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METRIC CONVERSION TABLE

In keeping with U.S. Environmental Protection Agency policy, metric

units are used in this report.

These units may be converted to common

English units by using the following conversion factors:

Metric Unit

Metric Name

Equivalent
English Unit

LENGTH
m meter 39.3700 in.
m meter 3.2810 ft.
VOLUME
1 Titers 0.2642 U.S. gal.
m?3 cubic meters 264.2 U.S. gal.
WEIGHT
Kg kilogram (10% grams) 2.2046 1b.
Mg megagram (10° grams) 1.1023 tons
Gg gigagram (10° grams) 1,102.3 tons
ENERGY
GJ gigajoule 9.48 X 10° Btu
GJ gigajoule 277.76 KWh
J/g joule per gram 0.430 Btu/1b.
VOLUMETRIC FLOW
Nm3/sec normal cubic meters per second 2242 SCFM (ft3/min)

) Temperature in degrees Celcius (°C) can be converted to temperature
in degrees Fahrenheit (°F) by the following formula:

(°F) = 1.8 (°C) + 32
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1. SUMMARY

1.1 PROPOSED STANDARDS

New Source Performance Standards for particulate emissions from
emission sources in the natural sodium carbonate industry are being
proposed under the authority of Section 111 of the Clean Air Act. These
standards will affect new, modified, or reconstructed calciners, dryers,
predryers, and bleachers used in natural process sodium carbonate plants.
There is no growth expected in the synthetic sodium carbonate industry,
and therefore it will not be covered under the standards.

This Background Information Document provides the rationale and
support for the proposed standards. The proposed standards, as stated in
40 CFR Part 60, Subpart II, are summarized in Table 1-1.

The required control of emissions can be achieved by the installation
of particulate control equipment. Venturi scrubbers, alone or in series
with a cyclone, and a combination of a cyclone with an electrostatic
precipitator were demonstrated to be the best emission control systems.
EPA source tests were conducted at three natural process sodium carbonate
plants to demonstrate the particulate control capabilities of these
control systems. Results of these tests are tabulated in Appendix C.

The analysis of the environmental and economic impacts of the pro-
posed standards were based on the following control systems:

- calciner - cyclone/electrostatic precipitator

- rotary steam tube dryer - venturi scrubber

- fluid bed steam tube dryer - cyclone/venturi scrubber

- predryer - venturi scrubber

- bleacher - cyclone/electrostatic precipitator.

1-1



TABLE 1-1. SUMMARY OF THE PROPOSED STANDARDS
FOR THE NATURAL SODIUM CARBONATE INDUSTRY

Emission Source Proposed Standard Opacity Standard
Calciners 0.11 kg/Mg dry feed 5%
(0.22 1b/ton)
Dryers and predryers 0.045 kg/Mg dry product 10%
(0.09 1b/ton)
Bleachers 0.03 kg/Mg dry feed 5%

(0.06 1b/ton)




1.2 ENVIRONMENTAL IMPACT

The analysis of the environmental impact was based on two
alternative regulatory options. These regulatory options were:

1. Control all facilities to the baseline control level.

2. Control all facilities to a more stringent control level
(Proposed Standard).

Alternative 1 is equivalent to no regulatory action. Under this
alternative emissions would be controlled to levels set by existing SIP
regulations. The proposed standards are based on Alternative 2.

In 1985 the proposed standards will reduce emissions of particulate
matter from new sources in natural process sodium carbonate plants by
55 percent over projected emissions under Alternative 1. This reduction in
particulate emissions can be accomplished without causing any adverse primary
or secondary environmental impacts.

Solid wastes generated by the dry collection systems are actually
vdluable material which is recycled to the process. Effluents from the
wet collection systems also contain valuable product, and are recycled to
the process. Thus, no water polliution or solid waste impacts result from
the proposed standard. The water required to operate the wet scrubbers
to meet the proposed standards is no more than that which would be used

to meet existing state regulations.
The projected increase in electrical demand of the proposed standards

over the baseline option is less than 1.4 percent of the total energy
required to operate the natural process sodium carbonate plants (about 107
TJ/year).

A more detailed analysis of these environmental and energy impacts
is presented in Chapter 7. A summary of the environmental and economic
impacts associated with the proposed standards and the other options
which were considered is presented in Table 1-2.

1.3 ECONOMIC IMPACT

Economic impacts under Alternative 2 would be minimal. Additional
costs to comply with the Alternative 2 control levels would result in a
maximum price increase for sodium carbonate of one percent. This increase



could be passed on to sodium carbonate consumers without seriously affecting
the industry. If the costs were to be absorbed by the producers, the

resulting profit reduction would be unlikely to have a major impact on
the producer's return on assets.
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TABLE 1-2. MATRIX OF ENVIRONMENTAL AND ECONOMIC IMPACTS

OF REGULATORY ALTERNATIVES

Administrative Air Water Solid Energy Noise Economic
Action Impact Impact Waste Impact Impact Impact
Impact
Proposed
Standards + 3k 0 0 al el -1* ol o
(Alternative II)
Alternative I
(no standard, 0 0 0 0 0 0
baseline)
KEY
+ Beneficial Impact
- Adverse Impact
0 No Impact
1 Negligible Impact
2 Small Impact
3 Moderate Impact
4 Large Impact
*  Short-Term Impact
** |ong-Term Impact
*** Jrreversible Impact




2. INTRODUCTION

2.1 BACKGROUND AND AUTHORITY FOR STANDARDS

Before standards of performance are proposed as a Federal regulation,
air pollution control methods available to the affected industry and the
associated costs of installing and maintaining the control equipment are
examined in detail. Various levels of control based on different technolo-
gies and degrees of efficiency are expressed as regulatory alternatives.
Each of these alternatives is studied by EPA as a prospective basis for
a standard. The alternatives are investigated in terms of their impacts
on the economics and well-being of the industry, the impacts on the
national economy, and the impacts on the environment. This document
summarizes the information obtained through these studies so that inter-
ested persons will be able to see the information considered by EPA in
" the development of the proposed standard.

Standards of performance for new stationary sources are established
under Section 111 of the Clean Air Act (42 U.S.C. 7411) as amended,
hereinafter referred to as the Act. Section 111 directs the Admin-
istrator 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."

The Act requires that standards of performance for stationary
sources reflect ". . . the degree of emission reduction achievable which
(taking into consideration the cost of achieving such emission reduction,
and any nonair quality health and environmental impact and energy
requirements) the Administrator determines has been adequately demon-
strated for that category of sources." The standards apply only to
stationary sources, the construction or modification of which commences
after regulations are proposed by publication in the Federal Register.
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The 1977 amendments to the Act altered or added numerous provisions
that apply to the process of establishing standards of performance.

1. EPA is required to list the categories of major stationary sources
that have not already been listed and regulated under standards of perform-
ance. Regulations must be promulgated for these new categories on the
following schedule:

a. 25 percent of the listed categories by August 7, 1980.

b. 75 percent of the listed categories by August 7, 1981.

c. 100 percent of the listed categories by August 7, 1982.

A governor of a State may apply to the Administrator to add a category not
on the list or may apply to the Administrator to have a standard of perform-
ance revised.

2. EPA is required to review the standards of performance every 4
years and, if appropriate, revise them.

3. EPA is authorized to promulgate a standard based on design, equip-
ment, work practice, or operational procedures when a standard based on
emission levels 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 continuous and may
include a Tow- or non-polluting process or operation.

5. The time between the proposal and promulgation of a standard under
Section 111 of the Act may be extended to 6 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 degree 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
non-air-quality health and environmental impacts, 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. Second, stringent standards enhance the potential for
Tong-term growth. Third, stringent standards may help achieve long-term
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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 coal or effectively excluding
certain coals from the reserve base because their untreated pollution
potentials 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
even more stringent 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
facilities.

A similar situation may arise when a major emitting facility is to
be constructed in a geographic area that 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 technology. The term Best Available Control Technology
(BACT), 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
facility through application of production processes and
available methods, systems, and techniques, including fuel
cleaning or treatment or innovative fuel combustion techniques



for control of each such pollutant. In no event shall applica-
tion of 'best available control technology' result in emissions
of any pollutants which will exceed the emissions allowed by
any applicable standard established pursuant to Sections 111

or 112 of this Act. (Section 169(3))."

Although standards of performance are normally structured in terms
of numerical emission 1imits where feasible, alternative approaches are
sometimes necessary. In some cases physical measurement of emissions
from a new source may be impractical or exorbitantly expensive. 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 Tow 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 equipment specification.

In addition, section 111 (i) 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 1ikelihood that the technology
will produce greater emission reductions than the standards require or
an equivalent reduction at lower economic energy or environmental cost;
(2) the proposed system has not been adequately demonstrated; (3) the
technology will not cause or contribute to an unreasonable risk to the
public health, welfare, or safety; (4) the governor of the State where
the source is located consents; and (5) the waiver will not prevent the
attainment or maintenance of any ambient stordard. 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 end dates and may be terminated
earlier if the conditions are not met or if the system fails to perform
as expected. In such a case, the source may be given up to three years
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to meet the standards with a mandatory progress schedule.

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES

Section 111 of the Act directs the Adminstrator to 1ist categories
of stationary sources. The Administrator ". . . shall include a category
of sources in such list if in his judgement it causes, or contributes
significantly to, air pollution which may reasonably be anticipated to
endanger public health or welfare." Proposal and promulgation of
standards of performance are to follow.

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 imple-
menting the Clean Air Act. Often, these "areas” are actually pollutants
emitted by stationary sources. Source categories that emit these
pollutants are evaluated and ranked by a process involving such factors
as: (1) the level of emission control (if any) 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 existing facilities 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 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 major source categories not yet
listed by EPA. These are: (1) the quantity of air pollutant emissions
that 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 standards of performance.
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The Administrator is to promulgate standards for these categories
according to the schedule referred to earlier.

In some cases it may not be feasible immediately to 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 investigation 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 process
the schedule for completion of a standard may change. For example,
inablility to obtain emission data from well-controlled sources in time
to pursue the development process in a systematic fashion may force a
change in scheduling. 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, the types of facilities
within the source category to which the standard will apply must be
determined. A source category may have several facilities that cause
air pollution, and emissions from some of these facilities may vary from
insignificant to 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 because there 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 covered
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 demon-
strated control practice; (2) adequately consider the cost, the non-air-
quality health and environmental impacts, and the energy requirements of
such control ; (3) be applicable to existing sources that are modified or
reconstructed as well as new installations; and (4) meet these conditions
for all variations of operating conditions being considered anywhere in
the country.

The objective of a program for developing standards is to identify
the best technological system of continuous emission reduction that has
been adequately demonstrated. The standard-setting process involves
three principal phases of activity: (1) information gathering,

(2) analysis of the information, and (3) development of the standard of
performance.

During the information-gathering phase, industries are queried
through a telephone survey, letters of inquiry, and plant visits by EPA
representatives. Information is also gathered from many other sources,
and a literature search is conducted. From the knowledge acquired about
the industry, EPA selects certain plants at which emission tests are
conducted to provide reliable data that characterize the pollutant
emissions from well-controlled existing facilities.

In the second phase of a project, the information about the industry
and the pollutants emitted is used in analytical studies. Hypothetical
"model plants” are defined to provide a common basis for analysis. The
model plant definitions, national pollutant emission data, and existing
State regulations governing emissions from the source category are then
used in establishing "regulatory alternatives." These regulatory
alternatives are essentially different levels of emission control.

EPA conducts studies to determine the impact of each regulatory
alternative on the economics of the industry and on the national economy,
on the environment, and on energy consumption. From several possibly
applicable alternatives, EPA selects the single most plausible regulatory
alternative as the basis for a standard of performance for the source
category under study.
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In the third phase of a project, the selected regulatory alternative
is translated into a standard of performance, which, in turn, is written
in the form of a Federal regulation. The Federal regulation, when
applied to newly constructed plants, will limit emissions to the levels
indicated in the selected regulatory alternative.

As early as is practical in each standard-setting project, EPA
representatives discuss the possibilities of a standard and the form it
might take with members of the National Air Pollution Control Techniques
Advisory Committee. Industry representatives and other interested A
parties also participate in these meetings.

The information acquired in the project is summarized in the Back-
ground Information Document (BID). The BID, the standard, and a preamble
explaining the standard are widely circulated to the industry being
considered for control, environmental groups, other government agencies,
and offices within EPA. Through this extensive review process, the
points of view of expert reviewers are taken into consideration as
changes are made to the documentation.

A "proposal package" is assembled and sent through the offices of
EPA Assistant Administrators for concurrence before the proposed standard
is officially endorsed by the EPA Administrator. After being approved
by the EPA Administrator, the preamble and the proposed regulation are
publ ished in the Federal Register.

As a part of the Federal Register announcement of the proposed
regulation, the public is invited to participate in the standard-setting
process. EPA invites written comments on the proposal and also holds a
public hearing to discuss the proposed standard with interested parties.
A1l public comments are summarized and incorporated into a second volume
of the BID. All information reviewed and generated in studies in support
of the standard of performance is availablc to the public in a "docket"
on file in Washington, D. C.

Comments from the public are evaluated, and the standard of performance
may be altered in response to the comments.
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The significant comments and EPA's position on the issues raised
are included in the "preamble" of a "promulgation package," which also
contains the draft of the final regulation. The regulation is then
subjected to another round of review and refinement until it is approved
by the EPA Administrator. After the Administrator signs the regulation,
it is published as a "final rule" in the Federal Register.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires an economic 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 compliance with the regulation, including the extent to
which the cost of compliance varies depending on the effective date of
the regulation and the development of less expensive or more.efficient
methods of compliance, (2) the potential inflationary or recessionary
effects of the regulation, (3) the effects the regulation might have on
small business with respect to competition, (4) the effects of the
regulation on consumer costs, and (5) the effects of the regulation on
energy use. Section 317 also requires that the economic impact assessment
be as extensive as practicable.

The economic impact of a proposed standard upon an industry is
usually addressed both in absolute terms and in terms of the control
costs that would be incurred as a result of compliance with typical,
existing State control regulations. An incremental approach is
necessary because both new and existing plants would be required to
comply with State regulations in the absence of a Federal standard of
performance. This approach requires a detailed analysis of the economic
impact from the cost differential that would exist between a proposed
standard of performance and the typical State standard.

Air pollutant emissions may cause water pollution problems, and
captured potential air pollutants may pose a solid waste disposal problem.
The total environmental impact of an emission source must, therefore, be
analyzed and the costs determined whenever possible.
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A thorough study of the profitability and price-setting mechanisms
of the industry is essential to the analysis so that an accurate estimate
of potential adverse economic impacts can be made for proposed standards.
It is also essential to know the capital requirements for pollution
control systems already placed on plants so that the additional capital
requirements necessitated by these Federal standards can be placed in
proper perspective. Finally, it is necessary to assess the availability
of capital to provide the additional control equipment needed to meet
the standards of performance.

2.5 CONSIDERATION 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 human environment.
The objective of NEPA is to build into the decision-making process of
Federal agencies a careful consideration of all environmental aspects of
proposed actions.

In a number of legal challenges to standards of performance for
various industries, the United States Court of Appeals for the District
of Columbia Circuit has 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 Court of Appeals has determined
that the best system of emission reduction requires the Administrator to
take into account counter-productive environmental effects of a proposed
standard, as well as economic costs to the industry. On this basis,
therefore, the Court established a narrow exemption from NEPA for EPA
determination under Section 111.

In addition to these judicial determinations, the Energy Supply and
Environmental 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 Federal action significantly affecting the
quality of the human environment within the meaning of the National
Environmental Policy Act of 1969." (15 U.S.C. 793(c)(1))

2-10



Nevertheless, the Agency has concluded that the preparation of
environmental impact statements could have beneficial effects on certain
regulatory actions. Consequently, although not legally required to do
so by section 102(2) (C) of NEPA, EPA has adopted a policy requiring that
environmental impact statements be prepared for various regulatory
actions, including standards of performance developed under section 111
of the Act. This voluntary preparation of environmental impact state-
ments, however, in no way legally subjects the Agency to NEPA requirements.

" To implement this policy, a separate section in this document is
devoted solely to an analysis of the potential environmental impacts
associated with the proposed standards. Both adverse and beneficial
impacts in such areas as air and water pollution, increased solid waste
disposal, and increased energy consumption are 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 is
redefined as a new source if "modified" or "reconstructed" as 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).

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 emissions 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 pollutant under Section 112). If a State
does not act, EPA must 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).
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2.7 REVISION OF STANDARDS OF PERFORMANCE

Congress was aware that the level of air pollution control achievable
by any industry may improve with technological advances. Accordingly,
Section 111 of the Act provides that the Administrator ". . . shall, at
least every four years, review and, if appropriate, revise . . ." the
standards. Revisions 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 SODIUM CARBONATE INDUSTRY

General information on the sodium carbonate industry is presented
in Section 3.1. The facilities and their emissions are discussed in
Section 3.2.

3.1 GENERAL

Section 3.1 is divided into two sections. Section 3.1.1 presents
background information on the industry, and Section 3.1.2 presents
descriptions of the processes used to produce sodium carbonate.
3.1.1 Industry Background

Sodium carbonate, or soda ash (Na2003), is a white, crystalline,
hygroscopic powder. It is produced in different product density grades
ranging from 560 kg/mS(35 1b/ft3) to 1250 kg/m>(78 1b/ft>) depending on
the production process.

The major use for sodium carbonate is in the production of glass.
Approximately 50 percent of the 7.3 million megagrams (8.0 million tons)
of sodium carbonate produced in the U.S. in 1978 was used by the glass
industry. Other major users of sodium carbonate and the approximate
percentages of U.S. production accounted for by each in 1978 were the
chemical industry (25%) and the pulp and paper, cleaning agents, and
water treatment industries (16%). Nine percent of U.S. production in
1978 was exported.]

As of March 1979, there were eight sodium carbonate plants in the
United States, with a total capacity of approximately 8.5 million megagrams
per year (Mg/yr) or 9.4 million tons per year (TPY). The ownership,
location, startup date, and capacity for each of these plants is presented
in Table 3-1. The process used at each plant is also given.
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TABLE 3-1. THE DOMESTIC SODIUM CARBONATE INDUSTRY

Startup| _ ¢_Capacit Process | Employ-
_Quwner Plant Name Location Dated [ T0 _M§§§7——%TPV7H type ment
Kerr-McGee Trona Trona, CA 1978d 1.2 (1.3) | Direct carbonation
West End Trona, CA f 0.14 |(0.15) | Direct carbonation
Allied Chem. Trona Green River, WY| 1968 2.0 (2.2) Monohydrate
FMC Corp. Westvaco Green River, WY| 1972 1.13 |(1.25) Monohydrate 3600°
. 1947 1.13 |{(1.25)| Sesquicarbonate
Stauffer Chem. |[Big Island | Green River, WY{ 1962 1.54 {(1.65) Monohydrate
Texasgulf, Inc. Green River, WY| 1976 0.91 (1.0) Monohydrate
Allied Chem. Syracuse, NY 1881 0.8 (0.9) | Solvay (synthetic) 1800€

aStartup dates are for the original plant unless otherwise stated. See Table 8-6 for expansion
dates. Reference 2.
b

Capacity data, with the exception of Kerr-McGee's Trona plant are valid through March, 1979. The
value for Kerr-McGee's Trona Plant is a planned capacity for year-end 1979.

Cvalue includes employment for mine and plant. 1978 value. Reference 3.

dKerr-McGee operated a small plant at this location prior to 1978. However, most of the reported
capacity was added in 1978. Reference 3.

eEmployment value is for the entire plant, which produces calcium chloride, chlorine, caustic soda,
sodium nitrite, ammonium chloride, and sodium sesquicarbonate in addition to soda ash. 1978
value. Reference 4.

Kerr-McGee purchased this plant from Stauffer Chemical Co. in 1974, Actual plant startup was
not determined.
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As indicated in Table 3-1, four different processes are currently
used in the U.S. to produce sodium carbonate. Three of these processes,
the monohydrate, the sesquicarbonate, and the direct carbonation are
classified as natural processes. The fourth, the Solvay process, is
classified as a synthetic process.

In the monohydrate and the sesquicarbonate processes, sodium carbo-
nate is produced by processing naturally occurring deposits of trona ore
(impure sodium sesquicarbonate, Na2C0§ NaHC03-2H20). This ore is found
in large deposits located near Green River, Wyoming.

The first plant to begin processing the trona deposits in Wyoming
used the sesquicarbonate process. This plant was built in 1948, and it
was subsequently expanded during the 1950's and 1960's. These expansions
were the last additions to domestic capacity for producing sodium carbonate
by the sesquicarbonate process. (The reasons that no increases in the
production capacity to produce sodium carbonate by the sesquicarbonate pro-
cess have since been made are discussed in Section 3.1.2.2.) Subsequent
additions to all sodium carbonate production capacity in Wyoming have
involved the construction or expansion of plants using the monohydrate
process.

In the direct carbonation process sodium carbonate is produced from
naturally occurring brine which contains sodium sesquicarbonate, sodium
carbonate, and other salts. Large reserves of this brine are found in
deposits near Trona, California. As indicated in Table 3-1, a large
direct carbonation sodium carbonate plant was recently constructed near
these deposits.

The Solvay process produces sodium carbonate "synthetically" by the
reaction of sodium chloride and limestone. Between the 1860's and the
1970's almost all sodium carbonate production was by the Solvay process.
Since the mid-1960's production by the Solvay process has declined
substantially while natural production has grown by roughly 500 percent.
As indicated in Table 3-1, only one plant in the U.S. currently produces
sodium carbonate by the Solvay process.

One reason for declining Solvay production has been increasing fuel
costs. The Solvay process is more fuel intensive than any of the natural
processes.
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Environmental issues have also contributed to the decline in the
production of sodium carbonate by the Solvay process. Substantial
quantities of aqueous waste containing high concentrations of calcium
chloride are produced in the Solvay process. Solvay sodium carbonate
plants have traditionally disposed of these non-toxic wastes by dis-
charging to a nearby waterway. Effluent guidelines developed under the
Federal Water Pollution Control Act Amendment of 1972 for Solvay sodium
carbonate plants were remanded; however, the 1972 Amendments introduced
a National Pollutant Discharge Elimination System which provided for the
establishment of effluent and water quality standards for discharges to
a waterway. These standards had a severe impact on the cost of producing
sodium carbonate by the Solvay Process.5

The future of sodium carbonate production in the U.S. by the Solvay
process is limited. Allied Chemical Company (currently operating the
only Solvay sodium carbonate plant in the U.S.) has issued statements to
the effect that the construction of any new Solvay plants in the U.S. is
very unh’kely.6 Allied made these statements on the basis of recent
trends in sodium carbonate production and on the expected future trends
in raw materials and energy prices. Personnel with the U.S. Bureau of
Mines have also expressed the opinion that the construction of any new
Solvay plants in the U.S. is unlike]y.7 (The Bureau of Mines compiles
statistics on sodium carbonate production by the natural processes.)

New sodium carbonate plants in the U.S. will most likely use the
monohydrate process, the direct carbonation process, or an anhydrous
process.8 (The anhydrous process is a new process which is currently in
the developmental stage. It involves the same unit operations as the
monohydrate process but the operating conditions of the crystallizer are
such that anhydrous sodium carbonate rather than sodium carbonate monohy-
drate is produced in the crystallizers.) All additions to capacity
which are currently in the planning stages involve the monohydrate
process. Stauffer Chemical Company and FMC Corporation have expansions
of approximately 270,000 Mg/yr (300,000 TPY) planned for completion in
early 1981. Tenneco plans to complete construction on a new 0.91 million
Mg/yr (1.0 million TPY) plant in Wyoming by 1983.'°
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Sodium carbonate plants using one of the natural processes typically
consist of combinations of separate processing trains. For example, an
existing plant and a planned new plant each consist of two trains of
454,000 Mg/yr (500,000 TPY) each. These trains have some shared equipment
in areas such as ore crushing and liquor clarification, but major process-
ing equipment (such as calciners and dryers) is separate.

Because of the limited availability of natural gas, future plants
are expected to make greater use of coal than existing plants. All
existing monohydrate sodium carbonate plants except one currently use
gas-fired calciners. The newest monohydrate plant in operation uses
coal-fired calciners, and a new plant planned for construction will also

use coal-fired calciners.
3.1.2 Process Description

As noted in Section 3.1.1, four different processes are used in the
U.S. for the production of sodium carbonate. These processes are
described in Sections 3.1.2.1 through 3.1.2.4. These descriptions are
derived from reference 11.

