components:

a) Fuel burners (including coal pulverizer, crusher, stoker system)

b) Combustion air system

c) Steam generation system (firebox, tubes, etc.)

d) Draft system (excluding stack)




The major points which define the inlets to the affected facility

are:

1. The inlet to the pumps which feed water at steam generator
pressure.

2. The inlet to the bins which directly feed the pulverizer or
stoker systems unless the‘bins are sized to store more than
enough coal to operate the stéam generator 72 hours at full
Toad. When large bins are installed, the iniet to the affected
facility is the outlet of the bins feeding the pulverizer
or stoker systems.

3. The combustion air intakes.

The major points which define the outlets of the affected facility

are:

1. Any steam outlet

2. Any bottom ash outlet

3. The outlet of the last system installed before thé stack,
such as the outlet of any induced draft fan.

A11 components of the steam generator installed betweén these points are
part of the affected facility except any air pollution control systems,
such as electrostatic precipitators, mechanical collectors, baghouses, or '
scrubbers.

Replacement of the pulverizer system of an existing coal-fired

unit with a similar system or replacement of component parts of the
pulverizer system with similar parts would not be considered a modi-
fication. However, replacement or redesign of the pulverizer

system, which would substantially change the physical characteristics
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‘of the pulverized coal and of the particulate emissions, may be a change
where modification requlations apply.

Likewise, changes in the design of the combustion air system of an
existing unit that change the way combustion air is introduced to the
combustion chamber would cause a source to be evaluated to determine if
modification regulations should apply. Changing the combustion air damper
settings is not a modification as long as no redesign of the combustion air
system is involved.

The steam generation system includes the feedwater pumps, combustion
chamber, watertubes, economizér, and superheat and reheat sections. -
Maintenance of these components is not a modification. Major redesﬁgn of
these parts would cause a source to be evaluated to determine if modi-
fication regulations should épp1y. It is doubtful that redesign of the
feedwater system, the economizer, or the superheat or reheat sections would
affect particulate emissions. .

Redesign of the draft system, such as changing from induced draft
conditiohs to pressurized firing, would cause an existing coal-fired source
to be evaluated to determine if modification regulations should apply.

Although a change to a different coal might be considered a modifi-
cation, these changes are exembted from modification evaluation by current
regu]ations.1

5.2.3 Modified 0i1 or Gas-Fired Steam Generators

The discussion of Section 5.2.3 is Timited to modifications which
would cause a source to become subject to particulate new source performance .

standard modification regulations for large coal-fired steam generators.
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Alterations which might cause an existing oil or gas-fired steam
generator to become subject to particulate modification reguTations for
coal-fired steam generators are alterations involving'a switch from gas or:
0oil to coal. Current regulations provide thét if the 0il or gas-fired
source is already designed to fire coal, a switch to coal does not cause
the source to become subject to coal-fired steam generator particulate

modification regu]ations.1

In addition, Section 111(a)(8) of the Clean Air
Act as amended in 1977, exempts from the modification provisions of the

Act certain sources switching from oil or gas to coal. The latter category
of sources is described in general terms as sources required to switch to -
coal under Section 2(a) of the Energy Supply and Environmental Coordination
Act of 1974. (The reader is cautioned to seek competent legal advice, such’
as from the Office of Enforcement and General Counsel, U. S. Environmental
Protection Agency, Washington, D.C., before assuming that a source switching
from 0i1 or gas to coal is exempted from the modification provisions of thé
Clean Air Act).

Sources switching from oil or gas to coal which are not otherwise
excepted by U. S. Environmental Protection Agency regulations or by law
would be subject to particulate new source performance standard modification
regulations. Because oil and gas-fired steam generators characteristica11y
emit Jess particulates than coal-fired steam generators, a switch from oil
or gas to coal would norma11y‘fncrease particulate emission concentrations.
Subpart A, Part 60, Subchapter C, Chapter 1, Title 40, Code of Federal
Regulations describes the procedure for determining if a particulate
emission increase has occurred.

The cost of modifying an oil or gas-fired steam generator to fire
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coal may be so substantial as to class the source és a reconstructed source
(see Section 5.3).

Rulings on whether alternations of fossil fuel fired steaﬁ geﬁerators
constitute a modification can be obtained by contacting a U. S. Environ-
mental Protection Agency Regional 0Qffice of Enforcement. |
5.3 RECONSTRUCTION

The term reconstruction has special meaning when used in new source
performance standards. The purpose of reconstruction regulations is to
prevent the perpetuation of existing sources. When modifications or
replacements become so extensive as to create an essentially new source,
the source becomes a reconstructed source and is subject to the new source
performance standards which apoly at the time of initiation of recon-
struction.

According to the prdvisiqn of Subpart A, Part 60, Subchapter C,
Chapter 1, Title 40, Code of Federal Regu]ations; a facility bécomes a
reconstructed source irrespective of any change in emission rate when

a) the fixed capital cost of the new components exceeds 50 percent
of the fixed capital cost that would be required to construct a comparable
entirefy new facility and,

b) it is technologically and economically feasible to meet applicable
standards.

Rulings on whether changes to a fossil fuel-fired steam generator
constitute reconstructjon can be obtained by contacting a U. S. Environ-

mental Protection Agency Regional Office of Enforcement.
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6. EMISSION CONTROL SYSTEMS

6.1 GENERAL

Electrostatic precipitator (ESP) systems, baghouses, and scrubbers
are potential systems for control of particu1atesrfrdm steam genérators
of more than 73 megawatts heat input (250 x 106 Btu/hr). Since mechanical
collectors are not effective enough to meet the current particulate new
source performance standard of 43 nanograms per joule (0.1 1b/106 Btu),
these Tatter systems are not candidates for control.

Analysis of the data of Chapter 4 shows that the effectiveness of
ESP and baghquse systems for control of particulates from steam generators
is demonstrated at a level of f3 nanograms per joule (0.03 1b/106 Btu).
| Although it is Tikely scrubber systems are capable of achieving Tower
Tevels as given by the data of Chapter 4, evaluation of the total test
data reported in Chapter 4 shows the demonstrated effectiveness of
scrubbers is at a particulate control level of 21 nanograms per joule

(0.05 1b/10° Btu).

6.2 Electrostatic Precipitators
Analysis of the data discussed in Chapter 4 shows that ESP systems
can 1imit particulate emissions from steam generators to Tlevels less

than 13 nanograms per joule (0.03 1b/106 Btu). The size of the ESP
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required to meet a given level of control varies with the characteristics
of the coal ash and the level of control required. Larger ESP systems

are needed for lower levels of control. Table 6-1 shows the spécific
collection areas (SCA) used in EPA calculations to define worst case

size requirements to meet various control Timits for coal-fired steam
generators.

The ESP systems for control of particulate emissions from large
steam generators include the following design features:

1. Either hot side or cold side depénding on which type is the

Teast costly for the application. l

2. Sufficient sectionalization to ensure that at least 90 percent
of the collecting surface area will be available should a
breakdown occur in one section.

3. Automatic power controls and instruments showing: a) primary
voltage, b) primary current, c) secondary voltage, d) secondary
current, and e) spark rate for each individual seﬁtioh.

4. 'Insulation to minimize temperature drops which would cause
acid attack.

No specific collecting area (SCA) values are recommended; EPA uses
the conservative values previously discussed to estimate control costs
for difficult cases. As discussed in Chapter 4, some designers and
owners may prefer to use lower SCA values while allowing space for

adding collecting surface area if the original installation fails to

perform within the 1imits of regulations.
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6.3 Fabric Filter Systems

The data of Chapter 4 show that baghouses are capable of controlling
particulates from coal combustion to levels Tess than 13 nanograms per :
joule (0.03 1b/106 Btu) at pressure drops less than 1.25 kilopascals (5
in. H20) and with an average bag 1life of at least two years.

