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1. SUMMARY
1.1 PROPOSED STANDARDS

Standards of performance for phosphate rock plants are being proposed
under the authority of Section 111 of the Clean Air Act. Accordingly, the
aim of the proposed standards is to require the best demonstrated technology
(considering cost and nonair quality health and environmental impact and
energy réquirements) for the control of particulate emissions be installed
and properly operated at new, modified, and reconstructed phosphate rock
plants. The proposed standard is based on information presented in.this
document and derived from 1) available technical literature on the phosphate
rock industry and applicable emissions control technology, 2) technical
studies performed for EPA by independent research organizations, 3) data
obtained from the industry during visits to phosphate rock plants and com-
munications with various representatives of the industry, 4) comments and
suggestions solicited from experts, and 5) the results of emissions measure-
ments conducted by EPA and the industry. In accordance with Section 117 of
the Clean Air Act, proposal of the standards was preceded by consultation
with appropriate advisory committees, independent experts, industry repre-
sentatives, and Federal departments and'agencies.

A summary of the proposed standards and monitoring requirements is pre-
sented in Table 1=1, The proposed standards limit particulate emissions from
dryers, calciners, grinders, and phosphate rock handling/storage facilities.
For each facility, the best system of continuous emission reduction, consider-
ing cost and nonair quality health and environmental] impact and energy require-

ments, was determined to be the baghouse or the high energy scrubber. However,
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the high efficiency electrostatic precipitator (ESP) was judged to be equally as
effective a particulate emissions reduction system as the baghouse or high energy
scrubbér. The proposed standards are, therefore, based on the use of any of the
three alternative emissions reduction systems. Cost considerations would favor
the use of the baghouse or high energy scrubber gver the electrostatic precipita-
tor, and the incremental nonair quality adverse impacts associated with the alter-
native controls would favor the use of the baghouse (especially for grinders and

phosphate rock handling/storage systems) over the scrubber and ESP,

The proposed standards for phosphate rock dryers limit emissions to
0.02 kilogram of particulate matter per megagram of rock feed (0.04 1b/ton)
and 0 percent opacity. These standards are based on EPA source tests at
two representative phosphate rock plants processing Florida pebble rock,
and related experience concerning the identified "best system of continuous
emission reduction." The test data are summarized in Figures 8.4, 8.5 ard 8.6.
The results of the tests show that the dryer controlled by a venturi scrubber
operating at a pressure drop of 18 inches of water wil] achieve an emissions
level of about 0.019 kg/Mg, while the dryer employing an electrostatic precipi-
tator and scrubber system for contro] achieved an emission level of 0.012 kg/Mg
during tests conducted by the EPA. The level of control (99.2%) attained by
the venturi scrubber at 18 inches of pressure drop is nearly equivalent to that
which would be expected using the best system of emissions reduction (the bag-
house or a high energy venturi scrubber operating at 25 inches of water pressure
drop). Consequently, it is concluded that the emissions level of 0.02 kg/Mg

reflects the control attainable by the best system of emissions reduction.

The proposed standards for phosphate rock calciners limit emissions to

0.055 kilogram of particulate matter per megagram of rock feed (0.11 1b/ton)
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and 0 percent opacity. These standards are based mainly on EPA source tests
at two representative phosphate rock calciners processing western benefi-
ciated and unbeneficiated phosphate rock. The test data are summarized in

Appendix C. One of the calciners employed a high energy wet scrubber con-

sidered to be representative of the best system of emissions reduction. The
other calciner employed a wet scrubber with collection efficiency somewhat
less than that reflecting the best system of emissions reduction. For this
calciner, the expected level of control which would be achieved by the best
system of emissions reduction was estimated by adjusting emissions test data
to reflect operation of the venturi scrubber at an elevated pressure drop

of 27 inches of water. These adjusted emission levels, as well as those
measured for the existing high energy scrubber, are consistent with the

level of control being proposed as the 1imit of the standard.

The proposed standards for phosphate rock grinders 1imit emissions to
0.006 kg/Mg of rock feed (0,012 1b/ton) and 0 percent opacity. These stan-
dards are based on EPA source tests at four separate grinder facilities
representing a wide range of exhaust air rates, grinder designs, capacities,

and product feeds. Emissions from all the facilities were controlled by bag-

houses. The level of control reflected by the proposed emissions limit has

been set slightly greater than the value attained by baghoﬁses in the tests

to account for potential inaccuracies in the feed rate data compiled

during the source tests. However, the potential liberal level of the

standard should not preclude installation of che best system of emissions reduc-
tion in new and modified facilities. Baghouses are the prevailing control
approach now employed to meet existing standards far less stringent than

the proposed standard. Moreover, the proposed emissions limit is lower
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than that which would be attained by any other control system economically

comparable to the baghouse.

The proposed standard for ground phosphate rock material handling and
storage systems 1imit emissions of particulate matter to 0 percent opacity
from any point in the transfer system. The standard is based on EPA source
tests at three separate rock transfer facilities utilizing pneumatic systems,
Ekperience shows that no visible emissions occur from the enclosures when
the process equipment is properly maintained. Because of the wide varia-
tion in handling and storage facilities, a visible emissions standard is

the only standard éppropriate for these facilities.

The proposed opacity standards help to assure that emission control
systems are properly maintained and operated so as to comply with the mass
emission standards on a continuous basis. The opacity standards
have been proposed on the.basis of tests performed at facilities repre-
sentative of best emissions control technology currently employed by the

industry., The test data are summarized in Appendix C.
1.2 ENVIRONMENTAL AND ECONOMIC IMPACT

Estimates of the relative beneficial and adverse impacts associated
with the proposed standards and the various candidate emission control
alternatives are presented in Table 1-2. The Jjudgements presented in the
matrix of Table 1-2 are based on the environmental impact analysis of
Chapter 6 and the economic impact analysis of Chapter 7. A cross reference
between the EPA guidelines for the preparation of Environmental Impact

Statements and this document is included in Appendix B.
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The impact of the standard is judged by comparing the consequences of
imposing the standard to the consequences expected to resylt under current
State 1mp1ementat10h regulations. Accordingly, the matrix compares the
impact of each candidate control capable of achieving the proposed standard
with the prevailing controls (baseline controls) now being employed to meet

typical State implementation regulations.

For both the phosphate rock dryer and calciner, the low energy wet
scrubber is the baseline control system upon which the impacts associated
with the other control alternatives are measured. Compliance with the pro-
posed standard (by application of any of the three candidate control systems)

will improve air quality significantly over that attained by the low energy

scrubbers, Emissions from dryers would be reduced by approximately 85 percent
below the levels required by a typical State standard, and emissions from
calciners would be reduced by about 88 percent below the typical State requi-
rements, The maximum 24-hour average ambient air concentration of particu-
late matter due to emissions from a typical dryer or calciner controlled to
the level of the proposed standard would be about 88 ug/m3 and Blug/m3,

respectively.

The secondary environmental impacts due to the proposed standards for
dryers and calciners are expected to be minimal with two exceptions: 1) the
economic impact incurred when high efficiency electrostatic precipitators
are used to achieve the standard, and 2) the energy impact when high energy
wet scrubbers are employed. Utilization of the electrostatic precipitator
for control of dryer and calciner emissions would increase overall production

costs (over costs to meet SIP regulations) by about 2.2 or 5.3 percent,
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respectively. Utilization of the high energy scrubber would increase total
energy requirements of the dryer and ca]ciner_processes by about 8 percent.
The magnitude of either of these impacts would not preclude the use of the
associated confro1 system, quever, it is expected that the baghouse and the
high energy scrubber would provide the most economical means of achieving the

proposed levels of control for dryers and calciners, and the likelihood of

operators installing electrostatic precipitators to comply with the NSPS appears

remote. Installation and operation of baghouses for contro] of dryer or calciner
emissions is expected to increase overall production costs at any given plant by

about 0.1 and 0.3 percent, respectively. Similarly, the increase in produc-

tion costs when high energy scrubbers are employed to meet the proposed stand-

ards for dryers and calciners would be about 0.4 and 1.2 percent, respectively.

The amount of water required for air pollution control of dryer‘and

calciner eﬁﬁssions is small in comparison with the large volumes of process

waters used for other purposes. The incremental increase (over the baseline
control) of solid materials and radiochemical pallutants collected from wet
control devices designed to attain the standard is negligible compared to
the total amounts already collected by the baseline controls and stil]

more inconsequential when compared to the total quantity of solid wastes

produced in the mining and processing of phosphate rock.

For the phosphate rock grinder and rock transfer systems, the baghouse
is the baseline control system upon which impacts associated with other con-
trol a1fernat1ves are assessed., The prevailing control practice in the
industry is to employ baghouses to contro] grinding and transfer systems.

Because the system of best emission reduction is currently utilized to meet
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State implementation regulations, the more stringent emission limits of the
proposed standard are not expected to result in significant impact. If .
alternative controls (other than the baseline control) are utilized (e.g.,
the wet scrubber) to meet the standards, only small secondary incremental

impacts would be expected to occur, (See Table 1-2.)
1.3 ECONOMIC IMPACT ANALYSIS

Executive Order 12044, dated March 24, 1978, requires executive
branch agencies to prepare regulatory analyses for regulations that may
have major economic consequences. The screening critefia used by EPA to
determine if a proposal requires a regulatory analysis uhder Executive
Order 12044 are: 1) additional national annualized compliance costs, in-
cluding capital charges, which total $100 million within any calendar year
by the attainment date, if applicable, or within five years; and 2) a

major increase in prices or production costs.

The impacts associated with the proposal of performance standards for
phosphate rock plants do not exceed the EPA screening criteria. Therefore,
promu1gation of the proposed standard does not constitute a major action
requiring preparation of an economic impact analysis under the Economic

Impact Statement Program.







2. INTRODUCTION

Standards of performance are proposed following a detailed investi-
Qation of air pollution control methods available to the affected industry
and the impact of their costs on the industry. This document sdmnarizes
the information obtained from such a study. Its purpose is to explain in
detail the background and basis of the proposed standards and to facilitate
analysis of the proposed standafds by interested persons, including those
who may not be familiar with the many technical aspects of the industry.

To obtain additional copies of this document or the Federa) Register notice

of proposed standards, write to EPA Library-(MD-35), Research Triangle Park,
North Carolina 27711. Specify Phosphate Rock Plants - Background Information
for Proposed Standards, document number EPA-450/3-79/017 when ordering.

2.1 AUTHORITY FOR THE STANDARDS.

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

health or welfare."
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The Act requires that standards of performance for stationary sources
reflect, ". . . the degree of emission limitation achievable throdgh the
application of th;.best technological system of continuous emission reduction

. the Administrator determines has been adeQuately demonstrated." In
addition, for stationary sources whose emissions result from fossil fuel
combustion, the standard must also include a percentage reduction in emissions;
The Act also provide that the cost of achieving the necessary emission
reduction, the nonair quality health and environmental impacts and the
energy requirements all be taken into account in establishing standards of
perfofmance. The standards apply only to stationary sources, the construction
or modification of which commences after regulations are proposed by publication

in the Federal Register.

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

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

25 her cent of the listed categories by August 7, 1980

75 per cent of the listed categories by August 7, 1981

100 per cent of the listed categories by August 7, 1982
A governor of a State may apply to the Administrator to add a category which
is not on the list or to revise a staﬁdard of performance. '

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

years, and if appropriate, revise them.
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3, EPA is authorized to promulgate a design, equipment, work practice,

or operationdl standard when an emission standérd is not feasible.

4, Thé 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 anq may include
a low=-poliuting or non-polluting process or operation.

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

| Standards of performance, by themselves, do not guarantee protection
of health or welfare because they are not designed to achieve any specific
air quality levels. Rather, they are designed to reflect the 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 nonair quality health and
environmental fmpact 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. Secbnd, stringent standards enhance the potentia1 for long term
growth. Third, stringent standards may help achieve long-term cosﬁ 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
Tow sulfur coal or effectively excluding certain coals from the reserve base

because their untreated pollution potentials are high. Congress does not intend
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that new source performance standards contribute to these problems. Fifth,

the standard-setting process should créate fncentives for 1mpro§ed technology._
Promulgation of standards of performance does not prevent“State_or Tocal

agencies from adopting more stringent emission ]imitatiqns for the saﬁe sources.

States are free under section 116 of thé_Act to esfablish even more str{ngent

emission Timits than those established under section ]11‘or those necessary

to attain or maintain the national ambient air quality stahdards (NAAQS) under‘

section 110, Thus, new sources may in some cases be subject to 1{mitafions-

more strinéent_than standards of performance.under section 111, and prospective

owners and‘operators of new sources should be aware of this possibijity in

planning for such facilities. ' | |
A similar situation may arise when a major emitting facility is to be

constructed in a geographic area which falls under the preQentibn of!s{gnificant

deterioration of air quality provisions of Part C of the Act. These provisions

require, among other things, that major emitting faéi]ities“to be constructed

in such areas afe to be subject to best avaijab]e control technology. . The

term "best available control technology" (BACT), as defined in the Act, means

" . . . an emission Timitation based on the maximum degree of reductidn of each

pollutant subject to regulation under this Act emitted from or thch results

from any major émitting facility, which the pe}mitting 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
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application of production Processes and available methods, systems, and ‘
techniques, including fuel cleaning or treatment or innovative fuel combus-
tion techniques for control of each such pollutant. In no event shall
application of 'best available control teéhnology' result in emissions of any
pollutants which will exceed the émiséions allowed by ény applicable standard
established pursuant to section 111 or 112 of this Act."

Although standards of performance are.norma11y structured in terms of
numerical éhission limits where feasible, alternative approaches are some-
times necessary.' In some cases physical measurement of emissions from a new
source may.bé‘ihpractica1 or exorbitantly expensive. Section 111(j) provides
that the Administrator may promulgaté a design or equipment standard in those
cases where if 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
conéentrations for short periods during fi]ling, and low concentrations for
longer périods during storage, and the configuration of storage tanks make
direct emission measurement impractical. Therefore, é more practical approach
to standards of perfbrmance for storage vessels has been equipment specification.

In addition, section 111(j) authorizes the Administrator to grant
waivers of compliance to permit a source to use innovative continuous emission
control tedhno]ogy. In'order to grant the waiver, the Administrator must find:
(1) a substantial 1ikelihood that‘the technology will produée greater emission
reductions than the standards require, or an equivalent reduction at Tower

econamic, energy or environmental cost; (2) the proposed system has not been
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adequately demonstrated; (3) the technology will notlcause or contribute to

an unreasonable risk to pub11c health, welfare or safety, (4) the geverﬁof

of the State where the source is Tocated consents; and that, (5) the waiver

will not prevent the attainment or maintenance of any ambient standard. A

waiver may ‘have conditions attached to assure the source will not prevent
attainment of any NAAQS. Any such condition will have the force of a per-
formance standard. Finally, waivers have definite end dates and may be terminated
_ear]ier if the conditions are not met or if the system.faiIS to perform @as
expected. In such a case, the source may be given up to three years to meet '

the standards, with a mandatory progress schedule.