3.1.2.1 Monohydrate Process. In the monohydrate process, sodium
carbbnate is produced by the mining and processing of trona ore. A
block flow diagram for the process is shown in Figure 3-1. As indicated,

the twelve processing steps can be divided into four major processing
groups: mining and ore handling, calcining, purification, and product
drying and handling.

Trona ore is mined by conventional room-and-pillar, longwall, contin-
uous mining, and other techniques. Coal mining equipment which has been modi-
fied to handle the harder trona ore is primarily used. The ore may enter the
processing train directly from the mine, or may be discharged to an ore
stockpile. The ore from the stockpile or mine is crushed (usually by
hammermills), and screened. Some producers use a single crushing/screening
step, while others use two stages of crushing. A surge bin holds the ore
between the two stages of crushing. Over-sized ore from the second crusher is
recycled back to the second crusher. The sized ore enters a second surae
bin which provides a continuous feed to the calcining operation.
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In the calciner, the crushed and sized ore is heated to approximately
200°C (400°F). Carbon dioxide and water vapor are driven off, forming
crude sodium carbonate. The calciners used in the mononydrate process
may be fueled with either oil, gas, or coal since impurities resulting
from the fuel will be removed in subsequent purification steps.

The crude sodium carbonate (which also contains insoluble impur-
jties) is fed into leach tanks, or dissolvers, where the sodium carbon-
ate dissolves. The liquor is sent to a clarifier where suspended solids
are allowed to settle. These solids are further dewatered in a secondary
clarifier. The underflow solids are then sent to a tailings pond for
disposal. Overflow liquor from the clarifiers is pressure filtered and
the solids are discarded. Activated carbon may be used to further
remove impurities from the clear liquor.

Multiple effect evaporators are used to crystallize sodium carbon-
ate monohydrate from the clear liquor. The mechanism of crystallization
involves the increase in the concentration of dissolved sodium carbonate
monohydrate until the liquor becomes super-saturated and crystallization is
initiated. The increase in the concentration of dissolved sodium carbonate
is achieved by heating the effects with steam. Vapor from one effect is
used to heat the next effect. The crystallization is carried out at
approximately 100°C (200°F). The slurry from the crystallizers is dewatered
to approximately 5-10 percent water in a high speed centrifuge. The liquor is
returned to the process and the sodium carbonate monohydrate (Na2C03-H20)
crystals are transferred to product dryers.

In the product dryers, both free and chemically bound moisture is
evaporated from the sodium carbonate monohydrate at approximately 120 to
180°C(250 to 350°F). The dried product contains approximately 0.1%
moisture. Dried product is fed onto vibrating screens for sizing.
Oversize material is crushed and resized; fines are recycled to the pro-
cess. At some facilities, air clarifiers or rotary tubes with external
cooling water are used to cool the product. Product bulk density is
about 960 kg/m3 (60 ]b/ft3). The product is conveyed to intermediate
storage silos and then to loading facilities. Most of the product is
shipped by rail.
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The operation of and emissions from calciners and dryers used in
the monohydrate process are discussed in Section 3.2.

3.1.2.2 Sesquicarbonate Process. A block flow diagram of the
sesquicarbonate process is shown in Figure 3-2. The processing steps in
the sesquicarbonate process are very similar to those in the monohydrate
process, but the order in which they occur is different.

Mining and ore handling operations are virtually the same as those
discussed in Section 3.1.2.1 for the monohydrate process. Purification
steps are also similar, but raw trona ore is purified before calcining
rather than after calcining as in the monohydrate process. The crystalli-
zer product is purified sodium sesquicarbonate rather than sodium carbonate
monohydrate. In the one U.S. plant using the sesquicarbonate process,
vacuum crystallizers rather than multiple effect evaporators are used.
Sodium sesquicarbonate crystals from the crystallizers are centrifuged

and then calcined.

In the calciners, the purified sodium sesquicarbonate is heated to
approximately 200°C(400°F). Carbon dioxide and water vapor are driven
off, forming pure sodium carbonate. This product has a bulk density of
about 800 kg/m3 (50 1b/ft3). Some of the product is double calcined to
heat densify it to a bulk density of about 960 kg/m3 (60 1b/ft3) or
higher.

Since the calcination step follows purification, direct firing of
the calciners with coal or high sulfur oil would result in product con-
tamination with coal ash and sulfur. This makes the use of these fuels
impractical. Steam tube calciners or gas-fired calciners are thus used
in the sesquicarbonate process to prevent product contamination. This
incapability to use dirty fuels for calcination is one major disadvantage
of the sesquicarbonate process over the monohydrate process.

The sesquicarbonate process is also less fuel efficient than the
monohydrate process. It is difficult to achieve the high temperatures
required for calcination in steam-tube calciners. Also, in the monohy-
drate process a high density product is produced directly while in the
sesquicarbonate process light product must be re-calcined in high tempera-
ture gas-fired calciners to produce the higher density product.
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3.1.2.3 Direct Carbonation Process. In the direct carbonation

process, sodium carbonate is produced from brine containing sodium
sesquicarbonate, sodium carbonate, and other salts. A block flow diagram
of the process is shown in Figure 3-3.

The brine is prepared by pumping recycled liquor from the plant and
makeup water into naturally occurring salt deposits. Salts are dissolved
by the liquor as it flows through the porous mineral bed to pumping
wells. These pumps deliver the brine to a surface storage tank. From
this storage tank, the brine is fed to a precarbonation tower where
countercurrent gas-liquid contact with carbon dioxide occurs. Brine is
fed into the top of the tower and flows over polyethylene saddles. A
weak carbon dioxide stream pumped in from the bottom of the tower partially
carbonates the brine.

Further carbonation of the brine occurs in primary and secondary
carbonation towers. This carbonation converts the sodium carbonate to
sodium bicarbonate. This sodium bicarbonate mixture is corrosive, so
all vessel interiors are lined. The weak carbon dioxide stream from the
outlet of these towers is used in the previously discussed precarbonation
step.

Vacuum crystallizers are used to recover sodium bicarbonate from
the brine. Conditions of crystallization are chosen such that the yield
of sodium bicarbonate crystals is maximized and other compounds are not
precipitated. The crystal slurry is filtered, and the filtrate is
returned to the process.

The sodium bicarbonate filter cake enters steam heated predryers
where some of the moisture is evaporated. The temperature in these pre-
dryers is kept below approximately 50°C (122°F) so that no carbon dioxide
is evolved. The partially dried sodium bicarbonate is then further
heated in a steam heated calciner. Carbon dioxide and all remaining water
vapor are driven off, forming impure sodium carbonate. The carbon
dioxide evolved is recycled to the brine carbonators.

Impure sodium carbonate from the calciner is bleached with sodium
nitrate to burn off discoloring materials. The gas- or oil-fired rotary
bleachers operate at 450°C (850°F).12 The 1ight sodium carbonate from

3-10



Brine Preparation

and

Carbonation

Sodium
Bicarbonate
Recovery

— e e— o—

Calcining
and

Drying

— Swm—

Soda
Ash

Purification

e—

Product Drying
and
Handling

Figure 3-3.

Brine

¥

Precarbonation

¥

Primary
and Secondary

Crystallization

¥

Filtering
Calcining-Drying
Bleaching

¥

Recrystallization

v

Washing

¥

Centrifugation
Drying

¥

Shipping

3-11

Carbo;ggion _

Process flow diagram of the direct carbonation process



the bleacher is recrystallized to sodium carbonate monohydrate. Larger,
denser crystals are produced by this step. The crystal slurry is filtered,
and the filter cake is washed to remove impurities such as sodium sulfate
and sodium chloride. The washed crystals are then centrifuged to about
5% moisture.
The monohydrate crystals are transferred to product dryers where
free and bound moisture is evaporated. This drying step is comparabie
to that in the monohydrate process. The bulk density of the product is
also the same as that from the monohydrate process, 960 kg/m3 (60 1b/ft3).
3.1.2.4 Solvay Process. In the Solvay process, sodium carbonate
is made by carbonating a sodium chloride brine. Ammonia is used as a
catalyst for the reaction. A block flow diagram of the Solvay process
is shown in Figure 3-4. As may be seen, there are 9 major processing

steps.

Coke and limestone are fired to produce lime and carbon dioxide.
Air is fed into the bottom of the kiln; coke and 1imestone enter at the
top. Carbon dioxide, generated by the decomposition of limestone and
the combustion of carbon in the coke, is pulled off the top of the kiln.
Lime is discharged from the bottom of the kiln into storage bins. It is
then slaked with excess water to produce a thick milk of lime.

Brine is prepared by dissolving sodium chloride in water. This
brine enters the top of an absorption tower, and ammonia-containing
gases enter the bottom. The brine descends through the absorber coun-
tercurrent to the rising gas.

The ammoniated brine is pumped into the top of a series of carbon-
ation towers. Carbon dioxide from the lime kiln bubbles up through the
solution. Gas from the bicarbonate calciners is also used in the carbo-
nation towers. This process step precipitates sodium bicarbonate from
the solution, liberating large amounts of heat.

The crystal slurry from carbonation is concentrated by filtration
where free and fixed ammonia are recovered for use in the ammonia ab-
sorption. Free ammonium compounds are decomposed by heat, and fixed
ammonia is recovered by the reaction of 1lime with ammonium chloride. A
calcium chloride waste stream is generated from this reaction.
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The filter cake of crude sodium bicarbonate is washed to remove im-
purities and then calcined to drive off carbon dioxide and water. The
usual apparatus for this process step is a rotary steam tube dryer;
however, a steam tube fluid bed dryer may also be used. The carbon
dioxide and water vapor liberated in this step are recycled to the
carbonation section of the process.

Sodium carbonate from the calciners is cooled and stored in silos.
From storage, the sodium carbonate is distributed either in bulk or
packaged.

3.2 FACILITIES AND THEIR EMISSIONS

There are a number of emission sources within the natural sodium
carbonate industry. The emission sources considered in this study are
calciners, dryers, bleachers, and predryers. These are all process
emission sources which emit significant quantities of particulate matter.

Many potential emission sources in sodium carbonate plants are not
considered in this study because they will be controlled as a result of
other studies. For example, boilers for steam and electricity generation
are being handled under a special category with boilers for all industries.
Many emission sources, including
crushers,
grinding mills,
screening operations,
bucket elevators,
conveyor transfer points,
bagging operations,
storage bins, and
fine product (20 mesh and smaller) loading
are being included in a study of the nonmetallic mineral processing
industry.

Other potential emission sources in sodium carbonate plants include
stockpiling, conveying, and windblown dusts. These are fugitive sources
common to many mineral industries rather than process sources, and a
specialized program would be required to identify and study them. Based
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on data presented by the Wyoming Department of Environmental Qua]ity.]3
fugitive emissions account for less than 10 percent of the total uncontrolled
emissions from sodium carbonate plants. For these reasons, process emission
sources are emphasized in this study and general fugitive emissions are not
considered.

Dissolvers (and dissolver-crystallizers) are not considered in this
study because they are not significant emission sources. Uncontrolled
emissions from dissolvers are very small compared to the other emission
sources considered. Moreover, all dissolvers built since about 1973 are
currently controlled in order to comply with state opacity regulations
or to control internal dusting problems. Because dissolver emissions
are so small compared to the other process emission sources considered,
control of dissolver emissions to a more stringent level would have very
little impact on national emissions. e

As discussed in Section 3.1, the So]vay procézs and the sesqu1carbo-3
nate 6?3;;;;>%re not expected to be used in future p]ants Thus, emission
sources specific to these processes will not be discussed in this section.
Future sodium carbonate plants are expected to use the monohydrate
process or the direct carbonation process. As can be seen in the process

flow diagrams in Section 3.1.2, neither of these processes emplioy all
four of the emission sources considered in this study. The emission
sources specific to the monohydrate process are ca1c1ners and dryers,

and those specific to the direct carbonation process are predryers,
bleachers, and dryers.

Calciners are used in the direct carbonation process, but (as noted
in Section 3.1.2.3) exit gas from these calciners is scrubbed for particu-
late removal and recycled to the carbonation towers. Exit gas from the
carbonation towers is sent to the boilers. Potential pollutants are
thus removed in the process equipment and in the pollution control
equipment on the boilers before the gases are emitted to the atmosphere.l4
Therefore, calciners in the direct carbonation process are not considered
to be emission sources.

Each of the facilities being considered in this study of the sodium
carbonate industry is discussed in this section. The discussion is
divided into four sections, one each for calciners, dryers, predryers,
and bleachers.
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3.2.1 Calciners

3.2.1.1 Description. Calciners employed in the monohydrate
process are continuously fed, direct-fired, cocurrent, rotary units.
They consist of a combustion furnace and an inclined rotating cylinder.
Structurally, the cylinder, or rotary section, is similar to that of the
direct-fired, cocurrent, rotary dryer illustrated in Figure 3-9. The

cylinder is constructed of an outer metal shell and may have an inner refrac-
tory brick lining. A1l or part of the cylinder may be insulated to reduce
heat losses to the environment.

The solid feed is introduced at the elevated end of the cylinder
and moves toward the discharge as a result of gravity and of the rotary
motion of the cylinder. Lifting flights along the inside of the cylinder
aid the movement of the solids and provide intimate mixing with the hot
combustion gases which enter from the furnace. The combustion gases
flow axially in the same direction that the solids move and transfer
heat to the solids as they move through the calciner.

Calciner feed in the monohydrate process consists of crushed and
screened trona ore. This ore typically consists of 86 to 95 percent
sodium sesquicarbonate, 5 to 12 percent gangue (clays and other insoluble
impurities) and approximately 2 percent water. As the ore is heated to
150-200°C (300-390°F) it decomposes or calcines. Carbon dioxide and
water are driven off, and crude sodium carbonate is formed by the following
reaction:

2(Na2C03~NaHC03-2H20) (s)3 NaZCOB(s) + 5H20(g) + COZ(g)
Heat of reaction for this endothermic reaction is 44.224 kcal/g-mole
(79,603 Btu/1b-mole) at 25°C (77°F). At calcination temperatures above
200°C (390°F), organic impurities are burned off; however, at these
temperatures soluble sodium silicates are produced by reactions between
sodium carbonate and the c]ays.15 These soluble compounds can interfere
with crystallization in the process crystallizers.

Coal, gas, and oil-fired rotary calciners are used in the mono-
hydrate process. Gas firing is currently the most common, and oil
firing is the least common. There are no calciners designed to burn oil
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only, but gas-fired calciners are designed to burn oil during gas short-
ages. At present, coal-fired calciners are used in only one operating
plant. However, due to expected long term shortages of natural gas, a
trend to coal firing is anticipated.

Combustion furnaces on calciners may be of the type illustrated in
Figure 3-9 for a rotary gas-fired dryer, or they may be separate units
connected to the rotary section only by ductwork. The type of furnace
is dependent on the type of fuel combusted.

Coal-fired calciners require a separate combustion furnace with a
coal feeder and rather complicated control equipment. The combustion
furnace for gas-or oil-fired calciners is fairly simple, and may open
directly into the rotary part of the calciner as illustrated in Figure
3-9. As a result of this arrangement, the solids being calcined are
exposed to the flame front, and heat transfer by radiation may be
significant. High overall effective heat transfer coefficients result.
Also, the temperature of the combustion gases in gas- or oil-fired
calciners is generally higher than in coal-fired calciners.

As a result of the higher effective heat transfer coefficients and
the higher combustion gas temperatures in gas- or oil-fired calciners,
higher heat transfer rates per unit mass of solids are achievable.

Thus, more solids can be processed in the same size calciner and less
combustion gas per unit mass of solids is required.

The reported design capacities of calciners used by manufacturers
employing the monohydrate process range from approximately 40 to 163
Mg/h (44 to 180 TPH) of ore feed. However, in some cases the calciner
is normally operated at a rate which is higher than the design operating
capacity. (For example, one calciner is normally operated at a rate
which is approximately 20 percent higher than the design value.) This
is possible because equipment such as calciners is usually over-designed
to allow for design errors; i.e. its actual maximum operating capacity
is sometimes greater than its design operating capacity. In an industry
such as the sodium carbonate industry, where the market demand is relative-
1y strong, plant operators will often run equipment at its maximum
capacity, providing this will not damage equipment or overload other
equipment in the process.
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Calciners at new plants are expected to have capacities of about
118 Mg/h (130 TPH). A calciner of approximately this size would be
required to process enough ore to produce 454,000 Mg/yr (500,000 TPY) of
sodium carbonate, based on an operating factor of 85% and recovery of
90% of the available sodium carbonate in the ore. Larger calciners are
not expected to be built because of regulations on the size of equipment
which can be shipped by rail. Calciners significantly smaller are
currently in use only in older plants.

3.2.1.2 Emissions. Calciners are the largest source of particu-
late emissions from plants using the monohydrate process. These par-
ticulates consist of sodium carbonate and inerts. The exit gas from
coal fired calciners will contain fly ash as well.

Particulate emissions from calciners are affected by the gas velocity
and the particle size distribution of the ore feed. Gas velocity through
the calciner affects the degree of turbulence and agitation. As the gas
velocity increases, the rate of increase in the total emission rate of
particulates steadily increases. (Not enough information is available
to define the effect on particulate concentration.) Particle size
distribution of the ore affects particulate emissions because small
particles are more easily entrained in a moving stream of gas than are
larger particles.

Particulate emission factors, particulate concentrations, and exit
gas flow factors for gas and coal-fired calciners as measured in various
source tests on calciners operating at various production rates are
presented in Table 3-2. Estimated uncontrolled particulate emission
rates, particulate concentrations, and exit gas flow rates extrapolated
from EPA test data presented in Table 3-2 are presented in Table 3-3 for
small, medium, and large gas and coal-fired calciners. As suggested by
the wide range of exit gas flow rates in industry data presented in
Table 3-2, the actual variation in gas flow rates, particulate concentra-
tions, and particulate emission rates for these size calciners may be
much wider than indicated in Table 3-3.

Based on the reported values of particulate emission rate, product loss
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TABLE 3-2. UNCONTROLLED EMISSION PARAMETERS FOR CALCINERS IN THE MONOHYDRATE PROCESS
Particulate b
Calcinsr i Particu}ate Concentration Ex1t3§55 Flow Factor
Source of Data Fuel Size kg/Mg Org {(1b/ton)ore q/dNm {gr/dscf) dim>/Me | dscf/ton

EPA Test Plant A® Coal M 222 442 17 51.2 1890 60.380

1 Coal M 213 425 122 83.1 1750 56,000

E;ﬁ ¥§:€ 31::§ Q-l Gas M 115 230 167 72.8 696 22,300

EPA Test Plant B-) Gas M 195 389 249 109 774 24,800

EPA Test Plant B-l Gas M 178. 356 263 115 677 21,700

EPA Test Plant B-2 Gas L 174 348 238 104 734 23,500

EPA Test Plant B-2 Gas L 157 314 216 94.3 727 23,300

EPA Test Plant B-2 e Gas L 117f 23} 177f 77.5f 656 21,000
Industry Data-Plant A Coal M - - - -— 1620-1800 52,000-57,500

Industry Data-Plant A (Avg.) Coal M 1720 55,000
Ind. Data-Plant B-1 Gas M 612-665 19,600-21,300

Ind. Data-Plant B-1 (Avg.) Gas " 640 20,500
Ind. Data-Plant B-2 Gas L 540-590 17,300-18,900

Ind, Data-Plant B-2 (Avg.) Gas L 574 18,400
Ind. Data-Plant C-1 Gas S 834-996 28,300-31,900

Ind. Data-Plant C-1 (Avg.) Gas S 953 30,700
Ind. Data-Plant C-2 Gas M 618-634 19,800-20,300

Ind. Data-Plant C-2 (Avg.) Gas M 624 20,000
Ind, Data-Plant D Gas M 684-1360 21,900-43,500

Ind. Data-Plant D (Avg.) Gas ¥ 946 30,300
Ind. Data-Total Range Gas S-L 540-1360 17,300-43,500
Ind. Data-Total Range Coal M 1620-1890 52,000-60,500

aSmaH, 40-50 Mg/hr (44-55 tph); Medium, 80-125 Mg/hr (88-138 tph); Large, 200-220 Mg/hr {221-243 tph).

bAt outlet of control device.
to be more accurate.

CReference 16.’
dReference 17.
€Reference 18.

fUncontrolled emissions were not measured.

EPA tests showed discrepancies between inlet and outlet measurements, and outlet measurements are believed

Dry flow rate should not be changed by control device.
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TABLE 3-3. UNCONTROLLED PARTICULATE EMISSIONS FROM CALCINERS IN THE MONOHYDRATE PROCESS

(Extrapolated from EPA Test Data.d)

Ore Feed Rate Particulate ancentrat!on Particulate Emission Rate Exit Gasaflow Rate T Particulate Emission
Hg/h 9/dNm kg/h dNm”™/min Factor kg/Mg
Size (TPH) Fuel (gr/dscf) (1bs/h) (dscf/min) (1b/ton)
Coal® 10 8.5%10% - 8.8x103" 1.2x10; - 1.3x10; 213-222
snall 4u b (52) 1.9x104 « 1.8x10% (4-]x102 - 4.4x10,) (425-442)
na (44) Gas 167-263 4.6x10% - 7.8x103 4.5x10, - 5.2x10, 115-195
(73-115) 1.0x10% - 1.7x10% (1.6x10" - 1.8x10") (230-389)
. Coal 1o 2.5x103 - 2.6x104 3.40) - 3.710 213-222
Med1u nag) ' (52) (5.5x104 - 5.7x103) (1.2x103 - 1.3x103) (425-442)
~ Gas 167-263 1.4x10, - 2.3410, 1.3x10;, - 1.5x10; 115-195
(73-115) (3.0x10° - 5.1x10") (4.700" - 5.4x10") (230- 339)
b
200 Coal 116 4.3x103 - 4.4x103 5.8x103 - 6.3x103 213-222
Large| (550) (52) (9.4x10, - 9.7x10,) (2.1x103 - 2.2x103) (425-442)
Gas 178-238 2.3x104 - 3.5x10, 2.2x10; - 2.4x10, N7-174
(78-104) (5.1x10° - 7.7x10") (7.7x10" - 8.6x10") (233-348)

3References 19 and 20.

bParticulate concentration is the same as that which was measured for a medium size calciner during source tests.
emission rate and exit gas flow rate are based on values for a medium size calciner weighted for th

Reported particulate
e different ore feedrate.



as a result of particulate loading in the exit gas is about 20 to 25
percent of ore feed. Most of this material, however, is routinely
recovered in cyclones and in subsequent particulate removal equipment
and returned to the process.

Particle size distribution data for emissions from gas-and coal-
fired calciners as measured in EPA source tests are presented in Figures
3-5 and 3-6.

Sulfur oxides are produced from fuel combustion. The quantities
produced depend upon the sulfur content of the fuel. The sulfur content
of natural gas is generally insignificant. The sulfur content of coal
and oil is significant; however, it may vary widely. No major seasonal
variations in sulfur oxide levels are expected; however, minor variations
may result when fuel o0il is substituted for gas during winter months
when there are natural gas curtailments.

Sulfur dioxide concentrations in the exit gas from a coal-fired
calciner were measured during EPA source tests in May. 1979. The results
of these measurements indicate an emission factor of 0.0076 kg/Mg (0.0152
1b/ton) of ore feed. However, calculations based on the sulfur content
of coal used at this plant and emission factors in an EPA pub]icationZ]
indicate that the sulfur dioxide emission factor should be approximately
1 kg/Mg (2 1b/ton) of ore feed. Apparently, sulfur dioxide is removed
from the combustion gases by reacting with sodium carbonate in the
calciner before the gases are exhausted.

In addition to the emissions discussed above, organics are emitted
from calciners. These organics may be responsible for the bluish tint
of the exit gases observed at three p]an1:s.22’23’24 (The blue haze may also
be due to fine particulates.) Concentrations and emission factors for organics
in the exit gases of calciners are reported in Table 3-4.

The source of the organics has not been identified; however, there
are organics present in the feed in the form of o0il shale. At the cal-
cination temperatures, these may vaporize or be partially combusted. In

addition, some organics may result from partial or incomplete combustion
of the fuel.
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TABLE 3-4. UNCONTROLLED ORGANIC EMISSIONS FROM CALCINERS®

a Ca]ginsr Organic Conggntrations
Source of Data Fuel Size ppm
EPA Test Plant Ad | Coal M 30
EPA Test Plant A Coal M 22
EPA Test Plant B | Gas' M 917
EPA Test Plant B | Gas' M 2587
EPA Test Plant B® | Gas L 47
EPA Test Plant B Gas L 178
EPA Test Plant B Gas L 222

aReported on the basis of total organics as methane.

bBy volume as methane. Emissions as specific compound would be
(ppm as methane) divided by the number of carbon atoms in the
compound.