Unlike electrostatic precipitator systems, the effectiveness of
fabric filter systems does not depend on baghouse size. However,
baghouse size is important because if the fabric filter is undersized,
the system will not be able to handle thé combustion gas‘vo1ume at full
load. In the EPA calculations, an air to cloth ratio of 0.6 actual
cubic metres per minute per square metre (2 ACFM/FtZ) of cloth area is
used for sizing baghouses to handle full load gas volume at pressure
drops less than 1.25 kilopascals (5 in. HZO).

The fabric filter systems selected for control of particulates
from coal-fired units include the following features:

1. Reverse air cleaning

2. At least 10 compartments per baghouse to minimize pressure drop'

when a cell is off Tine for cleaning and when maintenance is
being performed on one other cell.

3. Provision for isolating each cell for cleaning or maintenance

while the other cells are on line.

4, Provision for automatic c1eaning on a cell by cell basis

with controls for adjusting the quantity of reverse air, the
frequency of cleaning, and the duration of c1eaniﬁg.

5. Provision for instruments indicating pressure drop and

temperature in and out of the baghouse.
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6. Adequate insulation to minimize temperature drops which
would cause acid attack on baghouse.‘ '

Selection of the forego1ng system does not.infer that other types
of baghouse systems are not as effective or reliable.

Although no air to cloth ratios are recommended, EPA used the
conservative values previously discussed to estimate control costs.
Some owners and designers may prefer to use somewhat higher air to cloth
ratios while providing for adding baghouse cells if the original
installation faiTs to handle the gas voTume at full load.

As discussed in Chapter 4, baghouses are capable of removing at
Teast 98 percent of the particulates from the combystion gases of utility
0i1-fired steam generators.

6.4 Scrubber Sysfems

As discussed in Chapter 4, there are test resylts which show
scrubbers are capable of contf011ing particulates to Tevels Tess than 13
nanograms per joule (0.03 1b/106 Btu). However, as discussed in Chapter
4, the total data on scrubbers are less conclusive than that for baghouses
and ESP's. Consequently, EPA makes a more conservative conclusion;
namely, that scrubbers are capable of Timiting particulate emissions to
a level Tless than 21 nanograms per joule (0.05 1b/106 Btu). A scrubber,
such as a venturi scrubber, operating at a pressure drop of 4 kilopascals
(16 1in. H20) is capable of reducing‘ﬁarticu]ate emissions to at least a
- level of 21 nanograms per joule (0.05 1b/106 Btu).
| The data of Chapter 4 also show that FGD scrubbing systems are

demonstrated which operate without significant deposition of solids on
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mist eliminator collecting surfaces, and that when mist eliminator
surfaces are clean and the system is properly designed to handle gas
flow, entrainment of FGD Tiquor does not increase particulate emissions
even when FGD absorber inlet particulate loadings are as Tow as 4
nanograms per joule (0.01 1b/106 Btu). A three pass chevron type mist
eliminator located after a bubb]e‘cap type wash tray is effective for
Timiting entrainment when used in conjunction with an upstream and
downstream low solids content 1iguor wash spray system.

The fact that the foregoing system is demonstrated does not infer
that other types of scrubber mist eliminator systems are not capable of

effective particulate control.
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7. ENVIRONMENTAL IMPACT

Chapter 7 identifies the productive and counterproductive enyiron-
mental changes caused by more effective particulate control.
The following impacts are discussed:
1. The air polliution impact of reducing the mass of particulate
emission.
2. The air impact of reducing the emission of trace elements
and fine particulate.
3. The water pollution impact of the additional particulates.
4. The impact of stricter particulate standards on solid waste
disposal.
5. The energy impact of effecting more efficient particulate
removal.
7.1 AIR POLLUTION IMPACT
Since lower particulate emission standards do not affect the stack
conditions which, together with meteorological and topographical conditions,
control the way particulates are dispersed, the prime effect of Tower
partjcu]ate standards on maximum‘ground level concentrations of par-
ticulates is a reduction directly proportional to the reduction of
particulate emissions from the stack. For example, if particu]ate‘

emissions from a stack are reduced to one-half of previous Tevels without
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changing stack location, height, diameter, velocity, or temperature,
maximum ground level concentrations are one-half of what these concen-
trations are at the higher emission rate.] Consequently, Tower emission
rates reduce ambient air mass particulate concentrations.

Dispersion calculations show that maximum downwind particulate
concentrations caused by a 1000 megawatt steam generator emitting at a
level of 43 nanograms per joule (0.1 1b/106 Btu) and equipped with a 275
metre (900 ft) stack are less than 0.1 microgram per cubic metre on a
mean annual basis and are 1.3 micrograms per cubic metre on a maximum 24-
hour basis.1 Appendix F discusses the basis for these estimates and gives
other examples. These maximum concentrations are less than the following
Federal National Ambient Air Quality Standards.2

Primary

75 micrograms per cubic metre - annual geometric mean

Secondary

260 micrograms per cubic metre - maximum 24-hour concentration

not to be exceeded more than once per year.

More effective particulate removal also reduces trace element
emissions and thereby reduces trace element ambient air concentrations.
Table 7-1 shows data on emissions and the effectiveness of a venturiy
scrubber, a hot side electrostatic precipitator, and a cyclone system for
reducing trace element emissions from three different coal-fired power

p]ants.3

While the data show that particulate emission control systems
reduce trace element emissions, the tests do not show which device is the

most effective for removing trace metals from coal combustion gases. The:

tests were conductad at three different power plants firing different




Table 7-1
PERCENTAGES OF ELEMENTS OF THE COAL WHICH WERE DISCHARGED3
IN FLUE GAS FOR SAMPLED STATIONS (100 MINUS PERCENT REMOVED)

Element | Station I(a) Station II(b) Station III(C)
ATuminum 0.25 0.7 11.2
Antimony 0.61 3.9 77.9
Arsenic 7.5 0.05 20.5
Barium <0.84 <0.09 .6
Bery11ium 0.65 <2.0 6.5
Boron - 5.9 4.7 54.1
Cadmium 7. <3.8 41
Calcium 0.85 0.8 16.6
Chlorine 75. 80.2 80.0
Chromium 9. 12.4 40.3
Cobalt 2. 1.5 28.5
Copper 0.66 0.8 28.9
Fluorine 2.0 7.6 74.0
Iron 0.63 0.8 17.5
Lead 1.9 7.5 64.6
Magnesium 1.2 0.8 14.8.

. Manganese 0.38 1.2 12.5
Mercury 86.8 97.9 96.1
Molybdenum 43.2 9.4 63.0
Nickel 1 18.2 62.8
Selenium 2.2 27.7 65.4
Silver .7 1.3 15.9 -
Sulfur - 62.2 87.8 98.1
Titanium 0.30 0.6 7.9
Uranium 2.0 1.5 27.6
Vanadium . 2.5 2.4 24.9
Zinc 2.5 2.6 52.7
(a) Station I - Equipped with 99.7 percent efficient Venturi scrubber

(b) Station II - Equipped with 99.3 percent efficient hot side
(c) electrostatic precipitator
c

Station TII - Equipped with 87.1 percent efficient mechanical collector
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kinds of coal. Consequently, it is not known how much of the dif-
ferences shown are attributable to differences in the effectiveness of .
the particulate control systems or how much is caused by differences in’
the characteristics of the coal fired in the combustion units.

More effective particulate control reduces fine particulate
emissions. Figures 7-1 and 7-2 ‘show particle size distributions at the’
inlet and outlet of an electrostatic precipitator (ESP) installed on a
Western coal-fired source.* As shown, the ESP reduced total particu]até
emissions from a level of 22.9 grams per standard cubic metre (10
gr/SCF) to a level of 0.02 grams per standard cubic metre (0.009 gr/SCF).
Analysis of Figures 7-1 and 7-2 shows the following effectiveness for |

various particle sizes.