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES

Section 111 of the Act directs the Administrator to list categories of

stationary sources which have not been listed before. The Administrator,

n shall include a category of sources in such list if in his judgment

it causes, or contributes significant1y to, air pollution which may reasonably
be anticipated to endanger public health or welfare." Proposal and promulga-

tion of standards of performance are to follow while adhering to the schedule

referred to earlier.

Since passage of the Clean Air Amendments of 1970, considerable attention
has been given to the development of a system for assigning priorities to
various source categories. The approach sbecifies areas of interest by con-
sidering the broad strategy of the Agency for implementing the Clean Air Act.

Often, these "areas" are actually pollutants which are emitted by stationary

2-6




soﬁrces. Source categories which emit these pollutants were then 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
sourcé‘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 the source category. Sources for which new source perfaormance standards were
promulgated or are under developemnt during 1977 or earlier, were selected on
these critieria.

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

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

2) the extent to which each such po11utant 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 per-
formance.

In some cases, it may not be feasib]e to immediately develop a standard
for a source Category with a high priority. This might happen when a program
of research is needed to develop control techniques or because techniques

for sampling and measuring emissions may require refinement. In the developing
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of standards, differences in the time required to complete the necessary
investigation for different source categories must also be considered. For
example, substantially mere time may be necessary if numerous pollutanty
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, inability to obtain emission data from well-controlled sources
in time to pursue the development process in a systematic fashion may force

a change in scheduling. Nevertheless, priority ranking is, and will continue
to be, used to establish the order in which projects are initiated and re-
sources assigned.

After the source category has been chosen, determining .the types of
facilities within the source category to which the standards will apply must
be decided. A source category may have several facilities that cause air
pollution and emissions from some of these facilities may be insignificant
or veryvexpensive to control. Economic studies of the source category and
of épplicable 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 thére be no adequately demonstrated system for con-
trolling 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 salected
to be covered by a standard of performance, not all pollutants or facilities

within that source category may be coveked by the standards.




2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFQRMANCE

Standards of perforhance must (1) realistically reflect best
demonstrated control practice; (2) adequately consider the cost, and the
nonair quality health and environmental impacts and 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 development of standards is to identify
the best technological system of continuous emission reduction which has
been adequately demonstrated. The Tegislative history of section 111 and
various court decisions make clear that the Administrator's judgment of
what is adequately demonstrated is not limited to systems that are in actual
routine use. The search may include a technical assessment of control
systems which have been adequately demonstrated but for which there is
limited operational experience. In most cases, determination of the
". . . degree of emission reduction achievable . . ." is based on results

of tests of emissions from well controlled existing sources. At times, this

has required the investigation and measurement of emissions from control

systems found in other industrialized countries that have developed more

effective systems of control than those available in the United States.
Since the best demonstrated systems of emission reduction may not

be in widespread use, the data base upon which standards are developed may
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. be somewhat limited.. Test.data on existing well-controlled sources are
obvious starting points in developing emission limits for new sources.
However, since the control of existing sources generally represents retrofit
technology or was originally designed to meet an existing State or local
regulation, new sources may be able to meet more stringent emission standards.
Accordingly, other information must be considered before a judgment can be
made as to thé level at which the emission standard should be set.

A process for the development of a standard has envolved which takes
into account the following considerations.

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

_ 2. Data on emissions from such sources are assessed with consideration
of such factors as:- (a) how representative the tested source is in regard
to feedstock, operation, size, age, etc.; (b) age and maintenance of the
control equipment tested; (c) design uncertainties of control equipment
being considered; and (d) the degree of uncertainty that new sources will be
able to achieve similar levels of control.

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

4. Where possible, standards are developed which permit the use of more

than one control technique or licensed process.
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5. MWhere possible, standards are developed to encourage or permit
the use of process modifications or nNew processes as a method of control
rather than "add-on" systems of air pollution control.

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

7. MWhere appropriate, standards for yisible emissions are developed
in conjunction with concentration/mass emission standards. The Opacity
standard is established at a level that will require proper operation and
maintenance of the emission éontrol system installed to meet the con-
cehtration/mass standard on a day-to-day basis. In some cases, however,
it is not possible to develop concentration/mass standards, such as with
fugitive sources of emissions. In these cases, only opacity standards may

be developed to Timit emissions.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires, among other things, an economic im-
pact 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 and standard including
the extent to which the cost of compliance varies depending on the effective
date of the standard or regulation and the development of less expensive or

more efficient methods of compliance;
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(2) the potential inflationary recessionary effects of the standard
or regulation;

(3) the effects on competition of the standard or regulation with re-
spect to small business; |

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

(5) the effects of the standafd or regu1at16n on energy use.

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

The economic impact of a prqposed standard upon an 1ndustry is usually
addressed both in absolute terms and by comparision with the control costs
that would be incurred as a result of compiiance with typical existing State
control regulations. An incremental approach is taken since 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 impact upon the industry resulting from the cost
differential that exists between a standard of performance and the typical
State standard.

The costs for control of air pollutants are not the only costs considered.
Total environmental costs for control of water p011utants as well as air
pollutants are analyzed wherever poséib]e.

.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, It is also essential to know
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the capita]vrequirements placed on plants in the absence of Federal standards
of performance so that the additional capital requirements necessitated by
these standards can be placed in the proper perspective. Finally, it is
necessary to recognize any constraints on capital availability within an
industry, as this factor also influences the ability of new plants to generate
the capital required for installation of additiona] 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 Federa]lactions
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 bf'a11 environmental aspects of proposed actions.

In a number of legai chal]enges to standards of performance for various
industries, the Federal Courts of Appeals have held that environmental impact
statements need not be prepared by the Agency-for proposed actions under
section 111 of the Clean Air Act. Essentially, the Federal Courts of Appeals
have determined that ". . . the best system of emission reduction, . . . requires(s)
the Administrator to take into account counter-productive environmental effects
df a proposed standard, as well as economic costs to the industry . . ."

On this basis, therefore, the Courts ". . . established a narrow exemption

from NEPA for EPA determination uhder section 111."
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In addition to these judicia1_determinations,_the Energy Supply and
Environmental Coordination Act (ESECA) of.1974 (PL—93-319) specifical]y |
exemptedrprpposed acfions under the Clean Air Act from NEPA requirements.
According.to section 7(c)(1), "No action taken under the C1ean Air Act
shall be-deemed a major Federal action significant1y affecting the.qua11ty
of the human environment within the meaning or the National Environmental
Policy Act of 1969."

The Agency has conc1uded however ‘that the preparat1on of env1ronmenta1
impact statements‘cou1d have beneficial effecte on certain regulatory acp1ons.
Consequently, while not 1ega11y required to do so by section 102(2)(C) of
NEPA, environmental impact statements will be prepared for var1ous regu1atory
actions, including standards of performance developed under section 111 of
the Act: This voluntary preparation of enV1ronmenta1 impact statements,
however, in no wey legally subjects the Agency to NEPA requirements. |

To 1mp1ement this policy, a separate section is 1nc1uded in this
docunent which is devoted solely to an ana]ys1s of the potent1a1 env1ronmenta1
impacts associated with the proposed standards. Both adverse and bene-
ficial impacts in such areas as air and water pollution, increased solid

waste disposal, and increased energy consumption are identified and discussed.

2.6 IMPACT ON EXISTING SOURCES
Section 111 of the Act defines a new source as ", . , any stationary
source, the contruction or modification of which is commenced . . ." after

the proposed standards are published. An existing source becomes a new source
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if the source is modified or is reconstructed. Both modification and re-
construction are defined in amendments to the general provisions of Subpart

A of 40 CFG Part 60 which were promulgated in the Federal Register on December

16, 1975 (40 FR 58416). Any physical or operational change to an existing
facility which results in an increase in the emission rate of any pollutant

for which a standard applies is considered a modification. Reconstruction,

on the other hand, means the replacement of componenets of an existing facility
to the extent that the fixed capital cost exceeds 50 percent of the cost

of constructing a comparable entife]y new source and that it be technically

and economically feasible to heet the applicable standards. In such cases,
réconstruction is equivalent to new construction.

Promulgation of a standard of performance requires States to establish
standards of performance for existing sources in the same industry under
section 111(d) of the Act if the standard for new sources limits 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).

2.7 REVISION OF STANDARDS OF PERFORMANCE
Congress was aware that the level of air pollution control achievable

by an industry may improve with technological advances. Accordingly,
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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 statibnary sources

constructed or modified after the proposal of the revised standards.
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3. PHOSPHATE ROCK PROCESSING INDUSTRY

3.1 GENERAL
The phosphate rock industry consists of mining and rock processing
operations centered close to ore reserves.
Phosphate rock mines of significant commercial importance are located
in Florida, North Carolina, Tennessee, Idaho, Wyoming, Utah, and Montana

1 In 1975, 21 producers were spread over 36 locations and employed

(Figure 3-1),
a total of about 12,000 peop]e.2 Table 3-1 presents the total domestic pro-
duction and shipments for the years from 1965 to 1977. Future production is
expected to increase to an annual rate of five percent.5
Nearly three-quarters of the domestic production capacity is located
in Florida. In 1976, Florida and North Carolina produced 41.3 million tons,
accounting for more than 84 percent of the total domestic production.6
Phosphate rock is used primarily to produce phosphatic fertilizers.
About 20 percent of the rock is converted to other products, such as elemental
phosphorus and defluorinated animal-feed supplements, Thirty percent is ex-

ported.7

The ingredient of the rock that is of econumic interest is tricalcium
phosphate, Ca3(P04)2, also known in the industry as bone phosphate of lime
(BPL) because the first commercial source of this chemical was charred
animal bones. The rock is usually graded on the basis of its BPL content,
e.9., 68 BPL rock contains 68 percent by weight of tricalcium phosphate.
The final product contains roughly 68 to 74 percent BPL.8

Chemically, phosphate rock may be considered to contain a substituted

fluorapatite. The basic fluorapatite structure is represented as
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. Table 3-1. PRODUCTION AND SHIPMENTS OF PHOSPHATE ROCK3»4

Year Production © Shj menté
(103 tons) (103 tons)
1965 29,482 29,039
1966 39,044 36,443
1967 39,700 37,835
1968 41,251 37,319
1969 37,725 36,730.
1970 38,739 38,765
1971 38,886 40,291
1972 40,831 43,755
1973 42,137 45,043
1974 45,686 48,435
1975 48,816 48,439
1976 48,659 43,230
1977 51,266 51,383

30a3(PO4)2'Ca2F.9 Neér1y all phosphate ores contain a modified form of
this structure in which some of the phosphate is replaced by fluoride and
carbonate.]0 The total fluoride content of typical phosphate rock is
approximately 4 to 5 percent by weight, expressed as ﬂuor'ine.l-1
Commercial phosphate rock contains 30 to 38 perqent P205 plus a
variety of impurities such as iron, aluminum, magnesium, silica, carbon

dioxide, sodium, potassium, and su]fates.12
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3.2 PROCESSING METHODS - GENERAL

There are two major characteristics of phosphate fock which influence
the way it is mined and processed--hardness and organic content.
Generalized flow diagrams for phosphate rock mining and processing
operations in Florida, Tennessee, and the Western states are presented
in Figures 3-2, 3-3, and 3-4, respectively.

Only phosphate rock operations associated with fertilizer manufacture
were investigated for development of standards of performance. The
basis for their selection and for the omission of other phosphate
operations such as elemental phosphorus, thermal defluorination, and
nodulizing, is presented in Chapter 8.

3.2.1 Mining and Beneficiation

Hard rock is found {n the Western states, with hardness generally
decreasing the further north it is found. Conventional earth moving
equipment is used to remove the first five to fifty feet of earth,
called overburden, thus exposing the layer of phosphate rock. The rock
is then removed from the deposit using a number of techniques, ranging
from dynamite blasting for the hard rocks found in Utah, to using a
"ripper" (a toothed implement used for gouging and breaking the rock
from the surface) for the softer rocks. Two small underground mines are
also operated in Montana. |

Western rock is usually hauled by truck to the rock processing plant.
The first step in processing the rock is to separate.it from impurities,

a process called beneficiation. The sequence of steps comprising beneficiation

at plants mining Western hard-rock ores differs from plant to plant depending
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on the hardness of the ore and the end use of the rock. A typical
Western benefic{at{on pTant consists of a primary crushing step,
particularly in the southern sector of the region, to reduce the size-
of the ore to below 1/4 inch. This size reduction is carried out in
several steps, the last of which is a slurry-grindina process which uses
a wet rod mi1l to reduce the ore to particles about the size of beach
sand. The slurry is then size-classified in hydrocyclones, usina centrifugal
force to separate product-size material from the tailings (clay and sand
particles smaller than about 100 mesh). The ore is then filtered from
the slurry and conveyed to further processing. The tailings are
discarded.

The deposits in Tennessee consist of small pockets of brownish
phosphate sands surrounded by brown silica sand. The phosphate sand is
mined using draglines and small power shovels, then hauled by truck or
rail to the processing plants. A typical Tennessee beneficiation unit
consists of a unit called a log-washer, in which the ore is slurried with
water and any large agglomerated masses are brbken up, followed by size-
classification using hydrocycloning. The product-size fraction is then
sent to nodulizing kilns where it is prepared for use in electric arc
furnaces to produce elemental phosphorus.

The Florida and North Carolina deposits consist of a consolidated
mass of phosphate pebbles and clays known as matrix, which is deposited

in a discrete layer of considerable extent. The Florida and North

13 14

Carolina deposits occupy aBout 1.8 million acres ” and 5Q,00Q acres,

respectively.

3-6




Mining in Florida and North Carolina is conducted by stripping over-

burden from the matrix deposits and removing the matrix layer by use of
large electrically driven draglines. Since the phosphate rock normally
occurs below the water table, large pumps are used to keep the water out
of the area being mined. Even so, the rock contains from 10 to 25 percent
moisture as it comes from the ground. This high moisture content precludes any
.potentia1 for particulate emissions during mining. Once mined, the matrix
layer is dropped into sumps, slurried with water, and pumped to beneficiation
plants. A typical Florida beneficiation unit involves a preliminary wet
screening to separate a fraction called pebble rock, which is smaller than
1/4 inch and larger than 14 mesh, from the balance of the ore. The pebble
product is then sent to the rock dryer. The North Carolina ore does not
contain pebble rock. In North Carolina, the ore fraction larger than 1/4 inch
is sent to a hammer m11 and then recycled to the streens. In both Florida
and North Carolina benefication processes, the ore fraction smaller than 14 mesh
is slurried and treated by two-stage flotation, which uses hydrophilic or
hydrophobic chemical reagents in conjunction with aeration to selectively
separate suspended particles. No air poliutants are generated during either the
mining or beneficiation processes except at a few plants which mine the hard
rock in the southern part of the Western reserves. Because of the dry climate
in that area, dust similar to that generated in rock quarrying operations is
produced dgring mining and hauling of the rock.