CMedium, 80-125 Mg/hr (88-138 tph); Large, 200-220 Mg/hr (221-243 tph).
dReference 25
eReference 26

fThese measurements were taken with the calciner operating at low
capacity, and may not be representative of normal operation.

Ihese emission factors are approximations only. Organics were
reported as ppm methane; the organic species actually present
were not determined.
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Particle Size in Microns (Dp)
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3.2.1.3 Mass and Energy Balances. Energy usage factors, exit gas
flow factors, exit gas temperature, exit gas moisture content, and the
mass ratio of ore feed to sodium carbonate final product are presented
in Table 3-5. Available information does not indicate any significant
variation in these values for different size calciners. The bases for
the reported values are given in the footnotes to Table 3-5.

As noted in Section 3.2.1.1, a capacity of about 118 Mg/h (130 TPH)
of ore feed is expected to be a typical size for future calciners.
Energy usage rate, material flow rates, and exit flow rate for a calciner
of this size are presented in Figure 3.6.

3.2.2 Dryers
3.2.2.1 Description. Dryers are used in both the monohydrate and

direct carbonation processes to remove free and hydrated water from
sodium carbonate monohydrate crystals. Hydrated water is removed by the
following reaction:
NaZCO3-H20(s)——>Na2C03(s) + HZO (g)

The heat of reaction is 13.7 kcal/g mole (24,660 Btu/1b mole) at 25°C
(77°F). Supplying the heat to drive this reaction consumes the major
portion of the heat required for drying. Theoretically, the dry monohy-
drate crystals contain about 15 percent hydrated water by weight.
Estimates of the percentage of free water in the monohydrate crystal
feed to dryers in the monohydrate process range from about 5 percent to
15 percent.30’31’32 The free water content of the monohydrate crystal
feed in the direct carbonation process is approximately 5 percent.
Dryers in both processes achieve essentially complete water removal.

Three types of dryers are used for product drying in the mono-
hydrate and direct carbonation processes: rotary steam tube, rotary gas
fired, and fluid bed steam tube. A1l three dryer types are used by
producers using the monohydrate process. The one producer using the
direct carbonation process uses rotary steam tube dryers. These are
operated in a similar manner to rotary steam tube dryers used by producers

employing the monohydrate process. A general description of the operation
of each type of dryer follows.

0
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TABLE 3-5. VALUES FOR MASS AND ENERGY BALANCES ON CALCINERS
IN THE MONOHYDRATE PROCESS

Y Exit Gas | | Exit Gas
Exit Gas Flow Factor

dNm®/Mg of Ore

Energy Usage Factor®
J/Mg of Ore

Temperatureb Moistureb LE of Calciner Feed (trona ore[c
°C Content g o nal Product {sodium

Based on an overall material balance on a monohydrate plant. It is assumed that the trona ore

contains 83% sodium sesquicarbonate and that 90% of the available NazCOs in the trona ore is
recovered as final product.

The lower value of the range is based on mass and energy balances (ore moisture content ~2%) while
the upper value is based on data reported in a 1977 Emission Inventory. (Reference 29)

The reported value is based on mass and energy balances (ore moisture content ~2%).

Fuel (Btu/ton of ore) (dscf/Ton of Ore) (°F) 4 carbonate)
Coal| 1.6x10° - 1.7x10? 1.6x10° - 1.7x10? 200 - 230 .20 1.9

(1.4x10% - 1.5x108) (5.1x10% - 5.5x10%) (400 - 450)

d
Gas A1.1x10° 6.6x102 - 7.1x10? 188 - 200
(~9.5x10%) 2.2x10° - 2.4x10 (370 - 400) 30 - 38 1.9
e

a. The energy usage factors are those which would be supplied by the gross heating value of the fuel.
b. Based on measurements on medium size calciners. (References 27, 28.)
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Crushed Ore 118 Mg/h > »Ca]cined Ore 91 HMg/h (100 tph) total

(130 tph)
Energy (Coal) Coal-Fired —p-Exit Gas (v20% moisture, ~80% dry gas)
1.9x10%! - 2.0x10'! J/h ’J 1.9x105 - 2.0x10° dNm3/h
(1.8x10% - 1.95x108 Btu/h) calciner (6.6x10% -7.2x10% dscf/h)
28 -~ 26 Mg/hr particulates
Air —Pp (28 - 29 tph) particulates

Crushed Ore 118 Mg/h Calcined Ore 91 Mg/h (100 tph) total
(130 tph) —M Gas-Fired i
Energg (Natural Gas) ____.».T —PpExit Gas (v30-38% moisture, 62-70% dry gas)
~1.3x10t! J/h Calciner 7.8x10" - 9.0x10* dNm3/h
(~1.2x10° Btu/h) Air (2.8x10% - 3.2x106 dscf/h)
— 14-23 Mg/h particulates

(15-26 tph) particulates

Figure 3-7. Material flow rates and energy usage rates for a medium
size calciner in a plant using the monohydrate process



3.2.2.1.1 Rotary steam tube dryers. Rotary steam tube dryers
consist essentially of a metal cylinder with steam tubes fixed length-
wise inside the cylinder. An illustration of one is presented in Figure
3-8. The end in which feed is introduced is normally elevated to facili-
tate the flow of solids toward the discharge end. The cylinder and the
steam tubes rotate about the axis of the cylinder. As the cylinder and
steam tubes rotate, the material to be dried falls over the steam tubes
and is heated. This heat evaporates free liquid and dissociates bound
liquid. Air is admitted at one end and withdrawn at the other end to
remove evaporated liquid.

3.2.2.1.2 PRotary gas-fired dryers. An illustration of a rotary
gas fired dryer is presented in Figure 3-9. This type of dryer consists
of a combustion furnace and an inclined rotating cylinder. The cylinder
is constructed of an outer shell and may have an inner refractory lining.
Lengthwise, the shell is either partially or entirely 1ined. Al1l or
part of the cylinder may be insulated to reduce heat losses to the

environment.

The wet solids are introduced at the elevated end of the dryer and
move toward the discharge end as a result of gravity and the rotary
motion of the cylinder. Hot combustion gases enter the rotary section
and flow either cocurrently or countercurrently to the direction of
solids flow (Figure 3-9 illustrates a cocurrent dryer). These gases
heat the solids to evaporate free liquid and to dissociate bound 1iquid.
Significant amounts of heat may also be transferred to the solids by
flame radiation.

3.2.2.1.3 Fluid bed steam tube dryer. An 1llustration of a fluid
bed steam tube dryer is presented in Figure 3-10. Air is preheated and
introduced into a plenum beneath the fluidizing chamber. This preheated
air then rises through a distributor plate into the fluidizing chamber.
The wet solids to be dried are entrained (fluidized) in the air stream
at the level of the steam tubes which are located just above the distri-
butor plate. Heat is transferred by convection from the surface of the
steam tubes to the air and from the air to the solids. Heat transferred
to the solids evaporates free 1iquid, and dissociates bound 1iquid.
Evaporated 1iquid §s carried out of the dryer in the air stream.
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Figure 3-10. Fluidized-bed dryer.35

4The "steam tubes" are not necessarily tubular in shape. The actual configuration is not shown
because of a confidentiality agreement with the manufacturer using fluid-bed dryers.



The wet feed is introduced continuously into one side of the
fluidizing chamber. The continuous introduction of new material "pushes"
the fluidized bed toward the opposite side of the fluidizing chamber.

The dried solids are removed on this side, opposite from the point where
feed is introduced. One of several techniques may be used to remove the
dried solids. For nontoxic substances dried in an air stream (such as
sodium carbonate) an overflow weir is normally used. The dried solids
overflow this weir and then fall through a discharge chute.

Some solids are carried out of the dryer in the air stream. How-
ever, most of these are normally recovered before the air is discharged
to the atmosphere.

3.2.2.1.4 Comparison of dryers. For both the monohydrate process
and the direct carbonation process, drying and subsequent cooling are
the last processing steps before shipping. Thus, coal or high sulfur
0oil cannot be used for direct firing of dryers since this would result
in product contamination with coal ash and sulfur. However, these
energy sources, which may be more available or cheaper than gas, can be
used to generate steam for indirect heating of dryers.

Only one producer currently uses gas-fired dryers. Because of the
short supply and high cost of natural gas, any new dryers in the industry
will probably be steam tube rather than gas-fired.

Three producers currently use rotary steam tube dryers while one
uses fluid bed steam tube dryers. Both types of dryer have relative
advantages and disadvantages.

Generally, greater maintenance is required for rotary steam tube
dryers than for fluid bed steam tube dryers. It is apparently difficult
to prevent leakage around rotary seals, and good rotary units which use
high pressure steam are reportedly difficult to obtain.36 A significant
disadvantage of fluid bed steam tube dryers over rotary steam tube
dryers is that larger amounts of gas must be handled by the processing
equipment and by the emission control equipment.

3.2.2.1.5 Size of dryers. The reported maximum operating capa-
cities of dryers used in sodium carbonate plants range from approximately
23 to 113 Ma/h (25 to 130 TPH) of dry sodium carbonate product. Drvers in
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future plants are expected to have capacities of approximately 63 Mg/h
(70 tph) of dry sodium carbonate product. This is the size dryer which
would be required to produce 454,000 Mg/yr (500,000 TPY) of sodium
carbonate, assuming an annual operating factor of 85 percent.

3.2.2.2. Emissions. Sodium carbonate fines are emitted from each
of the three types of dryers used. Particulate emission factors,
particulate concentrations, and exit gas flow factors from rotary and
fluid-bed dryers and gas flow factors from gas-fired dryers measured
during source tests are presented in Table 3-6. Estimated uncontrolled
particulate emission rates, particulate concentrations, and exit gas
flow rates for small and medium sized rotary dryers and for medium and
large fluid bed dryers extrapolated from EPA test data are presented in
Table 3-7. No data on uncontrolled particulate emission rates for gas-
fired dryers are available.

Particle size distributions for rotary steam tube and fluid bed
steam tube dryers are presented in Figure 3-11.

Particulate emissions from dryers are affected by the gas velocity
and the particle size distribution of the feed. Gas velocity through
the dryer affects the degree of turbulence and agitation. As the gas
velocity increases, the rate of increase in the total emission rate of
particulates steadily increases. (Not enough information is available
to define the effect on particulate concentration.) Therefore, because
of higher gas flow rates (and higher gas velocities), fluid bed steam
tube dryers and rotary gas-fired dryers have higher emission rates than
rotary steam tube dryers. Particle size distribution of the ore affects
particulate emissions because small particles are more easily entrained
in a moving stream of gas than are larger particles.

3.2.2.3 Mass and Energy Balances. Values for mass and energy
balances on dryers in the monohydrate and direct carbonation processes
are presented in Table 3-8. Factors for energy usage and exit gas flow
per unit mass of product are presented along with exit gas temperature
and moisture content and the mass ratio of monohydrate crystal feed to
dry sodium carbonate product. The factor for exit gas flow was calculated
by assuming a free water content of 10 percent in the dryer feed slurry
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TABLE 3-6. UNCONTROLLED EMISSION PARAMETERS FOR DRYERS IN THE MONOHYDRATE
AND DIRECT CARBONATION PROCESSES.

: b Pa:ticul:to E-i?'s,igz F:ctor Particu:liate[Concentration E513§; Gas rﬂa::mm-f___
Source of Data "ot e | Proher ] reduct” 9/dMe gr/dsct dry product] dre. product

EPA Test-Plant AT ST M 28.6 57.2 73.9 32.3 387 12,400

ST M 33.9 67.7 68.6 30.0 493 . 15,800

ST M 25.6 51.1 7. 33.6 M ¢ 10,600
EPA Test-Plant 8¢ F8 ' L 116 231 90.8 39.7

FB L 52.5 105 44.2 19.3 1340 43,000

F8 L 51.5 103 41.9 18.3
Industry Data-Plant Af ST M - - - - 412-562 | 13,100-18,000
Industry Data-Plant A (Avg.)| ST M - - - - 509 16,300
Industry Data-Plant B FB M - - - - 1250 40,000
Industry Data-Plant B (Avg.)| FB L - .~ - - 855 27,400
Industry Data-Plant C ST S - - - - 285-581 9120-18,600
Industry Data-Plant C (Avg.)| ST S - - - - 412 13,400
Industry Data-Piant D GF M - - - - 1350-1790 | 43,300-57,400
Industry Data-Plant D GF L - - - - 568-659 | 18,200-21,100
Industry Data-Plant D {(Avg.)| GF - - - - 1250 40,100

35T = rotary steam tube, FB = fluid bed steam tube; GF = Gas-fired rotary.

b . small, 20-30 Mg/hr
M = Medium, 56 70 Mg/hr
L = Large, 90-130 Mg/hr

¢ Flow rate is at exit of scrubber.
dneference 32,
®Reference 38,
fl!efm-eﬂce 39,
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TABLE 3-7. UNCONTROLLED PARTICULATE EMISSIONS FROM DRYERS IN THE MONOHYDRQTE AND
DIRECT CARBONATION PROCESSES (EXTRAPOLATED FROM EPA TEST DATA)
'Production T o o o
Rate (Dry | Particulate Emis- Particu]atebEmis- Particulate Exit Gasb
Product) sion Factor sion Rate Concentrgtion F]oy Rate
Mg/hr kg/Hg kg/hr g/dNm dm™/min
Dryer Type Size (tph) (1b/ton) Ajlp/hrli (gr/dscf) (dscf/min)
Rotary Steam Small- 23 25.6 - 33.9 581 - 767 69 - 77 125 - 186
Tube (25) (51.1 - 67.7) (1280 - 1690) (30 - 34) (4420 - 6580)
Rotary Steam Medium{ 63 25.6 - 33.9 1620 - 2150 69 - 77 351 - 521
Tube (70) (51.1 - 67.7) (3500.~ 4740) (30 - 34) (12,400 - 18,400)
Fluid Bed Medium 63 81.5 - 116 3270 - 7350 42 - AN 21420
Steam Tube (70) (103 - 231) (7210 - 16,200) (18 - 40) (~50,200)
Fluid Bed Large 113 51.5 - 116 6080 - 13,600 42 - 9N ~2600
Steam Tube (130) (103 - 231) (13,400 - 30,000) (18 - 40) "(n94,500

3peference 40,41.
bParticu]ate emission rate and exit gas flow rate were

tests according to production rate.

calculated by ratioing values measured in source
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TABLE 3-8. VALUES FOR MASS AND ENERGY BALANCES ON DRYERS IN THE
MONOHYDRATE AND DIRECT CARBONATION PROCESSES
2 Ex1t Gas Ex1t Gas Mg of Dry
Enerqgy Usage Factor ExitaGas Flow Rate Factor | Temperature | Moisture | Monohydrate Crystal Feedb
Dryer J/Mg Dry Product dNm~/Mg Dry Product *C Content Mg of Final
Type (Btu/ton Dry Product) {(dscf/ton Dry Product) (°F) Vol.% Sodjum Carbonate Product
fotar 8 qC 587 88’ a0® 1.7
Yy 7.3x105 - 2.5x105 4
Steam (6.3x10° - 8.4x107) (1.88 x 10°) (190)
Tube B
c
Fluid Bed]  8.1x10° - 1.1x10° 1300° 120 20-30 117
Steam (6.9x10° - 9.2x10°) (4.3 x 10% (250) 20-30
9
Rotary 1.9x10° h 155 20-30 1.17
Gas-fired (1.6x10%) (310)

3The energy usage factor for steam tube equipment does not take into account the efficiency of steam generation.
The energy usage factors for gas fired equipment is that which would be supplied by the gross heating value of

the fuel.

bAssuming that all available Na2c03 in the dryer feed is recovered as final product.
CBased on mass and energy balances assuming a range in free water content of the feed of 5-15%.

YBased on measurement during source tests. (Reference 43.)

®Based on dryer design data.‘“

fBased on source test data.
98ased on values calculated from a 1977 State Emission Inventory.

Source test data indicate 60%.
(Reference 45.)

hNot reported due to inconsistensies in the raw data.
iBased on values reported in industry source test data (Reference 47).

43

(Reference 46.)



and an outlet gas moisture content of 40 percent. (Design data for
dryers at one plant specify an outlet moisture content of 30 to 50
percent.)42 The bases for the other factors in the table are given in
table footnotes.

Energy usage rates, material flow rates, and exit gas flow rates
for rotary steam tube, fluid bed steam tube, and rotary gas-fired dryers
producing 64 Mg/h (70 TPH) sodium carbonate are shown in Figure 3-12.
3.2.3 Predryers

3.2.3.1 General. In the direct carbonation process, rotary steam
heated predryers are used to lower the water content of wet sodium
bicarbonate crystals before they are calcined. The fact that predryers
do not dry the bicarbonate crystals to complete dryness is one of the
significant differences between predryers and dryers. Other significant
differences are in the physical construction and the operating conditions
of the equipment.

Predryers consist essentially of a rotating metal cylinder elevated
at the feed end to facilitate the flow of wet sodium bicarbonate toward
the discharge end. Ambient air preheated in steam tube heat exchangers
is admitted at the elevated end of the predryers. The air flows in a
cocurrent direction relative to the flow of the sodium bicarbonate.

This hot air transfers heat to the solids by convection, and as the
cooled air exhausts from the predryers, it carries out evaporated water.
Lifting flights along the inside of the predryers provide intimate
mixing between the wet sodium bicarbonate and the drying air.

Dissociation of sodium bicarbonate to sodium carbonate, carbon
dioxide, and water begins at about 50°C (120°F), and increases with
increasing temperature.48 The predryers are not designed for carbon
dioxide recovery; however, the calciners immediately downstream of the
predryers are designed for carbon dioxide recovery. (The carbon dioxide
recovered in the calciners is recycled to the brine carbonators.) Thus,
to avoid the loss of significant quantitites of carbon dioxide in the
predryers, they are operated at relatively low temperatures.

Quantitative values for the operating parameters and the emissions
for predryers are presented in Sections 3.2.3.2 and 3.2.3.3. These
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Dry Monohydrate Crystals | \ Dry Soda Ash Product

from crystallizers  —¥»
75 Mg/h (82 tph) Rotary 64 Mg/h (70 tph) Total
Ener?g (Steam) Steam Tube Exit Gas (40% moisture, 60% dry gas)
4.7x10,” - 6.3x1010 9/h  — 624 d¥n/min
(4.4x10" - 5.9x10'Y Btusmr) Dryer (21,900 dscfm)
. 1.9 - 2.2 Mg/h particulates
Air— (2.1 - 2.4 tph) particulates
Dry Monohydrate Crystals Dry Soda Ash Propduct
from crystallizers — —4p —64'Mg/h (70 tph) Total
75 Mg/h" (82 tph) Fluid Bed
Energy (Steam) — Steam Tube -, Exit Ga53(20-30% moisture, 80-70% dry gas)
5.2x1010 - 6.9x19'° J/h 50 goam /min
(4.8X107 - 6.5X107 Btu/hr) Dryer gl dscrm
Ad 3.2 - 8.2 Mg/h particulates
r ’1 (3.6 - 9.0 tph) particulates
Dry Monohydrate Crystals ' Dry Soda Ash Product
from crystallizers — — 64 Mg/h (70 tph) Total
75 Mg/h (82 tph) Rotary Gas~
Energy (Natural Gas) Fired Exit Gas (20-30% moisture, 80-70% dry gas)
1.2x10g J/h — a
(1.1x10° Btu/hr) Dryer
Air—ppl

Figure 3-12, Material flow rates and energy usage rates for a dryer
in a plant using the monohydrate process

aInsufficient information.



values are based on design data and actual operating data taken during
EPA source tests at a direct carbonation sodium carbonate plant recently
brought on-stream. Operating personnel at this plant have found it
technically infeasible to operate the predryers at the design conditions
for certain of the operating parameters. Thus, the operating values for
these parameters observed during source tests were different from the
design values. However, plant personnel indicated that the operating
conditions of the predryers had not yet been optimized. Thus, at some
time in the future plant personnel may perform optimization studies and
change the operating conditions of the predryers. If this is done, the
new operating conditions may be different from both the design conditions
and the conditions observed during source tests.

3.2.3.2 Emissions. Particulates of sodium bicarbonate are the
primary type of emissions from predryers. Particulate emission factors,
particulate concentrations, and exit gas flow factors for predryers are
presented in Table 3-9. Both design values and values measured during
EPA source tests are presented in this table.

Estimated uncontrolled particulate emission rates and exit gas flow
rates extrapolated from EPA source test data are presented in Table 3-10
for a predryer with a dry feed rate of 59 Mg/h (65 TPH). (Two predryers
of this size are expected for direct carbonation sodfum carbonate plants
producing approximately 454,000 Mg/yr (500,000 TPY) of sodium carbonate
product.) The EPA test data are believed to be the best available data
for estimating normal uncontrolled particulate emissions even though
these data were taken at a plant where operating conditions were not yet
optimized. As mentioned in Section 3.2.3.1, plant personnel found it
technically infeasible to operate at the design values for certain para-
meter; the gas flow rate was one such parameter.

The lower particulate loading in the cxhaust gases from predryers
relative to dryers (Section 3.2.2.2) is partially due to the difference
in the amount of drying which is done in these units. The product from
dryers is essentially free of moisture, while the product from predryers
contains significant amounts of moisture. Thus, there is a zone of dry
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TABLE 3-9. UNCONTROLLED EMISSION PARAMETERS FOR PREDRYERS IN THE DIRECT CARBONATION PROCESS

Particulate Emission Factor | Particulate Concentration]| Exit Gas Flow Factor
kg/Mg dry | 1b/ton dry g/ dNm° gr/dscf dNm3/Mg | dscf/ton
Source of Data feed® feed® dry fegdb dry feeda’b
EPA Test Data®| 1.12 2.24 0.620 0.271 1800 57800
0.499 0.998 0.281 0.123 1770 56800
EPA Test Data®| 0.419 0.838 0.261 0.114 1610 51500
0.855 1.71 0.483 0.211 1770 56800
3.15 6.29 1.49 0.653 2110 67400
3.21 6.42 1.43 0.625 2240 71900
Design Datad 27 55 10 4.4 2700 86000

dvalues are reported in terms of pure dry feed as sodium bicarbonate. Approximate free water
content and impurity content of the sodium bicarbonate feed are reported in Table 3-11.

bDurin the time that the EPA test data were obtained, plant o?erators were not varying the
gas f?ow rate even though the feed rate of bicarbonate crystals was variable. The differences

in the exit gas flow factors obtained from EPA test data are due primarily to differences in the
feed rate of bicarbonate crystals rather than differences in the gas flow rate.

CReference 49

dReference 50
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TABLE 3-10. UNCONTROLLED PARTICULATE EMISSIONS FROM PREDRYERS
IN THE DIRECT CARBONATION PROCESS

(Extrapolated from EPA Test Data)®

Feed Rateb Particu]atg Emission Particulate Emission Particulate Exit Gas Flow Rate
Factor Rate Concentratgon 3
M%/h kg/Mg feed kg/h g/dNm d/Nm”/min
(TPH) (1b/ton feed) (1b/h) (gr/dssf) (dsef/min)
59 0.377-3.21 22.2 - 189 0.261 -1.49 1400-2400
(65) (0.754-6.42) (49.0 - 417) (Q.114-0.653) (46000-78000)

aReference 51

bReported as dry impure sodium bicarbonate feed.

The impurity content ranges from 0 to 10%.




material near the discharge end of dryers; however, the material through-
out predryers is moist. Moisture increases the surface tension between
crystals, and this increased surface tension suppresses dusting.

Particulate emissions from predryers are affected by gas velocity
and the particle size distribution of the feed. Gas velocity through
the predryer affects the degree of turbulence and agitation. As the gas
velocity increases, the rate of increase in the total emission rate of
particulates increases. (Not enough information is available to define
the effect on particulate concentration). Particle size distribution of
the feed affects particulate emissions because small particles are more
easily entrained in a moving stream of gas than are larger particles.

Particle size distribution of emissions from predryers measured in
EPA source tests are presented in Figure 3-13.