Table 7-2
Particle Sizes Less Than Given Diameter
Micrometres Percent Removal
1 96
0.5 90
.2 86

7.2 SOLID WASTE IMPACT

Stricter particulate emission standards would have very little
effect on the quantity of solid wastes generated from particulate
emission control. The particulate solid waste generated from a 1000
megawatt coal-fired power plant for various levels of confro] are shown‘
in Table 7-3. As shown, reducing emissions to 50 percent of the level .
of current new source pérformance standard 1imits would increase fly
ash generation about 0.76 percent. The foregoing increase would not

significantly affect fly ash disposal problems.
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7.3 WATER POLLUTION IMPACT

Potential water pollution from removal of particulates
from combustion gases includes the following:

1. Pollution from sluicing fly ash from dry type collection

systems. |

2. Pollution from disposal of Tiquor from scrubber systems, and

3. Pollution from Teaching of fly ash wastes.

As shown by Fiqures 7-1 and 7-2, the additional particulate removed
in the range less than 43 nanograms per.jou1e (0.1 1b/106 Btu) would be
less than 10 micrometers in diameter. Collection of small diameter
particles tends to increase the water pollution potential of fly ash
because smaller particles leach more readily and because it 1s‘more
difficult to separate the smaller particles from sluicing water. Any
water pollution which might be caused by collection of smaller par-
ticulates can be prevented by operating fly ash sluicing systems in
total recycle and by Tining settling ponds and disposal sites to
prevent contamination of streams or ground waters.

7.4 ENERGY IMPACT

Table 7-4 shows the energy consumption of various particulate
emission control systems at various levels of control. As shown, thé
baghouse is the most energy efficient particulate control system. The
particulates generated in producing the electrical energy to run the
various particulate emission control systems ranges from 20.7 megagranms
(22.8 tons) per year for a scrubber to 3.T megagrams (3.4 tons)‘pef |
year for a baghouse. The particulate produced in generating energy for

particulate control is insignificant compared with the some 170,000
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megagrams (187,000 tons) removed from the atmosphere by the pollution
control systems as shown in Table 7-3.

Table 7-4 shows the energy consumption of ESP systems as a functioh
of control 'leve].6 Most of the energy consumed by an ESP system is
used to produce the electrical fie]d.7 Most of the energy consumed by
baghouses and scrubbers is used to overcome pressure drop.8’9 A high
efficiency baghouse operating at 1.25 kilopascals (5.0 in. HZO) pressure
drop uses about 0.4 percent of the power generating capacity of the
coal-fired unit. A high efficiency scrubber operating at 3.75 ki]opascé]s
(15 1in. HZO) pressure drop uses about three times as much power as a
baghouse.

7.5 QOTHER ENVIRONMENTAL IMPACT

More efficient particulate control has no effect on noise pollution.
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8 COST ANALYSIS OF ALTERNATIVE CONTROL SYSTEMS

8.1 INTRODUCTION

This section will discuss the control systems, the model plant
sizes and the types of coal considered in the analysis. These variables
were selected to provide a realistic spread of conditions that might occur
within the industry. In all, 38 cases were studied. Two types of coal
were considered, a coal containing 0.8 percent sulfur, 8.0 percent ash, and
a heat value of 23.3 (MJ/Kg (10,000 Btu/1b); and a coal containing 3.5
percent su]fur, 14 percent ash, and a heat value of 27.9 MJ/Kg (12,000
Btu/1b).
8.2 CONTROL SYSTEMS

Three contrd] systems were considered. Fabric fi]ters.are designated
as Type 1 and will provide very high efficiencies at a 2:1 air-to-cloth
ratio ETectrostatic precipitator systems, des1gnated Type 2a, 2b, and
2c, can be provided to meet varying levels of eff1c1ency depending upon
the size of the precipitator. Control Type 3 represents venturi scrubbers
with a 0.2 meters (8") water gauge pressure drop and a 1iquid-to-gas rafio
of 54 cubic meters of Tiquid per thousand actual cubic meters of gas
(40 gallons per 1000 acf).

8.3 PLANT SIZES

In order to cover the range of plant sizes Tikely to be erected in
the future four sizes were selected for the electrostatic precipitator and

venturi scrubber, 25, 100, 500, and 1000 MW. Data was available from
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another source for fabric filters in the plant sizes 200, 500, and
1000 MW.

8.4 DEVELOPMENT OF COST ESTIMATES

8.4.1 Capital Costs

Fabric filter costs were generated from vendof sources which :
~ provided installed costs of equiphent. These costs were escalated
from 1977 to August 1980 using a 7.5% annual inflation rate. Indirect
costs covering interest during constructidn, field overhead, engineering,
freight, offsites, taxes, spares, and start-up were calculated to be
33.75% of insta]ied cost. Finally, a contingency allowance of 20 percent
of the total was added to reach the final turnkey investment. Since
fabric filter costé depend more upon the pof]utant being removed than
upon the required efficiency, only one type of filter was considered, a
high temperature unit wifh an air-to-cloth ratio of 2 to 1. Tab]e‘8-1
presents fabric filter costs. |
"Electrostatic precipitator turnkey costs were calculated the same
way as the fabric filters with the indirect costs amounting to 33.75
percent of the installed equipment cost plus a 20% contingency factor.
The removal efficiency of the electrostatic precipitator is a function
of the plate area and the cost is also a function of the plate area.
Therefore, three sizes of precipitators, designated Control Type Zé,
2b, and 2c, were costed. The sizes varied from 78 to 128 square meters
of plate per actual cubic meters per second of gas (400 to 650 square

feet per 1000 acfm)for hot side precipitators for low sulfur coal.
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Table 8-1. TYPE‘1 CONTROLS: FABRIC FILTER INVESTMENT
AND ANNUALIZED COSTS (7980 Dollars)

1

Sulfur Ash Boiler Investment Annualized Co§t
Content Content Size (MW) ($/Kw) (mil1s/kWh)
0.8% - 8.0% 200 69.47 2.30
500 58.45 1.96
1000 53.56 1.81
3.5% 14.0% - 200 59.89 - 1.97
500 51.83 1.72
1000 46.73 1.58

1A1r7to—cloth ratio 0.01 mé/(am3/s), or 2 acfm/sq. ft.

2Annua1ized cost is calculated at a Toad factor of 65% and includes cost of
power @ 25 mills/klhh to operate control equipment.
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For high sulfur coal the sizes varied from 47 to 71 square metershpér
actual cubic meters per second of gas (240 to 360 square feet per 1b00
acfm). for cold side units. Table 8-2 presents the costs for the electro-
static precipitator cases.

The costs for the venturi scrubbers were calculated using the PEDCo
Environmental FGD computer cost program. Since all of the FGD units in
the program had venturi units upstream of the sulfur oxide scrubbers,
the venturi costs were obtained by subtraétion. The units, which are
designated Control Type 3, utilize an 0.2 meter (8") water gauge pﬁeSSure
drop and a 54 cubic meters of 1iquid to one thousand actual cubic meter
of gas (40 gallons per 1000 acfm). Costs for the venturi appear in
Table 8-3. | |

For the types of control systems studied and tne parameters chosen
it would appear that fabric filters are the more economical choice for
low sulfur coals and electrostatic precipitators for high sulfur céa]s.
Figures 8-1 and 8-2 depict these relationships.