Ore leaving the beneficiation plants must be either dried, calcined, or
nodulized before it can be further processed. The particular route taken depends
on its organic content and the ﬁItimate product for which it is destined. Since

Florida rock is relatively free of organics, it is dried by simply heating to
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about 2500F to drive off free water. Rocks mined from other reserves

in the nation, however, contain organics and must be heated to 14000

to 16009F. If not removed, the organics caﬁse a slime which hinders filtration
during the manufacture of wet-process phosphoric acid, the starting material
for phOSphate fertilizer. During nodulization, the ore is heated to 2200° to
2600°F. The nodulizing process not only drives off water, carbon dioxide, and
organic matter, but also causes the ore to fuse into larger lumps suitable

for feed to the electric arc furnace used in the manufacture of elemental
phosphorus. Only the Tennessee ore and some Western ores are nodulized.

3.2.2. Drying,

Phosphate ores are dried in direct-fired dryers, ie., the combustion
products contact the ore directly. Most dryers are fired with either naturai
gas, No. 2 or No. 6 fuel oil, and many are equipped to burn more than one type
of fuel. Through the late sixties and early seventies, there was a trend
toward fuel oil, usually No. 6. Both rotary and fluidized-bed units are
employed, with the rotary the more common. Figures 3-5 and 3-6 present typical
schematics of the two types of dryers. Ore is about 10 to 15 pefcent moisture
by weight when fed to the dryer. It is discharged when it reaches between 1
and 3 percent moisture, the percentége being determined by the ultimate use
of the ore. As shown in Table 3-2, capacities of dryers range from 5 to 350
" tons per hour (tph), with 200 tph a representative average. The newer
installations favor the larger capacities, Typical air volumes used by the
industry range from 20,000 dry standard cubic ft per minute (dscfm) for a 65 tph
unit to 120,000 dscfm for a 350 tph unit. A typical dryer processing 250
tph of rock will discharge between 70,000 and 100,000 dscfm of gas. Conservative
operators minimize air usage to decrease fuel consumption and to reduce the

size and cost of the air pollution control device.
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CAPACITIES AND GAS FLOW RATES FOR PHOSPHATE ROCK DRYERS'®

Table 3-2.
Product Stack Gas
: Rate Type of Flow Rate
Company Location Tons/hr Factlity scfmx10-3
Agrico Chemical Pierce, Fla, 1,000 NR 800
Beker Industries Conda, Idago 63 Fluid Bed 27
Borden Chemical Plant City, Fla. 150 Rotary 52
Brewster Phosphates Bradley, Fla, 3sd NR 1452
Conserv, Inc. Nichols, Fla. 10 NR 27
Freeport Chemicals Uncle Same, La, 200 Fluid Bed NR
_ 200 Fluid Bed NR
Gardinier, Inc. Ft. Meade, Fla, 196 NR 77
W. R. Grace & Co. Bartow, Fla. 330 Rotary 1302
165 Fluid Bed
Hooker Chem{cal - Columbia, Tenn, 21 Rotar'yb 18
IMC Corporation Noralyn, Fla, 5507 N 1552
" IMC Corporatfon Kingsford, Fla. 333 Fluid Bed 70
Mobi1 Chemical Nichols, Fla. 350 Rotary 78
350 Rotary 78
Occidental Chemical White Springs, Fla. 242 Fluid Bed 93
Rocky Mtn. Phosphates Garr{son, Montana 5 Rotaryc NR
J. R. Simplot Conda, Idaho 150 Rotary? 22
Stauffar Chemical - Leefe, Wyoming 55 Rotary 15
S;auffer Chem{ical Vgrna]. ugah gg 2::::; ;8
Swift Chemica) Bartow, Fla, 178 Rotary 56
_ 265 Fluid Red 76
Texasgulf, Ine. Aurora, N.C. 233 Fluid Bed NR
USS Agri-Chem Ft. Meade, Fla 187 Rotary MR

47otal for two dryers.

Brhis dryer operates at 400°F (exit gqas temperature).

“This dryer operates at 250°-300°F (exit gas temperature).

.dThis dryer operates at 300°F (exit gas temperature).
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Emissions from dhyers range from 0.5 to 5 grains per dry standard cubic
foot (gr/dscf), or about 400 to 4000 pounds pér hour (1b/hr), for a
typical 250 tph dryer. There are no significant differences in the gas
volumes or emissions from fluid bed or rotary dryers.

Process variables which affect emissions from a phosphate rock dryer
include the type of rock being processed (a factor only at Florida plants),
fuel type, air flow rate, product moisture content in the case of a rotary

dryer, and speed of rotation. A unique situation regarding rock types in

the Florida industry deserves some comment. The pebble rock described

earlier receives much less washing than does the concentrate rock from the
flotation processes, and, therefore, has a higher clay content. As a result
uncontfo11ed emissions from drying pebble rock are substantially higher than
when drying ore from the flotation process.16»17=18
3.2.3. Calcining

The most Common type of calciner is the fluidized-bed unit (illustrated
in Figure 3-7), but rotary calciners are also used. Calciners differ from
dryers in that their much higher temperatures require refractory linings.
Also, as shown in Figure 3-6, the fluidized-bed dryer has an external combustion

chamber with the flue gases passing through the dryer, whereas the calciner
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(Figure 3-7) employs combustion_within the bed of phosphate rock in
order to achieve the higher temperatures. Calciners range in capacity
from 20 to 70 tph; a representative average is about 50 tph. "As noted
for dryers, the newer calciner installations also tend to be of larger
capacity. Averagé air volumes used by the industry range from 17,000
dscfm for a 20-tph calciner to 50,000 dscfm for a 70-tph unit. A
typical 50-tph unit will discharge between 30,000 and 60,000 dscfm of
exhaust volume with particulate emissions of 0.5 to 5 gr/dscf for total
uncontrolled particulate emissions of‘250 to 2500 1b/hr. Table 3-3
summarizes production rate and volumetric flow rate for fluid bed and
rotary calciners. |

3.2.4. Crushing and Grinding

'CEushing and grinding are widely employed in the processing of phosphate
rock. These operations range in scope from jaw crushers_which reduce 12-inch
hard rock to fine pulverizing mills which produce a product the consistency
of talcum powder. Crushing is emp1oyed in some locations in the Western field;
however, these operations are used for less than 12 percent of the rock mined
in the United States. The fine pulverizing mills or grinders are used by all
manufacturers to produce fertilizer. These may be either roller or ball mills.

Ro11ef mills and ball mills are used to reduce the phosphate rock to a
fine powder - typically specified as 60 percent by weight passing a 200-mesh
sieve. Roller and ball mills are about equally favored in the industry. A

typical grinding circuit is illustrated in Figure 3-8.
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The roller mill is composed of hardened steel rollers which rotate
@gainst the inside of a steel ring, as shown in Figure 3-9. Ore is fed
into the mill housing by a rotary valve which prevents the eséape of air
into the feed system. The rock is scooped up from the floor of the housing
by plows and directed into the path of the rollers, where it is ground between
the rollers and the steel ring. Ground rock is swept from the mill by a
circulating airstream. Some product size classification is provided by the
"rev01Q1ng whizzers" at the top of the housing. The average particle size
leaving the mill can be controlled by varying the speed of revolution of the
whizzers. Further size segregation is provided by the air classifier which
separates oversize particles from product size particles and recycles the
oversize portion to the mill. The product is separated from the carrying air
stream by a cyclone and conveyed to ground-rock storage. The air stream is
returned to the mill in a closed loop.

The ball mi1l is basically a drum revolving about an axis slightly inclined
to the horizontal (Figure 3-10). The drum contains a large number of steel
balls about 1 inch in diameter. Rock is charged into the mill through a
rotary valve, ground by attrition with the balls, and swept from the mill by
a circulating air stream as described above for roller mills.

Roller and ball mills are operated slightly below atmospheric pressure
to avoid fugitive discharge of rock dust into the air. As a result, there
is infiltration of atmospheric air into the circulating streams. This tramp
air is discharged from the circuit through a dust collector to the atmosphere.
Mill capacities range from 15 tph of phosphate rock for a smaller roller mill

to about 260 tph for a large ball mill. Generally speaking, roller mills are
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limited to about 75 tph per unit; therefore, many operators install several

in parallel rather than a single large ball mill. There is no clear trend
toward either metho; of grinding. Discharge air volumes range from 1100
dscfm for the 15 tph unit to 19,000 dscfm for a 260 tph unit; however,

as noted above, this discharge stream is a pﬁrge of tfaﬁp air which enters the
system as a result of the vacuum and is therefore more'dependent upon the
design and construction of the gfindihg‘circuif than.on the capacity of

the mi11. For example, it would not be unusual to find a mil1l grinding

150 tph discharging 19,000 dscfm nor a 250-tph unit discharging 10,000

dscfm. A typical mill has a capacity of 50.tph and discharges between

3500 and 5500 dscfm of air containing 0.5 to 5 gr/dscf of particulate. At
this rate, the typical grinder could emit as much as 237 pounds of particulate
each hour of operation. Table 3-4 summarizes production rate and vo1umetfic‘
flow rate for several types of mills.

3.2.5 Materjals Handling and Storage

Between each of the operations described, provision is .usually made
to convey and/or store the rock. The materials handling and storage
operations employed by the phosphate rock industry rangé from truck:
hauling and open storage to sophisticgted pneumatic transfer systems |
and silos. Some mention has previously been made of the normal methods of .
conveying ore from the mines to beneficiation plants. A discussion of the
handling énd storage procedures commonly emp1oyed'at other steps in the
various processes will how be given. o

Benefiéiated rock is commonly stored wet in open piles. Several methods
are used to reclaim the material from the piles, including skip loaders,

underground conveyor belts, and above-ground reclaim trolleys. The
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reclaimed ore is hormally conveyed to the next proceséing step, whether
drying, calcining, or nodulizing, by either open or weather-protected

conveyor belts.

Rock discharged from the rock dryers or calciners is usually
conveyed to storage silos on weather-protected conveyors. From the
silos it is either transported in rail cars and trucks éo consumérs,
or conveyed to grinding mills which.prepare the rock for feed to
ferti]izer_p]ants. | |

Ground rock is usually conveyed‘in some type of totally enc]oséd
screw conveyor, the dust pump, or the air slide system. The sbrew
conveyor consists of a long screw enclosed in a tube or covered
‘trough, and is driven at one end, Ground robk fed into one end of the
tube is carr{ed along the flights of the screw and discharéed at the
opposite end. The dust pump system employs an aerated bin to generate a
confinuous stream of fluidized rock. The rock dust is then blown from
the ground-rock surge bin to the receiving units through pipelines.
Provision must be made at the discharge end to vent the conveying
airstream, The air slide, illustrated in Figure 3-11, is composed of
a rectangular duct separated into upper and lower segments by porous
tile. The duct is inclined downward from the feed end to the dischafge.
Rock dust is fed into the upper segment of the duct, and air is blown
at the low pressure into the Tower segment. The air diffuses upward
through the porous tile into thé rock dust, assisting rock flow by
gravity down the incline to the discharge end; Provision must be made to
inject afr at intervals throughout the length of a long conveyor and to

purge the excess air from the uppér segment.
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3.3. PRQCESS EMISSIONS AS RESTRICTED BY TYPICAL AND MOST«STRINGENT
STATE REGULATIONS

Table 3-5 presents a tabd]ation of state process weight tables for
states in which the phosphate rock industry is located, Florida's
limitations are most stringent, and those of Tennesséé (for existing pTQHts),’
North Carolina, Idaho, Montana, and Wyoming (for existing plants), are the
typical. A comparison of emission rates from plants under each of these
two levels of limitation (most stringent and typical) is presented in Table
3-6. Materials handling systems are not included because of the difficulty

in determining a representative system.
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4. EMISSION CONTROL TECHNIQUES

The task of minimizing emissions from the complex sequence of operations
employed in a typical phosphate rock processing plant usually requires appli-
cation of severa] different control systems. At phosphate rock installations,
the normal sequence of operations is: mining, beneficiation, conveying of
wet rock to and from storage, drying or calcining, conveying and storage of
dry rock, grinding, and conveying and storage of ground rock. In general,

each operation has a separate control system.

4.1 MINING

Over 98 percent of the phosphate rock produced in the United States is
mined from ground, where the moisture content is high enough to oreclude
_particulate emissions during extraction of the ore. In the relatively small amount
of mining performed in areas thcg ground moisture content is not sufficient tn
prevent emissions, such as the hard-rock areas of Utah and Wyoming, some
particulate is generated duking blasting and handling of the overburden and
ore body. These emissions are minimized by wetting the active mining area

with water from tank trucks.

4.2 BENEFICIATION

geneficiation is performed in a water slurry. Since the rock is wet, it does

not become airborne and presents no threat to air quality.
4.3 CONVEYING OF WET ROCK

Mined rock is normally moved by conveyor belts. Some are oben, others

closed for weather-protection. In all except the relatively small plants in tne
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hard rock areas of Utah and Wyoming, the high moisture content of the rock
(from 10 to 15 percent by wei‘ght)1 prevents emission of particulate. Weather-

protected conveyors also offer some emission control in arid or windy locations.

4.4 PHOSPHATE ROCK DRYING

The air stream from a rock dryer contains particulate and combustion
products including moisture. The re1ative1y 1Qw temperatures at whicH the rock
is dryed is too low to drive off gaseous f1ﬁor1de.2 The effluent is about
160° to‘200°F, and the particulate loading is about 3 grains per dry cubic
foot.? The most common control system is a wet scrubber, although electro-
static precipitators dre used by two companies. Exahp]es of the éfficiency
and emission rate for several collection systems are given in Table 4-1.
(Additional details of EPA tests and tHé‘resu1ts of some sampling condﬁcted by

the industry are presented in Appendix c.)