3.2.3.3 Mass and Energy Balances. Values for mass and energy
balances on predryers are presented in Table 3-11. In most cases, a
range which includes design values and values obtained or calculated
from data taken during EPA source tests is reported. The range of
values reported for the exit gas flow factor is based on EPA source
test data only, since, as discussed in Section 3.2.3.2, these data are
believed to be more representative than design data of how predryers
will normally operate.

Energy usage rate, material flow rates, and exit gas flow rate for
a predryer with a capacity of 59 Mg/hr (65 TPH) of dry bicarbonate feed
are indicated in Figure 3-14. Values indicated in Figure 3-14 are based
on values presented in Table 3-11.
3.2.4 Bleachers

3.2.4.1 General. In the direct carbonation process, impure sodium
carbonate from the calciners is bleached with sodium nitrate to burn off
discoloring impurities. These impurities consist mostly of carbonaceous
organics.

The bleaching operation is carried out in a rotary gas-fired unit
similar to the gas-fired dryer described in Section 3.2.2.1.2 and pictured
in Figure 3-9. Feed is introduced at the elevated end and flows counter-
currently to the hot combustion gases. Lifting flights along the
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Particle Size in Microns (Dp)

B 999 99.8 90 80 70 60 S0 &0 30 20 10 5 2 1 0.5 02 01005 001
9... i i HREEESEE FHEEHEEEE R THE §281: 3 10
== EAS E HEER = =3 SR39ES 3 -9
8.. E33311F 3 BstiIEE =g BEzss SsxSReseqfzacy)s SES 8
7 = H S6stiash a3V ancacisi) ditlEs=caccsleenstasttilcasdsanadititisinet isgat:
SRR RS s & BESE : ' ; ~7
... == 22 sHEg - Bass H HittEE FH - B 6
. i [ T AT BEEE EEEE BliztaEE= =
a_ iHEESE z SESaaatiHIEE §3315E %3 i ceni —4
1 F 2517 H R IR R R  E : £
+ maapogud = u»ii TIE 31 14
3 = = 3
SESEISEE Es HE ‘ FrEt
: ool it 3 o it
PO i i e 541 o e 4 : gkt 2
e it T ;
R e {isaasnanmn iy
: Lid |2 i I : ! lei
Llilis . i * i i
| :L | Vi i - RS »ﬁ +
:§—1 : ;«ui..-l RESE N .«L
bl ‘¥ | | b ﬁ
19 ;: == H RS 5= AEES Eﬁ‘* ESS23 3 =31 §! =t—1
= s F === H s3gsst 3 & 9
- :b__ s - — » 8
: T . % . 7
6. = S=s i z J_ = : SES3sisiiiim = 6
s ==t = £ ===seEad :'1 Figure 3-13 5
: Particle Size Analysis : === $
Y= ¥ Predryers ==
SRS © Predryer #1 Test 1
3 o= I e A Predryer #1 Test 2 it 3
S eS| ] Predryer #1 Test 3
o Predryer #2 Test 1
2 e e m AT S : ¥ Predryer #2 Test 2 2
e i i <Predryer #2 Test 3
TN RN S ) I il
B :A s I 1l l l
T . et i Lis .
Y R R DY N B T R H
i b L ] LI
l IR BN ! ERSHI
1. Leod b bt O ] AT A
001

10 20 30 4 S0 60 20 80 90 95 98

Cumulative Percent by Weight less than (Dp)

99

99.8 99.9

9999



TABLE 3-11. VALUES FOR MASS AND ENERGY BALANCES ON PREDRYERS

Parameter Value
Energy Usage Factora’b’c 8 8
J/Mg Dry Feed 1.5 x 105 - 5.8 x 105
(Btu/Ton Dry Feed) 1.3 x 10° - 5.1 x 10
Exi§ Gas Flow Factor ¢,d 3 3
dNm~/Mg Dry Feed 1.4 x 10, - 2.4 x 10,4
(dsef/Ton Dry Feed) (4.2 x 10" - 7.2 x 107)
Exit Gas Moisture Contenta
Vol % 4 - 10
Exit Gas Temperaturea
°C 38 - 57
(°F) (100 - 135)
Moisture Content of Bicarbonate
Crystal Feed®:f
% 6 - 16
Moisture Content of Bicarbonate
Crystals from the Plr'edr-yer'a’f
% 5 - 15
Mg of Dry Bicarbonate Crystal Feed®*€ 1.8 - 2.0
Mg of Final Sodium Carbonate Product
Impurity Content of the Bicarbonate %10
Crystal Feed® %

The reported range includes design values and values obtained or calculated
from data taken during EPA source tests.

bThe energy usage factor does not take into account the efficiency of steam
generation equipment.

“Based on impure dry feed as sodium bicarbonate.
dBased on values obtained during EPA source tests.

el}ased on the assumption that 90 percent of the available sodium carbonate
in the predryer feed is recovered as final sodium carbonate product.

fwet basis

9Dry basis. The design value is within this range.
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Wet sodium bicarbonate feed —P»
4-11 Mg/h (4-12 TPH) water
<5.9 Mg/h (<6.5 TPH) impurities
53-59 Mg/h (58-65 TPH) sodium bicarbonate

Energy (Steam)  ——
8.0 x 109 - 3.4 x 1010 g/n
(8.5 x 10% - 3.3 x 107 Btu/h)
Air——pp»

Rotary Steam

Heated

Predryer a

——Pp» Wet sodium bicarbonate
to the crystallizers

3-10 Mg/h (3-11 TPH) water
<5.9 Mg/h (¢ 6.5 TPH) impurities

53-59 Mg/h (58-65 TPH) sodium
bicarbonate

——P»Exit Gas (4-10% water,
90-96% dry gas)

8.4 x 10 - 1.4 x 10° dNm>/h

(2.8 x 108 - 4.7 x 108 dscf/n)
Particulates

22.2 - 189 kg/h (49.0 - 417 1b/h)

Figure 3-14 Material flow rates and energy usage rates
for predryers in a plant using the direct

carbonation process.

There are two predryers in a train.



inside of the bleacher aid the movement of the solids and provide inti-
mate mixing with the combustion gases. The operating temperature of
bleachers is reported to be approximately 450°C (850°F).

Quantitative values for other operating parameters and the emissions
for bleachers are presented in Sections 3.2.4.2 and 3.2.4.3. These
values are based on design data and actual operating data taken during
EPA source tests at a direct carbonation sodium carbonate plant recently
brought on-stream. The operating data taken during the source tests
were in close agreement with the design values.

3.2.4.2 Emissions. Emissions from bleachers consist mainly of
particulates of sodium carbonate. Small amounts of compounds formed
from the reactions of sodium nitrate may also be present in the particu-
lates.

Particulate emission factors, particulate concentrations, and exit
gas flow factors for bleachers measured during EPA source tests are
presented in Table 3-12. Design values are also presented. The design
value for the particulate emission factor is lower than any of the
values measured during the source tests. However, it is only slightly
lower than the lowest measured value.

Particle size distributions for emissions from bleachers measured
during EPA source tests are presented in Figure 3-15.

Estimated uncontrolled particulate emission rates and exit gas flow
rates extrapolated from source test data are presented in Table 3-13 for
a bleacher with a feed rate of 82 Mg/hr (90 TPH). (This size bleacher
is expected for a direct carbonation plant producing approximately
454,000 Mg/yr (500,000 TPY) of sodium carbonate product.)

Particulate emissions from bleachers are affected by gas velocity
and the particle size distribution of the feed. Gas velocity through the
bleacher affects the degree of turbulence and agitation. As the gas
velocity increase, the rate of increase in the total emission rate of
particulates increases. (Not enough information is available to define
the effect on particulate concentration.) Particle size distribution
of the feed affects particulate emissions because small particles are
more easily entrained in a moving stream of gas than are larger particles.
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TABLE 3-12. UNCONTROLLED EMISSION PARAMETERS FOR BLEACHERS IN THE DIRECT CARBONATION PROCESS

Flow Factor

Particulate Emission Factor Particulate Concentration Exit Gas
kg/Mg drya | 1b/ton dry2 g/dNm? gr/dscf dNm3/Mg | dscf/ton
Source of Data feed feed dry feed| dry feed
EPA Test Datab 228 455 380 166 598 19200
161 321 297 130 536 17200
185 369 307 134 601 19300
EPA Test Datal - - - - - -
152 303 277 121 548 17600
53.5 106 105 46 508 16300
Design Data 34.5 68.9 70 30 512 16400

aValues were measured and are re
predryers. A one hour process
point was assumed.
content of less than 15 percent.

bReference 52

]

orted in terms of dry, pure feed as sodium carbonate, to the
ag time between the predryer feed point and the bleacher feed

The actual feed to the bleachers is impure sodium carbonate with an impurity
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TABLE 3-13. UNCONTROLLED PARTICULATE EMISSIONS FROM BLEACHERS IN THE DIRECT

CARBONATION PROCESS
(Extrapolated from EPA data)?

Feed Rateb ParticulatebEmission Particulate Emission Particulate Exit Gas Flow Rate
Factor Rate Concentration 3
Mg/h kg/Mg feed kg/h g/dNm3 dNm”/min
(ton/h) (1b/ton feed) (1b/h) (g/dscf) (dscf/min)
82 45.5 - 228 3700 - 19000 105 - 380 590 - 820
(90) (90.1 - 455) (8100 - 41000) (46 - 166) | (21000 - 29000)

aReference 53

bVa]ues are reported in terms of dry impure sodium carbonate feed to the bleachers. The impurity
content ranges from 0 to 15%.



The exit gas flow rate for bleachers is lower than that for gas-
fired calciners or gas-fired dryers. This lower flow rate results from
a lower energy requirement.

Sensible heat is the only significant energy requirement in the
bleaching operation. However, in calcining and drying the sensible heat
requirement is minor relative to the energy required to drive the endo-
thermic reactions in these operations. Since the sensible heat require-
ment in bleaching is only about twice as great as the sensible heat
requirement in either calcining or drying, the total energy requirements
for bleaching are less than they are for either calcining or drying.
Since less fuel is required, less combustion gas is generated.

3.2.4.3 Mass and Energy Balances. Values for mass and energy
balances on bleachers are presented in Table 3-14. In most cases, a
range which includes design values and values obtained or calculated
from data taken during EPA source tests is reported. As discussed
briefly in Section 3.2.4, there was generally close agreement between
the design values and the values based on actual data taken during
source tests.

Energy usage rate, material flow rates, and exit gas flow rate for
a bleacher with a capacity of 85 Mg/h (90 TPH) of feed are presented in
Figure 3~16. Values indicated in Figure 3-16 are based on values presented
in Table 3-14.

3.3 BASELINE EMISSIONS

As noted in Section 3.1, all plants producing sodium carbonate by
the monohydrate process are located in Wyoming and all direct carbonation
plants are in California. Al1 future plants are also expected to be
located in these states. Thus, the emission regulations of these two
states will be used to define the baseline emission level in this study
for these respective plants.

Several regulations limiting particulate emission rates are applica-
ble to sodium carbonate plants in Wyoming. The maximum emission rate
that would be allowed by the Wyoming Department of Environmental Quality
is given by a process weight regulation, as follows:

3-51



TABLE 3-14. VALUES FOR MASS AND ENERGY BALANCES ON BLEACHERS

Parameter

Value

Energy Usage Factora’b’c

J/Mg Feed
(Btu/ton Feed)

Exit Gas Flow FactorC:d

dNm>/Mg Feed
(dscf/ton Feed)

Exit Gas Moisture Contenta

Vol %

Exit Gas Temperaturea

°C
('F)
Mg of Feed®’®

Mg of Final Sodium Carbonate Product
Impurity Content of the Feed

4 x 10° - 5 x 108
3 x10° - 4 x 10°

430 - 600

1.4 x 10% - 1.9 x 10°

4 -8

163 - 204
(325 - 400)

1.1 - 1.3

<15

AThe reported range includes design values and values obtained or calculated

from data taken during EPA source tests.

bThe energy usage factors represent the energy which must be supplied by the

gross heating value of the fuel.

cBased on impure dry feed as sodium carbonate.

dBased on values obtained during EPA source tests.

eBased on the assumption that 90 percent of the available sodium carbonate
in the bleacher feed is recovered as final sodium carbonate product.
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Feed from the Calciners
70-82 Mg/h (77-90 TPH) sodium carbonate

<12 Mg/h (<13 TPH) impurities——»

Energy (Natural Gas) —>
3.3 x 1010 - 4.1 x 100 g/n
(2.7 x 107 - 3.6 x 10’ Btu/h)

Air ——P»

Gas~Fired
Rotary

Bleacher

Bleached Sodium Carbonate to
the Crystallizers

———pp 70-82 Mg/h (77-90 TPH) sodium

carbonate
<12Mg/h (<13 TPH) impurities

——» Exit Gas, (4-8% water 92-36% dry gas)

3.5.x 10"c- 4.9 x 1046dum /h

(1.3 x 10° - 1.7 x 10% dscf/h)
Particulates

3700 - 19000 kg/h (8100-41000 1b/h)

Figure 3-16 Material flow rates for a bleacher
in a plant using the direct carbonation process.



Allowable particulate emissions (I1b/hr) = 17.31 XO']6

Where X - Process weight (tons per hour).54
For coal-fired calciners, process weight includes the coal. This equation
would be applied to each unit of process equipment.

However, a majority of the sources in the Wyoming sodium carbonate
plants are controlled to more stringent levels than required by this
process weight regulation. Under proposed Wyoming SIP revisions, the
use of "BACT" is required for approval of permits for new plants and
expansions. The emission level corresponding to BACT is determined by
the State of Wyoming on a case by case basis. For large sources (such
as calciners) it is generally close to the process weight limitation,
but for smaller sources (such as dryers) the BACT requirement is generally
more stringent than process weight.55 This strict level is imposed to
achieve and maintain an ambient particulate standard of 60 ug/ms. The area
where three of the four sodium carbonate plants in Wyoming are located has
been found to be in non-compliance with this standard and with the
National Ambient Air Quality Standards for Particulates.56

Wyoming BACT levels are not set by law, but are determined on a case by
case basis. Therefore, new plants may be subjected to a less stringent
definition of BACT than existing plants. The most representative baseline
emission level for this study would be in between the level based on the process
weight regulation and the BACT level as defined for the most recently con-
structed plant. The level based on the process weight requlation will be used
to analyze the control costs and economic impact of the regulatory alternatives,
since it will yield a higher incremental control cost than the BACT level.
Both levels will be used to project a range of emission reduction due to the
requlatory alternatives.

The direct carbonation plants are in the San Bernardino County Air
Quality District of California, which recently separated from the South
Coast Air Quality Management District (SCAQMD) and applies most of the
SCAQMD regulations.57 Under these regulations, sodium carbonate plants
are subject to mass emission limitations according to process weight and
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to concentration limitations based on exit gas flow rate.>8 The allowable
concentrations and mass emission rates are given in Tables 3-15 and 3-16.
Since sodium carbonate plants must comply with both of these limitations,
the more stringent of the two is considered as the baseline emission
level for direct carbonation plants. For predryers, process weight
gives the stricter emission limit, but for bleachers and product dryers,
the concentration limit is more stringent.

Emission rates that would be allowed under the applicable regulations
for each piece of equipment for the equipment sizes considered for a
model sodium carbonate plant are presented in Table 3-17. These emission
rates represent the baseline emission levels for this study.
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TABLE 3-15. MAXIMUM ALLOWABLE PARTICULATE CONCENTRATIONS FOR CJ\I.II"ORI'IIA“;9
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TABLE 3-15. MAXIFLUY ALLOWABLE SOLID PARTIZULATE EMISSIOM 7-TES FOF CALIFORANIA
Maximm % Maxism Dlscas .‘h:
Prosess Wsight tisulsts Ja Prosess Weight ticulats Ma
Par Hour B inte S hreese) Por Nour Bl ot ¥ Process)
Kilograas Pounds- KQograms Pounds Kilogrmms Pounds Kilograms Pounds
—i3k Nour | Pexr Hour 1 Per Houwr | Per Por Hour | Per Hour | Per Hour | FPer Hour
100 1000 | 220 108,] 0.%%0 0.9 9000 19840 s.308 1.7
150 b)) 0.585 1.29 10000 220%0 S.80 12.0
200 Mt 0.703 1.5 12500 27360 S.TR 12.6
0 551 0.80% 1.7 15000 %70 S.982 13.2
300 661 0.897 1.98 17500 39580 6.202 13.7
350 TR 0.983 2.17 20000 ] 6.399 18,1
800 882 1.063 2% 25000 5120 6.783 189
0 99 1.18 2.5 30000 66150 7.097 15.5
00 102 . 1.209 2.67 5000 ™60 7.296 16.1
600 1323 1.300 2.95 0000 88180 7.527 16.6
700 1583 1.061 p % ¥5000 95210 7.78 17.1
800 176A 1.573 3.07 S0000 110200 TN 17.5
900 1985 1.678 3.70 60000 1327300 8.217 18.2
1000 205 1.717 J-52 70000 154700 8.s82 18.9
1250 27156 2.003 a2 80000 176400 8.95% 19.5
1500 37 2.206 A.86 90000 198400 9.102 0.1
1750 308 2.9 5.27 100000 220500 9.329 20.6
2000 M09 2.56, 5.65 125000 2715600 9.820 1.7
250 M50 2.773 6.00 150000 330700 10.26 2.6
2500 5512 2.87h 6.3 175000 385800 10.64 23.5
2750 6063 3.016 6.65 200000 M0900 10.97 28,2
3000 b1k 3,151 6.95 225000 M6000 1.28 2.9
x50 7165 3.280 7.23 250000 551200 11.56 5.5
3500 T716 3.504 7.50 275000 606300 11.82 26.1
Moo 8818 3.6 8.02 300000 6614800 12.07 26.6
4500 9321 3.855 8.50 325000 716500 12.30 27.1
S000 11020 5,059 8.95 350000 Tr1600 12.51 . 2.6
6000 12 A A 9.78 MOO0OO 881800 ‘2.9 28.5
7000 154%0 MTTS 10.5 50000 992100 13.27 29.0
8000 17640 5,089 11.2 00000 1102000 ' 13.60 X.0




TABLE 3-17. BASELINE EMISSION LEVELS FOR MODEL
SODIUM CARBONATE PLANTS

I

‘ Allowable

Feed Rate Emission Rate?
Facility Mg/ h ( TPH kg/h (1b/h)
Coal-fired Calciners 127 (140)P 9.2 (20.3)-17.3 (38.2)
Rotary Steam Tube 83 (91)¢ 4.7 (10.4)-15.9 (35.0)¢
Dryer 5.08 (11.2)®
Fluid Bed 83 (91)°¢ 4.7 (10.4)-15.9 (35.0)
Steam Tube Dryer
Predryer 59 (65)F 8.2 (18.2)
Bleacher b 82 (90) 4.90 (10.8)

L ower value represents BACT as defined for Tenneco plant; upper value
represents process weight regulation.

PIncludes 9 Mg/h (10TPH coal.

CDr‘y monohydrate crystals.

dFor monohydrate process (Wyoming).

®For direct carbonation process (California).

fDry weight.
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4. EMISSION CONTROL TECHNIQUES

Techniques suitable for controlling particulate emissions from
calciners, dryers, predryers, and bleachers in sodium carbonate plants
are discussed in this chapter. A general description of the applicable
emission control techniques is given in Section 4.1, along with a
discussion of significant design variables and factors affecting per-
formance. Application of these control techniques to sources in the
sodium carbonate industry is discussed in Section 4.2. The performances
that have been demonstrated for each control device on sources in the
sodium carbonate industry are presented in Section 4.3.

4.1 DESCRIPTION OF CONTROL TECHNIQUES

Particulate emission control techniques which may be applicable to
sources in sodium carbonate plants include the following:

- centrifugal separation,

- wet scrubbing,

- electrostatic precipitation, and

- fabric filtration.
These techniques are described in this section. Factors affecting the
applicability of these techniques to calciners, dryers, predryers, and
bleachers are discussed in Section 4.2.
4,1.1 Centrifugal Separation

Centrifugal separators, or cyclones, rely on centrifugal forces to
effect particulate separation from the gas stream. Cyclones are fre-

quently used upstream of a scrubber or electrostatic precipitator.
1

4.1.1.1 Basic Description.” A typical cyclone is illustrated in
Figure 4-1. Dust-laden gases enter a conical-shaped vessel tangentially
or axially and leave through a central opening. As the gas flows in
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a vortex down through the cyclone, the inertia of the particles causes
them to move outward across the gas streamlines towards the cyclone
shell. As the vortex is reversed in the conical portion of the cyclone,
most of the particles continue to cyclone downward along the outer shell
into a receiving chamber.

4.1.1.2 Factors Affecting Performance. The most important variables
in the design of a cyclone are the cyclone dimensions. Small diameter
cyclones have greater removal efficiencies and higher pressure drops due
to the greater angular velocity (or inertia) of the gas stream and entrained
particles. Banks of small-diameter cyclones in parallel, with common gas
inlets and outlets, are frequently used to achieve higher efficiencies.
Long cyclones have greater removal efficiencies than short cyclones due
to the increased time in which particles are subject to separating forces.

Cyclone pressure drops typically range from 5 to 15 cm (2 to 6 inches) of
water.

Cyclone efficiency is highly dependent on the size of the particu-
lates being collected: Targe particles are collected more efficiently.
For example, a high efficiency cyclone may remove 95-99 percent of parti-
cles greater than 40u, 90-99 percent of particles from 15-50u, 80-90
"percent of particles from 5-20u, and only 50-80 percent of particles Tess
than 5u. Typical cyclone overall efficiencies range from about 55 to 95
percent.]

Various factors limit the effectiveness of cyclonic collectors. If
the cyclone is designed for peak efficiency at peak flow, lower efficiencies
will be achieved during lower flows due to the reduced gas velocity in
the cyclone. Similarly, temperature decreases may reduce removal efficiency
by increasing the viscosity and density of the gas. In-leakage of air
through the dust removal system may reduce the overall collection efficiency
by re-entraining dust. Additional re-entrainment can result if the dust
is not adequately removed from the receiving chamber.
4.1.2 Wet Scrubbing

4.1.2.1 Basic Description? Scrubbers rely mainly on inertial impac-

tion of particulates with water droplets to effect particulate separation
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from the gas stream. Parcles are contacted with a wetted surface or
atomized liquid droplets. Although gas streams will diverge to pass such
obstructions, the inertia of particles in the gas stream will carry the
particles into the water droplets or wetted surface. The particulate
laden liquid is then separated from the gas stream, and either recycled
to the production process or discharged as waste.

Scrubbers are usually classified by energy consumption (in terms of
gas-phase pressure drop). Low-energy scrubbers, represented by spray
chambers and towers, have pressure drops less than 1.3 kPa (5" of water).
Medium-energy scrubbers such as centrifugal scrubbers have pressure
drops of 1.3-3.7 kPa (5-15" of water). High-energy scrubbers such as
venturi scrubbers have pressure drops exceeding 3.7 kPa (15" of water).
Because the efficiency of particle removal is largely proportional to
the pressure drop, venturi scrubbers have been favored by sodium carbon-
ate producers needing high removals of particulates.

A typical venturi scrubber is shown in Figure 4-2. Scrubbing
l1iquid is injected into the gas stream and cascades by gravity and
velocity pressures towards the venturi throat. In the high turbulence
zone associated with the venturi throat, particulates collide with and
are collected by the atomized liquid droplets. The liquid is subse-
quently separated from the gas in a cyclonic separator usually equipped
with a mist eliminator. Higher scrubber pressure drops are achieved by
narrowing the venturi throat.

4.1.2.2 Factors Affecting Performance. The design of a scrubber
depends on the characteristics of the dust being collected and the gas
being cleaned. The most important particle characteristics are particle
size distribution, particulate loading, and physical and chemical prop-
erties of the particulate and gas.

Larger particles are removed more efficiently than small ones, as
indicated in Figure 4-3. The principal factors affecting the performance
of venturi scrubbers are the operating pressure drop across the scrubber,
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the 1liquid to gas ratio, the water/gas separation achieved in the
separator, and the scrubber liquor saturation level. As shown in Figure
4-3, higher removal efficiencies are achieved with scrubbers operated at
higher gas-phase pressure drops. Similarly, higher removals are achieved
at higher liquid to gas ratios. However, there is a practical upper
1imit on these parameters, depending on the effectiveness of gas/liquid
separation. Overall particulate removal efficiency is reduced if the
downstream mist eliminator is unable to separate finely-atomized water
droplets from the exit gas. These uncollected droplets evaporate and
release their particulate contents to the air.
4.1.3 Electrostatic Precipitation4’5

4.1.3.1 Basic Description. The collection of particulates by
electrostatic precipitation involves five basic steps:

- the generation of an electric field (or corona) around

a high tension wire,

- the ionization of gas molecules by the corona,

- the charging of particulates by ionized gas molecules

near the wire,

- the migration of the charged particulates to oppositely

charged collecting electrodes, and

- the removal of the charged particles.