8.4:2 Annualized Costs

The total annualized costs consist of two categories: directt
operating costs and annualized capital charges. Direct operating costs
include fixed and variable annual costs such as:

° Labor and materials needed to operate control equipment;

° Maintenance Tabor-and materials;

° Utilities which include electric power, fuel, cooling and .

process water, and steam;

° Treatment and disposal of 1iquid and solid wastes.
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Figure 8-1. Cost of controlling low sulfur coal investments in 1980 dollars.
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Annualized capital charges include capital recovery factors repre-
senting 10% interest over a 20 year life for ESP's and fabric filters
and over a 10 year 1ife for venturi scrubbers. An additional 4 percent
of total investment was also added to cover general administration,
property taxes, and insurance. The mills per kilowatt-hour were computed
using a h5 percent operating factor.
8.5 MONITORING COSTS

In the case of a new electrical generating station where the stack
is already equirped with acéess parts and platforms to enable the initial
performance tests tc be done, the additional investment for continuous
monitoring equipment is aporoximately $40,000. Annualized costs run
7,000 to $8,000. For a 500 MW station, this amounts to 0.003 mills per
‘kilowatt hour. For the purpose of the analysis, this cost was neglected.
8.6 COST COMPARTSONS

Figure 8-3 compares PEDCo Environmental investment costs for 1"abr‘1'c~
fi]ters with the cosi of filters installed on utility units at Sunbury
and Nucla. The Qpper set of PEDCo costs represent the low sulfur. (0.8%)
units and the l1ower set, the high sulfur (3.5%) units. The Sunbury aﬁd
Nucla stations fire 1.8% and 0.7% sulfur coal, respectively.

Fiqure 8-4 aives electrostatic precipitator investment costs for
hot side units for several individual stations as well as costs for hot
side units calculated by the Southern Research Institute in A Review of

Technology for Control of Fly Ash Emissions From Coal in Electric Power

Plants, July 1, 1977, pages 13 and 62.
Figure 8-5 shows the comparison of venturi scrubber investment
costs between PEDCo and several specific units cited on page 121 of the

above mentioned SRI report.
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8.7 MODIFICATION AND RECONSTRUCTIUN

As discussed in Chapter 5, there is Tittle possibility that any
existing power boilers will be subject to the modification and recon-
struction provisions of the Act. For this reason, no retrofit costs

are included.
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9. TECHNICAL STUDIES TO DEFINE PERFORMANCE
OF THE BEST SYSTEM OF EMISSION REDUCTION

9.1 SELECTION OF SOURCE FOR CONTROL

Fossil-fuel-fired steam generators of 73 megawatts (MW) heat input
(250 million/Btu hour) or more are considered large steam generators and
would produce enough steam to generate 25 megawatts or more electric
power. The largest fossil-fuel-fired steam generator constructed in the .
United States produces enough steam to generate 1300 MW of electricity.
A typical size unit would producé enough steam to generate 500MW of
electric power. Approximately 90 percent of all large fossiT—Fue]-fired
steam generators constructed are for use as electric utility steam
generation units.

‘At the end of 1975, the total capacity of utility fossil-fuel-fired
steam generator power units was approximately 350 gigawatts.r Sixty
percent of this steam generating capcity was fired by coal and the
remainder was about equally split between gas and oil. »

About 27 percent of the fuel consumed in the United States is used
to generate electric power. A significant and continual increase 1in
electrical generation capacity is projected to occur. Fossi1‘fue1 fired

steam electric generation capacity is expected to increase from 350
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gigawatts in 1975 to more than 700 gigawatts in 1995 (approximately a 5
percent‘increase per year).
9.2 SELECTION OF POLLUTANTS AND AFFECTED FACILITIES

Particulate emissions from stationary combustion sources are 5.1
teragrams/yr (5.6 million tons/yr) as compared with 15.6 teragrams/yr:
(17.0 million tons/yr) from all sources. Particulate matter emissions
from Targe utility fossil-fuel-fired generators are 3.1 teragrams/yr
(3.5 million tons/yr) or a 1ittle more than one-half of the particulate
emissions from all stationary combustion sources. Nearly all of the
particulate matter emitted from electric utility sources is from coal-
fired steam generators.
9.3 SELECTION OF THE BEST SYSTEM OF CONTINUOUS EMISSION REDUCTION

The device that has been most commonly used for high efficiency
removal of particulates from thg combustion gases of coal-fired and
oil-fired steam generators is the electrostatic precipitator (ESP).
The use of baghouses for high efficiency particulate control is becoming:
more common, especially for Western coals where the coal ash is difficu1£
to collect with an ESP.

Mechanical collectors such as cyclones and settling chambers are
not efficient enough to reduce particulate emissions to the Tevels
required by current new source performance standards‘or the proposed
revision.

Based on EPA investigations, EPA considers the best demonstrated
system of continuous emission reduction to be baghouse control systems and
and high efficiency ESP's. Baghouses and high efficiency ESP's can reduce

reduce particulate emissions to a level of 13 ng/Jd (0.03 1b/million Btu) which
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is about one-third of the current standard. The annualized cost to
comply with the current standard (43 ng/Jd, 0.1 1b/million Btu) using an
ESP would be 2.9 mills/kiWhr for Western coal and 1.3 mills/kWhr for
Eastern coal. YAn emission Tevel of 13 ng/J {proposed standard) can be
achieved at an annualized cost of 1.96 mills/kWhr for Western coal
(baghouse) and 1.59 mills/kWhr for Eastern c6a1 (high efficiency ESP).
Achievement of the proposed particulate matter emission standard would

result in less than a 1 percent increase in retail electrical cost.

9.4 SELECTION OF THE FORMAT FOR THE PROPOSED EMISSION STANDARD

Guidance in selection of the format of the proposed emission
standard was provided by the Clean Air Act Amendments of 1977 which
requires that the performance standard for stationary fossil-fuel-fired
steam generators include (1) an emission Timitation, and (2) a percentage
reduction in emission levels that could have resulted from combusting fuel
without emission control or fuel pretreatment. The emission limitation is
developed in uhits of emissions per unit heat input, namely, nanograms
per joule (ng/Jd) and 1b/million Btu. The percentage reduction require-
memt is based on actual particulate matter emissions to the atmosphere
and estimated uncontrolled emissions. Because of the technical difficulties
of sampling particulate in the restrictive flow field that typically
exists upstream of a particulate matter control device, an uncontrolled
emission rate is defined and is incorporated into the proposed regulation
in place of actual sampling upstream of the particulate matter control
device. The uncontrolled emission rate is used in conjunction with tﬁe
emission test data to determine the percentage reduction achieved.
Compliance with the emission Timitation will result in compliance with

the percentage reduction requirement.

9-3




9.5 SELECTION OF EMISSION LIMITS

The proposed standard is based on the performance of a well designed
and operated baghouse or ESP. EPA has determined that these systems are
the best systems for continuous control of particulate matter emissions
from electric utility steam generators (considering energy, cost, and
environmental impact). EPA collected particulate emission data from 8
baghouse equipped coal-fired steam generators. Emission data from 6 of
the 8 steam generators showed emission levels less than 13 ng/J heat
input (0.03 1b/million Btu). Baghouses with an air to é]oth ratio of
0.6 actual cubic meters per minute per square meter (2 ACFM/ftZ) will
achieve the proposed emission limit at pressure drops of less than 1.25
kitlopascals (5 in. H20). EPA considers these air/cloth ratios and
pressure drops reasonable when considering cost, energy, and nonair
quality impacts.