4.4.1 Scrubbers

Scrubbers are the most common control device used by operators of
phosphate rock dryers. 'Probably the most important design parametéfs'for scrubbers
are the amount of scrubber water used per unit Qo1ume of-gas treated (1iquid-to-
gas ratio)'and the intimacy of contact between the liquid and gas phases.4 The
pressure 1055 across the scrubber is often times used as an indiﬁation of the
latter, Vénturi scrubbers with a relatively low pressure loss (12 inches of
water) will have a collection efficiency of 80 to 99 percent for particulates of
1 to 10 microns in diameter and 10 to 80 percent for those less than 1 micron,
whereas "high-pressure-drop" scrubbers (30 inchesa P) may have collection effi-
ciencies of_96 to 99.9 and 80 to 96 percent, respective1y; for particles in the
same size ranges.5 As reported in Appendix C, one dryer using a scrubber ODEfated
at a_pressure'drop of 18 inches of water was tested by'EPA and found to
have emissions of 0.015 gr/dscf. Emissions before the scrubber were

about 2 gr/dscf, ihdicating a control .efficiency of greater than 99 percent.
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4,4,2 Electrostatic Precipitators

There are currently two operators of phosphate rock dryers which use

electrostatic precipitators (ESP's). One uses a conventional dry-type ESP
to control emissions from two rotary dryers. The précipitator was designed for
95 percent efficiency, but its operatiné efficiency is typically about 93 percent.7

The other operator uses a wet electrostatic precipitator designed and built by
| MikroPul Division of United States Air Filter Corporation, This unit controls
emissions from twévdryers. operated in parallel. One is a rotary design and the
other is a'f1uid bed,- The control syétem at this plant is unusual in that
emissions from the dryers are ffrét cleaned by-two impingement scrubbers {(one

for each dryer), The streams-are then combined and discharge through the ESP.
The ESP was designed for an efficiency of 90 percent, but is operating.more
efficiently because the gas flow rate is approximately half the design va1ue3
S{multaneous.inlet and outlet tests have not been perfdfmed on the dryers, but
the operator reports inlet loadings to be 0.6 to 1.0 gr/dscf and EPA tests |
show outlet emiésions to average about 0.01 gr/décf (98 to 99 percent efffciency).
A similar ESP used to collect emissions from an aluminum pot line averaged 98.5
percent efficiency for particulate in the size range 0.2 to 1.0 micron d'iameter.8
Ninety-eight percent of the particulate from phosphate rock dryers is larger |
than 0.4 m_icrons.9 .‘ |
Plate (electrode) voltage and the ratio of plate area to the volume of
gas treated'are the most important variab]es'affecting emissions from electrostatic
precipitators, However; ihe fesjstivify of the dust in the gas stream being
cleaned and the efficiency with which capﬁured material ié cleaned from the plates

can also affect emissions,
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' 4.4,.3 Fabric Filters

Bag filters are not currently used to control emissions from phos-
phate rock dryers. The industry's apprehension regahding baghouse controls
for dryers stems from the high moisture content of the exhaust gases (20 to
30 percent by volume) and the potential "blinding" of bags caused by mixing
of moisture and clay material. The industry is concerned the high moisture
content would require costly precautionéry measures, such as preheating the
baghouse before startups and providing auxiliary heat at all times to insure
the gas temperature from the dryer does not fall below the dew point in any
portion of the baghouse.

In one EPA study]O

to determine the feasibility of more stringent
emissions regulations for phosphate rock dryers, it was concluded there are
no apparent technical problems which would preclude the use of bag filters
for control of dryer emissions. Numerous examples of baghouse installa-
tions utilized in similar and more difficult applications are related in
this study. The problem of moisture condensation has been resolved in
other industries. Typically, condensation is avoided by maintaining a 50°F
difference between the wet and dry bulb (W.B. and D.B.) temperature. This
can usually be accomplished by insulating all vent lines and the filter.
Presently most dryer facilities employ long runs of uninsulated ductwork
which is conducive to the formation of condensation. In designing a new
plant to use a baghouse, the length of the exhaust gas line from the dryer
to the baghouse exit should be minimal and well insulated to minimize
heat loss. Control of fuel rate can also help maintain a Tow relative
humidity.

Overheating of the baghouse need not be a problem. For a typical
dryer exhaust at 165°F (D.B.) and 30 percent (by volume) water, the tempera-

ture of the baghouse should be maintained at about 215°F, well within the
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acéeptable temperature rangé of most bag fabrics. This temperature could
probably be maintained by proper design of fhe dryer and insulation ofvthe'
vent 11nes.. However, auxiliary heating may be required for some low tempera-
ture dryers. In any case, it would be desirable to providé a temperapure
control system which would prevent the gas stream from becoming any colder
‘than 50°F above the wet bulb temperature or of exceeding the temperature for_
which the bag is designed. Other factors such as acidity of the gas stream,
and adsorption, adhesion, and electrostatic properties of the particlgs which
could adversely affect the performance of a baghou;e can generally be solved

by proper selection of the fabric for the bag. Manufacturers.of fabric filters
consider the gas properties and recommend the proper fabric for a given installa-

tion.

Bag filters have be.ome increasingly common as a control device in
industries where high collection efficiencies are required. One of the more
common applications is on rotary dryers. They are used extansively on dryers

at asphalt, cement, and mixed-fertilfzer pIants; and in the clay industry.14

Due to similarities in emissions characteristics (including a
composition of mainly clay particles, the experience of the clay industry
mgy_be quite applicable to the phosphate'rock_industry. Nearly all of the

kaoline (clay) spray dryers and several of the kaoline rotary kiln dryers




15 The typical particle size from

in Georgia are equipped with bag filters.
the kaolin dryers is smaller than from a rock dryer -- 80 percent less than
two microns as compéred to 50 percent less than two microns. The kaolin gas
stream typically contains between 20 and 50 percent moisture, a dew-point

between 160° and 180°F and a dry bulb temperature between 200° and 250°F.16

The Georgia state agency reports that there are no visibla emissions
for the kaolin rotary kilns or spray dryers when the bagnouse is maintained
proper]y.17 The bag filters used in the kaolin industry are cleaned either
by shaking or pulse air., The state agency also reports that operating

problems with the filters (such as occasional broken bags) have been minor.18

Another application which may be similar to the phosphate rock dryer
is tne coliection of dust from a mixed-fertilizer dryer, Baghouses are used
extensively at granular fertilizer manufacturing plants.to collect dust from

dryers drying various mixtures of triple superphosphate, normal superphospnatz,

19

potash, and solid nitrogen compounds., State agency data indicate a dry bulb

temperature of 186°F and a wet bulb temperature of 116°F.20

Of the two manufacturers cbntacted. Wheelabrator Frye Corporation
and American Air Filter, both indicated that a bag filter could collect the
dust from a phosphate rock dryer. They also stated that in thair opinion
the baghouse pas been used successfully on even more difficult applications

such as dryefs in asphalt plants.21
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The potential control efficiency of the baghouse on dryer emis-
sions may be estimated by applying fractional efficiency data to the particle
size distribution of dryer emissions. Figure 4-1 shows the particle size
distribution of particulate matter emitted from threé separéte dryer facf—
lities. The size distributions are determined with the use of sampling
equipment (Brink Cascade Impactor) which separate the stack gés particulate
matter into size fractions. The material collected in each’size fraction
is quantified gravimetrfca]]y, and the cutoff particle size for each size
fraction (impactor stage) is calculated based on 1m§actor.geometry, gas
impactor velocity, and particle density. The particle density Was assumed
to be 2.8 gm/cc, which is consistent with the density of the known-major
components in the emissions stream (apatite and clays) and the value commonly
used by the industry in developihg desigh specifications for emission collec-

25,39 The size of particles in the dryer emissions shown in

tion equipment.
Figure 4-1 are relatively fine due to the composition of the phdsphate ore
(Florida pebble rock) processed. The pebble rock contains relatively soft
clays which disaggregate readiiy, resulting in the generation of fine par-
ticles. Emissions from pebble rock dryers are of major concern, since the
substantial portion of phosphate rock production occurs in Florida.

Figure 4-2 shows the effect of particle size on collection effi-
ciency of the bag filter. The efficiency plot was developed from test
data for a baghouse performing under control conditions similar to those
produced by phosphate rock dryers. The performance of fabric filter col-
lectors is relatively unaffected by the size distribution of particulates.
By contrast, particle size exerts a substantial impact on the performance
" of scrubbers, as seen in Figure 4-2 (estimétéd by utilizing an analytic

40)'

scrubber model developed by EPA Based on the two particle size
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" Figure 4-2. Fractional efficiency for bag filters and wet scrubbers!z’40
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distributions shown in Figure 4-1, and the performance curve of Figure 4-2,
the overall efficiency of a baghouse treating dryer emissions would be 99.0 to
99.4 percent (estimated by summing the partial efficiencies for selected

~ particle size increments). By contrast, the low energy scrubber (12 inches
of water pressure drop), which is typically used throughout the industry,
attains an estimated overall efficiency of 93.6 to 96.5 percent, depending
on the liquid to gas ratio employed. However, the scrubber can achieve
collection efficiencies equivalent to the baghouse when designed suitably

(i.e., for high energy and liquid to gas flow rates).

4.5 PHOSPHATE ROCK CALCINERS
As discussed in Chapter 3, calciners and dryers process the same

feed material, phosphate rock. The major di fferences between the two pro-
_cesses are the final temperature to which the rock is heated (200°F for
dryers and up to 1600°F for calciners) and the exhaust gas temperatures
(about 165°F for dryers and 200°F to 700°F for calciners). The parti-
culate concentration from the processes are about the same,(0.5 to 5 gr/dscf)
and, as shown in Table 4-2, the size distribution of the particulates in

the exhaust gases is similar.

Table 4-2. PARTICLE SIZE DISTRIBUTION OF EMISSIONS FROM
PHOSPHATE ROCK DRYERS AND CALCINERS

Percent Less Than Stated Size

Diameter, Microns Dryers? Calciners25
10 82 96
5 60 81
2 27 52
1 n 26
0.75 ' ' 7 10

0.5 . 3 5

dcompiled as the mid point of the ran%f of size distributions observed
at different phosphate rock dryersS:*!
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Because of the similar characteristics of the particulate matter
in the exhaust gases from dryers and calciners, it is expected that the
"cohtrol1abi1ity“ of emissions from the two processes is similar, and that

control technology for dryers can be applied to emissions from calciners.
Emissions from the control devices of the two processes, including the

opacity of the emissions, should be the same when controlled to the same

degree.

The gas stream leaving the calciner is usually passed through a
cyclone to a particulate control device. One company is using an electro-
static precipitator, but the most common control device is a wet scrubber.

4.5.1 Scrubbers

Scrubbers are popular for controiling emissions from phosphate

rock calciners becduse they are rebortedly "less sensitive to damage caused by

the high temperature of the calciner exhaust."

4.5.2 Electrostatic Precipitators

Only one cal¢iner now uses an ESP to control emissions. The ESP
is two-stage and operates with an inlet particulate loading of about 5 gr/dscf
and an outlet loading of about 0.05 gr/dscf, about 99.0 perceﬁt efficient.26 :

Factors affecting the performance of an ESP were discussed in Section 4.4.2.

4.5.3 Fabric Filters

Bag filters are not currently used to control emissions from phosphate
rock calciners. As in the case of rock dryers, the industry is apprehensive
of overheating of the bags due to high exhaust temperatures, and potential

blinding of the bags due to mixing of moisture and clay material.
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In one EPA study10 congerning the control of emissions from
phosphate rock dryers, it was concluded there were no apparent technical
problems which would preclude the use of bag filters for control of dryer
emissions. Because the controllability of dryer and calciner emjssions
is similar, it is expected that bag filters would also be applicable for
control of calciner emissions, Baghouse installations are currently used
fn numerous applications similar to tﬁe service which would be required for
phosphate rock calciners, The high exhaust gas temperatures are controlled
by a variety of approaches in other industries, such as radiation type
coolers (used in metallurgical industr1e527), water sbray, or dilution with
ambient air. The problem of ‘moisture condensation is typically resolved
by maintaining approximately a 50°F temperature difference between the wet
and dry bulb temperature. For emergency protectfon‘of the baghouse filters,
a relief system is used to vent high temperature exhaust gases if the
temperature control system fails. Such emergency equipment is reliable and
relatively inexpensive compared to the costs of replacing damaged filters.
In addition to temperature protection afforded by gas conditioning, special
nylon or fiberglass textile filter fabrics capable of service at 450°F may
also be used as a protective measure against transient temperature peaks.
The control system manufacturer considers the economic tradeoffs associated
with the alternative baghouse designs and recommends a suitable fabric and

gas conditioning system.

The potential control efficiency of a baghouse for calciner
emissions may be estimated by applying fractional efficiency data to the
particle size distribution of calciner emissions, Since the particle size

distribution and composition of calciner and dryer emissions is similar, the
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collection efficiency of the baghouse for the dryer and calciner applications

is similar. Based on the size distribution of calciner exhaust particles

given in Table 4-2, and the bag filter performance curve of Figure 4-2, and
the bag filter performance curve of Figure 4-2, the overall efficiency of a
baghouse treating calciner emissions would be 99.0 percent. The efficiency
of low energy scrubbers normally used to control calciner emissions in the

industry is somewhat lower (about 94 to 97 percent).

4.6 GRINDING

Dried and calcined rock is ground prior to being used for the manu-
facture of fertilizers, as described in Chapter 3. The grinding or miiling
circuit operates under slightly negative pressure to prevent the escape of
air containing ground rock. Because the system is not airtight, some air is
drawn into the system and must be vented. This vent stream is usually dis-
charged through a fabric filter (baghouse), although a wet scrubber is also
sometimes employed. The temperature of the air is typically about 125°F
and contains particulate matter. |

The grinding operation is purely mechanical and there is no threat

of fluoride evolution other than as a part of the particulate.

4.6.1 .Scrubbers
Scrubbers are sometimes used to control emissions from grinders.
They are usually low-energy (8 to 10 inches pressure drop) Venturi or

impingement scrubbers. Emissions from these devices are typicaITy about
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10 times greater than for fabric filters. Scrubbers also add to the volume

of effluent water which must be treated before discharge.

4.6.2 Electrostatic Precipitators

Electrostatic pbecipitators have not been used to control emissions

from phosphate rock grinders.

4.6.3 Fabric Filters

Fabric filters are the most common device used to control emfé-
sions from grinders. This is probably because the particulate collected by
the baghouse can be added dfrect1y to the product, thereby increasing
yields. Also, the low moisture content and only slightly elevated tempera-

ture (125° to 150°F), eliminates the reasons industry claims for avoiding

the use of-baghouées on dryers and calciners. Table 4-4 presents typical
emission rates for grinders, Details of EPA tests and results of some
industry tests are presented in Appendix C. The operators report no
variation in emissions as a result of such factors as fineness of
grinding, type of rock, ambient conditions. or any other equipment or
process variable whicn can be control]ed.3°
Variations in emissions from one unii to another at a given 10catibn
appear a function only of the total volume of exhaust air (Table 4-4).
For a given fabric filter, evidence suggests that the discharge loading
is fairly constant over a range of air flows. If true, the mass emission
‘rate is proportional to the total gas volume. The largest source of
variation in emissions is, of course, the differences in design parameters
fand maintenance of the particular devices cited. The reader is referred

to Control Techniques for Particulate Air Pol]utant523 for additional

detail about the design dnd operation of control devices,
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4.7 MATERIALS HANULLIAG AND STGRAGE

Emissions from waterials handling systems are difficult td quantify,
partially because of the great number of different systems employed to
convey rock, and partially because a large part of the emission potential
. for these operations is fugitive emissions. Materials handling syaﬁems
range from "front-end loaders" ahd.other manual conveyances to automated
| pneumatic systems. The basic differences between the systems from an
emissions standpoint are the precautions taken to prevent the dust from

becoming airborne and the ease with which it can be captured if it doas.