A typical electrostatic precipitator is pictured in Figure 4-4.

The corona is generated by the application of a high voltage to a
discharge electrode system consisting of rows of vertical wires. The
strength of the corona depends in part on the gas composition. The
charging of particles depends on local conditions in the electrostatic
precipitator (ESP) such as strength of the corona and on the character-
istics of the particles. The subsequent migration of the charged par-
ticles to the collecting plates depends on the particle size, resis-
tivity, gas velocity and distribution, rapping, and field strength.

The collecting electrodes are rigid plates that are baffled.
Electromagnetic or pneumatic hammers are used to rap the electrodes,
dislodging the collected dust which then falls into hoppers. Baffling
on the collecting electrodes provides shielded air pockets that reduce
re-entrainment of particles after rapping.
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Figure 4-4, View of a typical electrostatic precipitator ¢
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The suitability of particulate collection by electrostatic precipi-
tation depends on the resistivity of the particles. Particulates with
resistivities in the range of 5 X 103 to 2 X 1010 ohm-cm have been shown
by experience to be the most suitable for electrostatic precipitation.4
Particles with lower resistivities will give up their charge too easily
and will be re-entrained in the gas stream. Particles with higher
resistivities will coat the collecting plates and will be hard to dis-
lodge. The coated plates will thus have diminished ability to attract
charged particles.

4.1.3.2 Factors Affecting Performance. The key design variable
for electrostatic precipitator design is the area of the collecting
plate. The overall removal efficiency of the ESP can then be defined by
the plate area, migration (or drift) velocity, and gas flow rate according
to the Deutsch-Anderson equation:

-WA
n=1-e Q
where n = removal efficiency
Q = gas flow rate
W = migration velocity
A = collecting plate area.

As indicated by this equation, ESP efficiency increases with increasing
plate area relative to gas flow rate and with increasing migration
velocity.

Another key design variable is proper determination of the rapping
cycle. If the cycle is too short, material that collects on the collect-
ing plates will not be thick enough to settle to the bottom of the
precipitation chamber and will be re-entrained. This re-entrainment of
collected particulates can be minimized by proper design of collecting
electrodes and rappers, minimizing rapping, and rapping only a small
section at a time. If the rapping cycle is too long, however, the
material on the collecting plates will become too thick and collection
efficiency will be reduced.

Other design parameters that affect ESP performance include plate
spacing and type, plate height and length, applied voltage, corona
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strength, residence time, and transformer/rectifier configuration. ESP's
typically have gas-phase pressure drops less than 1.3 cm (0.5 in.)
of water.

Gas flow distribution also has a strong impact on ESP efficiency.
Poor flow distribution results in variations in the extent of gas
treatment. In addition, high velocities in the vicinity of hoppers and
collecting electrodes can result in re-entrainment of collected dust.
These effects of poor gas flow distribution cause a drop in ESP efficiency,
often as much as 20 to 30 percent.7 Gas flow distribution problems can
be corrected by proper design, for example by adding straighteners,
splitters, vanes, and diffusion plates to the duct work before the ESP.
Scale models of the ESP and duct work are generally needed to study flow
distribution problems and possible solutions.
4.1.4 Fabric Filtration®*?

4.1.4.1 Basic Description.- A fabric filter unit is illustrated in
Figure 4-5. As the inlet gas passes through the fabric filters, dust particles
in the inlet gas are retained on the fabric filters themselves by settling,
impaction, interception, and diffusion. The bags are then cleaned in one of
three ways. In shaker cleaning, the bags are oscillated by a small electric
motor. The oscillation shakes most of the collected dust into a hopper.
In reverse flow cleaning, backwash air is introduced to the bags to collapse
them and fracture the dust cake. Both shaker cleaning and reverse flow
cleaning require a sectionalized baghouse to permit cleaning of one section
while other sections are functioning normally. The third cleaning method,
reverse pulse cleaning, does not require sectionalizing. A short pulse of
compressed air is introduced through venturis and directed from top to
bottom of the bag. The primary pulse of air aspirates secondary air as
it passes through the venturis. The resulting air mass expands the bag
and fractures the cake. This method of cleaning can be effected simultan-
eously with the bag filter operation, avoiding the need for sectionalized

8

baghouses.
4.1.4.2 Factors Affecting Performance. The most important para-

meters in baghouse design and performance are:
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- filter medium,

- air to cloth ratio (superficial ve]ocity),

- cleaning method and cycle,

- operational pressure drop,

- baghouse configuration,

- gas temperature and moisture content, and

- particulate properties.

The removal efficiency of fabric filters is reduced by poorly-
maintained bags and caking. Worn and torn bags are evidenced by visible
emissions; a regular inspection program can help to spot stress and
wear. Caking can occur with hygroscopic materials when the temperature
of the gas drops too low. Since caking can permanently ruin bags, a
fabric filter by-pass or inlet gas heater may be needed to avoid caking
when gas temperatures drop. Higher gas temperatures can be achieved by
insulating bag filters and upstream ducting and control devices.

4.2 APPLICATION OF CONTROL TECHNIQUES TO FACILITIES IN THE

SODIUM CARBONATE INDUSTRY

Applicability of the control techniques discussed in Section 4.1 to
facilities in the sodium carbonate industry is discussed in this section.
The control techniques currently being used for the different facilities
are noted. Typical design and operating parameters and performance data
are presented. Factors affecting the applicability of other control
devices are also discussed.
4,2.1 Calciners and Bleachers

The only control devices currently being used to control emissions

—

from calciners and bleachers in the sodium carbonate industry are cyclones

in series with electrostatic preE%pitators'hnd cyclones in series with
venturi scrubbers. A1l but two of the fifteen calciners in use in mono-
hydrate process plants are controlled by cyclones in series with electro-
static precipitators. The other two calciners are controlled by cyclones
in series with venturi scrubbers. Bleachers are also most commonly
controlled by cyclones in series wifhié]ecgrggfggigmgrecipipators.
Resisticktyrof calciner dust has been reported as 1 X 10° ohm-cm at

230°C (450°F).]0 This is within the range of resistivities that have
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been shown to be most suitable for electrostatic precipitation (as
discussed in Section 4.1.3).
Other characteristics of sodium carbonate, such as its hygroscopic
nature, lead to problems in ESP operation, but these can be overcome
with proper design. Sodium carbonate dust is hygroscopic and sticky,
and tends to cling to electrodes. It can also clog the openings of
conventional pyramid dust hoppers, making dust removal difficult. When
the dust is not removed, it can back up into the ESP and short out
e]ectrodes.”’]2 One vendor that has designed ESP's for sodium carbon-
ate calciners recommends the use of a properly maintained drag bottom
ESP rather than conventional pyramid hoppers for dust removal to min-
imize these dust removal problems.]] The dust removal system in a drag
bottom ESP consists of a square panel under the ESP, equipped with a
drag conveyor to carry away the collected dust. The conveyor must be
kept clear and moving to prevent dust from backing up into the electrodes.
However, there are no narrow openings as in pyramid hoppers to become
clogged. Problems can also result from moisture in the gas getting into
the support insulation, where it forms a film which can cause cracks. A
properly designed purge system can prevent such a film build up.]]
ESP's are generally designed in sections, with separate electric
fields controlled by separate transformer-rectifiers so that power input
to one section is not limited by poor performance in another. ESP's on
calciners and bleachers in sodium carbonate plants typically have three

or four separate fields. There is also a trend to design the ESP to
meet the guaranteed emission level with one section out of service.]]

Because of problems such as those noted above, it is not uncommon for ESP's

in sodium carbonate plants to be operated with one section out of service.
Design parameters and performance data supplied by industry for ESP's used

to control emissions from calciners and bleachers in the sodium carbonate
industry are presented in Table 4-1. Cyclones are used in front of the ESP's.

Venturi scrubbers currently used to control emissions from calciners
achieve lower removal efficiencies than ESP's. Higher removal effi-
ciencies could be achieved with higher scrubber pressure drops. Based
on the removal efficiency achieved in EPA source tests of gas-fired
calciners with a scrubber pressure drop of about 85 cm (33.5 in.) of
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TABLE 4-1. DESIGN PARAMETERS AND PERFORMANCE DATA SUPPLIED BY INDUSTRY FOR
ELECTROSTATIC PRECIPITATORS CONTROLLING EMISSIONS FROM CALCINERS AND BLEACHERS

Ratlo of Plate Krea : Rigration Bemonstrated [ Ex1t ParticaTate
t Particuylate
£sP Bo.of | ., .to Flow Rat | Design | Velocity? Emission Level X
Faci1ity Type Vendor Stages [ C7m%/s [Ft71000 scha] Effictency [ wis [Trs | afi feed | VostonTeed i aton,
Gas-fired calciner 91 NA Nad NA NA NA NA [NA 0.
Gas-fired calciner #2 NA NA NA NA NA M o.?g g:;g g'?gg 0.0
Gas-fired calciner #3 NA NA NA NA NA N |NA 0.06 0.12 ‘NA 0'326
Gas-fired calciner #4 NA NA NA NA NA NA |NA 0.07 0.14 0.046 0.02
Gas-fired calciner #5 NA NA NA NA NA NA |NA o.N 0.21 0.046 | 0.02
Gas-fired calcine: 16 NA 3 50 255 99.55 0.11{0.35 0.065 0.13 0.1 0.048
Gas-fired calciner #7 NA 3 50 255 9955 0.11/0.35 0.033 0.065 0.055 | 0.024
Gas-fired calciner ¢8 Research Cottrell 4 NA NA 99.5 NA |NA 0.07 0.14 0.098 0.043
Gas-fired calciner #9 | Research Cottrell 3 NA NA 99.5 N |NA 0.085 0.17 on 0.047
Gas-fired calciner 10 Research Cottrell 3 NA NA 99.5 NA |NA 0.07 0.14 0.066 0.029
Gas-fired calciner llld Research Cottrell 4 49 248 99.9 0.1410.47 0.025 0.05 0'043 0.019
Coal-fired calciner lld Envirotech 4 67 338 98.89 0.068{0.22 0.032 0.062 0.015 0.0065
Coal-fired calciner 119 | Envirotech 4 65 329 99.89 {o.1 |0.35 0.031 0.062 0.019 | 0.0082
Coal-fired calciner #2® | Envirotech 4 63 319 98.89 0.07210.24 0.014 0.028 0.0059 | 0.0026
- Coal-fired calciner #2% | Envirotech 4 60 305 99.89 0.1 30.37 0.072 0.12 0.040_| 0.018
Gas-fired bleacher 7 | Research Cottrell 3 35 180 99.81 0.18/0.58 NA NA 0.096¢ | 0.042¢
e —

dcalcutated using the Deutsch-Anderson Equation
DNA=Not Available

:Design value

These are different tests of the same calciner
These are different tests of the same calciner



water, it appears that a pressure drop of about 154 cm (60 in.) of water
may be required to achieve a removal efficiency comparable to that
achieved in a four stage ESP.]3

No fabric filters are used to control emissions from calciners or
bleachers in sodium carbonate plants. The sticky, hygroscopic nature of
sodium carbonate could lead to problems with bag blinding or caking,
especially if the temperature is not maintained above the dew point.
Baghouses are used to control emissions from other sources in sodium
carbonate plants, such as conveyor transfer points, crushing, and product
sizing. Some problems with bag blinding have been encountered.]4 Bag
blinding may not be a problem with calciners and bleachers because these
gas streams are at a high temperature, about 200-230°C (400-450°F) or
about 160°C (290°F) above the dewpoint. Thus, with proper provisions
for insulating the baghouse and for preventing sudden, uncontrolied
shut-downs which would result in a rapid temperature drop in the bag-
house, blinding may not be a serious problem.
4.2.3 Dryers and Predryers

Venturi scrubbers are the only control devices currently used to
control emissions from rotary steam tube dryers in the sodium carbonate
industry. Cyclones in series with venturi scrubbers are used to control
emissions from fluid bed steam tube dryers and rotary steam heated
predryers. Both venturi scrubbers and electrostatic precipitators have
been used to control emissions from rotary gas-fired dryers.

The exhaust gas from both rotary and fluid bed steam tube dryers
and predryers in the sodium carbonate industry is well suited to control
by wet scrubbing. The sodium carbonate particles to be removed are
quite soluble and hygroscopic. These characteristics enhance the
removal of sodium carbonate particulates in wet scrubbers. However,
when these characteristics are coupled with the high water content of
the dryer exit gas, they can result in operating probiems for ESP's or
baghouses. The temperature of the exit gas from rotary steam tube
dryers is about 88°C (190°F), or about 7 to 17°C (10 to 30°F) above the
saturation temperature. Exit gas temperature from fluid bed dryers is
about 130°C (250°F) or about 25-50°C (50-100°F) above saturation. Exit gas



temperature from steam heated predryers is about 57°C (135°F) or about
13°C (25°F) above saturation. Thus, moisture in the exit gas could
condense in an ESP or baghouse. Wet, sticky dust would then stick to the
electrodes and hoppers of the ESP or blind and cake the bags in the
baghouse.

ESP's have been used to control emissions from rotary gas-fired
dryers, but the exit gas from these dryers is at a higher temperature and
lower relative humidity than gas from steam tube dryers. Exit gas from a
gas-fired dryer is about 150°C (300°F) with a moisture content of 20-25%,
or about 90°C (160°F) above saturation temperature. As discussed in
Chapter 3, gas-fired dryers are not expected to be used in future plants.

Design and operating parameters and performance data for scrubbers
controlling particulate emissions from dryers and predryers in sodium
carbonate plants are summarized in Table 4-2. As shown, scrubber pressure
drops range from 33 cm (13 in.) water to 97 cm (38 in.) water. Higher
scrubber pressure drops are required for fluid bed steam tube dryers and
rotary gas-fired dryers than for rotary steam tube dryers to meet comp-
arable emission levels. The higher pressure drops are required because
uncontrolled emissions from fluid bed and gas-fired dryers are higher than
those for rotary steam tube dryers. A cyclone is generally used before
the scrubber for fluid bed and gas-fired dryers, so that the gas into the
scrubber has a higher proportion of small particles than the gas from a

rotary steam tube dryer.

4.3 DATA SUPPORTING PERFORMANCE

This section presents source test data demonstrating the level of
emission control that has been achieved with the control techniques dis-
cussed in Section 4.2. Data obtained from EPA source tests are presented
in Section 4.3.1. Industry data providing additional support to the
performance level demonstrated in the EPA tests are presented in Section

4.3.2.

4.3.1 EPA Source Test Data
Source tests were conducted by EPA to demonstrate the performance

of particulate control devices on facilities in sodium carbonate plants.
Results of these tests are summarized below, and are presented in more
detail in Appendix C.

4-16



LIV

TABLE 4-2.

BY INDUSTRY FOR SCRUBBERS USED TO CONTROL PARTICULATE EMISSIONS FROM DRYERS AND PREDRYERS

DESIGN AND OPERATING PARAMETERS AND PERFORMANCE DATA SUPPLIED

Scrubber AP o L/G Ratio Emission Rate Exit ancentra?ion

Facility Type Scrubber Type | Vendor [ cmHU T n. HU[ /m~ gal/T000 act | kg/Mg Feed| Tb/ton feed g/dnm~" | gr/dsct
034

Rotary steam tube dryer #1 NA NA NA NA NA NA 0.048 0.096 0.078 0.
Rotag steam tube dger 12 NA NA NA NA NA NA 0.029 0.038 ggg ggg;
Rotary steam tube dryer #3 NA NA NA NA NA NA 0.018 O.OAS .NA .NA
Rotary steam tube dryer #4 NA NA NA NA NA NA NA :A o o
Rotary steam tube dryer #5 NA NA NA NA NA NA NA o) 0.13 0.058
Rotary steam tube dryer #6 NA NA NAa NAa NA NAa 0.05 o.og 0.036 0.0]57
Rotary steam tube dryer #7 Venturi Ducon 53 21‘ 1.3: 10 0.01 02 -0 -
Rotary steam tube dryer #8 Venturi Ducon 532 218 1.3 102 NA A A A
Rotary steam tube dryer #9 Venturi Ducon 532 Zla 1.3a 102 NA o 0.0098 0.007 0.8
Rotary steam tube dryer #10 Venturi Ducon 533 21 1.3a 102 0.024 -0 02 o
Rotary steam tube dryer #11 Venturi Ducon 533 21 1.3 102 g 0.40 0.39 0.17
Gas-fired dryer N Venturi Ducon 69 27.2 NA NA 8.040 0.0795 0‘048 0.021
Fluid bed steam tube dryer #1 Venturi FMC 97 agb NA NA 0o 0.0 0 oet O
Fluid bed steam tube dryer #2 Venturi Ducon 66 26 NN’I‘\ m 0 0057 0 0N 0003 0" 0058
Rotary steam tube dryer #12 Venturi Ducon 48 19 NA NA 0,00 0021 0,027 0,012
Rotary steam tube dryer #13 Venturi Oucon 48 19‘ a 5 " ' 0,074 00323
Rotary steam heated predryer #1] Venturi-Rod | Riley 4] 16‘ 1.8 ]]a " " ‘WA ‘NA
Rotary steam tube dryer #14 Venturi Polycon| 33 13 0.9 7

;design value

pressure drop recorded during different source test



4.3.1.1 Cyclone/Electrostatic Precipitator on a Coal-fired Calciner.

Results of EPA source tests on a cyclone/electrostatic precipitator
controlling emissions from a coal-fired calciner are presented in Table 4-3
and Figures 4-6 and 4-7. Ap_gygragg_pygggllﬁgggfzp] efficiency of 99.96 percent
was achieved for the cyclone/ESP combination, with>;ésu1ting particulate |
emissions of 0.101 kg/Mg (0.202 1b/ton) dry feed. The average outlet parti-
culate concentration was 0.0517 g/dry Nm?3 (0.0226 gr‘/dscf).]5 These emissions
include emissions from the dissolver, which was vented to the calciner control
device. The three test runs show a rather wide variation in emissions.
However, since compliance is to be based on the average of three test runs,
test data such as these would be acceptable to demonstrate compliance with
the standard.

During the souree tests, the calciner was operated at greater than
90 percent capacity. During tests 2 and 3 one section of the ESP was not
in service. All sections were operating during the first test, but the
first section was experiencing very low current and voltage.

4.3.1.2 Cyclone/Electrostatic Precipitator on a Gas-fired Bleacher
Results of EPA source tests on gas-fired bleachers controlled by cyclones
and electrostatic precipitator are summarized in Table 4-4 and Figure 4-8.
An average overall control efficiency of 99.99 percent was achieved for
the cyclone/ESP combination, with resulting particulate emissions of
0.021 kg/Mg (0.041 1b/ton) dry feed. The average outlet particulate
concentration was 0.0149 g/Nm3 (dry) (0.0065 gur-/dscf').]6

The emission control scheme for the bleachers consisted of one ESP
simultaneously treating emissions from three bleachers. Each bleacher
was serviced by a separate cyclone. Only two of the three bleachers
were operating during the tests. The two bleachers which were operational
during testing were operated at greater than 67 percent but less than 90 per-
cent of design capacity. However, calculations indicate that emissions at
full capacity would average U.026 kg/Mg (0.051 1b/ton) or less.!/

The dry, standard gas flow rate to the emission control equipment on
the bleacher was actually about 30 to 40 percent higher than the design gas
flow rate. This was due to the admission of ambient air between the bleachers
and the emission control equipment. (This ambient air was admitted for process
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TABLE 4-3. CYCLONE/ELECTROSTATIC PRECIPITATOR PERFORQANCE DEMONSTRATED
IN EPA TESTS OF A COAL-FIRED CALCINER

Test Number [ 1 2 3 Average
Controlled Particulate Emission Rate
kg/Mg dry feed 0.154 0.121 0.0284 0.101
1b/ton dry feed 0.307 0.241 0.0568 Q.202
Contro}]ed Particulate Concentration
g/Nm? (dry) 0.0779| 0.0615 | p.0157 0.0517
gr/dscf 0.0340| 0.0269 | 0.00684, 0.0226
Overall Control Efficiency % 99.93| _.b 99.99|  99.96

dpeference 15

bInlet particulate loading was not determined.
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Figure 4-6. Controlled particulate emission rates from coal-
fired calciners with cyclone/electrostatic
precipitator.
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TABLE 4-4. CYCLONE/ELECTROSTATIC PRECIPITATOR PERFORMANCE
DEMONSTRATED IN EPA TESTS OF GAS-FIRED BLEACHERS®

Test Number 1 2 3 Average
Controlled Particulate Emission Rate
kg/Mg dry feed 0.031 0.019 0.012 0.021
1b/ton dry feed 0.061 0.038 0.024 0.041
Controlied Particulate Concentration
g/Nm” (dry) 0.0234 0.0124 0.0089 0.0149
gr/dscf 0.0102 0.0054 0.0039 0.0065
Overall Control Efficiency % b 99.99 99.99 99.99

a. Reference 16

b. Inlet particulate loading was not determined.
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Figure 4-8 Controlled particulate emission rates from
gas-fired bleachers with cyclone/electrostatic precipitator
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control reasons.) The actual gas flow rate was about two to four percent
less than the design rate.

4.3.1.3 Venturi Scrubber on a Rotary Steam Tube Dryer. Results of
EPA source tests on a venturi scrubber controlling emissions from a
rotary steam tube dryer are presented in Table 4-5 and in Figures 4-9
and 4-10. The average control efficiency was 99.88 percent, with
resulting controlled emissions of 0.0356 kg/Mg (0.0711 1b/ton) dry
product. The average outlet particulate concentration was 0.0867 g/de3
(0.0379 glr'/dscf).]5 During these tests, the dryer was operated at greater
than 90 percent capacity.

4.3.1.4 Cyclone/Venturi Scrubber on a Fluid Bed Steam Tube Dryer.
Results of EPA source tests on a cyclone/venturi scrubber controlling
emissions from a fluid bed steam tube dryer are presented in Table 4-6
and Figures 4-9 and 4-10. The average overall control efficiency achieved
was 99.92 percent, resulting in average outlet emissions of 0.0379 kg/Mg
(0.0793 1b/ton) dry product and an average outlet particulate concentration
of 0.0556 g/dNm> (0.0243 gr/dscf). 18

As shown in Table 4-6, the outlet emissions for the first test are
over twice as high as those for the other two tests. The inlet parti-
culate rate for this test was also over twice that for the other two
tests. The overall control efficiency, however, remained relatively
constant throughout these fluctuations in the inlet particulate rate.
The reason for this fluctuation {s unknown, but may have been due to a
higher dryer draft pressure that was observed early in the first test.

During these source tests, the dryer was operated at greater than
85 but less than 90 percent of normal operating capacity. Average
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TABLE 4-5,

VENTURI SCRUBBER PERFORMANCE DEMONSTRATED IN
EPA TESTS OF A ROTARY STEAM TUBE DRYER2

Test Number 1 2 3 Average
Controlled Particulate Emission Rate |
kg/Mg dry product 0.0326 | 0.0480 | 0.0262 | 0.0356
1b/ton dry product 0.0651 1 0.0960 | 0.0523 { 0.0711
Controlled Particulate Concentration
g/Nm3 (dry) 0.0840 | 0.0973 | 0.0788 | 0.0867
gr/dscf 0.0367 | 0.0425 | 0.0344 | 0.0379
Overall Control Efficiency, % 99,87 99,86 99,90 99,88
Scrubber Pressure Dropb
cm of water 62.2 63.2 64.8 63.4
in. of water 24.5 24.9 25.5 25.0

aReference 15.
bAcross throat.
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TABLE 4.6.

CYCLONE/VENTURI SCRUBBER PERFORMANCE DEMONSTRATED
IN EPA TESTS OF A FLUID BED STEAM TUBE DRYER?