EPA collected data from 21 steam generators controlled with ESP's.
The results from the tests determined 9 of the 21 had emission levels
Tower than the proposed standard; " Emission levels as low as 4 ng/dJ
heat input (0.01 1b/million Btu) were observed when firing a Tow sulfur
coal. Many factors must be considered in an ESP design. A properly
designed ESP would h;ve specific collection areas frbm 128 to 197 square
meters per actual cubic meter per second (650-1,000 ft2/1000 ACFM) when
firing a difficult coal. EPA believes that such specific collection
areas are reasonable considering cost, energy, and nonair environmental

impacts.
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EPA collected emission test data from 7 coal-fired steam generators
controlled by wet pafticuiate matter scrubbers. Data from 5 of the 7
resulted in emission Tevels Tess than 21 ng/J heat input (0.05 1b/million
Btu). Data from only 1 of the 7 were less than 13 ng/J (0.03 1b/million
Btu) heat input. ihe data suggests that particulate matter scrubbers,
under certain conditibhé{ cén*achieve emission levels below the proposed
standard; however, EPA bé]ieves that wet particulate matter scrubbers
are limited in their ability to comply with the proposed standard and
under most conditions would have difficulty complying with the proposed
standard.

Baghouse operating performance $% only nominally affected by the
ash properties of the fuel fired, but ESP performance is very sensitive.
to fly ash properties.  ESP's have been traditionally used to control
particulate emissions from power plants combusting high sulfur coals.
High sulfur coal produces fly ash with a Tow electrical resistivity
which can be more easily collected with an ESP.  However, Tow sulfur
coals proddce fly ash with high eiectrical resistivity which is more
difficult to collect with a conventional ESP. At times, the problem of
fly ash with high electrical resistivity can be reduced by using a hot‘
side ESP (ESP Tocated before cdmbustion air preheater) when firing Tow
sulfur coals. Higher fly ash collection temperatures improve ESP per-
formance by reducing fly ash resistivity for most types of low sulfur:
coal (for example, increasing the fly ash collection temperature from
177°C (350°F) to 204°C (400°F) can reduce electrical resistivity of fly
ash from low sulfur coal by approximately 60 percent).

! The Clean Air Act Amendments of 1977 require that EPA specify, in

addition to an emission limitation, a percent reduction in uncontrolled




emission levels for fossil-fuel-fired statipnary sources. The proposed
standard would require a 99 percent reduction requirément for solid |
fuels and a 70 percent reduction requirement for Tiquid fuels. Because
of the difficulty of sampling particulate matter upstream of the control
device (due to the complex particulate matter sampling conditions), the
proposed standard does not require direct performance testing for the pércent
particulate matter emission reduction level. Instead, EPA has definedk
an uncontrolled particulate matter emission rate of 3000 ng/J heat 1np4t
(7.0 1b/million Btu) for solid fuels and 75 ng/J heat input (0.17
1b/million Btu) for liquid fuels. The percent reduction would not
require particulate matter emissions to be Tess than required by the

emission limitation (13 ng/Jd). The emission limitation would determine

the emission level at which a unit must operate, and would assure that

the percent reduction requirement 1is achieved. (The uncontrolled
particulate emission rates defined by EPA in these regulations are based
on average emission factors. Actual uncontrolled emission rates may |
vary for specific cases). A percentage reduction requirement would nbt
apply for gaseous fuels since a particulate matter control device would
not be required.

EPA has investigated the performance of flue gas desulfurization
(FGD) control systems to determine whether they affect particulate
matter emissions. Three possible mechanisms were investigated: (1)

FGD system sulfate carryover from the scrubber slurry, (2) particu]até
matter removal by the FGD system, and (3) particulate matter generation
by FGD system through condensation of sulfuric acid mist (HZSO4).

To address the first problem, EPA obtained data from three steam
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generators that were equipped with a FGD system and that had low
partiéu]ate matter emission levels. The data from all three tests
indicated that particulate emissions did not increase through the'FGD
system. Proper mist eliminator design is important in preventing scrubber
1iquid entrainment. Although no data were found to support the following,
it may be possible that reentrainment of sulfates from improperly des1gned
mist eliminator systems or reentra1nment from FGD systems which are
operated with partially plugged mist eliminators could cause the outlet
particulate loading to exceed inlet particulate loading.

In relation to the second interaction mechanism, FGD system removal
of particulate matter, the data from the three FGD systems available to
EPA indicated that particulate matter emissions were reduced by fhe-FGD
systems in all 3 cases. That is the particulate matter discharge con-
centration from the FGD system was Tess than the ih]et concentration.

This property has been particularly noted at steam generators equipped
with ESP's upstream of FGD systems. |

Thesthird interaction mechanism investigated was the potential con-
densation of sulfuric acid mist (HZSO4) from sulfur trioxide (503) in
the flue gas. At a typical steam generator most fuel su]fur is con-
verted to SO2 and a small portion (1-3 percent) is discharaed as 503.

The higher the sulfur content of the fuel being fired, the higher the

502 and SO3 concentrations in the flue gas. Typical stack gas tem-

peratures at a coal-fired steam generator without a FGD systemrwould be
between 150°C and 200°C (300°F - 400°F). At'such temperatures, the sulfuric
acid (mist) remains in its gaséoué form (803). However, if flue gas

temperatures are reduced sufficiently, the 503 would become saturated
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and condense as sulfuric acid mist (particularly when firing high sulfur
coal and producing higher 502 concentrations). Gases treated by a FGD
system may exit at temperatures as low as 50°C-(125°F). If a stack |
gas reheating system would be used, it would typically reheat flue r
gases to approximately 80°C (175°F). For sulfuric acid, the dew poiné
temperature would be expected to range between 120°C (250°F) and 175° C
(350°F). The lower temperature would correspond to Tow sulfur coa] and
higher temperatures would correspond to high sulfur coal.

Available test data indicate that a FGD system would remove about
50 percent of the 303 in the flue gas and thus reduce the potential for
sulfuric acid mist formulation. However, if sulfuric acid mist is formed
in the flue gases, there is a potential for its interaction with the
particulate matter performance test. Under Method 5, a sample is
extracted at 160°C (320?F) probe temperature. Under current conditions
(most power plants do not have FGD systems), this would assure that SO,
did not condense in the sampling train and would allow it to pass thrdugh
the filter. However, there is a potential for sulfuric acid mist to form
at the Tow flue gas temperatures typical of power plants with FGD sysﬁems
(particularly when combusting high sulfur coal), and to interact within the .
sampling train to form sulfate compounds that are not "driven off" |
at 160°C (320°F). Also, sulfuric acid mist may be deposited within the
test probe. In both cases, the sulfuric acid hist interaction may
ultimately be measured as particulate matter.

The proposed particulate matter standard is based on emission

lTevels achieved at the discharge of particulate matter control devices.
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'EPA obtained data from three FGD equipped power plants firing Tow -
sulfur coal. The data indicated that 502 condensation to sulfuric acid
mist was not a problem. EPA believes this data supports the conc]hsion
that FGD units on low sulfur coal-fired power plants do not increase
particulate emissions through sulfuric acid formation and interaction.
Thus, EPA believes compliance with the proposed particulate matter
standard is.demonstrated to be achievable when firing Tow sulfur coal.

In a case where a FGD is used with higher sulfur coal, sufficient
data hévé not become available to fully assess gu]furic acid mist interaction.
The proposed standard is based on emission test data at the particulate
matter control device discharge. EPA will continue to investigate this
subject and will consider its impact on the particulate matter standard
as data becomes available.

9.6 VISIBLE EMISSION STANDARDS

The opacity standard of 20 percent (6-minute average) is based on
the current opacity standard. In
cases when the proposed opacity standard is not achieved during a per-
formance test, but the particulate emission standard is being achieved,
the general provision of Part 60 [60.11(e)] allows an owner or operator
of the affected facility to request that a source specific opacity
standard be established.