The most common type of transfer system for unground rock consists of.
conveyor belts and bucket elevators. In order to minimize fugitive emissions
caused by ambient air currents, cbnveyor belts moving dried rock are usually
covered and sometimes enclosed. The major source of emissions from this
type of system is the "transfer point" where the material falls by gravity
from the conveyor belt., Small amouhts of fugitive dust can also be present
at points along the housed enclosure because of the moveﬁent of the belt over
the rollers, thermal air currents created by the hot rock, or ambient winds.
Transfer points are sometimes hooded and evacuated to minimize fugifive
emissions, but none in the phosphate rock industry have been seen which
are 100 percent efficient. Some conveyors used for similar applications
in the c¢rushed-stone industry, hﬁwever. do control transfer points to the
point of no visible emiséidns.?z
Bucket elevators are usuaf]y enclosed and evacuated to a control devite
" since otherwise they would generate substantial amounts of dust.

Rock which has been ground is usually conveyed in totally enclosed

systems, such as described in Chapter 3. These systems are very effective
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at limiting fugitive emissions since discharge points of material and of
particulate-laden air are well defined and easi]& controlled. In essentially
all cases, particulate emissions can be effectively controlled by proper
maintenance of the transfer system and its control device. Since the
pneumatic systems operate under positive pressure, monitoring of emissions
from the control device is the only necessary means for enforcement of a
visible emission standard. A leak in the transfer system itself will require

immediate attention of plant personnel to minimize product loss.

Dry rock, both ground and unground, is normally stored in enclosed
bins or silos which are vented to the atmosphere. Emissions from the
vents are frequently controlled by fabric filters. For pneumatic ground
rock handling systems, this is the same fabric filter which controls
emissions from the transfer system. The dust they collect is returned to
the silo.

The emissions pdtent1a1 for a typical materials handling and storage

3 The control of

system is estimated as 2 pounds per ton of rock handled.
air pollution must be a priority item in the design of new materials
handling systems since retrofitting is often costly and difficult because

of space limitations and often results in a less efficient system.

4.8 WET GRINDING

The most promising “air pollution control technique" for dryers and
calciners is the recent move toward wet grinding of rock for the manufacture
of wet-process phosphoric acid (WPPA). The rock is ground in a water slurry
and then added to the WPPA reaction tanks without drying. This has not been
done previously because the water entrained with the ground rockvwould

require a stronger acid in the WPPA reaction (or be removed by evaporation)
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to maintain the 54-percent on5 strength needed for production of fertilizer.
Historically, 93-percent sulfuric acid has been diluted to 58-percent for the
WPPA reaction prior to addition to the reactor to permit removal of the

heat of dilution. If added to the reactor at 93 percent strength, the

heat of dilution coupled with the heat of reaction would exceed the capacity
of the vacuum flash cooler used for temperature control. Also, it was
widely accepted that the higher temperatures would result in formation of
smaller crystals of waste gypsum which would complicate the separation of

product acid from waste gypsum.

Two companies have now overcome their reservations.about the wet
grinding process. They have designed larger flash coolers on the reactors
to remove the heat of dilution, and have found no significant difference

in the crystal size of the gypsum.34

The products from the reactor are
fed to the evaporators at 28 to 32-percent P205 acid, the same as the
conventional WPPA process.

The only significant probiem created by wet grinding is the water
balance around‘the plant. EPA's effluent water regulations require zero
discharge by 1980. Wet grinding adds about 300 ghi1ons per minute to an
effluent discharge volume which operators of WPPA plants are already
finding difficult to control. However, the potential savings (elimination
of the energy intensive phosphate rock dryer and its afr pollution control
system and air pollution controls for the grinder) is a strong incentive
to the operator. - | |

Plant management contends that the major driving force for the process
is not improvements in technology, but increasingly expensiye fuel costs

35

and stringent air emission regulations. It is now less expensive to
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treat the wet rock than to contend with high energy costs and increasingly
stringent air regulations. |

The impact of thé wet grinding process could be far-reaching since about
70 percent of all phosphate rock is ultimately used to produce ferti1izer.36
and 85 percent of the rock used for fertilizer must first be converted to
phosphoric acid.37 If wet grinding proves to be a trend in the industry

8 the growth rate for phosphate

(and present indications are that it will),
rock dryers will become negligible. Of course, there will continue to be

a requirement for dry rock unless ways are found to introduce wet ground
rock into the processes other than WPPA. Much of this need may be filled
by the capacity of existing dryers rather than construction of new ones.
The need for emission controls on phosphate rock grinders, though
diminished, will continue since the calcination process will probably

continue at its current rate of growth and calcined rock must be ground.
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5. MODIFICATION AND RECONSTRUCTION

In accordaﬁce with Section lll_of the Clean Air Act, standards of
performance shall be estab1ished for new sources within a stationary
source category which "...may contribute significantly to air pollution
..." Standards apply to oberatidns or apparatus (facilities) within a
stationary source, selected as "affected facilities," that is, facili-
ties for which applicable standards of performance have beén promulgated

and the construction or modification of which commenced after the pro-

posal of said standards.

On December 16, 1975, the Agency promulgated amendments to the
_general provisions of 40 CFR Part 60, including additions and revisions
td clarify modification and the-addition 6f a reconstruction provision.
Under the provisions of 40 CFR 60.14 and 60.15, an "existing facility"
may become subject to standards of performance if deemed modified or
reconstructed. An "existing facility" deffned in 40 CFR 60.2(aa) is an
apparatus of the type for which a standard of performance is promulgated
and the construction or modification of which was commenced before the
date of pfoposa] of that standard. The followfng discussion examines
the applicability of these provisions to phosphate rock processing
facilities and details conditions under which existing facilities could
become subject to standards of performance. It is important to stress
that since standards of performance apply to affected facilities which,
combined with existing and other facilities comprise a stationary source,

the addition of an affected facility to a stationary source through any
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 mechanism, new construction, mddification or reconstruction, does not

make the entire stationary source subject to standards of performante,

dn1y the added aﬁfected_faci]ity.

8.1, 40 CFR PART 60 PROVISIONS FOR MODIFICATION AND RECONSTRUCTION

5.1.1.  Modification

It is important that these provisions be fully understobd

prior to investigating their applicability.

Section 60.14 defines modification as follows:

"Except as provided under paragraphs (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 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".

Physical changeé in equipment design such as a modification
of the dryer f]ights to increasé gas-to-soTids contact Qr the reé1acement
of a totally enclosed ground rock transfer system with an open system
. would probably subject the operatof to the provisions.of Section 60.14
since emissions from the equipment wou]d increase. |

Paragraph (e) lists certain physical or operatidnal Ehanges
which will not be considered as modifications, irrespective of &ny
change in the emission rate. These changes include: |

1 - Routine maintenance, repair and replacement.

2 ~ An increase in the production rate not requiring
a capital expenditure as defined in Section 60.2(bb).




3 -~ An increase in the hours of operation.

4 - Use of an alternative fuel or raw material if prior
to the standard, the existing facility was designed
to accommodate that alternate fuel or raw material.

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.

Paragraph (b) clarifies what constitutes an increase in
emissions in kilograms per hour and the methods for determining the
increase, including the use of emission factors, material balances,
continuous monitoring systems, and manual emissién tests. Paragraph (c)
affirms‘that.the addition of an affected facility to a stationary source
does .not make any other facility within that source subject to standards
of performance. Paragraph (f) simply provides for superceding any

conflicting provisions.

5.1.2 Reconstruction

Section 60.15 reqarding reconstruction states:

“If an owner or operator of an existing facility proposes
to replace components, and the fixed capital cost of the new
components exceeds 50 percent of the fixed capital cost tnat
would. be required to construct a comparable entirely new fagility,
he shall notify the Administrator of the proposed replacements.

- The notice must be postmarked 60 days (or as soon as practicable)
before construction of the replacements is commenced. . . .

The purpase of this provision is.to ensure that an owner or operator
does not perpetuate an existing facility by rep1acing all bdt vestigial
components, support structures, frames, housings, etc., rather than totaily
replacing it in order to avoiq subjugation to applicable standards of
performance. As noted, upon.request._EPA will determine if the
proposed replacement of an éxisting facility's components constitutes
reconstruction.,
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5.2 Applicability to Phosphate Rock Processing Operations

5.2.1 Modification

The following physical or operational changes will not be con-

sidered as modifications to existing phosphate rock plants, irrespective

of any change in the emission rate:

].

2.

3‘

4,

Changes determined to be routine maintenance, repair,
or replacement. For phosphate rock processing plants,
this will include the rep1acement or refurbishing of
equipment elements subject to high heat or abrasion
and impact such as refractory linings, crushing sur-

faces, screening surfaces, and conveyor belts.

An increase in the production rate if that. increase

can be accomplished without 2 capital expenditure ex-

; ceeding the existing facility's IRS annual asset guide-

line repair allowance of 6.5 percent per year.
An increase in ;he'hours of operation.

Use of an alternative raw material, such as Florida
land pebble, if the existing facility was designed

to accommodate such material.

Use of an alternative fuel, such as switching from
natural gas to fuel oil, 1f the existing facility was
designed to accommodate the alternate fuel. If the
facility was not so designed. the switch would be con-

sidered a modification unless it could be demonstrated
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that the new fuel did not result in an increase

in emissions. However, conversion to coal required
for energy considerations, pursuant to Section
113(d) (5) or Section 119 (as in effect befofe the
date of enactment of tne Clean Air Act Amendments
of 1977) of the Act, shall not be considered a

modification.

6. The addition or use of any air pollution control
system except when a system is removed or replaced
with a system considered to be significantly less

effective,

The impact of the modification provision on existing phosﬁhate
rock facilities should be very slight. Except as noted above, no con-
dition is foreseen which would deem an existing phosphate rock pro-

cessing fac111ty modified.

5.2.2 Reconstruction

The replacement of facility components could be considered recon-
struction if the fixed capital cost of replacement exceeds 50 percent of

the cost to construct an entirely new facility.

One action which could be considered reconstruction for a dryer,
calciner, grinder or ground rock transfer system would be the replace-
ment and extensive refurbishing of power plant and drive mechanism,

including motor, chains, belts, gears, couplings, reducers, clutches,

bearings, etc. In such case, the test involving the relationship

between the fixed capital cost of the replacement versus the correspond-
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ing costs for complete reconstruction of the fa'cih‘-ty should be used to
determine applicability of the reconstruction provision. The final
determination will be made by the EPA Administrator based on information

provided by the owner.

Replacement of facility comp_onénts which are subjected to extreme
heat (e.g., refractory linings) or attrition q_ue to abrasion or impact
(e.g., crushing surfaces, screening surfaces and conveyor belts) could
be considered routine maintenance and may therefore be exempted by the

reconstruction and modification provisions.
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CHAPTER 6. ENVIRONMENTAL IMPACT

6.1 INTRODUCTION

This chapter identifies and analyzes the environmental impacts of alterna-
tive emission control systems as applied to the phosphate rock processing
industry. Incremental impacts on air, water, solid waste; and enérqy resulting
from the use of alternative control systems are assessed. The short-term
versus long-term trade offs, including resources commitments, of the

. alternative control systems are described and compared for each impact analysis.
Impacts of establishing emission standards (based upon application of the
different control systems) are compared with the impacts of not proposing or
promulgating standards of performance for new sources.

Those processes within the phosphate rock processing industry that are
included in the impact analysis are drying, calcining, grinding and ground
product materials handling. Processes not considered, and hence, not included
in the impact statement, are mining and beneficiation. Descriptions of
these processes are in Chapter 3.

The alternative control systems under consideration as the best demon-
Strated controls for the phosphate rock processing industry are the high effi-
ciency electrostatic precipitator (ESP), fabric filters (baghousés) and high
energy scrubbers. Each of these devices is currently used by the industry to
control emissions; however, their application is usually process specific.
Scrubbers, for example, are the most common control deyice for emissions from

dryers and c&lcthers; é]tbqugﬁ;most are low energy devices (8 to 10 inches of water),




whereas bagnouses are cormonly used to control emissions from grinding and
materials handling. Baghouses are not currently being used to confro]
emissions from dryers and calciners. From the similarity between the emission
characteristics from phosphaﬁe rock dryers and calciners and similar operations
in other industries, such as clay and kaolin dryers, it is believed that

fabric filter application on phosphate rock dryers and calciners is feasible an
and could achieve high particulate control efficiencies. Additional discussion

on the alternative control system is presented in Chapter 4.

6.2 ENVIRONMENTAL IMPACT OF STANDARDS OF PERFORMANCE

6.2.1 Air Impact

The air impact resulting from the application of the alternative control.
systems is evaluated by considering the incremental reduction in particulate

emissions beyond that achieved to meet state implementation regulations.

6.2.1.1 Emissions Limited by State Implementation Regulations

State Implementation regulations that are of concern for this industry
are limited to eight states: Florida, Tennessee, Idaho, Montana, Utah,
Wyoming, California, and North Carolina., Mass emissions of harticu]ates
from rock processing plants in six of these states are limited to a general
process weight rate regulation. These regulations are illustrated in Figure
6-1. Another state uses the criteria of best available équipment that is :
reasonable and practical; in the eighth state (California), each county sets
its own regulations. In all cases where process weight rate is used, the |

regulations become more stfingent as the process weight rate increases. Six.
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states use one equation for process weight rate of 30 tons per hour or less
and another equation for more than 30 tons per hour. Process weight, in
general, is defined as the amount by weight 6f solid fuel, recycled material
and raw material being handled in that process; it does not include 1iquid

and gaseous fuels, uncombined water and process air.

6.2.1.2 Uncontrolled Particulate Emissions - The uncontrolled particulate

emission characteristics are summarized by source in Table 6-1 for the phdsphaté
rock processing industry. The emissions data are bésed on information reported
by the industry and data collected by EPA;]’2’3’4 Emission factors listed
for dryers and calciners include the effect of primary cyclones. Cyclohes are
considered as part of the process equipment. This is because cyclones are used
primarily for material recovery and recycle rather than for pollution control.
Furthermore, note that no distinction is made in the table between rotary and
fluidized bed dryers and calciners. Available emission information does not
reveal any obvious differences in emissions‘from the two units after the
cyclone.

variations in emission factors are due to inherent differences in the pro-
cessed rock and differences in the process design. In drying and cal¢ining,
the range of emissions rates are caused primarily by differences in the ore.
~ The industry reports that drying of pebble rock results in greater emissions

than that resulting from drying of other grades of beneficiated rock.1
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Compared to other ores, pebble rock is softer and more easily disintegrated by
attrition, and contains more submicron clay particles which are easily sus-
pended. During the process of calcining, the greater emission loadings are
experienced during processing of unbeneficiated rock.