Test Number

1 2 3 Average

Controlled Particulate Emission Rate

kg/Mg dry product 0.081 0.0271 0.0108 0.0397

1b/ton dry product 0.162 0.0542 0.0217 0.0793
Part1c§1ate Concentration

g/Nm? (dry) 0.113 0.0390 0.0150 0.0556

gr/dscf 0.04941 0.0170 0.006551 0.024%
Overall Control Efficiency, % 99.88 99.91 99.96 99.92
Scrubber Pressure Drop

cm water 98.6 95.8 93.5 96.0

inches water 38.6 3787 36.8 37.8

aReference18
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scrubber pressure drop during the tests was about 96 cm (38 inches) of
water.
4.3.1.5 Cyclone/Venturi Scrubber on a Rotary Steam Heated Predryer.

Results of EPA source tests on rotary steam heated predryers controlled
by cyclones and a venturi scrubber are summarized in Table 4-7 and
Figues 4-9 and 4-10. The average overall control efficiency was 98.3
percent with resulting controlled emissions of 0.026 kg/Mg (0.052
1b/ton) dry product. The average outlet particulate concentration was
0.0123 g/Nm° (dry) (0.0054 gr/dscf).'®

The emissions control system for the predryers consisted of a
cyclone for each predryer, and one venturi rod scrubber for every two
predryers. During the tests, the two predryers were operated at greater
than 60 percent but less than 85 percent of their design capacity. However,
calculations indicate that emissions at full capacity would average
0.04 kg/Mg (.08 1b/ton) or 1ess.]7 The cyclone/venturi scrubber system was
operated at a pressure drop of 46 cm (18") of water (about 43 cm (17") of
water for the venturi alone). Some ambient air was admitted at the inlet
to the venturi rod scrubber for process control reasons.

4.3.1.6 Cyclone/Venturi Scrubber on a Gas-fired Calciner. Results
of EPA source tests on a cyclone/venturi scrubber controlling emissions
from a gas-fired calciner are presented in Table 4-8. The emission
reduction achieved is less than that achieved by a cyclone/ESP on a
coal-fired calciner. At a pressure drop of 84.8 cm (33 in.) of H,0 the
cyclone/ venturi scrubber control system achieved an emission rate of
0.182 kg/Mg versus a 0.101 kg/Mg emission rate achieved by the cyclone/
ESP system. In these tests, an average overall removal efficiency of
99.89 percent was achieved with an average scrubber pressure drop of
85 cm (33.4 in.) of water.
4.3.2 Industry Data Supporting Performance

Results of selected source tests conducted by the sodium carbonate
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TABLE 4-7.

CYCLONE/VENTURI SCURBBER PERFORMANCE DEMONSTRATED IN EPA
TESTS OF ROTARY STEAM HEATED PREDRYERS

Test Number 1 2 3 Average
Controlled Particulate Emission Rate

kg/Mg dry product 0.025 0.023 0.031 0.026

1b/ton dry product 0.049 0.046 0.061 0.052
Particu}ate Concentration

g/Nm”(dry) 0.0094| 0.0094 | 0.0181 | 0.0123

gr/dscf 0.0041 0.0041 0.0079 0.0054
Overall Control Efficiency, % 98.3 98.4 98.2 98.3
Cyclone Pressure Drop _

cm water 2.0 2.0 2.0 2.0

inches water ~0.8( ~0.80 ~0.80 ~0.80
Venturi-Rod Scrubber Pressure Drop

cm water 43 43 43 43

inches water n17 17 17 17

a Reference 16
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TABLE 4.8.

IN EPA TESTS OF A GAS-FIRED CALCINER®

CYCLONE/VENTURI SCRUBBER PERFORMANCE DEMONSTRATED

Test Number ] 2 3 Average
Controlled Particulate Emission Rate

kg/Mg Feed 0.149 0.216 0.182 0.182

1b/ton Feed 0.299 0.432 0.363 0.365
Controlled Particulate Concentration

g/Nm3 (dry) 0.214 | 0.279 | 0.268 0.254

gr/dscf 0.0935| 0.122 0.117 0.1
Overall Control Efficiency, % 99.87| 99.89 99.90 99.37
Scrubber Pressure Dro

cm of water P 85.6 85.1 63.8 84.8

33.7 33.5 33.0 33.4

in. of water

dpeference 17
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industry are presented in this section. These tests were conducted to
demonstrate compliance with state emission regulations. Few details
were available on process operation or control equipment operating para-
meters during the tests. However, four tests conducted on coal-fired
calciners using EPA Method 5 were judged by EPA's Emission Measurements
Branch to be acceptable. Results of these tests are shown as points A-2
through A-5 on Figures 4-6 and 4-7 and are presented in Section 4.3.2.1.
4.3.2.1 Cyclone/Electrostatic Precipitator on a Coal-fired Calciner.
Emission levels reported by industry for a cyclone/electrostatic precipi-
tator controlling emissions from a coal-fired calciner are presented in
Table 4-9. These reported emission levels are lower than those demonstrated
in the EPA source tests (approximately 0.03 kg/Mg versus approximately
0.10 kg/Mg for the EPA tests). During tests I and II the calciners were
operating at a capacity comparable to that during the EPA tests, and during
tests III and IV they were operating at a lower capacity. During test I and
III one field of the ESP was out of service. During test II all fields
were in service, but the first two fields were operating with low currents.
During test IV all fields were operating normally.
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TABLE 4-9.

EMISSION LEVELS REPORTED BY INDUSTRY FOR CYCLONE/
ELECTROSTATIC PRECIPITATORS ON COAL-FIRED CALCINERS

a

Run Number 1 2 3 Average
1. Controlled Particulate Emission Rate |- '
kg/Mg Feed 0.0426 0.0200 0.0303 |0.0310::
1b/ton feed 0.0852 0.0400 0.0606 {0.0619
Controlged Particulate Concentration
g/Nm” (dry) 0.0261 0.0117 0.0186 {0.0188
gr/dscf 0.0114 0.00511 0.00812] 0.00821
11. Controlled Particulate Emission Rate
kg/Mg Feed 0.127 0.0575 0.0319 [0.072
1b/ton Feed 0.253 0.115 0.0638 |0.144
Controlled Particulate Concentration
ong?Nnifdry) 0.0705 0.0323 0.0181 | 0.0403
gr/dscf 0.0308 0.0141 0.00791] 0.0176
I11.Controlled Particulate Emission Rate
kg/Mg feed 0.070 0.0134 0.0091 |0.0308
1b/ton feed 0.140 0.0268 0.0182 |0.0617
Control]gd Particulate Concentration
g/Nm” (dry) 0.0334 0.0069 0.0043 |0.0149
gr/dscf 0.0146 0.0030 0.0019 |0.0065
IV. Controlled Particulate Emission Rate
kg/Mg feed 0.0134 0.0220 0.0061 {0.0138
1b/ton feed 0.0268 0.0441 0.0123 |0.0277
Contro]]sd Particulate Concentration
g/Nm? (dry) 0.0062 0.0092 0.0027 ]0.0059
gr/dscf 0.0027 0.0040 0.0012 [0.0026

aReference 19, 20. EPA Method 5 was used in all tests.
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5. MODIFICATION AND RECONSTRUCTION

Section 111 of the Clean Air Act, as amended in 1970, 1974, and 1977,
requires the promulgation of standards of performance for new sources within
a stationary source category which "...may contribute significantly to air
pollution..." Affected facilities are those facilities for which applicable
standards of performance have been promulgated and whose construction or
modification began after proposal of the applicable standards.

When modified or reconstructed, "existing facilities" may become subject
to standards of performance. As defined in 40 CFR 60.2, an "existing
facility" is a facility for which a standard of performance has been promulgated
and whose construction or modification began before proposal of that standard.
On December 16, 1975, the Environmental Protection Agency promulgated amendments
to the general provisions to clarify modification, and an added provision to
define reconstruction. Section 5.1 summarizes those provisions of 40 CFR 60
defining the cofiditions under which existing facilities could become subject
to standards of performance. Section 5.2 discusses the applicability of these
provisions to facilities in sodium carbonate plants.

5.1 SUMMARY OF 40 CFR 60 PROVISIONS FOR MODIFICATIONS AND RECONSTRUCTIONS

5.1.1 Modification
Section 40 CFR 60.14 defines modification as follows:

"Except as provided under paragraphs (d), (e) and (f)
of this section, any physical or operational changes
to an existing facility which result in an increase
in emission rate to the atmosphere of any pollutant

5-1



to which a standard applies shall be a modification.
Upon modification, an existing facility shall become

an affected facility for each pollutant to which a
standard applies and for which there is an increase in
the emission rate.”

Paragraph (e) specifies certain physical or operational changes that
are not considered as modifications irrespective of any changes in the
emission rate. These changes include:
1) routine maintenance, repair, and replacement,
2) an increase in production rate accomplished without a
capital expenditure (as defined in Section 60.2(bb)),

3) an increase in hours of operation,

4) use of alternate fuels or raw materials if the existing
facility were designed to accommodate the alternate fuel
or raw material prior to the standard (Conversion to
coal required for energy considerations, as specified in
Section 113(d) (5) of the amended Clean Air Act is also
exempted. ),

5) the addition or use of any system or device whose

primary function is the reduction of air pollutants,

except when an emission control system is removed or

replaced by a system considered to be less efficient,
and

6) relocation or change in ownership.

Paragraph (f) provides for superceding any conflicting provisions.

Paragraph (b) of CFR 60.14 clarifies what constitutes an increase in
emissions and the methods for determining the increase. These methods
jnclude the use of emission factors, material balances, continuous monitoring
systems, and manual emission tests. Paragraph (c) of CFR 60.14 affirms that
the addition of an affected facility to a stationary source does not make
any other facility within the source subject to standards of performance.
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5.1.2 Reconstruction
Section 40 CFR 60.15 defines reconstruction as follows:
"An existing facility, upon reconstruction, becomes an
affected facility, irrespective of any change in emission

rate. 'Reconstruction’' means the replacement of components
of an existing facility to such an extent that: (1) the
fixed capital cost of the new components exceeds 50 percent
of the fixed capital cost that would be required to
construct a comparable entirely new facility, and (2)

it is technologically and economically feasible to meet the
applicable standards set forth in this part."

The purpose of this provision is to ensure that an existing facility
is not perpetuated by replacing all but minor components such as support
structures, frames, and housing rather than totally replacing the facility
in order to avoid becoming subject to applicable standards of performance.

5.2 APPLICABILITY TO FACILITIES IN SODIUM CARBONATE PLANTS

According to the definitions presented in Section 5.1, very few modi-
fications or reconstructions are likely to occur in the sodium carbonate
indusfry.

Possible changes that could be termed modification would be the
installation of larger fans on a dryer to allow an increase in production
rate, or modifying the combustion chamber of a calciner to allow an increased
fuel consumption rate and thus an increased production rate. Since increased
particulate emissions would result from the increased production rate, these
changes may be termed modifications. If these changes occur on a dryer
or calciner controlled by a venturi scrubber, however, the scrubber pressure

drop could be increased to provide additional particulate removal so that
the controlled particulate emission rate would not increase. In this case,

the change would not make the dryer or calciner subject to NSPS. However,
comparable simple changes to improve the efficiency of an ESF would not be
possible. These potential modifications are not expected to be common.
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They would occur as part of an expansion by de-bottlenecking, when increased
throughput would be possible in the remainder of the processing train so
that modifying the calciner or dryer to allow increased throughput would
increase the sodium carbonate production rate of the train.

Most other physical or operational changes that would occur to existing
facilities in the sodium carbonate industry would not be defined as modifi-
cations or reconstructions. Physical changes that are likely to be made
include relining of the calciner furnace, changes in the calciner combustion
chamber, and replacement of portions of the drive mechanism of a calciner
or dryer. These changes would be made as part of a routine repair and
maintenance program and would not result in an increased emission rate.
Thus, they would not be considered modifications. Moreover, since the cost
of these changes would not exceed fifty percent of the capital cost of a
new facility, these changes would not be considered reconstruction.

Other potential modifications include changes in fuels or raw materials.

Use of fuel o0il in a gas-fired calciner would not be a modification, since
the existing gas-fired calciners are designed to burn both fuel oil and
natural gas. Conversion of a gas- or oil-fired calciner to burn coal
would potentially be a modification. However, because the calciner could
process less ore when fired with coal than when fired with oil or gas, the.
actual mass rate of emissions from the calciner might not be increased in
converting from gas to coal. In this case, the conversion to coal would
not be a modification. If the mass emission rate is increased, improvements
to the control device would be necessary to comply with state emission
standards. The incremental cost to comply with NSPS for this modified case
would be similar to the incremental cost for new facilities.

As noted in Chapter 3, there are a number of separate emission sources
in sodium carbonate plants. Replacement or modification of one or more
emission sources would not make the other sources in the processing train

subject to NSPS.
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6.0 MODEL PLANTS AND REGULATORY ALTERNATIVES

Model sodium carbonate plants and regulatory alternatives are
defined in this chapter. These model plants and regulatory alternatives
will be used in subsequent sections as the basis for analysis of the
environmental and economic impacts associated with controlling particu-
late emissions from sodium carbonate facilities.

Process flow schemes, process parameters, and uncontrolled emission
parameters for the model plants are described in Section 6.1. Regulatory
alternatives are presented in Section 6.2.

6.1 MODEL PLANTS

The model sodium carbonate plants considered in this study are de-
fined in Table 6-1. The rationale for defining the plants as combina-
tions of separate trains is discussed in Section 6.1.1. Process config-
urations represented in the model plants are discussed in Section 6.1.2.
Process and emission parameters for the model plants are presented in
Section 6.1.3.
6.1.1 Rationale for Modular Approach

As discussed in Sections 3.1 and 8.1, sodium carbonate plants typ-
ically consist of combinations of separate trains. Major plant expan-
sions involve the addition of new trains placed in parallel with existing
trains. Thus, the model sodium carbonate plants considered in this study
consist of essentially distinct trains, with a limited amount of shared
equipment. The small plant consists of only one train and the medium
size plant consists of two trains. The small plant case is representa-
tive of an expansion of an existing sodium carbonate plant. The medium
size plant (2 trains) is representative of either a new plant or a larger
expansion of an existing sodium carbonate plant.
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TABLE 6-1. MODEL SODIUM CARBONATE PLANTS
. Number Capacity,
Number | Plant size | of trains | 106 Mg/yr (TPY) | Configuration Process |Facilities in each train
1 Small 1 0.454 (0.5) ] Monohydrate |Coal-fired calciner, rotary
steam;‘tube dryer
2 Medium 2 0.907 (1.0) 1 Monohydrate|Coal-fired calciner, rotary
steam tube dryer
3 Sma 1 ] 0.454 (0.5) 2 Monohydrate|Coal-fired calciner, fluid
bed steam tube dryer
4 Medium 2 0.907 (1.0) 2 Monohydrate|Coal-fired calciner, fiyid
bed steam tube dryer
5 Small 1 0.454 (0.5) 3 Direct Rotary steam'heated predryer,
carbonation| gas-fired bleacher, rotary
steam tube dryer
6 Medium 2 0.907 (1.0) 3 Direct Rotary steam heated predryer,
carbonation| gas-fired bleacher, rotary

steam tube dryer




Each train has a capacity of 454,000 Mg/year (500,000 tons per year
(TPY)). The newest sodium carbonate plant in operation using the mono-
hydrate process and a monohydrate plant planned for construction both
have two trains of this capacity. The production capacity of a train is
1imited by the size of equipment which can be shipped by rail. Coal-
fired calciners for the monohydrate process and bleachers for the direct
carbonation process for a train with capacities of 454,000 Mg/year
approach this limiting size.

With the exception of two small direct carbonation plants built
before 1970, all new natural process plants have had capacities of
454,000 Mg/yr or greater. As is noted in Section 8.1, most plant expan-
sions have also been approximately this size or larger. The smaller
expansions have been achieved by de-bottlenecking equipment in existing
trains or by adding parts of a new train at different times. The new
facilities added have generally had capacities corresponding to those in
a 454,000 Mg/yr train. Thus, a 454,000 Mg/yr train was selected to
represent expansions.

Sodium carbonate plants larger than 907,000 Mg/yr (one million TPY)
are in operation, but (except for the 1.2 million Mg/yr direct carb-
onation plant) all capacity was not added at the same time. Therefore,
no model plants were selected to represent a large sodium carbonate
plant. .

6.1.2 Process Configurations

Three different configurations are considered for the model plants.
These configurations are shown in Figures 6-1 through 6-3. Configura-
tions 1 and 2 use the monohydrate process, and configuration 3 uses the
direct carbonation process.

These configurations have the following facilities, with individual
train capacities as shown:

Configuration 1: 1 rotary coal-fired calciner, 118 Mg/hr (130 TPH)
(monohydrate) 1 rotary steam tube dryer, 64 Mg/hr (70 TPH)
dry product

rotary coal-fired calciner, 118 Mg/hr (130 TPH)
fluid bed steam tube dryer, 64 Mg/hr (70 TPH)
dry product

el

Configuration 2:
(monohydrate)

——)
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118 Mg/hr
(130 TPH)
CRUSHED

TRONA ORE

64 Mg/ E.

(70 TPH)

CONTROL CONTROL
DEVICE DEVICE
DISSOLUTION
COAL IMPURITY FILTRATION ROTARY
FIRED » Na,C0., CRYSTALLIZATION STEAM TUBE
CALCINER ~91Mg/hr az:t03 FILTRATION 83Mg/hr DRYER
(100 TPH) (91 TPH)
IMPURE Na,C0,-H,0
Na2c03 +free HZO
Figure 6-1. Model sodium carbonate plant - Configuration 1.

(monohydrate process)

Dry Na2C03
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(130 TPH)
CRUSHED
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CONTROL
DEVICE
' DISSOLUTION
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FIRED ____P Na,CO, CYRSTALLIZATION
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IMPURE Na2C03-H 0
Na2C03 + Free 2
Figure 6-2. Model sodium carbonate plant - Configuration 2.
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Figure 6-3. Model sodium carbonate plant - Configuration 3.
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Configuration 3: 2 rotary steam heated predryers, 59 Mg/hr
(direct (65 TPH) each (dry feed)
carbonation) 1 rotary gas-fired bleacher, 82 Mg/hr (90 TPH)
1 rotary steam tube dryer, 64 Mg/hr (70 TPH)
dry product

Only the monohydrate and direct carbonation processes are repre-
sented in the model plants because all future plants are expected to use
one of the processes. As discussed in Chapter 3, neither the sesquicarb-
onate process nor the Solvay process is expected to be used in future
plants.

Although most of the calciners now used in sodium carbonate plants
using the monohydrate process are fired with natural gas, only coal-fired
calciners are represented in the model plants. Because of natural gas
shortages and potential restrictions in natural gas use, new monohydrate
process sodium carbonate plants are expected to use coal-fired calciners.
The newest monohydrate plant in operation and a monohydrate plant planned
for construction both use coal-fired calciners. Moreover, coal-fired
calciners represent a more difficult case to control. Coal-fired calci-
ners exhibit additional particulate loading due to fly ash in the coal
and higher gas volumes due to higher excess air rates.

Both rotary and fluid bed steam tube dryers are represented in the
model plants. Both dryer types are now in use in sodium carbonate plants
and are expected to be the primary dryers used in future plants. The two
dryer types have different gas flow rates and particulate loadings, and
each has relative advantages in process operation which were detailed in
Chapter 3. Natural gas-fired dryers are also currently in use in sodium
carbonate plants, but their future use will be severely limited due to
the unavailability and restricted use of natural gas. Thus, natural gas-
fired dryers were excluded from the model plants.

6.1.3 Process and Emission Parameters

Raw material feed rates and compositions, product compositions,
energy requirements and emission composition for each facility in the
model sodium carbonate plants defined in Table 6-1 are presented in Table
6-2. Uncontrolled emission parameters for each facility in the model
plants are presented in Table 6-3. These model plant parameters are
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TABLE 6-2.

PROCESS PARAMETERS FOR MODEL SODIUM CARBONATE PLANTS

Feed
rate Fuel rate
. Mg/h . J/h
Facility | (TPH) Feed composition Product (Btu/h) Emission composition
Coal-fired | 118 | 133% NayCOaNaHCO3- 2H,0 Impure NaglO3 | 1.9 x 10'-2.0x108) | Particulates of impure
calciner (130) (sodium sesquicarbonate) (1.8 X108 -1.9X10%) NayC05 and clays.
n15% insoluble impurities as coal Fly ash, SO,, organics
2% water
Rotary steam| 83 "~ 90% NapC03-H20 Na2C03 '\'4.5X10]0 7 Particulates of Na2C03
tube dryer! (91) (sodium carbonate mono- ~a.3 X 107)
hydrate) as steam
v10% free water
Fluid bed 83 | ~90% NapCOy-H0 Na,C0, ~5,1%1010 Particulates of Na,COj
steam (91) (sodium carbonate mono- (~4.9 X 10")
tube hydrate) as steam
dryer “v10% free water
Steam heated | 59 ea.l| 84-943 impure NaHCO, 85-95% impure NaHCO,/ 8.9 X 1096 3.4 X 10,”’ Particulates of impure
predryerd2 | (65 ea.)| 6-16% water 5-15% water (8.5 X 10°- 3.3 X10") NaHC03.
Gas-fired 82 | Impure Na,CO Bleached Na,C0,  |3.3 X 10'9- 4.1 X 10;%|  Particulates of impure
bleacher (90) | Sodium nitrate (2.7 x 10°- 3.6 x 10") | Na2C03 and sodium nitrate

(bleaching agent)

as natural gas

There are two predryers per train.

bDry basis.
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TABLE 6-3. EMISSION PARAMETERS FOR UNCONTROLLED MODEL
SODIUM CARBONATE PLANTS
(metric units)
Particulate Particulate Gas flow rate Gas flow rate Gas moisture
Plant emission rate concentratﬁon (astual) (standard conditions) | Gas temperature | Gas pressure content
Facility | number® | Configuration {kg/h) (g/dNm3) (m®/min) (Nm3/min)C ~(°¢) (Pa) (percent)
Coal fired | 1(2) 1 23,000 19 8,700 4,010 230 8.0gx10* 20
calciner
Rotary 1(2) 1 1,940 52 1,600 1,040 88 8.06x10% ac
steam
tube
dryer 4
Coal fired | 3(4) 2 23,000 19 8,700 4,010 230 8.06x10 20
calciner
Fluid bed | 3(4) 2 4.54 59 3,120 1,840 120 8.06x10° 30
steam
tube
dryer
Predryer 5(6) 3 175 0.82 4,420 3,790 a6 9.44x10° 6
Bleacher 5(6) 3 2.57 70 1,170 668 204 9.44x10° g
Rotary 5(6) 3 1,940 52 1,370 1,040 88 9.44x10% 40
steam
tube
dryer

®plant numbers in parentheses are for medium size plants,
presented,

“The reported value 1s actually a controlled flow rate.

Thus, to give total emission rates and gas flow rates
bStandard conditions are 20°C and 1.01300° ra.

dThe reported values are for both predryers in the train.

Information was not available to calculate an uncontrolled flow rate,

These plants have 2 trains, each of which has the cmission sources and parameters
for the medium size plants, nultiply the table values by 2.
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TABLE 6-3.

EMISSION PARAMETERS FOR UNCONTROLLED MODEL
SODIUM CARBONATE PLANTS
(English units)

Particulate Particulate Gas flow rate Gas flow rate Gas moisture
; Plant a emission rate | concentration (actual) (standard condﬁ}ions) Gas tqn?erature Gas pressure content
acility | number” | Configuration (1bs/hr) (gr/dscf) (ft3/min) (scf/min) (°F) (psia) (percent)
Cozl fired | 1(2) 1 50,600 52 307,000 142,000 450 n.7 0
calciner
Rotary 1(2) 1 4,280 23 56,600 36,600 190 n.7 40
steam
tube
dryer
Coal fired ) 2 50,600 52 307,000 142,000 450 1.7 20
calciner
Fluid bed 3(4) 2 10,000 26 110,200 64,900 248 N.7 30
steam
tube
dryer p
Predryer 5(6) 3 385 0.36 156,000 134,000 ns 13.7 6
Bleacher 5(6) 3 5,660 30 41,210 23,600 400 13.7 8
Rotary 5(6) 3 4,280 23 48,300 36,600 190 13.7 40
steam
tube
dryer

%p1ant numbers in parentheses are for medium size plants. These plants have 2 trains,each of which has the emission sources and parameters

presented. Thus, to give total emission rates and gas flow rates for the medium size plants , multiply the table values by 2.

Bstandard conditions are 68%F and 14.7 psia.

“The reported value is actually a controlled flow rate.

dThe reported values are for both predryers in the train.