9.7 MODIFICATION/RECONSTRUCTION CONSIDERATIONS

It is doubtful that many existing utility steam generating units

will be modified or reconstructed. Additionally, any utility steam

generators that switch to coal as a fuel under the Energy Supply and
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Environmental Coordination Act of 1974 (or any amendment), or because of
gas curtailment plans, are not considered to be modifications under |
Section 111(a)(8) of the Clean Air Act Amendments of 1977. Typically,
utility steam generating units are operated 30-40 years and are gradually
transferred from base load units to standby units. At the end of this
1ife period they are retired and entirely new units are built to compen;ate
for the lost capacity. Because of the small capacity of the utility
industry prior to 1940 and the rapid growth that has taken place in the
utility industry since the 1940's, only a small portion of the accumulative
utility capacity constructed to date has become obsolete and retired.
9.8 SELECTION OF MONITORING REQUIREMENTS

Continuous opacity monitoring is useful for determining if the
particulate emission control system is properly maintained and operated
(It is not used for performance testing). Continuous opacity'monitoring
is required unless it can be shown that there is no suitable location
available which would yield meaningful opacity readings. It is not
necessary to install a continuous opacity monitoring system downstream’
of a FGD system if it can be shown that interferences from entrainment‘
of scrubber liquor and/or condensation of water vapor would prevent the
gathering of meaningful opacity data. However, meaningful opacity
readings can be obtained when there is a slight interference from
entrainment or condensation of water vapor. A slight interference is
defined as one where the instrument measured opacity in the stack is
less than 20 percent greater than the opacity measured according to EPA
Method 9 at the point of discharge to the atmosphere.

In cases where it is not possible to monitor the opacity in the
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stack because of interferences, the opacity is monitored ahead of the
FGD system if an ESP; fabric filter, or other high efficiency dry control
system is installed ahead of the FGD system. Opacity monitoring is not
required ahead of a FGD system if opacity interference will result from
the use of a wet particulate matter contro] device or if only gaseous

fuel is fired.

9.9 SELECTION OF PERFORMANCE TEST METHODS
Performance testing is conducted using EPA Reference Method 9 and
5 or 17. Compliance with the emission Timitation will asssure compliance

with the percentage reduction requirements.







APPENDIX A
EVOLUTION OF PROPOSED STANDARDS







A.1 GENERAL

New source performance standards for particulate emissions from
steam generators of more than 73 megawatts (250 x 160 Btu/hr) heat
input were proposed on August 17, 1971, and were promulgated December 23,
1971, under authority of the Clean Air Act of 1970. The foregoing Act
provided that the Administrator should, from time to time, revise these
standards. During late 1975 it was decided that there were enough new
developments in control of particulate emissions from large steam
generators to warrant considering revising these standards. The new
developments were that although no new techniques other than those
known in 1971 were being used, that the effectiveness of the 1971
techniques was much better than that reflected by the 1imits. of the
1971 standard. Consequently, the investigation was directed toward
determining if particulate emission limits lower than the 1971 Timits
should be recommended. |

Work on the study was initiated in early 1976 by making a com-
prehensive search of the thousands of references of the EPA Air
Pollution Technical Information Center. The EPA research and develop-
ment activity, Industrial Environmental Research Laboratory (IERL),
was also contacted. This data, the IERL advice, and information
gathered 1in conjunction with previous technical assistance activities,
indicated that there were electrostatic precipitator (ESP) systems
installed at coal-fired power p1ants‘which were controlling particulates
to Tevels substantially below the 1971 standard of 43 panograms per
joule (0.1 ]b/TO6 Btu). Some IERL test data were on hand to substantiate

low emission Tevels, but more was needed.
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The early part of the project was directed toward locating sources
which generated fly ash which was difficult to collect and which were
equipped with ESP systems with large collecting surface area to gas
volume ratios. With the assistance of IERL and the Industrial Gas
Cleaning Institute, several sources meeting these criteria were located.
After screening, six were selected for study. A1l six of these sources
were surveyed by plant visits. It was found that for three of the
sources, adequate emission test data were avaijlable. Two other sources
were tested by EPA. The sixth source was tested by the company with an
EPA observer present.

Further emission test data were gathered from IERL and various
State agencies to form a data base of tests of 21 different ESP systems.
As discussed in Chapter 4, the data base shows that ESP systems are
capable of achieving a Timit of 13 nanograms per joule (d¢g3 1b/106
Btu) even when the most difficult to control fly ash is generated.

In January, 1977, further data indicated that baghouse technology
vas wel]lenough developed to warrant consideration of application of
baghouse technology to even the largest power plants. Rased on this
information, a telephone survey was made of 16 baghousé installations.
The survey indicated baghouses were operating with few, if any, problems,
and that the effectiveness of baghouses was equal, if not superior, to |
ESP systems. Although the baghouses surveyed wére small in comparison *
to baghouses for large power stations, it was found that all were
composed of numerous individual cells and that even the Targest steam
generator could be equipped by increasing the number of cells as needed

to handle gas flow. Two plants equioped with baghouses were surveyed
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by plant visits and were‘subsequent1y tested by EPA in the spring and
summer of 1977. This data base was supplemented by test results pro-
vided by IERL and by test data from the'Sfate of West Virginia to form
a data base of tests of 8 different baghouse systems. As discussed in
Chapnter 4, the data showed baghouse systems are capable of achieving a
Timit of 13 nanograms per joule (0.03 1b/106 Btu).

Data on particulate emissions from scrubber systems equipped for
flue gas desulfurization were gathered under the authority of Section
114 of the Clean Air Act of 1970 during the summer and fall of 1977.
This orovided data on six scrubber systems. Data on one more system was
obtained from the State of Montana. The data from three IERL test
nrojects and one company test project nrovided a total data base for
eleven different scrubber systems. The data showed scrubbers are
capable of achieving a particu]ate Timit of 21 nanograms per joule (0.05
16/10% Btu).

The results of cost studies commissioned in late 1976 were received
in February, 1977. These studies and the results of additional cost and
economic impact studies made in late 1977 were used to determine the
cost feasibility of a Tower particulate Timit.

A recommended revised particulate 1imit of 13 nanoarams per joule
(0.03 1b/106 Btu) was reviewed before a Working Group comvosed of
interested EPA activities and before the Mational Air Pollution Control

fechniques Advisory Committee in December, 1977.







APPENDIX B
INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS

This appendix consists of a reference system which is cross-indexed

with the October 21, 1974, Federal Register (39 FR 37419) containing EPA

guidelines for the preparation of Environmental Impact Statements. This
index can be used to identify sections of the document which contain data

and information germane to any portion of the Federal Register guidelines.
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APPENDIX D
EMISSION MEASUREMENT AND CONTINUOUS MONITORING

D.1 EMISSION MEASUREMENT METHODS

Beginning in 1971 in the tests to obtain data for the existing particulate
standard, and recently in the tests to obtain a data base for the proposed
revision, EPA has relied primarily upon the sampling technique described in
Method 5 (40 CFR Part 60 - Appendix A). This method provides detailed pro-
cedures and equipment criter{a, and includes concepts considered by EPA to be
necessary elements requiréd to obtain accurate and representative results. As
appiied to steam generators, Method 5 initjally employed a filter system located
out-of—stack and operated at a temperature of 120°C.. In October, 1975, the per-
formance test requirements for steam generators were revised to ai]ow operation
of the filter system at‘témperatures up to 160°C. The purposé of this revision
was to prevent collection of condensible gaseous compounds which woq]d not be
controllable by dry control devices operating at stack temperatures found at
modern boilers. More recently, in August, 1977, revisions to Method 5 were
promulgated which include clarification, and provide more detailed calibration
and operating fnstructions. |

In addition to the Method 5 tests, particulate emission data were also
obtained at three plants using proposed Method 17. Two of the plants were con-
trolled with baghouses--the third with an ESP. Method 17, which was proposed

in the Federal Register on September 24, 1976 (41 FR 42020), is identical to
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Method 5 except that the filter. is located in the stack. Particulate samples -
are, therefore, collected at stack temperature which, for these three b]aﬁts;
ranged from 150°C to 175°C.