The emission information for dryers and calciners presented in Table 6-1
represents emission characteristics for units that are direcf-fired with fuel
0il or natural gas. The emission rates, gas flow rates, and tempefatures
presented are the median of the ranges observed in the industry, and are
assumed to be typical values. The variations in exhaust gas volumes for dry-
ers and calciners are relatively small (+ 20 percent) whereas variations in the
the values for grinders and ground‘rock‘hand11ng are larger. Energy consider-
ations are believed to be responsible for the smaller variation in values for |
dryers and calciners; large variations {n values for grinding and ground rock
handling are probably due to variations in process design.

The particle size information in Table 6-1 (i.e., mass median diameters,
MMD, and standard geometric deviations, Sg, for log-normal distributions) are
based on pare1c!e sizing tests of emissions from dryers, ca1c1ners and
grinders. 1, S‘é 7 The values presented are the midpoint of the ranges observed
for particulate emissions from phosphate rock plants and are assumed to be re-
presentative of "typica1“ phosphate rock facilities. For those sources where
only a single particle sizing test was conducted the distribution provided:by
that test was assumed representative. The particle size distribgtions for

emissions from material handling were assumed equivalent to those for grinders.
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6.2.1.3 Particulate Emissions Levels Achievable Using Alternative Control

Systems - The emissions levels which are achieved when the alternative control
systems are applied to typical uncontrolled emission sources are shown in
Table 6-2. The overall collection efficiencies of the baghouse and ESP alter-
natives are estimated by applying fractional efficiency data available in the

1 to the typical particle size distribution given in Table 6-1.

literature
The collection efficiency of the scrubber alternatives is estimated by applying
an EPA venturi scrubber model which utilizes as inputs the assumed scrubber
operating condition and typical emissions characteristics.8 The predicted
emission levels associated with each control a]térnative are consistent with
emissions levels observed at phosphate rock facilities presently employing the
candidate control systems (see Appendix C).

It should be noted that both the ESP and scrubber are capable of achiev-
ing control efficiencies equivalent to that attained by the fabric filter.
This is accomplished by designing the control system for the expected emissions
characteristics. Alternative designs will result in different collection
efficiencies, different capital and operating costs, and possibly different
environmental impacts. Because the analyses of control alternatives is con-
cerned with selection of the best system of emissions reduction considering
cost and nonair environmental impacts, the less efficient versions of the
scrubber and ESP are also considered in the analysis as candidate control

systems,

6.2.1.4 Particulate Emission Reductions Resulting from Alternative Control

systems - To estimate the impact of the alternative control systems on emissions

Tevels, it is necessary to determine the total amount of industrial production
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which will be affected by the New Source Performance Standard. The standard
will apply to: 1) new plants, 2) processes with existing plants that undergo
major modifications, and 3) new processes within a plant that are a resu]t of
expansion,

New sources resulting from plant expansion and from new plants (Items 1
and 3 above) are expected to total about 5 percent per year based upon produc-
tion figures from 1950 compared to those projected for 1980.9’10 Hence, if TPWn
is the total (industry) process weight of phosphate rock for the nth year following
promulgation of standards, this growth of new sources can be expressed as TPw
(1. os" -1), where TPw represents production for the base year corresponding
to n=0. Based upon a 20-year 1ife expectancy of existing process equipment,
New sources due to major in-plant modifications would be § percent per year
of the base year production (TPwo). Hence, new sources resulting from major
in-plant modifications can be expressed as n(0.05 TPwo), Thprefore, the total
of new source process weight for the nth year (NSn) after promulgation of new

source standards can be expressed as follows:
(Ns,) = {[(1 05)"-1] + n (0.05)} (TPW,)

- The new source yearly process weight predicted by this equation, using the
base year of 1975, where (TPwo) = 56,700,000 short tons,9 are in thousands
of short tons: : :
n 1 5 10 20
NS 5,700 79,800 64,000 122,100

TP | 59,500 | 72,400 92,400 150,400
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The predicted?totallprocess weight (prn) for the industry is also included for

cbmparison:purppses.

Processing of produetion from new sources will be by various schemes

| (e g., drying, calcining, etc.). Hence, in assessing the jmpact, it is necessary
to ant1c1pate the percent of new source ‘production by the various processes.

Based on available data for current production by various processes, 90 percent
of process weight from new sources will be processed through dryers and 10
_percent in calciners. - Furthermore, 30 percent of the process we1ght from new
sources is assumed to be ground and {s throughput for ground rock handling.

Based on application of the various candidate emission control systems, and the
typical gas characteristics of emissions presented earlier (Table 6-1), the

total emissions from new sources are projected for 1, 5, 10, and 20 years into

the future. These results are presented in Table 6-3 in tons/year.

The impacts of the various control alternatives on source emissions
levels are given in Table 6-4 in terms of the difference'between the emissions
allowed by typical state implementation regulations and the typical source
emissions levels resulting from the various control alternatives. Using the
results presented in this table, the new source production rates given earlier
and throughputs of 90, 10, 90, and 90 percent for drying, calcining, grinding
and ground rock handling, respectively, the reduction in totals eﬁissions can
be estimated. These total reductions in emissions are presented in Table 6-5.
The results of Tables 6-3 and 6-5 reveal that utilization of the most effi-
cient candidate control systems will resd1t in total new source emission

reductions of 95 percent beyond that required by typical state implementation
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Table 6-4. REDUCTION QF EMISSIONS FROM SIP LEVELS WHEN
ALTERNATIVE CONTROLS ARE APPLIED (1b/ton)

Alternative Control System
Source Fabric filter _
High energy scrubber Medium energy scrubber
High efficiency - ESP
Dryer 0.22 0.16
Calciner 0.73 ' _ 0.34
Grinder ' 0.87 0.87
Ground Rock 0.19 0.19
Handling _

regulations. Utilization of the less efficient medium energy scrubber or ESP
results in total new source emission reductions of 87 percent beyond‘the
state implementation requirements. In addition, variation betweén the levels
of control has the greatest incremental impact on the process of drying, and
very Tittle impact on Qrinding and ground rock handling as can be seen in

Table 6-5.

6.2.1.5 Atmospheric Dispersion Modg11ing]]- An atmospheric dispersion model

was used to assess the level of the ambient concentration which results

from emissions from phosphate rock processing plants. The modelling considered

estimates over 24-hour and annual averaging periods for particulates. All |
pollutants are assumed to display the disbeféion behavior of non-reactive gasgs.
The estimated pollutant concentrations are based on the application of state-bf-
the-art modelling techniques, which implies a-rea1iabi1ity of the estimates

to within about a factor of two.
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As shown in Table 6-6,'eight combinatiohs of process and size were
examined: 79 and 25 tons per hour (TPH) calcining operations, 300 and 50 TPH
"drying operations, and 100 and 20 TPH grinding operation. The levels of con-
trol achieved by the varioué control alternatives and the control level achieved

by typical state implementation regulations were examined within each combination.

The following assumptions are applied in the analytical approach:

1. There are no significant seasonal or hourly variations in emission

rates for these plants.

2. The plants are located in flat or gently rolling terrain. In
restrictive terrain, the dispersion of effiuents could be more impaired, resulting

in higher ambient concentration levels.

3. The meteorological regime is unfavorable to the dispersion of
effluents. The effect of this is to introduce an element of conservatism into

the analysis.

A stack not sufficiently taller than surrounding structures is an unfavorébTe
feature of all 18 prototype plants analyzed (EXCEPTION: £he three 100 TPH
grinding facilities). This causes-aerodynamic complications which can

seriously interfere with the rise of the effluent plume, thereby producing signi-
ficantly higher ground-level concentrations. The physical dimensions and other
dispersion-related plant characteristics associated with these-designs are

summarized in Table 6-7. Note that 18 "plants" are enumerated.
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The dispersion mode1 used to analyze this plant is the single source.
model (JMHCRD-1) developed by EPA's Meteorology Laboratory. A‘summary descfiption
of this model is: given in Appendix F.1.

The model is programmed to use a'previously deiermined set of dispersion
conditions derived from the basic meteorological data for eath hour of the given
year. The calculations simulate the interactions between the plant characteristicé
and these'disperéion conditions to produce a.Qispersion patternvfor each hour.
These computations are performed for each point in an array of 180 receptors
encircling the plaht. Cumulative averages are calculated at each of the
receptors for any number of ~hours. In the case of phosphate rock proceSSing,

the averaging periods of interest are 1 hour, 24 hours, and annual.

The phosphate rock processing plants were modelled with the aerodynamic-
effects version of JMHCRD-1 (Appendix F.2). These effects were found to be- |
‘eritical for the 300 TPH drying plant and the 20 TPH grindihg plant. Tﬁe
effects were noticeable in most of the other phosphate rock processing cases
examined, but were less significant.. The exceptﬁons to this were the 100 TPH

grinding facilities where no significant aerodynamic effects were noted.

o Preliminary analyses indicated that the critica1 meteorological
conditions (i.e., those giving rise to maximumishort-tgrm fmpact) varied with
the different prototype plant designs. These may be categofize& into two
~general sets of conditions, namely, those‘characterized by high_wind §peeds
under é]ightly unstable conditions and those characterized‘by Tow wih& speeds under

- highly unstable atmospheric conditions. Within each of these two general
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classes, there was further differentiation exhibited by wind speed. In addition,
if such conditions occur frequently at a given location, especially if they can
be combined with a high directional bias in the wind, then longer-term impact

(e.g., 24-hour and annual) will also tend to be a maximum.

The maximum estimated concentrations for the various averaging periods

- associated with each pollutant from each phosphate rock process are given in
Table 6-7.

As expected, the highest concentrations are generated by sources which
are emitting at the ceiling rates permitted by typical state implementation re-
gulations. The maximum 24 hour average particulate concentration resulting
‘frdm a 70 TPH calciner is estimated to occur .3 km from the 15.2 m stack, and
would be about 89 ug/m3 when the calciner is regulated by‘state implementation
regulations. When the calciner emissions are controlled by fabric filters,
high energy scrubbers, or high efficiency electrostatic precipitators, the
maximum resulting 24 hour average particulate concentration is expected to be
14 ug/m3. The concentration of particulate matter resulting from smaller cal-
ciners (25 TPH) is proportional to the decrease in capacity for the typical

calciner plants investigated.

The 300 TPH drying process plants have higher concentrations than the
50 TPH plants with respect to their emission rates. For example, although
Plants 7 and 12 have nearly equivalent emission rates, the 300.TPH plant
(Plant 7) has much higher maximum concentrations as well as slightly shqrtef

distances to maximum annual concentrations. These high concentrations at
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extremely close-in distances for the 300 TPH drying process plants are due to
severe aerodynamic complications on the plume rise. Emissions from the 50 TPH
plants do not experience these aerodynamic conditions since they have a much
higher exit velocity than the 300 TPH plants. Based on the modelling results
in Table 6-7, ambient concentratioﬁs-of particulate matter are expected to
violate both the annual and 24 hour National Ambient Air Quality Standards
near a 300 TPH dryér which is controlled to comply with typical state imple-
mentation regulations. Substantial concentrations would also be expected when
medium energy scrubbers or e]ectrostatic_precipitators are used as control.

It is estimated that utilization of fabric filters or controls of equivalent
efficiency (high energy scrubber and high efficiency ESP) would reduce ambient

concentrations to acceptable levels.

The highest particulate concentrations from the grinding process'
plants are produced by Plant 18 and are due partly to a relatively high emission
rate,-but primarily to aerodynamic effects on plume rise. The three 20 TPH '
grinding process plants have relatively much higher maximum concentrations |
with respect to their emission rates than the 100 TPH grinding process plants.

These are due to the aerodynamic effects such as downwash on plume rise, created

mostly by much lower exit velocities for the 20 TPH plants. This also

causes the 20 TPH maximum concentrations to be extremely close to the p1ants.

None of the model grinder plants alone are estimated to cause.vialations of the

ambient air standards.

6.2.2 Solid Waste Impact

None of the alternative emission control systems are expected to result
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" in significant additional solid waste impacts beyond that experienced under

enforcement of state regulations.

The soiid waste from phosphate rock processing (drying, calcining, grinding
and groqnd rock handling) consists of material that is collected in air
pollution control devices. Although emissions from grinders and ground rock
hand]ihg are controlled largely by using.baghoqses, some scrubbers are also
being used. Emissions collected by baghouses shquld not be considered solid
waste because this material is recycled. Comﬁanies do, however.‘recycle this
material in different ways: to ground_rock‘storage, to the grinder, directly
to product, etc. Scrubbed emissions from grinding and ground rock handling
are normally piped to large settling ponds which also contain solids-laden .

effluent from other plant processes. The incremental amount of solids added

as a result of more stringent control of emissibns will be hegli-
gible. |

The emissions from drjers and ca]éiners are usua11y.co11ected
with’scrubbers. although some electrostatic precipitators are also used.
The usual practice for handling the material collected in scrubbers
and electrostatic precipitators, which is generally coggidered solid
waste, is to pump it to the large settling ponds mentioned above.
Data on solid wasté from 10 dryers includes values randing from 1.75

1b/ton to 16 1b/ton with an average of 8.35 1b/ton of rock processed.

The incremental impact of the alternative control systems. on solid
waste is presented in Table 6-8. The incremental amounts represent the

additional solid waste over that which is produced when typical state re-

gulations are enforced, assuming that all collected emissions from grinding
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and ground rock handling are recycled, and that those from calcining and drying
are wasted. Basically, therefore, the values in Table 6-8 are the sum of
annual emissions reductions for calcining and drying at new sources as present-

ed in Table 6-5.

Considering that about 70 percent of the material in ore mined in Florida

is removed as unuseful waste during beneﬁ’ciat‘ionJ2 and that this amounts to

over 100 million tons per year, then the additional amount of solid waste re-
" sulting from application of the control alternatives shown in Table 6-8 is

insignificant.

6.2.3 Energy Impact

The energy impact of more stringent levels of control for the phosphate

rock processing industry is the resulting incremental increase in energy for

pollution control systems beyond that required to meet existing state standards.

Table 6-8. INCREMENTAL IMPACT OF ALTERNATIVE CONTROLS
ON SOLID WASTE

(TONS/YEAR)
Control Years after imposition of Controls
Alternatives on New Sources
| 15 10 20

‘Fabric filter ‘
High energy scrubber 775 4,021 8,631 20,282
High efficiency ESP

Medium energy scrubber

£Sp 510 2,649 5,690 13,370
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. The forms of energy, by process, included in the impact are electricity for
dryers, calciners, grinders, pollution control equipment and ground_rock

handling systems and fuel for calciners and dryers. The control devices included
are scrubbers (impingement, cyclonic and venturi), electrostatic precipitators

(ESP's), and baghouses.