Information was not available to calculate an uncontrolled flow rate.



based upon the data presented in Chapter 3 and Appendix C, scaled to the
appropriate size.

Each facility in the model sodium carbonate plants is operated
approximately 7.446 hours per year (operating factor of 85%) and is
generally operated at or near full capacity. Each train requires a land
area of about 971,000 m’ (240 acres).

6.2 REGULATORY ALTERNATIVES
6.2.1 Approach
Regulatory alternatives considered for application to the model
sodium carbonate plants are summarized in Table 6-4. For each facility,
two basic options were considered:
- controlling emissions to the baseline level, which would be
required under existing state regulations, and
- controlling emissions to a more stringent level based
on the best level of emission reduction demonstrated in
the sodium carbonate industry.
These two options for each facility were combined into two regulatory
alternatives for each model sodium carbonate plant:
- Alternative 1 - baseline control for all facilities
- Alternative 2 - more stringent control for all facilities.
Other possible alternatives would be controlling some facilities to
the more stringent level and others to the baseline level. These alter-
natives were not considered.

Another possible alternative would be a combined standard for all the
facilities in a plant. This alternative was not investigated because
it would create enforcement problems in the case of plant modifications or
expansions involving only some of the facilities.

For all facilities, particulate control equipment would be required
to meet the baseline level. The more stringent control levels would be
met by applying a more efficient control device, such as a higher pres-
sure drop scrubber or an ESP with greater plate area.

Cy
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6.2.2 Control Systems
As discussed in Chapter 4, several different emission control

systems can be used to control emissions from each facility to meet the
regulatory alternatives presented in Section 6.2.1. The control systems
selected for analysis of environmental and economic impacts are discussed
in this section. For most facilities, the control systems used for high
efficiency applications could be the same type as those used to meet the
baseline level, but designed and operated for a higher control effic-
iency.

6.2.2.1 Calciners. Cyclones followed in series by electrostatic
precipitators are the most common and most efficient control devices cur-
rently used for controlling particulate emissions from calciners in
sodium carbonate plants. This technique can be used to meet either the
baseline level or a more stringent level corresponding to the other
regulatory options. An ESP used to meet the more stringent emission
level would have a larger plate area than an ESP used to meet the base-
line level.

6.2.2.2 Dryers and Predryers. Venturi scrubbers are the only
control devices currently used to control emissions from steam tube
dryers and steam heated predryers in the sodium carbonate industry.
Cyclones are used before the scrubbers for fluid bed steam tube dryers
and steam heated predryers, but are not used with rotary steam tube
dryers. A venturi scrubber or cyclone/venturi scrubber could be used to
meet the baseline emission level or a more stringent emission level. The
scrubber would be operated at a higher pressure drop to meet the more
stringent emission level.

6.2.2.3 Bleacher. As with calciners, cyclones followed in series
by electrostatic precipitators are most commonly used for control of
emissions from bleachers. This cyclone/ESP combination could be used to
meet the baseline emission level or a more stringent emission level. A
larger plate area would be required for the ESP to meet a more stringent

emission level.
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TABLE 6-4.

REGULATORY ALTERNATIVES FOR MODEL SODIUM CARBONATE PLANTS

Plan
Number Configuration sizeg Alternative Ca]cinerb Dryer Predryer | Bleacher

Ta 1 small 1 baseline | baseline
1b 1 small 2 high eff. ] high eff.

ESP Vs
2a 1 med., 1 baseline | baseline
2b 1 med. 2 high eff.| high eff.

gSP VS
3a 2 small 1 baseline | baseline
3b 2 small 2 high eff.| high eff.

ESP VS
4a 2 med. 1 baseline | baseline
4b 2 med. 2 high eff.] high eff.

ESP Vs
5a 3 small 1 baseline | baseline baseline
5b 3 small 2 high eff.| high eff. | high eff.

A VS ESP
6a 3 med. 1 baseline | baseline baseline
6b 3 med. ‘2 high eff.| high eff.| high eff.
Vs Vs ESP

ASmall plant has one train; medium plant has two trains.

ESP - electrostatic precipitator

VS = venturi scrubber
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7. ENVIRONMENTAL IMPACTS

This chapter discusses the environmental impacts associated with the
promulgation of New Source Performance Standards (NSPS) for particulate
emissions from emission sources in the sodium carbonate industry. The
emission sources to be considered are calciners, dryers, predryers, and
bleachers. The air quality, water pollution, solid waste, and energy
impacts associated with the application of the alternative regulatory
options are identified and discussed in Sections 7.1 to 7.4 respectively.
Additional impacts and commitment of natural resources are evaluated in
Sections 7.5 and 7.6 respectively. These impacts on the environment are
also projected over a five year period after proposal of the NSPS to
determine the long range national impact. A1l impacts are based on the
model plant parameters presented in Chapter 6.

7-1 AIR POLLUTION IMPACT
7.1.1 Characteristics of Emissions from Affected Facilities

The largest emission source in the sodium carbonate industry is the
coal fired calciner. Emissions consist of particulates, combustion gases
(S0,, NOX), and organics (due to oil shale in trona ore). The particu-
lates, consisting mainly of Na2C03, clays, and fly ash, are emitted in
much greater quantities than any other pollutant. The other emission
sources emit primarily Na2C03 particulates.

7.1.2 Summary of Regluatory Alternatives

As discussed in Chapter 6, two regulatory alternatives were con-
sidered for the emission sources: a baseline regulatory option, and a
second more stringent control option for all emission sources.
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The baseline emissions of particulates are as follows:

- calciner - 0.08 to 0.15 kg/Mg feed

- dryer - 0.074 to 0.25 kg/Mg product (monohydrate); 0.08 kg/Mg

(direct carbonation)

- predryer - 0.14 kg/Mg feed

- bleacher - 0.060 kg/Mg feed.

These baseline emission levels represent the exepcted controlled emission
levels prevailing in the absence of federally promulgated New Source
Performance Standards. The rationale for selection of these baseline
levels is presented in Section 3.3.

The expected ambient air quality impacts of the proposed alternatives
are compared in Section 7.1.3. Annual emissions under each regulatory
option, projected on a five year basis, will be discussed in Section 7.1.4.
7.1.3 Primary Air Quality Impacts

A dispersion analysis was performed on each alternative to determine
the impacts of emissions from the model sodium carbonate plants on
ambient air quality. This was done using the model plants described in
Chapter 6. The higher value for baseline emissions (based on the process
weight regulation) was used in the dispersion analysis.

7.1.3.1 Emission Source Characteristics. Stack parameters for each
facility for the different control alternatives are presented in Table 7-1.

These parameters are based on information from source tests, trip reports,
1,2,3,4,5

and emission inventories.
The stack confiqgurations of each of the plants are shown in

Figure 7-1. For each plant the process train was aligned with the prevailing
wind direction to yield maximum ambient concentration.
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TABLE 7-1. STACK PARAMETERS FOR MODEL SODIUM CARBONATE PLANTS
(metric units)
Particulate
a emission Gas flow rate ! Gas flow rate Gas Gas Gas Hp0 | Stack | Stack Gas
Emission Case | Type of rate concentration za tual (s anqarg) temperature | pressure | content | height | diameter | velocity
source number | control | (kg/hr) (g/dNm3)c m?/min (Nm3/min) {oc) (Pa) (vol.3) (m) {(m) (m/sec)

Coal-fired 1a{2a) | c/ESP 17.3 0.090 8690 4090 232 8.06)(104 20 40 2.44 31
calciner 4

Rotary steam 1a(2a) Vs 15.9 0.43 1550 1050 N 8.06X10 4 34 1.37 17.4
tube dryer

Coal-fired 1b(2b) | c/ESP 1.8 0.061 8690 4020 232 8.06x104 20 40 2.44 31.1
calciner

Rotary steam 1b{2b) Vs 2.54 0.068 1550 1050 n 8.06x104 4 34 1.37 17.4
tube dryer ]

Coal-fired 3a(d4a) | c/ESP 17.3 0.090 8690 4020 232 8.06X10 20 40 2.44 3.0
calciner 4

Fluid bed 3a(4a) c/VS 15.9 0.21 2790 1900 66 8.06X10 32 34 1.83 17.7
steam tube
dryer a

Coal-fired 3b(4b) | c/ESP 11.8 0.061 8690 4020 232 8.06X10 20 40 2.44 Na
calciner 4

Fluid bed 3b(4b) c/VS 2.54 0.033 2790 1900 66 8.06xX10 32 34 1.83 17.7
steam tube
dryer




TABLE 7-1 (continued).

(metric units)

STACK PARAMETERS FOR MODEL SODIUM CARBONATE PLANTS

Particulate
emission Particulate |Gas flow rate |Gas flow rate Gas Gas Gas Hp0 |Stack Stack Gas
Emission |Case 2 Type of rate concentrgtion Eastuq] ﬁst ndard) temperature | pressure jcontent hei?ht diameter |velocity
source |number |control | (kg/hr) (g/dNmdy)C m3/min Nm3/min) (oc) (Pa) (vol.%) | (m (m)  {(m/sec)
Rota;y steam| 5a(6a) VS 16.5 0.078 4530 3910 43 9.44x10 9 34 2.44 16.2
tube
predryer
Gas-fired 5a(6a)® c/ESP 4.90 0.13 1170 668 204 9.44X104 8 34 1.22 16.7
bleacher
Rotary steam|S5a(6a) VS 5.08 0.14 1330 1040 74 9.44x10 40 34 1.37 15.0
tube dr yer
Rotary steam| 5b(6b) Vs 4,72 0.023 4530 3910 43 9.44x10° 9 34 2.44 16.2
tube
predryer
Gas-fired 5b(6b) | c/ESP 1.63 0.044 n7o 668 204 9.44)(]04 8 34 1.22 16.7
bleacher
Rotary steam|5b{6b) VS 2.54 0.068 1330 1040 74 9.44)(\04 40 34 1.37 15.0
tube dryer
“Configurations for each case are shown in Figure 7-1.

Case numbers in parentheses are for the medium size plants.
presented.

bc = cyclone

VS = ventur{ scrubber
ESP = electrostatic precipitator

CStandard conditions are 20°C (68°F) and 1.013 X 105 Pa (1 atm.).
dThe reported values are for both predryers in the train.

These plants have 2 trains, each of which has the emission sources
Thus, to give total emission rates and gas flow rates for the medium size plants, multiply the table values by 2.

and parameters
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TABLE 7-1. STACK PARAMETERS FOR MODEL SODIUM CARBONATE PLANTS
(English units)
Particulate
emission Particulate |Gas flow rate | Gas flow rate Gas Gas Gas H
Emission Case® Type of rate concentratéon (acsua]) (stgndard temperature | pressure cg;tegg ﬁ:?;ﬁt d%gggter ve?:zit
source number |Control | (1b/hr) (gr/dscf) (ft°/min) (ft°/min) (°F) (psia) [(vol.3) | (ft) (ft) (ft/sec
Coal-fired la{2a) | c/ESP 38.2 0.039 307,000 142,000
calciner 450 n.7 20 130 8.0 102
Rotary steam la(2a) VS 35.0 0.19 54,600 37,000 16 .
tube dryer 0 n.7 4] no 4.5 57.2
Coal-fired 1b(2b c/ESP 26.0 0.027 307,000 142,0
calciner (2b) 2,000 450 n.7 20 130 8.0 102
Rotary steam 1b(2b) Vs 5.6 0.030 54,600 37,000 16 .
tube dryer 0 n.7 41 no 4.5 57.2
Coal-fired 3a(4a) | c/ESP 38.2 0.039 307,000 142,000 450 11.7 20 130 8.0 102
calciner
Fluid bed 3a(4a) c/VS 35.0 0.0%0 98,400 67,200 150 Nn.7 32 1o 6.0 58.0
steam tube .
dryer
Coal-fired 3b(4b) | c/ESP 26.0 0.027 307,000 142,000 450 1.7 20 130 8.0 102
calciner
Fluid bed 3b{4b c/VS 5.6 0.014 98,400 67,200 150 g
steam tube ) 1 32 110 6.0 58.0
dryer
Rotary steam 5a(6a) ' 3.3 0.034 160,000 138,000 1o 13.7 9 110 8.0 53.)
tube
predryer
Gas-fired 5a(6a)€| c/esp 10.8 0.058 41,210 23,600 400 13.7 8 110 4.0 54,7
bleacher
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TABLE 7-1 (continued).

STACK PARAMETERS FOR MODEL SODIM CARBONATE PLANTS
(English units)

Particulate
a emission Particulate | Gas flow rate | Gas flow rate Gas Gas Gas Hp0 |Stack | Stack Gas
Emission Case” | Type of rate concentration (astual (standard)C temperature | pressure| content |height |diameter { velocity
source number | control | (1b/hr) (gr/dscf)¢ (ft3/min (ft3/min) (OF) (psia) | (vol.%) | (ft) (ft) (ft/sec)
Rotary steam Sa(6a) Vs 11.2 0.060 46,900 36,900 166 13.7 40 110 4.5 49.1
tube dryer
Rotary steam 5b(6b) VS 10.4 0.010 160,000 138,000 110 13.7 9 110 8.0 53.1
tube
predryer i
Gas-fired S5b(6b) | c/ESP 3.6 0.019 41,210 23,600 400 13.7 8 110 4.0 54.7
bleacher
Rotary steam Sb{6b) Vs 5.6 0.030 46,900 36,900 166 13.7 40 no 4.5 491
tube dryer

aConfigurations for each case are shown in Figure 7-1. Case numbers in parentheses are for the
medium size plants.

parameters presented.
plants, multiply the table values by 2.

bc = cyclone

VS = venturi scrubber

These plants have two trains, each of which has the emission sources and

Thus, to give total emission rates and gas flow rates for the medium size

ESP = electrostatic precipitator

Cstandard conditions are 20°C (68°F) and 1.013 X 10

d

5

The reported valucs are for both predryers in the train.

Pa (1 atm.).



Model Plant

Plant 1: (cases la,lb)
Monohydrate process

Plant 2: (cases 2a,2b)
Monohydrate process

Plant 3: (cases 3a,3b)
Monohydrate process

Plant 4: (cases 4a,4b)
Monohydrate process

Plant 5: (cases 5a,5b)
Direct carbonation process

Plant 6: (cases 6a,6b)
Direct carbonation process

Figure 7-1.
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7.1.3.2 Meteorological Data and Model Assumptions. The dispersion
analysis was performed to determine the maximum 24 hour and annual

average ambient air concentrations of particulates and the distance from
the stack at which these concentrations occur. Concentrations were also
predicted at downwind distances of 100, 1,000, and 10,000 meters.

The analysis used the Industrial Source Complex (ISC) Model. The
short term version of the ISC model (ISCST) was used to calculate the
hourly particulate concentrations due to each source individually and to
the combinations of the sources. These concentrations were averaged each
day to obtain the maximum 24 hour average concentrations, and over the
entire year to determine the annual average. The ISC model has been
shown to be accurate within a factor of 2.

Monohydrate plants (Case 1-4) would most likely be built in a loca-
tion similar to Sweetwater County, Wyoming. The available meteorological
data which are most representative of this area are Rock Springs, Wyoming
(surface data) and Salt Lake City, Utah (upper air data). Direct carb-
onation plants (Case 5, 6) would most likely be located near Trona,
California, where the most representative available meteorological data
are that for Las Vegas, Nevada. Meteorological data from 1964 were used
in all cases.

A11 plants were assumed to be located in rural areas with relatively
flat terrain. Thus, the only terrain effects included in the analysis
were those inherently present in the meteorological data.

A11 meteorological data were examined for invalid wind data on days
when 24 hour maximum concentrations were calculated. A total of 396
receptors were arranged around each plant, in radials separated by 10
degrees, to determine the maximum concentrations and their locations.
Receptors were placed at 100, 225, 360, 500, 750, 1,000, 1,250, 1,500,
2,000, 5,000, and 10,000 meters to ensure the proper calculation of the

maximum concentration.
7.1.3.3 Results and Discussions. Tables 7-2 and 7-3 summarize the

results of the dispersion modeling analysis. A1l of the calculated ambient
concentrations (even for baseline control Tevels) are well below the
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National Ambient Air Quality Standards (primary standards: annual
geometric mean = 75 ug/m3, 24 hour concentration = 260 ug/m3; secondary
standards: annual geometric mean = 60 ug/m3, 24 hour concentration =
150 ug/m3). The values presented represent concentrations in a pristine
atmosphere, and any background concentrations present at the plant sites
should be added to the calculated concentrations.

A comparison of the percent reduction in ambient conentrations
caused by switching from Alternative 1 to Alternative 2 is presented

in Table 7-4.

As indicated in Table 7-2, the greatest contributor to the ambient
concentration for the monohydrate plants in the Alternative 1 and 2 cases
is the dryer exhaust. Compared to the calciner stack concentrations, the
dryer emissions are small. However, due to the lower exit temperatures
and high moisture content of the scrubber exhaust, the dryer stack plume
has a low buoyancy. As a result, the maximum ambient concentrations due
to dryer emissions are higher than those due to calciner emissions. The
maximum concentration due to dryer emissions occurs at a point closer to
the stack than the maximum concentration due to calciner emissions. For
the direct carbonation plants, the predryer is the greatest contributor.

It is anticipated that concentrations near the calculated 24 hour
average maximum concentration will occur no more than 2 to 4% of the time
in Sweetwater County, Wyoming and less than 2% of the time in Trona,
California. This is estimated from the meteorological data used in the
dispersion analysis. The data from Sweetwater County, Wyoming contained
6-14 days with meteorological data that resulted in concentrations within
80% of the maximum calculated concentration. The meteorological data
from Trona, California contained 5 or 6 days with data of this nature.

7.1.4 Projected Growth and Particulate Emissions. Based upon
production projections by the U.S. Bureau of Mines and assuming the
closing of the single remaining Solvay process plant, the following
growth (which would be subject to NSPS) could potentially occur by 1985:

- 1 monohydrate plant using a rotary steam tube dryer, with

a production capacity of 0.454 million Mg/yr
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TABLE 7-2. MAXIMUM 24-HOUR AMBIENT AIR PARTICULATE CONCENTRATIONS DUE TO
EMISSIONS FROM AFFECTED SODIUM CARBONATE FACILITIES
) Distance to 3
Case Control Control | Stack [ Maximum downwind 24 hr maximum Maximum concentrations at other distances {yg/m”)
No, level Facilities equipment] No. Jconcentration (ug/m”) | concentration (m) 100 m 1,000 m 10,000 m
la |Alternative 1 | Coal fired calciner C/ESP 1 0.827 5,000 0.000 0.40 0.539
(baseline) .
1a Rotary steam tube VS 2 8.17 1,000 0.020 8.17 1.51
dryer
1a A1l facilities 1,2 8.25 1,000 0.020 8.25 1.82
combined
1b [Alternative 2 | Coal fired calciner C/ESP 1 0.564 5,000 0.000 0.335 0.367
1b Ro(tjary steam tube Vs 2 1.31 1,000 0.002 a3 0.242
ryer
b A1 facilities 1,2 1.36 1,000 0.002 1.36 0.572
combined
2a Alternative 1 | Coal fired caliner C/ESP 3 0.827 5,000 0.000 0.49% 0.539
(baseline)
22 Rotary steam tube VS 4 8.17 1,000 0.014 8.17 1.5)
dryer
2a Coal fired calciner C/ESP 5 0.824 5,000 0.000 0.488 0.539
2a Rotary steam tube VS 6 8.2% 1,000 0.033 8.25 1.52
dryer
2a ANl facilities 3-6 16.6 1,000 0.047 16.6 3.63
combined
2b [Alternative 2 | Coal fired calciner C/ESP 3 0.564 5.000 0.000 0.335 0.367
2b Rotary steam tube VS 4 1.3 1,000 0.002 1.3 0.242
dryer
2b Coal fired calciner C/ESP 5 0.569 5,000 0.000 0.333 0.368
2b Rotary steam tube 'H 6 1.32 1,000 0.005 1.32 0.242
dryer
2b ANl facilities 38 .13 1,000 0.007 2.1 1.14
combined
3a rltornative 1 |Coal fired calciner C/ESP 7 0.827 5,000 0.000 0.49 0.539
(baseline)
32 Fluid bed steam c/VS 8 5.80 1,000 0.006 5.80 1.210
3 tube dryer
a All facilities
combined 7.8 5.94 1,250 0.006 5.88 1.7
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TABLE 7-2 (continued).

EMISSIONS FROM AFFECTED SODIUM CARBONATE FACILITIES

MAXIMUM 24-HOUR AMBIENT AIR PARTICULATE CONCENTRATIONS DUE TO

Distance to

Case Control Control | Stack | Maximum downwind 3 24 hr maximum Maximum concentrations at other distances (ug/m

No. Tevel Facilities equipment| No. ]concentration (ug/m”) | concentration (m) 100 m 1,000 m 10,000 m

3b 1ternative 2 | Coal fired calciner C/ESP 7 0.564 5,000 0.000 0.335 0.367

3 Fluid bed steam c/Vs 8 0.927 1,000 0.001 0.927 0.193
tube dryer ’

3b All facilities 7,8 1.13 2,000 0.001 0.978 0.554
combined .

4a hlternative 1 | Coal fired calciner C/ESP 9 0.827 5,000 0.000 0.49] 0.539

(baseline) : .

42 Fluid bed steam c/VS 10 5.80 1,000 0.006 5.80 1.2
tube dryer

4a Coal fired calciner C/ESP n 0.835 5,000 0.000 0.488 0.539

4a Fluid bed steam C/VS 12 5.85 1.000 0.011 5.85 1.2
tube dryer

4a A1l facilities 9-12 12.0 1,250 0.015 11.8 3.4
combined

4b Tternative 2 |Coal fired calciner C/ESP 9 0.564 5.000 0.000 0.335 0.367

ab r Fluid bed steam C/VS 10 0.927 1,000 0.001 0.927 0.193
tube dryer ’ :

4b Coal fired calciner C/ESP n 0.569 5,000 0.000 0.333 0.368

4 Fluid bed steam C/VS 12 0.934 1,000 0.002 0.934 0.193
tube dryer

4 A1l facilities 9-12 2.27 2,000 0.002 1.96 1.1
combined

Sa hlternative 1 |[Rotary steam tube VS 13 7.92 550 .394 1.3 1.08

{baseline) predryer

Sa Gas fired bleacher C/ESP 14 1.96 1,000 0.002 1.96 0.292

Sa Rotary steam tube VS 15 2.89 750 0.529 2.78 0.385
dryer

5a AN facilities 13-15 10.4 550 0.529 10.3 1.73
combined

5b Rlternative 2 |Rotary steam tube Vs 13 2.26 550 0.113 2N 0.308
predryer

5b Gas fired bleacher C/ESP 14 0.653 1,000 0.001 0.653 0.097

5b Rotary steam tube 'S 15 1.45 750 0.265 1.39 0.193
dryer

5b ANl ¥acﬂ|ties 13-15 3.43 1,000 0.265 J.43 0.590

combined
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TRBLE 7-2 (continued).

EMISSIONS FROM AFFECTED SODIUM CARBONATE FACILITIES

MAXIMUM 24-HOUR AMBIENT AIR PARTICULATE CONCENTRATIONS DUE TO

Distance to

Case Control Control Stack| Maximum downwind 3 24 hr maximum Maximum concentrations at other distances (uq/m3)
No. level Facilities equipment No. |concentration (ug/m”) concentration (m) 100 m 1,000 m 10,000 m
6a | Alternative 1| Rotary steam tube VS 16 7.92 550 0.3% 7.37 1.08

(baseline) predryer .