Method 17 allows a flexible connection betWeen the probe and sample Sox
and thereby has the advantage of eliminating traversing with the sample box.
The method also eliminates the possible imprecision which can occur in recover-
-ing sample from long stainless steel probes which are needed for samp]ing:the
very large diameter stacks which are typical at modern steam generators.
However, Method 17 is not applicable for stack gases containing'safurated‘water
vapor and, thus, is not applicable to stacks following wet scrubber systems unless
demisting and reheat treatment is sufficient to raise the stack gas above its dew-
point. In order to evaluate the application of particulate methods downstream
of a scrubber system, EPA has scheduled a test fbr early December, 1977. vIn this
test, particulate data will be obtained using Method 17, and Method 5 operated at

a filter temperature of about 160°C.

D.2 MONITORING SYSTEMS AND DEVICES

Commercially available opacity monitoring systems are suitable for use
on steam generator emission stacks when stack gases do not contain {iqUid.
water droplets or mist. The performance specifications for these systems
are given in Appendix B, 40 CFR Part 60. When liquid water is present in
the stack gas, opacity monitors are not app]fcable and an alternative monitor-
ing of particulate control may be vecommended. For example, if control equip-
ment lend themselves to the measurement of an operational parameter tﬁat is
jndicative of their particulate removal efficiency‘(e.g., the pressure drop

across a venturi scrubber), then continuous monitoring of this parameter may

be appropriate.




The equipment and installation costs for a single opacity monitor are
estimated to be $20,000-$22,000. Annual operating costs, including data

recording and reduction are estimated to be between $9,000 and $10,000.

D.3 PERFORMANCE TEST METHODS
Consistent with the data base upon which the new source standards have
been‘estab]ished, EPA is proposing two reference methods for the measurement

of particulate from steam generators--Method 5 (40 CFR Part 60 - Appendix A)

and Method 17 (proposed in the Federal éegister, September 24, 1976 - 41 FR
42020). Use of either method is considereé to produce comparable results
indicative of particulate concentrations existing at stack conditions. 1In

most cases, Method 17 will be the preferred method due to its relative ease

of use on large diameter stacks. However, as stated in the applicability
section of Method 17 (paragraph 1.2), this method is not applicable for sampling
wet streams. Therefore, where moisture is present, Method 5 with the filter
sys%em operated up to 160°C must be used to prevent filter plugging and to pre-
vent possible reactions from occurring on the wet filter.

EPA Method 3 is recommended for 02 or CO2 and molecular weight determina-
tions, and since 02 and CO2 are used to convert particulate conéentration
emission data into the units of the standard (1bs/]06 Btu heat input), Method 3
samples shall be collected by traversing the stack cross section simultaneously
with the particulate sampling. EPA Method 9 is recommended for the determina-
tion of opacity. No modifications to Methods 3 or 9 are required for applica-
tion to testing steam generators. |

The sampling cost for a test consisting of three particulate runs and
three 0, or CO, runs is estimated to bé_about $8,000 to $12,000 depending on

the particulate method used, sampling site preparation required, and site
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accessability. This estimate is based on testing being conducted by independent
contractors. Conducting the test with facility or plant personnel will reduce

the performance test cost.
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E.T GENERAL

The candidate affected facilities discussed in this document are
limited to electric utility (other than Tignite) fired steam generators
of more than 73 megawatts (250 x 10° Btu) aross heat input.

As discussed in Chapter 5, somé changes in steam generators can
cause existing sources to become subject to new source performance '
étandards for modified or reconstructed sources. .

The rules anq regulations for detérmihingvif a source will be
subject to new source performance standards by reason that the source
is new, modified, or reconstructed, are given in Subpart A; Part 60,
Subchapter C, Chapter 1, Title 40, Code of Federal Regulations. 1In
view of the multi-million do]Tar capital costs of Targe steam generators,
it 1s suggested that interpretation of the foregoing rules and regu-
lations be reviewed through the U; S. Environmental Protection Agéncy
Regional Office Enforcement Division for the region where a source will
be 1ocated;

The Jocations and addresses of these regionaf offices are as
follows:

Region I - Connecticut,vMaine, Massachusetts, New Hampshire
Rhode Island, Vermont

John F. Kennedy Federal Building

Boston, MA 02203

Telephone: 617-223-5186

Region IT - New Jersey, New York, Puerto Rico, Virgin Islands
26 Federal Plaza

Mew York, NY 170007
Telephone: 212-264-458]

E-1




Region III - Delaware, District of Columbia, Maryland,
Pennsylvania, Virginia, West Virginia

Curtis Building

6th and Walnut Streets
Philadelphia, PA 19106
Telephone: 215-597-9814

Region IV - Alabama, Florida, Georgia, Mississippi,
Kentucky, Morth Carolina, South Carolina,
West Virginia

345 Courtland, N.E.
Atlanta, GA 30308
Telephone: 404-881-4727

Region ¥V - IT11inois, Indiana, Michigan, Minnesota,
Ohio, Wisconsin

230 South Dearborn
Chicago, IL 60604
Telephone: 312-353-5250

Region VI - Arkansas, Louisiana, New Mexico, Oklahoma, Texas

First International Buildina
1207 ETm Street

Dallas, Texas 75270
Telephone: 214-749-1962

Region VII - Iowa, Kansas, Missouri, Nebraska

1735 Baltimore Street
Kansas City, MO 64108
Telephone: 816-374-5493

Region VIII - Colorado, Montana, North Dakota,
South Dakota, Utah, Wyoming

1860 Lincoln Street
Denver, CO 80295
Telephone: 303-837-3895

Region IX - Arizona, California, Hawaii, Mevada, Guam,
American Samoa

215 Fremont
San Francisco, CA 94111
Telephone: 415-556-2320
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Region X - Washington, Oregon, Idaho, Alaska
1200 Sixth Avenué |
Seattle, WA 98101
Telephone: 206-442-1220
E.3 COMPLIANCE

Procedures for compliance testing and emission monitoring are
specified in Subpart A, Part 60, Subchapter C, Chapter 1, Title 40,
Code of Federal Regulations. In summary, these regulations require
that new sources be tested for compliance after shakedown and that
sources be equipped for continuous opacity monitoring. These emission

monitoring systems must be field tested for accuracy.
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APPENDIX F

BASIS FOR DISPERSION ESTIMATES







F.1 GENERAL

An analysis was made to assess the ambient concentrations of pollutants
which would result from particulate emissions from pulverized coal combustion.
For the purpose of the study, it was assumed particulate pollutants
behave as non-reactive gases.

F.2 PLANT CHARACTERISTICS

Table F-1 gives information on the plants studied.1 A1l plants
were pulverized coal-fired steam generators controlled to meet a particulate
Timit of 43 nanograms per joule (0.1 1b/106 Btﬁ).

Heat rate was assumed to be 10.56 megajoules (10,000 Btu) per kilowatt
hour generated from combustion. Plants equipped with 75, 175, 275 metre
(246, 574, and 902 ft) stacks were studied. Estimated heights of tall
structures near the stacks are given in Table F.T.

It was assumed that plants would operate at all times during a year
at full load capacity.

F.3 MODEL TECHNIQUES

A summary description of the models is given in Sections F.5 and F.6.

The model was programmed to derive a set of dispersion conditions
for the basic meteorological data for each hour of the given year. The
calculations simulated the interaction between the plant characteristics
and these dispersion conditions to produce a dispersion pattern for each
hour. These computations were performed for each point in an array of
180 receptors encircling the plant and extending downwind from the site.
Values were ca]cﬁ]ated at each of the receptors for each hour and were

integrated and averaged to calculate a mean annual average.