6.2.3.1 Current Energy Usage - Typical energy usages and ranges of energy usage

for phosphate rock dryers and associated air pollution control devices currently
being used are'shown in Table 6-9. Process energy usage for dryers varies

from 251,000 to 481,000 Btu/ton processed. The process fuels being used

to fire the dryers are natural gas and fuel oil. Electrical usage for

dryers is typically 6000 Btu/ton or approximately 1-1/4 to 2-1/2 percent of

the total processing energy. Note in Table 6-9 that the energy consumption

of the pollution control devices for dryers, which is entirely electrical
energy, does not have a large impact on the total procéss and control energy
consumption. The energy usage of the dontroT:devices varies from less ihan

1.0 percent of the total energy usage for cyclonic scrubbers to 6.8 percent

for medium energy venturi scrubbers. However, of the totaf electrical energy
consumption, cyclonic scrubbers consume about one-third of the electrical energy,
and the other control devices 1isted which do not include baghouses consume more
than one-half. Hence, control devices for dryers currently have a large impact

on electrical energy only.

Energy usages reported for five fluidized-bed phqsphaté rock calciners
range from 375,000 to 525,000 Btu/ton processed with an average of 469,000
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Btu/ton. Unfortunately, it is not possible to accurately determine from industrial
data the portions of electrical energy consumed by f]uidized-bed ca1cining and by
the associated emission controls separately. However, the total electrical
energy conshmption is less than 2.5 percent of the total process and control
energy conﬁumption by impingement and cyclonic scrubbers and by electrostatic
precipitators. When medium energy venturi scrubbers are used, the electrical
energy consumption for both calcining and emission control is 15% of the total
process and control energy consumption. By a comparison with electrical energy
usuage for controlling emissions from dryers, it would appear that the electrical
energy consumed by control systems for calcining units would be about the same
percent of the total process and control energies, that is, from less than 1.0
percent of the total process and control energy consumption for cyclonic

scrubbers to about 6.8 percent for medium energy venturi scrubbers.

If an average control device energy usage is assumed to Se 4 percent of
total electrical energy usage, as is typical for phosphate rock dryers, then
the energy currently required to operate the control device would average
18,760 Btu/ton, Although no eﬁergy data are available for rotary calciners,
their energy consumption is believed to be approximate1y 525,000 Btu/ton.
This value is based on the fact that rotary calciners are normally less thermally

efficient than fluidized beds .10

Electrical energy is the only form of energy used for phosphate rock
grinders, which are usually ball mills or roller mills, The control of emissions
from grinders appears to be mainly by baghouses, with some venturi scrubbers

also being used. In Table 6-10 is shown the typical and the range of energy

6-24



23qqNII8 FINJUIA  SA
asnoy8eq Hg

TTSUCFIBITRISUE (T &

:pualan
paizoday JoN |po3roday | 6TZ°BE 009°9% - 00€°‘ST | (SL TedrdLl *07Z-52)
. IR ¥ITIN Tted
' A4 SLZ'1 mwm.ﬁ - 000°1 it 008°SS 00L°L0T - 00%°0€ (89-€2)
TITK TT®d
0°t soL'c SA 009 ‘81T (L£)
: TITH 19719y
[ A c6y‘t | osv‘c - 000‘1 Hil 00£°S9 00S°T8 - 00Z‘8E (s9-€1)
TITH 29T1T0od
Te30L 3O Juad1dg | Te°2FdAl 28uey _uuwbmn TE°o1dAY agduey (Hd1l *22Fs ITUN)
£3asug 237A2(Q —_{(uoL/nag) Toajuoy | (uoj/mig) Adxaug ssadoig adf3 aoputiy
§ox1juo) TedtdLy L33oug 937A3{ [oxjuon

{(25uey pue peotdA1} SIITAZA T0ULN0OD QILYIIOSSY
any SYIAHIYY NI0Y FLVHASOHd ¥04 HOILAWNSHOD A9Y3N3

"01-9 2198l

6-25



consumption for grinders and their respective control devices and the percent
of the total process and control energy consumed by the control device. The
energy requirement for the control equipment is approximatély 5 percent of the

total energy, and averages 1385 Btu/ton of rock processed.

Data concerning energy consumption of rock transport systems is reported
by only one company. Their system consumes 43,600 Btu/ton and the associated
baghouses consume 1,838 Btu/ton or 4.0 percent of the total. It is interesting
to note that this company's rock tfansport system and associated.control device
consume 54 percent as much energylas its grinder and associated control device.

Again, the energy impact of the control device (4 percent) is relatively minor.

6.2.3-2- Energy Increase Resulting from More Stringent Control - Table .6-11

compares energy consumption for various contro]_altern?tives with current

energy usage. ESP's show a lower energy consumptioh than the other confro]
devices. This is because of the low pressure drop across the device and the
absence of energy requirements for pumps, shakers, compressors for pulse air
cleaning, etc. The high voltage used by ESP's is usually discharged with a low
average amperage and consequently does nof consume much energy compéred to the
energy required for movement of large volumes of gases through the system. The
energy required for opéfation of a fabric filter is about the same as for a venturi
scrubber operating at 18 inches of water AP. Venturi scrubbers operating at
-25'to 27 inches of water AP will consume the most ehergy of the §§stems compared,
and low energy venturi scrubbers operating at about 6 inches of water AP will con-

sume less energy than fabric filters and about the same as ESP's.
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Comparison of.the control system energy estimates in Table 6-11 with
the prevailing energy consumption figures in Table 6-9 suggests that control
devices for calciners and most dryers will operate with less energy than current
control devices regardless of the control option chosen. This is not likely,
and is probably the result of comparing energy estimates derived from two
different information sources. The current energy consumption figures were
obtained from owners and operators of calciners, and the projected energy re-
quirements for the various control levels were obtained from designers of the
control equipment. However, the relative comparisons of design energy between

the different systems are believed to be accurate.

6.2.3.3 Summary of Energy Impact - The energy impact resulting from more

stringent levels of control for phosphate rock processing will be on electrical
energy only and will depend on the’fype of control alternative that is used.
The overall increasé in energy requirements for any affected facility over that
being consumed by the process énd existing control devices under state regula-
tions will be less than 8 percent for even the most energy - intensive control

alternatives.

The data in Table 6-11 clearly illustrate that the energy impact will be
more adverse for venturi scrubbers than for the other control devices. Rela-
tive to the prevailing controls employed to meet state_regulations for dryers
and calciners (low energy wet scrubbers which operate at about 6 inches of AP), it
is expected that more stringent emission regulations will result in an 8 percent

increase in total process energy requirements if high energy venturi scrubbers
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are used, approximately no change in energy requirements if ESP's‘are used,

and about a 5 percent increase when baghouses are used.

Minimal actual energy impact is expected for controlling emissions from
grin&ing and ground rock materials handling to the more stringent levels of
control discussed in this chapter. The reason for this is that the emissions
from tﬁese processes are currently being controlled in a number of plants with
baghouses. If new sources within the industry use an alternative control de-
vice other than the baghouse, the overall process energy requirements will
increase or decrease slightly depending on the type of control alternative

used (i.e., scrubber of ESP).

6.2.4 Water Impact

Promulgation of Federal standards of performance for the phosphate
rock processing industry will have Tittle additional impact on water pollution
beyond the impact resulting from compliance with state regulations., It
fs not possible to define the exact natﬁre of the wéter impact associated
with the control of emissions from phosphate rock processing because the
amount of wastewater generated is so highly influenced by the type and
application of control systems and because any wastewaters from these opera-
tions are normally combined with other wastewaters prior to tréatment; re-

cycling and/or discharge. However, the absolute water impact from phosphate rock
processing is believed to be minor éompared with those from phosphate rock

beneficiation and from further processing operations on phosphate rock, such as

phospheric acid production.
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Currently the only potential sources of water pollution from phosphate
rock processing are waters from scrubbing of emissions, primarily from
drying and calcining operations. Regardless of the exact source of waste
waters from phosphate rock processing, the amount of water used is relatively.
small compared with the amount of water used for beneficiation. About
10,000 gallons per ton of product is used for beneficiation,!S whereas
250 to 350 gallons of water per ton of processed rock is typically used

to scrub emissions from drying.

Treatment of waste waters from phosphate rock processing normally
consists of gravity separation in ponds which also contain wasfe waters
from beneficiation and/or phosphoric acid production. Occasionally the
overflow from these ponds is treated by addition of floculating égents and

. pH adjustment. Wastewaters from rock processing constitute a negligible

addition to these ponds.

Deposition of the overflow waters from the settiing poinds is dependent upon

a number of factors. These include:

the amount recycled;

rainfall, (total and frequency);

surface runoff;

evaporative losses;

available pond acreage.
In the western states where evaporative losses are a major factor, the

entire overflow from the ponds is usually recycled and accounts for 65 percent
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or greater of the process water. In the eastern states, evaporative losses
normally do not offset the effect of precipitation. Hence part of the
oveff]ow from the ponds is intermittently or continuously discharged to
receiving bodies of water; the remaining pohtion, 60 to 90 pePCEnt,‘is
recycled.l

6.2.5 Radiation Impact

The pollutants.contained in the treatment waters can encompass not
~only the recognized parameters such as suspended solids, high acidity, fluorides,
and phosphates, but also radiochemical pollutants (e.g., raﬁfum-226).75 The source

of the radiochemical pollution problem is the widely acknowledged presence of

uranium in phosphate rock in the range of 0.1 to 0.4 pounds per ton of rock. Dis-
charge or failure of the holding ponds described above (6.2.4) could therefore
constitute a major pollution problem to thé aquatic environment of receiving
streams; likewise, seepage of these waters into aquifers could contaminate drinking
waters. Sampling of recycled water reportedly has indicated that such waters con-
tain 90 to 100 picocuries per liter of radiochemical pollutants!? - more than 3
times the Atomic Energy Commission (AECj standard for release to an unrestricted
environment within an AEC licensed plant, and 30 times the maximum permissible
concentration for water. However, when the radium concentration in the water
table aquifer was compared at mined and unmined Florida phosphate rock reserves,
na significant differences were found.18 '

Sizeable quantities of radioactive particles have been found in solid
wastes discarded from phosphate rock plants., One study analyzed for radiochemical

pollutants in phosphate rock slimes (a by-product of beneficiation) and found
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radium-226, uranium and thorium in quantities of 45, 89, and 53 picocuries per
gram, respectively.‘g Soil1 throughout the United States typically contains

between 0.15 and 2.8 picocuries of radium-226 per gram.20

Recent attention has been given to the exposure to radipéctivity
of persons in structures built on reclaimed phosphate land, One study
showed exposure of inhabitaﬁts of such structures to be up to 50 times
'the normal background level of radiation.2! This exposure is about 2.5
times greater than the present federal guideline for maximum exposure
of uranium miners.22 Promulgation of regulations under the authority of the
Resource Conservation and Recovery Act (RCRA) will result in controls to‘afleviate

the potential health hazards being increased at landfills.

Air emission standards will impact on the discharge of radiochemical pollutants
only to the extent that they may require a slightly greater aqueous discharge and
sludge disposal (i.e., from scrubbers). However, as explained in 6.2.4, the
quantity of water used for emission control devices is neg1igib1é compared to the
total water usage at a phosphate rock plant. If we consider on1y.the incremental
difference between the water usage necessary to comply with existing emission
requlations and the amount necessary for standards of performance likely to be
proposed, the impact of standards of performance on radiochemical pollution will
be negligible. Likewise, the additional émount of particulate collected and
uTtimately disposed as solid waste will be neg1i§ib1e. In fact, particulate
collected by dry collection devices such as baghouses will have a-positive impact
on radiochemical pollution since it can be returned to product inventories rather

than discarded.
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6.2.6 Resource and Trade-Off Analysis

Application of the alternative control systems to control emissions from
the phosphate rock processing industry to within an obtainable 1imit will
result in minimal or no short-term versus long-term trade-offs between
environmental parameters. However, theirvapp1ication does result in
trade-offs between the environmental parameters and economics, and between

environmental parameters and energy. .
The use of any of the alternative control systems--ESP's, high

energy venturi scrubbers, or baghouses--should not result in any short-
term versus long-term trade-offs involving air quality, water pollution

and solid waste generafion. Basically this means that the application

of any one of the control systems to meet a stringent control level will
not result in any adverse short-term or long-term impact on either solid
waste or water, and that use of any one of the systems can accomplish the

same beneficial air impact.

A significant trade-off in contrd]]ing emission from phosphate rock
grinding and materials handling exists between the irretrievable loss of
product (resource) and the type of control system. Dry dust control systems
allow the captured emisgions to be recycled as product whereas wet control
systems make this practice economically infeasible. The economic benefits
of recovering collected emissions is demonstrated by the fact that most
plants currently recycle emissions from the primary dry co11e¢tors and ffom

baghouses employed in control of grinders emissions.
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Environmental-economic trade-offs also exist in the choice of a con-
trol system for each'qf the four emission sources. For the more stringent
control requirements, capital costs are greater for a baghouse than for
venturi scrubbers (see Chapter 7). However, energy requirements and overall
operating costs, are gredter for the venturi scrubbers. Therefore, the use

of the baghouse would result in long-term economic and environmental benefits.

Totally economic short-term versus long-term trade-offs exist in the
app1ication of the alternative control systems. For example, the high
initial capital cost of ESP's can only be compensated for in the long-term
by their low operating and maintenance costs relative to the other two

alternative control systems. In the application of the venturi scrubber,

there is ancther totally economic trade-off which is low initial cost
versus high energy costs. Thus in the long-term the high-energy venturi
scrubber is not the most economical control system.for particulate control.
Use of such a device is also a long-term commitment to greater energy

consumption.

Trade-offs resulting from the use of water with the venturi scrubber
and not with the other devices is not considered-to be significant. The
reason for this is that the quantity of water used by scrubbers is not
large thus permitting the waste waters so generated to_be tre;téd by

conventional methods and recycled.

6.3 ALTERNATIVE ACTION PLANS

The environmental impact of the three alternative control systems is
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considered a major factor for the evaluation of three-a1ternative action
plans. the three plans are: 1) the cdntinued use of SIP regulations;.

2) establishing more striﬁgent levels of control for new sources and,

3) delaying the promulgation of standards of performance in anticipation of

being able to establish more stringent control in the future.

6.3.1 Continued Use of SIP Regulations

From a technical and economic standpoint, continued use of SIP
regulations for new sources is unwarranted. This is because application
of any of the three alternative control systems--ESP's, scrubbers,
and baghouses--are capable of better control than specified by the SIP
rggdlations. The corresponding emissions reductions over the SIP's for

typical-sized new sources is presented in Table 6-5.