6a Gas fired bleacher C/ESP 17 1.96 1,000 0.002 1.96 0.292

6a Ro(t’.ary steam tube Vs 18 2.89 750 0.529 2.78 0.385
ryer

6a Rotary steam tube VS 19 7.67 550 0.533 7.36 1.08
predryer

6a Gas fired bleacher C/ESP 2 1.93 1,000 0.005 1.93 0.296

6a Rotary steam tube Vs 21 2.9 750 0.472 2.79 0.388
dryer

6a A1l facilities 20.8 550 1.18 20,7 3.47

| combined 16-21

6b | Alternative 2| Rotary steam tube VS 16 2.2 550 3 2N 0.308
predryer

6b Gas fired bleacher C/ESP 17 0.653 1,000 0.001 0.653 0.097

6b Rotary steam tube VS 18 1.45 750 0.265 1.39 0.193
dryer

6b Rota'?'y steam tube VS 19 2.19 550 0.152 2.10 0.309
predryer

6b Gas fired bleacher C/ESP 20 0.642 1,000 0.002 0.642 0.099

6b Rotary steam tube VS 21 1.46 750 0.236 1.40 0.194
dryer

6b A1} facilities 16-21 6.83 1,000 0.498 6.83 1.18
combined
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TABLE 7-3. MAXIMUM ANNUAL AMBIENT AIR PARTICULATE CONCENTRATIONS DUE TO EMISSIONS
FROM AFFECTED SODIUM CARBONATE FACILITIES
Distance to

Case Control Control | Stack | Maximum downwind 3, | annual maximum Maximum concentrations at other distances ’(uulma)

No. Tevel Facilities equipment] No. |concentration (ug/m”)} | concentration (m 100 m 1,000 m 10,000 m

la JAlternative 1 | Coal fired calciner C/ESP 1 0.094 5,000 0.000 0.018 0.07

la (baseline) | Rotary steam tube Vs 2 1.05 1.000 0.000 1.06 0.15
dryer

la | A11 facilities 1,2 1.07 1,000 0.000 1.07 0.22
combined

1b |Alternative 2 | Coal fired calciner C/ESP 1 0.065 5,000 0.000 0.014 0.048

ib Rotary steam tube Vs 2 0.174 1,000 0.000 0.174 0.026

dryer .
1b A1l facilities 1,2 0.191 1,250 0.000 "0.186 0.074
combined
2a |Alternative 1 | Coal fired calciner C/ESP 3 0.094 5,000 0.000 0.018 0.07
{baseline) )

23 Rotary steam tube Vs 4 1.05 1,000 0.000 1.05 0.15
dryer

22 Coal fired calciner C/ESP 5 0.094 5,000 0.000 0.018 0.07

23 Rotary steam tube VS 6 1.06 1,000 0.000 1.06 0.153
dryer

22 A1l facilities .3-6 2.15 1,000 0.000 2.15 0.44
combined .

2b |Alternative 2 | Coal fired calciner C/ESP 3 0.065 5,000 0.000 0.014 0.048

2b Rotary steam tube VS 4 0.174 1,000 0.000 0.174 0.026
dryer

2b Coal fired calciner C/ESP 5 0.065 5,000 0.000 0.014 0.048

2b Rotary steam tube VS 6 0.174 1,000 0.000 0.174 0.026

2b AN factilities 3-6 0.382 1,250 0.000 0.372 0.148
combined .

3a M%ema]tive)l Coal fired calciner c/Esp 7 0.094 5,000 0.000 0.018 0.07

baseline

3 Fluid bed steam Cc/VsS 8 0.70 1,250 0.000 0.66 0.14
tube dryer

3a AN facilities 7.8 0.725 1,250 0.000 0.68 0.21
combined




vi-L

TABLE 7-3. (continued). MAXIMUM ANNUAL AMBIENT AIR PARTICULATE CONCENTRATIONS DUE
TO EMISSIONS FROM AFFECTED SODIUM CARBONATE FACILITIES

Distance to . 3
Case Control Control | Stack Maximum downwind 3 annual max imum Maximum concentrations at other distances (ug/m”)

No. level Facilities equipment| No. |concentration (ug/m”) | concentration (m) T00 m 1,000 m 10,000 m

3b |[Alternative 2 | Coal fired calciner C/ESP 7 0.065 5,000 0.000 0.014 0.048

3 Fluid bed steam C/NS 8 0.114 1,250 0.000 0.108 0.024
tube dryer

» A1l facilities 7,8 0.145 2,000 0.000 0.122 0.072
combined

4a }Alternative 1 | Coal fired calciner C/ESP 9 0.094 5,000 0.000 0.018 0.07

(baseline) ' .

4a Fluid bed steam c/vS 10 0.70 1,250 0.000 0.66 0.14
tube dryer ]

4a Coal fired calciner C/ESP 11 0.094 5,000 0.000 0.018 0.07

4a Fluid bed steam C/VS 12 0.70 1,250 0.000 0.67 0.14
tube dryer

4a AN faci\i{ies 9-12 1.45% 1,250 0.000 1.36 0.42
combined

4b |Alternative 2 | Coal fired calciner C/ESp 9 0.065 5,000 0.000 0.014 0.048

1) Fluid bed steam WA'H 10 0.114 1,250 0.000 0.108 0.024
tube dryer

4b Coal fired calciner C/ESP 11 0.065 5,000 0.000 0.014 0.048

4b Fluid bed steam C/vS 12 0.114 1,250 0.000 0.108 0.024
tube dryer

4b A1l facilities 9-12 0.291 2,000 0.000 0.244 0.144
combined

Sa JAlternative 1 | Rotary steam tube VS 13 0.604 1,000 0.003 0.604 0.134

{baseline) predryer

S5a Gas fired bleacher C/ESP 14 0.139 1,000 0.000 0.139 o.ogg

5a Rotary steam tube VS 15 0.244 1,000 0.011 - 0.244 0.0
dryer

5a All factifties 13-15 0.946 1,000 0.011 0.946 0.222
combined

Sb |Alternative 2 | Rotary steam tube VS 13 0.173 1,000 0.001 0.173 0.038
predryer

5b Gas fired bleacher C/ESP 14 0.04¢ 1,000 0.000 0.046 0.012

5b Rotary steam tube Vs 15 0.122 1,000 0.005 0.122 0.024
dryer

Sb AN ficﬂitles 13-15 0.330 1,000 0.005 0.330 0.0%
combined
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TABLE 7-3. (continued). MAXIMUM ANNUAL AMBIENT AIR PARTICULATE CONCENTRATIONS DUE
TO EMISSIONS FROM AFFECTED SODIUM CARBONATE FACILITIES

Distance to

Case Control Control | Stack| Maximum downwind annual maximum | Maximum concentrations at other distances (ug/ma)

No. level Facilities equipment | No. | concentration (ug/m”) | concentration (m) 100 m 1,000 m 10,000 m

6a | Alternative 1 | Rotary steam tube Vs 16 0.604 1,000 0.003 0.604 0.134

(baseline) predryer

6a Gas fired bleacher C/ESP 17 0.139 1,000 0.000 0.139 0.039

6a Rotary steam tube VS 18 0.244 1,000 0.011 0.244 0.049
dryer

6a Rotag steam tube VS 19 0.600 1,000 0.005 0.60 0.135
predryer

6a Gas fired bleacher C/ESP 20 0.140 1,000 0.000 0.140 0.039

6a Rotary steam tube VS 21 0.244 1,000 0.010 0.244 0.049
dryer

6a A1l facilities 16-21 1.90 1,000 0.02Y 1.90 0.445
combined

6b | Alternative 2 | Rotary steam tube ' 16 0.173 1,000 0.001 0.173 0.038
predryer

6b Gas fired bleacher C/ESP 17 0.046 1,000 0.000 0.046 0.013

6b Ro;ar_y steam tube Vs 18 0.122 1,000 0.005 0.122 0.024
ryer

6b Rotary steam tube ' 1¢ 0.172 1,000 0.001 0.172 0.039
predryer

6b Gas fired bleacher C/ESP 20 0.047 1,000 0.000 0.047 0.013

6b Rotary steam tube
dryer Vs 21 0.122 1,000 0.005 0.122 0.025

6b A1l facilities 16-21 0.662 1,000 0.0010 0.662 0.152
combined




COMPARISON OF MAXIMUM AMBIENT AIR CONCENTRATIONS (ug/m3)

TABLE 7-4.
DUE TO EMISSIONS FROM MODEL SODIUM CARBONATE PLANTS
' aximum 24 hour reduction, Rverage i:reduction
Vodel \ Concentration® [Alt. 1 annual concentratifp Alt. 1
Piant ' { Control to | ‘ to
Number | Facilities {Equipment At 1 [A1t.2 [Alt.2 | Al g [AIt. 2 Alt. 2
1 i Coal fired calciner C/ESP 8.25 1.36 83.5 | 1.07 ! 0.191 82.1
. Rotary steam tube A |
i dryer t
2 1 Coal fired calciner : C/ESP i16.6 2.73 i 836 ! 2.15 0.382 82.2
|
' Rotary steam tube | VS i
l dryer i |
3 Coal fired calciner | C/ESP 5.94  [1.13 8.0 | 0.725 | 0,145 | 80.0 ‘
] i
! Fluid bed dryer |  C/VS ! ; !
4 ! Coal fired calciner | c/EsP |12.0 2.21 81.0 | 1.45 1 0.201 | 79.9
i Fluid bed dryer v CINS i
+ H 1 | +
5 | Rotary steam VS 10.4 3.43 67.0 0.946 | 0330 |65.1
heated predryer ! | i
I Gas fired bleacher ,  C/ESP '
i Rotary steam tube ! Vs I
! dryer I ' .
6 ‘ Rotary steam , VS 20.8 6.83 | 67.2 1.90 0.662 65.1
' heated predryer N i i ]
| Gas fired bleacher ! C/ESP g
. Rotary steam tube . vs | '
I dryer | j .

3
Includes emissions from al) affected facilities
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- 1 monohydrate plant using a fluid bed steam tube dryer,
with production capacity of 0.454 million Mg/yr
- 1 direct carbonation plant, with a production capacity of
0.454 million Mg/yr.
There is not expected to be any replacement of existing facilities. This
growth scenario is used to provide an estimate of the potential long-range
national impacts of Alternative 2.

Table 7-5 summarizes the national particulate emissions from new and
existing sodium carbonate plants projected for the year 1985 under the regu-
latory alternatives. Under Alternative 1, particulate emissions from the
affected facilities in new sodium carbonate plants would reach 444 to
696 Mg/yr (490 to 768 TPY) by 1985. The Tlower value for projected emissions
is based on Wyoming's BACT requirement, and the higher value is based on the
process weight regulation, as discussed in Section 3.3. Under Alternative 2,
these emissions would be reduced to 278 Mg/yr (307 TPY). Alternative 2 thus
represents a decrease in particulate emissions ranging from 166 to 420 Mg/yr
(183 to 461 TPY).

7.1.5 Secondary Air Quality Impacts

Secondary air pollutants are pollutants generated as a result of
applying the control equipment. There are no air pollutants generated
directly by the control equipment used to achieve each control level.

There is, however, an increase in power plant emissions caused by the
additional electrical demand of the control equipment.

In the worst case (for a fluid bed dryer) the increase in particu-
lates generated at the power plant in switching from Alternative 1 to
Alternative 2 is 0.0012 kg/Mg dry product.6 The increase in removal of
sodium carbonate particulates caused by this action is 0.21 kg/Mg dry
product. These incremental power plant emissions of .0012 kg/Mg dry
product reduce the additional particulate removal of the control alter-
native level to 0.209 kg/Mg dry product, which is less than a one percent
impact. The increased power plant emissions would have an even smaller
impact for the other facilities.
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TABLE 7-5. PROJECTED NATIONAL EMISSIONS FROM
SODIUM CARBONATE PLANTS FOR 1985

Plant Processing Alt. 1€ Alt. 2
anc Configuration Mg/yr | TPY | Mg/yr | TPY
Monohydrate (w/rotary ] 251 275 107
steam tube dryer)
Monohydrate (w/fluid bed 2 251 275 107 117
steam tube dryer)
Direct carbonation 3 198 218 66.3 | 73
Total new plant emissions® 700 | 768 | 280 | 307
Estimated eéisting plant 6108 |6737 | 6108 (6737
emissionsd.
Total national emissions 6808 |[7505 | 6388 |7044

9Based on 7446 operating hours per year, and the process weight regulation for Alt. 1.
bAs defined in Chapter 6.

“New plants are defined as plants beginning construction after 1980 and subsequently affected by
dthe New Source Performance Standard.

Existing plants are defined as including plants beginning construction prior to 1980 and
subsequently unaffected by the New Source Performance Standard.

®A1t. = Alternative



7.1.6 Summary of Air Quality Impacts
The primary air pollutant emissions from affected facilities in the

sodium carbonate industry are particulates, but other emissions

include organics and combustion gases. The major benefit of implementing
control alternative 2 is a reduction of particulate emissions, and thus

a potential lessening of health and ecological hazards. National emis-
sions could potentially be reduced by 420 megagrams/yr in 1985 by going

from Alternative 1 to Alternative 2. Ambient air concentrations in the
vicinity of a new plant are projected to be reduced by about 80 percent
for a monohydrate plant, and by about 65 percent for a direct carbonation
plant by implementing Alternative 2 instead of Alternative 1.

7.2 WATER POLLUTION IMPACT

The only emission control equipment which potentially results in a
wastewater stream is the venturi scrubber. The scrubber effluent is a
solution of sodium salts that will be at or near saturation and may even
contain some undissolved sodium salts.

Venturi scrubber effluents will have almost no impact on water
effluents from the plant since each scrubber discharge is similar to many
of the process streams and can be rerouted to the process with very
little impact. Scrubber effluent from product dryers is returned to the
crystallizer where valuable sodium carbonate can be recovered.7 The
discharge from the predryer venturi scrubber may be combined with the
exit stream of the bicarbonate dryer scrubber. This combined stream is
then used as a filter cake wash. The effluent from the cake washing is
returned to the lake salt structure to dissolve lake deposits and is
eventually recycled to the plant.

The volume and composition of scrubber effluent streams is about the
same for the different regulatory alternatives. There is no difference
in the water pollution impacts of the different alternatives.

7.3 SOLID WASTE IMPACT

There are no solid wastes generated by the application of particu-
late control equipment to the affected facilities. The particulates
removed can be reclaimed as product or used to produce additional product.
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For calciner and bleacher ESP's Alternative 2 would result in the removal of
44 Mg/yr (calciner) and 24 Mg/yr (bleacher) additional particulates over
Alternative 1. The amount of particulates removed in cyclones is the same
for either Alternative; the difference in particulate removal occurs in the
ESP or venturi scrubber following the cyclone. The particulates removed in
venturi scrubbers were considered in Section 7.2, Water Pollution Impact,
since they are contained in an aqueous effluent stream.

The particulates removed from the calciner exhausts are returned to
the dissolvers along with the other calcined ore. The solids removed by
the cyclone on the predryer exhaust are combined with the predryer
product and sent to the bicarbonate dryers. The particulates removed in
the bleacher cyclone are returned to the bleacher feed. The particulates
removed by the bleacher ESP can be sent to the monohydrate crystallizers
or combined with a 1iquid waste stream and eventually returned to the
lake salt structure.

The particulates collected by the cyclone on the fiuid bed dryers
are combined directly with the dried product. The particulates removed
are very fine and may adversely affect product quality. There is,
however, no difference in impact between the two alternatives since
the quantity of particulates removed in the cyclone is the same for
both alternatives.

There are many practical methods for recycling the collected parti-
culates. In doing this the plants recover a valuable product and avoid
any potential solid waste problem which may have developed.

7.4 ENERGY IMPACT

7.4.1 Primary Energy Requirements
The emission control equipment for the sodium carbonate industry

uses electrical energy. The fans and pumps of the control systems are

the primary energy consumers. Electrostatic ,recipitators require

electricity to maintain a collecting field and rap the collection plates.
The energy requirements of the control equipment for each control

alternative and for the emission sources are presented in Table 7-6. The

incremental increase in energy consumption from Alternative 1 to Alternative

2 on a yearly basis is also shown. The largest increase is for a fluid
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TABLE 7-6.

ENERGY REQUIREMENTS FOR MODEL FACILITIES AND

CONTROL EQUIPMENT IN THE SODIUM CARBONATE INDUSTRY

Ener%y required for

Energy required | control eqyiqpena Incremental control®
for facility . operation” ’ equipment energy usage for
a operation ’ MJ/kg feed Alt. 2 vs. Alt. T
Control MJ/kg feed | (10° Btu/ton feed) Td/yr
Facility Equipment | (108Btu/ton feed) Alt. 1 Alt. 2 (10!° Btu/yr)
Zoal fired C/ESP 1.8 0.0949 0.102 6.2
ralciner | (1.5) (0.0816) | (0.0878) (0.561)
Rotary steam vs 0.9; 0.0206 | 0.0498 17.8
tube dryer | (Wyoming) (0.79) (0.0177) | (0.0428) (1.67)
vst | 0.91 0.0292 | 0.0429 7.85
(Calif.) (0.79) (0.0251) (0.0369) (0.739)
Fluid bed C/VS 0.97 0.0515 0.127 46.8
steam tube (0.84) (0.0443) (0.109) (4.40)
dryer
Rotary steam VS 0.29 0.031 0.050 16
tube (0.25) (0.027) (0.043) (1.5)
predryer
Bleacher C/ESP 0.22 0.0208 0.0226 0.92
(0.19) (0.0179) (0.0194) (0.0871)

3c/ESP - cyclone/electrostatic precipitator, VS - venturi scrubber, C/VS - cyclone/venturi scrubber

bInc'luding thermal and electrical requirements. Steam generating efficiency, electrical gener-

ating efficiency, and line losses were taken into account.
was assumed to be 34 percent with approximately a 10 percent line loss.

efficiency (including line loss) was assumed to be 85 percent.

Creed rates and compositions are reported in Table 6-2.

dBased on fan and pump requirements; ESP requirements were added where necessary.
generating efficiency was assumed to be 34 percent with a line loss of about 10 percent.

Electrical generating efficiency

Overall steam generating

€gased on 7,446 operating hours per year and production of 0.454 million Mg/yr sodium

rarbonate.

fDiscrimination between states accounts for varying climatic and elevation factors and
different baseline levels.

Electrical



bed dryer using a cyclone/venturi scrubber control system. For this
case the energy increase in going from Alternative 1 to Alternative 2 is
0.0757 MJ/kg product. This is equivalent to 11 percent of the net
facility consumption, but only 1.2 percent of the energy consumption
of the entire plant.
7.4.2 Projected Energy Requirements

The same growth scenario used in Section 7.1.3 to project the

national air impact for 1985 was used to project the national energy
impact. Table 7-7 summarizes the energy usage for each of the new

plants, giving the total energy requirement of the affected facilities

and of the control equipment for the alternative control levels. Also
presented is the incremental increase caused by going to Alternative 2

from Alternative 1. The total national energy increase created by
implementing control Alternative 2 as opposed to Alternative 1 is 107 Td/yr
(10.2 X 10]0 Btu/yr), or 1.73 X 104 barrels of oil per year.

7.5 OTHER IMPACTS

The only other potential impact is the generation of noise by the
control equipment. The primary sources of noise from the control equip-
ment are the fans. The emission sources generate noise during combustion
(calciner, bleacher), cleaning (predryers), the intake of air (fluid bed
dryer fans, predryer fan and heat exchanger), and by the escape of steam
(rotary steam tube dryers). Compared to these existing noise sources of
the affected facilities, the noise generated by the fans associated with
the control equipment is small. There is a small increase in fan size at
the alternative control levels over the baseline, but the increase in
noise levels between these fans is only slight, if any.

7.6 OTHER CONCERNS: COMMITMENT OF NATURAL RESOURCES

A potential concern associated with increasing emission control
levels from the baseline level to the control alternative is the quan-
tity of water needed to operate a venturi scrubber. Although the scrubbing
Tiquor is recycled to the process, a certain percentage must be replaced
to make up for water evaporated from the venturi into the stack gas.
However, there is no difference between the makeup water demand of the
two alternatives. The quantity of water absorbed by the stack
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TABLE 7-7.

ENERGY REQUIREMENTS OF €80JECTED SOD

(Td/yr (10'Y Btu/yr))d>

EUM CARBONATE PLANTS

Energy required

Energy required for

Incremental increase from

Control for facility | _control equioment operatign | Alternative to
Plant Facility equipment operation® Alternative mm’évw% Alternative 2
Monohydrate Coal-fired calciner C/ESP 1500 83 90 7
{150) (7.9) (8.5) (0.6)
Rotary steam tube dryer VS 560 13 N 18
(53) (1.2) (2.9) (1.7)
Total for facilities - 96 12 25
(9.1) (11.4) (2.3)
Monohydrate Coal-fired calciner C/ESP 1500 83 30 7
(150) (7.9) (8.5) (0.6)
Fluid bed steam C/VS 600 32 8 46
tube dryer (56) (3.0) (7.4) (4.4)
Total for facilities 115 168 53
(10.9) (15.9) (5.0)
Direct Predryer VS 250 27 44 16
carbonation (24) (2.6) (4.1) (1.5)
Bleacher C/ESP 130 13 14 1
(13) (1.2) (1.3) (0.1)
Rotary steam Vs 560 18 26 8
Total for facilities 58 84 25
(5.5) (7.9) (2.4)
New source 5100 269 373 103
total 500 (25.5) (35.2) {(9.7)
8pased on 7446 operating hours/year and production of 0.454 million Mg/yr (0.5 mi)lion TPY} sodium carbonate. 1o
Brypical energy usage for an entire sodium carbonate plant using the monohydrate process is 3690 TJ/yr (350 x 107 Btu/yr).

€Includes thermal and electrical requirements.
and linc losscs were taken into account,
with approximately & 10 percent line lous.

sssumed to be 85 percent.

Steam generating efficiency, clccirical gencrating efficiency,

Electrical generating efficiency was assuiacd to he 3% percent

Overall stean generating efficiency (including linc loss) was



gas is based on the gas flow and other gas parameters, which
are the same at both control levels. Thus, there would be no additional
commitment of water resources due to the promulgation of Alternative 2

over Alternative 1.
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8. ECONOMIC IMPACTS

8.1 INDUSTRY CHARACTERIZATION
8.1.1 General Profile

As of March 1979, there were eight sodium carbonate plants in the
United States with a total capacity of approximately 8.5 million Mg/year

(9.3 million TPY). The ownership, location, startup date, capacity, and
process type for each of the eight plants are presented in Table 8-1. Employ-
ment data for the iﬁdustry are also presented. There are no major byproducts
from any of the sodium carbonate processes; however, additional products are
produced concurrently in certain plants. Kerr-McGee produces sodium sulfate,
and borax and potash products, as well as sodium carbonate. FMC Corporation
produces small amounts of sodium tripolyphosphate at its sodium carbonate
plant, and Allied Chemical produces a variety of inorganic chemicals at its
Syracuse location. Production methods for soda ash are classified as either
synthetic or natural. Synthetic production has declined sharply since the mid-
1960's, and only one synthetic plant is currently (August 1979) in operation.

The natural processes use either trona ore (an ore containing sodium ses-
quicarbonate) or a brine solution containing sodium sesquicarbonate as a raw
material. Major natural deposits of trona are located near Green River, Wyoming,
and at Searles Lake, California. Al1 plants using a natural process are loca-
ted near one of these deposits. In Wyoming, estimated resources of halite-free
trona are 29 billion megagrams (32 billion tons).] These represent about 13
billion megagrams (14 billion tons) of sodium carbonate, or at 1977 levels of
total domestic demand, about a 1900 year supply. In addition, Wyoming deposits
contain about 77 billion megagrams (85 billion tons) of less pure trona.
Mining rights to the trona ore reserves near Green River are granted by the
federal and state governments and by the Union Pacific Railroad. Sodium
carbonate resources at Searles Lake, California, are estimated at 145 million
megagrams (160 million tons).2 Mining rights to these deposits are granted
by the federal and state governments.

Three types of natural processes, the monohydrate, the sesquicarbonate,
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TABLE 8-1. THE DOMESTIC SODIUM CARBONATE INDUSTRY

Owner Plant Name Location fﬁgi:gpLTUG—ﬁ%9§%lE¥TPV7“ Pﬁgﬁifs Emglﬂi-
Kerr-McGee Trona Trona, CA 1978a 1.2 (1.3) | Direct carbonation
West End Trona, CA f 0.14 ](0.15) } Direct carbonation
Allied Chem. Trona Green River, WY| 1968 2.0 (2.2) Monohydrate
FMC Corp. Westvaco | Green River, WY| 1972 1.13 |(1.25) Monohydrate 3600°
1947 1.13 |(1.25)] Sesquicarbonate
Stauffer Chem. |Big Island | Green River, WY| 1962 1.54 |(1.65) Monohydrate
Texasgulf, Inc. Green River, WY| 1976 0.91 (1.0) Monohydrate
Allied Chem. Syracuse, NY 1881 0.8 | (0.9)| Solvay (synthetic) | 1800°

aStartup dates are for the original plant unless otherwise stated. See Table 8-6 for expansion
dates. Reference 3.
b

Capacity data, with the exception of Kerr-McGee's Trona plant are valid through March, 1979. The
value for Kerr-McGee's Trona Plant is a p