F-1




29°0L 0¢ 00t §/2 9¢1 L

09 6
09 2¢9°0L 0¢ 0ov 7A 9¢l L 8
09 ¢9°0L 0¢ 00% GL 921 L L MW 000°1
0¢ é¢8°§ 0¢ 00t G2 8°L¢ L 9
0¢ 28°9 0¢ 00t 74 8°LE L G
0€ A 0¢ 00t T4 : 8°LE L 14 MW 00€
Gl 89°1L 0¢ 00% 6.2 GL°¢ L €
Gl 89°1 0¢ 001 G/l Gl°€ L ¢
Gl 89°L 0¢ 00% 74 GlL-e L L MW G¢
(sedgal)  (seugew) (dos/u) (Mo)  (S®dgow)  (o@s/wb) sojey uoissil3  syoels ‘O sa3eYy
1yB Lo ‘werg A3100(3p  -dwel  3ybieH 812 ndL3ey 40 "0 9se)  Uu0L3ONpoUd
buLpilng oe3s  oeas 3oe1s joe3s
LOATUO)

SINYId NOILSNEW0I Tv0J G3ZIYW3ATN IdALOLOYd FHL 40 SOTLSI¥ALOVIYHD 30¥N0S NOISSIWA
ppam 319vYL

N
1
L




The aerodynamic effects of surrounding structures were ana]yzéd
according to the procedures summarized in Section F.6.

It was assumed the plant would be located in flat or gently
rolling terrain with a meteorological regime unfavorable to the
dispersion of eff]uents; |

Preliminary analysis indicated that for the plants a combination
of unstable atmospheric conditions and relatively low wind speeds would
. produce the highesf sﬁoft-term concentrations. If such conditions
occurred frequently at a given focatiqn; especially if they were"
combined with a high directional bias in the wind, then Tonger term

impacts (e.g., 24 hours and annual) would tend to be high.

For Cases 1-3, preliminary analysis showed that Burbank, Calif-
ornia, satisfied the conditions of relatively Tow wind speeds with
moderate persistence and unstable atméspheric conditions. Upper air
sounding data from Santa Monica, California, were combined with the
‘surface station data. | |

For Cases 4-9, the preliminary analysis suggested slightly higher
wind speeds and unstable atmospheric conditions. Oklahoma City,
Oklahoma, satisfied these conditions. Although on an annual-average
basis the‘wind speed at Oklahoma City is quite high, two features
tend to offset this fact: a high annual wind-direction-frequency

(22 pefcent from SSE) and the fact‘that‘when the wind is from this
sector, atmospheric cqnditions tend toward the unstable. Uppér air
, observations from Oklahoma City, Oklahoma were combined'with the
surface data.

Related to the choice of plant Tocation is the selection of

source-receptor distances. Preliminary ana]jsis indicated that the
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model plants exert maximum impact relatively close-in. In light of the

preliminary analysis, distances selected are shown in Table F-2.

F.4 RESULTS AND DISCUSSION
The maximum pollutant concentrations for the specified averaging
periods for all nine cases considered are listed in Table F-3.

These concentrations havelEen‘pro—rated according to their respective
emission rates. The five receptor distances chosen are listed‘in Table F-2.
Retardation, although it occurs frequently during the year in all .
cases, is not the controlling factor in producing maximum concentrations.

In Case No. 7, downwash occurs most of the time and does produce

the maxima concentrations. The 3- and 24-hour maxima values are

not representative of unique meteorological situations with the

excepfion of Case No. 7. Numerous values in the individual maxima

ranges were noted on different days at widely separatéd grid points

at source—recepfor distances similar to those reported for each case

in Table F-3. This is to say then, that with the exception of Case

No. 7 (downwash), concentrations similar to those shown in Table F-3

for the individual pollutants are common. It is noticeable generally

that as the stack heights increased for a givén p1ant size, the concentration

decreased.

The annual-average concentration distributions displayed the
expected dependence upon the wind-direction frequency distributions
for each meteorological choice. Generally, conceniration values
similar to those shown in Table F-3 for each of the nine cases
(for each individual pollutant) are confined to a sector approximately
90° in width. These concentration values were found at distances

similar to those shown in Table F-3 for each individual case.
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TABLE F-21

Source Receptor Distances (km.)

Case Ring Ring Ring Ring. Ring

‘No. 1 2 3 4 ‘5
1 0.3 0.9 2.5 7.8 23.0
2 0.3 .10 3.0 9.2 ' 385
3 0.3 0.9 2.3 11.0 - 421
4 1.0 L 2.1 3.7 . 6.4 1.2
5 1.3 2.9 6.4 14.8 33.7
6 2.6 5.0 10.2 201 T 42,0
7 0.3 0.6 1.2 ' 2.4 . 5]
8 2.6 5.1 10.1 20.5 - 41,3
9 8

3.4 " 6.6 12.3 23.3 ~ 40.

- These rings may be viewed as the radii of concentric circles around
the plant. Receptdrs are placed along each 174.5 milliradian (100) of azimuth,
thus accounting for the 180-receptor grid referred_tglpreﬁ?gusly.




TABLE F-3]

MAXIMUM POLLUTANT CONCENTRATIONS? ( q/m3)

Averaging Distance
Period Case Particulate (km)
Annual 1 0.1 0.9

2 <0.1 3.0
3 <0.1 2.3
4 0.3 6.4
5 0.1 14.8
6 <0.1 20.1b
7 203 0.3
8 0.2 20.5
9 <0.1 23.3
24 Hours 1 1.3 0.9
2 0.5 1.0
3 0.4 0.9
4 2.9 3.7
5 1.3 2.9
6 1.2 2.6g
7 1,000 0.3
8 1.8 5.1
9 1.3 6.6

@ Concentrations have been prorated according to specific emission rates.

b First ring, downwash.

€ First ring, retardation
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F. 5 DESCRIPTION OF THE DISPERSION MODEL .

The model used to estimate amb1ent concentrat1ons .in Tab]e F 3 for the
pulverized coal-fired plants was one developed by the Meteoro]ogy.
Laboratory, U.S. Environmental Protection Agency, Research Triangle
Park, N.C. This model is designed to estimate concentrations due
to sources at a single location for averaging times from one hour to
one year. v

- This model is a Gauséian plume mode] using diffusion coefficients
suggested by Turner. 2 Concentrations are calculated for each hour
of the year, from observat1ons of wind d1rect10n in Tncrements of
17.45 milliradians (10 degrees), wind speed mixing helght and
atmospheric stability. The atmospheric stability is der1ved by the
Pasquill class1f1cat1on method as described by Turner. 1 In the
application of this mode], all pollutants are considered to be
non-reactive and gaéeous. '

Meteorological data for 1964 are used as input to the model.

The reasons for this choice are: (1) data from earlier years
did not have sufficient resolution in the wind direction; and

(2) data after 1964 are évailab]e only for every thivrd hour, where data
for 1964 are available on an hourly basis. |

Mixing height data are obtained from -the twice-a-day upper air
observations made at the most representative upper air station. Hourly
mixing heights are estimated by the model using an objective interpola-

tion scheme.

making the assessment are wind speed, stack-gas exit velocity,
stack height, stack diameter; and building height. If a particular
assessment indicates no aerodynamic effect, then for that stack
(for that nour) the model behaves just as the unmodified vers1on

If there are aerodjnam1c effects, the modified version contains
equations by which the impact of these effects on ground-level

concentrations is estimated.
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.- A feature of this model is the modification of p]ume behévigr to

account for aerodynamic effects for p]énts fn,ﬁhich the désjgn is

not optimal. Another important aspect of the model is the.abi]ity

-to add concentrations from stacks located closely together. 1In

this feature, no consideration is given to the physical éeparatipn befweeﬁ

the stacks since all-are assumed to be.located at the same geogr%phiﬁé].

point. . | b
Calculations are made for 180 receptors (at 36 azimuths and five |

se1ectab]e distances from the source). The model used can consider

both diurnal and seasonal variations in the source. Separate
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