©.3.2 Establishing New Levels of Control for New Sources

A relative ranking of environmental impacts for the alternative
control systems is shown in Table 6-12. Number one was used in the ranking
- to indicate the least adverse impact, and succeeding numbers were used to
indicate a greater degree of adverse impact. Wherever possible quantita-
tive information was used in ranking (e.g., particulate control limit);

otherwise best engineering judgements were made.

Control of emissions with ESP's and baghouses produced minimum
impacts to water, solid waste and energy. Actually, these twd control
devices have no impact on water and allow collected particulate matter to

be recycled. This minimizes solid waste, conserves a resource, and requires
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Tab]e 6-12. RANKING OF IMPACTS FOR THE ALTERNATIVE

CONTROL SYSTEMS

_ Impacts
Control System Air | Water | So01id Waste | Energy | Radiation
High-energy Venturi 1 3 3 3 | 3
scrubber : :
High efficiency ESP 1 1 ] 1 1
Baghouse 1 1 1 2 1
Medium energy scrubber 2 2 2 2 2
ESP 2 1 1 1 1
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far less energy for operation than does a venturi scrubber. Application of
venturi scrubbers to control emissions to the same degree as baghouses will
result in a significant impact on energy, a negligible impact on solid
waste and water, and will not permit the economic recovery of particulate

matfer.

6.3.3 Delaying the Establishment of Standards of Performance

If establishment of standards of performance is delayed for about_
five years, EPA will be in a better position to evaluate the technical and
economic feasibility of wet grinding. If proved feasible, wet-grinding
would enable the Agency to promulgate standards which would disallow all
particulate emissions froﬁ phosphate rock drying and grinding of low
wganic ores (about 75 percent of tﬁe ores currently mined). However,

or the following reasons, delaying of the standards is not recommended:

1. Over 36,000 tons of avoidable particulates would be emitted from
existing plants over the next five years. This can be seen from
£he interpolation of the annual eﬁissions reduction data given
fn Table 6-5. |
2. The emissions data presented in Appendix C would be out-dated and no

longer valid. This would, at great expense to the taxpayers,

necéssitéte a new engineering program to evaluate the level
of control attainable at that time. " |

3. Prompt institution of stringént standards will makg wet-grinding
even more economically attractive than it is now.. This will

serve to hasten industry's development of the process.
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7. ECONOMIC IMPACT

7;1 PHOSPHATE ROCK INDUSTRY ECONOMIC PROFILE

7.1.1 Industry Structure

Table 7-1 shows phosphate rock producing companies, plants, and capacities
The industry consists of 20 firms which are currently mining phosphate rock at
31 locations. Another five mines are expected to be operational by 1983, and
four others have been planned with indefinite start-up dates. Most firms have
mining operations and rock processing plants at the same location, while a few
companies.mine in several areas and ship the rock to a central processing
plant. Total industry capacity in January 1978 is estimated at 57.9 million
metric tons per year.

The southeastern U.S. is the centgr of the domestic phosphate rock industry,
with Flerida, North Carolina, and Tennessee having over 90 percent of the
dqmestic rock capacity (see Table 7-2). Florida, with approximately 78 percent
of 1978 domestic capacity, dominates the U.S. industry and is the world's
largest phosphate rock producing area. qut of these plants are located
around Polk and Hillsborough counties in Central Florida, with expahsion
taking place in Hardee and Manatee counties. Hamilton county, located in
North Florida, is the other phosphate rock producing area.

Tennessee's phosphate rock industry, located in the middle of the State,
has declined in importance over the last several years and is now the least
important rock producing area in the country. The Tennessee Va]léy Authority -
and two private corporations have discontinued mining in Tennessee, and no new
plant expansion is planned.

North Carolina possesses a rich phosphate rock deposit in Beaufort County

along:the Pamiico River. Texasgulf, the only company currently exploiting
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Table 7-1. PHOSPHATE ROCK PRODUCERS AND PLANT CAPACITIES!®3

% Increase % of U.S. Total

1967 1977 '1967-77 1977

International Minerals and Chemica1s 8,618 11,340 32 20.5
Bonnie, Florida ‘
Kingsford, Florida
Noralyn, Florida’

Agrico Chemical Co. (Williams) 5,443 8,618 50 15.6
Pierce, Florida -
Ft. Green, Florida. :

Occidental Agricultural Chemicals 1,905 2,722 43 4.9
White Springs, Florida ‘ .

‘Mobile Chemical ' 3,084 4,264 38 7.7
Nichols, Florida
Fort Meade, Florida

Brewster Phosphate ' 3,175 - 5.7
Brewster, Florida : '
Bradley, Florida

J. R. Simplot | 1,814 1,814 - 3.3
Ft. Hall, Idaho ‘ .

U. S. Steel-Agri-Chem, Inc. 3,257 1,814 -44 3.3
Ft. Meade, Florida

Gardinier - 1,96 3.6
Ft. Meade, Florida :

_ Monsanto Industrial Chemical Co. 1,905 1,814 -5 3.3

Columbia, Tennessee
Henry, Idaho _

Cominco-American 630 249 -63 0.5

- @arrison, Montana .
Texasguif | 3,176 4,536 43 8.2
_ Aurora, North Carolina
Swift Chemical ' 2,903 2,903 - 5.3

Bartow, Florida




Stauffer Chemical Co.
Mt. Pleasant, Tennessee
Vernal, Utah
‘Wooley Valley,. Idaho

W. R. Grace & Co.
Hookers Pr, Florida

Bonnie Lake, Florida
Manatee Co., Florida

Beker Industries
Dry Valley, Idaho

Borden Chemical Co.
Teneroc, Florida
Big Four, Florida

Hooker Chemical Co
Columbia, Tennessee

Presnell Phosphate
Columbia, Tennessee

George Relyea
Garrison, Montana

T-A Minerals
Polk City, Florida

U. S. Total
Top 5 Firms
Top 10 Firms

1967
2,948

2,268

907

454
454

91

44,970
23,577
35,506
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% Increase % of U.S. Total

1977 1967-77 1977
1,950 -34 3.5
4,808 112 8.7
1,089 2.0
907 1.6
454 - 0.8
454 - 0.8

91 - n.?

454 0.8
55,271 23 100.0
33,566 42 60.7
46,312 30 83.8




Table 7-2. PHOSPHATE ROCK PLANT CAPACITY BY REGION, 1978°°

Capacity Percent Number - Number
3 . of of of
(10” metric tons) Total Companies Plants
Florida 45,360 78.3 11 15
North Carolina : 4,536 7.8 1 1
Tennesse 2,359 | 4.1 4 _ .4
Western States 5,647 9.8 6 7

Total 57,902 100.0 22 27
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this resource, recently expanded plant capacity by 43 percent and has plans
for further expansion. Another company has announced plans for a large 6pera-
tion in Washington, North Carolipa.

The western phosphate rock industry is located in eastern Idaho, northern
Utah, western Wyoming, and southern Montana. This area accounts for almost
six million metric tons per year of the U.S. capacity, or about 10 percent.
Six companies currently operate seven mines and six processing plants.

The U.S. industry is relatively concentrated as the 10 largest producers
control about 84 percent of the capacity. The two largest companies control
over 34 percent. In the Florida region, two firms have nearly 44 percent of
the State's capacity, while the five largest companies control over 70 per-
cent.

There exists a great deal of vertical integration in the industry. As
Table 7-3 indicates, only three phosphate rock producers do not also produce

1,3,4 In many cases, the rock producers also

phosphate fertilizer products.
have their fertilizer facilities at the same location as the mine or rock
processing plant. Four producers use their phosphate rock to produce ele-
mental phosphorus at the mining site and at other locations.

U.S. companies producing phosphate rock own a sizable portion of the
domestic phosphate fertilizer capacity. As Table 7-4 indicates, thé U.S. rock
producers control from 60 to 71 percent of the domestic phosphate fertilizer

1,3,35

capacity. The domestic rock producers also control over 74 percent of

the U.S. elemental phosphorus capacity.4

7.1.2 1977 Production of Phosphate Rock

U.S. production of phosphate rock in 1977 amounted to nearly 46.4 million

metric tons, an increase of about 5.1 percent over the 1976 production level,
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Table 7-3. VERTICAL INTEGRATION IN U.S. PHOSPHATE INDUSTRYl1»3»4

Company : Rock . WPPA DAP Super TSP - Furnace P

Agrico
Beker

> >

Bordon
Brewster
Cominco
Gardinier

W. R. Grace
Hooker

IMC

Mobil
Monsanto
Occidental
Presnell
Relyea

J. R. Simplot
Stauffer
Swift

TVA
Texasgulf

USS Agri-Chemicals

<X O x »x

>
=<
><

OB B P OB P DK DK B X K > P O O O X O < X

Rock = Phosphate rock

WPPA = Wet Process Phosphoric Acid

DAP = Ammonium Phosphates

Super = Concentrated Superphosphoric Acid
TSP = Triple Superphosphate

Furnace = Furnace Phosphoric Acid

P4 = Elemental Phosphorus




Table 7-4. PHOSPHATE FERTILIZER CAPACITY CONTROLLED

BY PHOSPHATE ROCK PRODUCERS (7)!+335

Phosphoric Acid 64

Ammonium Phosphate . 61

- Concentrated Superphosphoric Acid 71

Triple Superphosphate 67
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The producers in Florida and North Carolina tbgether accounted for about 86
percent of this output, or about 40.1 million tonsﬁ In-1977, productionifrom
Tennessee was near the 1976 level, well below production throughout the 1960's.
Western rock production was about 4.6 million metric tons, with southeastern
Idaho producing about 80 percent of the total western output.5

' 7.1.3 Consumption Pattern for Phosphate Rock

There are three principal outlets for phosphate rock produced in the U.S.
First, the major portion of the phosphate rock consumed (about 50 percent) is
used captively near the mine site to manufacture phqsphoric acid, high-
analysis fertilizers, and elemental phosphorus. Second, gbout 20 percent of
the rock is sold to domestic fertilizer manufacturers and other producers of
elemental phosphords. THe third outlet is the export market, which annually
consumes roughly 30 percent of the U.S. supply. Of the domestic demand,
approximately 88 percent is consumed in the manufacture of agricultural chemi-
cals, mainly phosphoric fertilizers (see Figure 7-1). The remaining output is
used in industrial chemical production, primarily elemental phosphorus, which
goes into the manufacture of detergents, apima1 feeds, food products, metals
and alloys, and a host of other products.

The Florida and North Carolina phosphate rock industries are dependent
upon the domestic fertilizer market and the export market for disposing of
their output. Less than 1 percent of the rock sold or used in the United
States is converted into e]emental-phosphorus, defluorinated rock, or‘other
minor applications. 'Nearly two-thirds of the annual Florida hng-North
Carolina supply is consumed in fertilizer manufacture with the balance being
exported.

A11 of the rock produced in Tennessee is burned in domestic electric
furnaces to produce elemental phosphorus and indhstria] chemicals; As for

Western rock, about 80 percent of the annual production is consumed domes=
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Figure 7-1. Domestic Consumption Pattern for Phosphate Rock, 1977
. (103 metric tons)

—»Defluorinated Rock
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0.9%
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—>Wet-Process
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—Jirect production of
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1,852
U.S. Demand-————» 5.4%

34,207

L. Direct applications
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0.1%

—=Elemental . Phosphorus

3,904
11.4%
———Industrial —————
4,084
11.9% +—» Ferrophorphorus
180
0.5%
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tically, with slightly more than one-third used in fertilizer production and

the remainder used in electric furnaces to produce elemental phosphorus.9

Roughly 20 percent of the western production is exported, mainly to Canada.10

One factor adversely affecting future demand for phosphate rock is the
decline in the use of elemental phosphorus. About 45 percent of end use is in
deté&gents, and environmental regulations have caused replacement or highly
reduced concentrations of phosphates in the detergént industry. This trend is
likely to cont'inue.37

7.1.4 U.S. Phosphate Rock Inventory Stocks

In Florida and North Carolina, substantial stocks of marketable rock are
maintained throughout the year so that an uninterruptible feed of rock for the
fertilizer plants will be available.. Mining companies in the West accumulate
stocks only in the mild mdnths so that the plants can be supplied through the
winter monthsf

Industry stocks reached their high in 1970 with an invehtory of nearly
13.2 million metric tons of marketable rock. During the early part of the
decade, increasing demand for rock steadi}y depleted the stocks to less than

5.3 million metric tons in 1974.11

Continued production increases, coupled
with flat demand in 1975 and 1976, increased inventoried rock to 13.8 million
metric tons at the beginning of 1978.

7.1.5 U.S. Trade Patterns and the Phosphate Rock Situation

As Table 7-5 indicates, the U.S is a net exporter of phosphate fock.
Over 13.2 million metricvtons of rock were exported in 1977, with more than
93 percent of this total coming from Florida. Western producers exported the
remainder to Canada. Exports fell sharply during 1975 and 1976 as prices rose

sharply and then dropped to help clear inventories after a strong year in
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Table 7-5. U.S. EXPORTS AND IMPORTS OF PHOSPHATE ROCK -

(103 metric tons)

Exports Imports
1964 5,782 159
1965 6,643 134
1966 8,390 161
1967 9,137 126
1968 10,976 105
1969 10,284 ' 127
1570 10,649 123
1971 11,419 76
1972 : 12,950 50
1973 12,585 | 59
1974 12,605 - 165
1975 11,131 33
1976 | 9,433 46
1977 13,230 ' 158




1974. In 1977, exports were up only 5 percent over 1974.  Qver the last
several years, an increasing percentage of Florida rock has been going to the
kexport market, where prices are generally higher. Th1s trend is unlikely to
continue indefinitely, however, as most export demand is for high grade, high
cuality rock. Grade refers to the percentage of bone phosphate of lime (BPL)
in the rock, and quality refers to the absence of foreign materials. The
quality and grade of rock being taken from existing mines in Florida are
declining severely, and the remaining exp101tab1e deposits are of Tow quality.
This signals a long- term, gradual decline in Fiorida s 1mportance in the
industry,.with the slack in high quaiity rock supply likely to be taken up by
North Carolina and Western producers, 38

While the United States is the world's 1argest-croducer of phosphate |
rock, with almost 42 percent of the world production 1n 1976 11 it is not the
world's largest exporter. Morocco, the world's third 1ead1ng rock producer,
behind the United States and the Soviet Union, dominates the werid's export
market with 37 percent of the wor]d § rock export shipments 12'_The'U.S., on
the other hand, supplies between 20 and 25\percent of the world's export.r
shipments. As a result of its dominance and its-pientifU1-supp1ies of high
quality rock, Morocco almost alone, dictates the price of phosphate rock in
the export market throughout the worild. 12

In June of 1977, Beker Industries, an American fertilizer manufacturer
with some phosphate production capacity of its own, announced that it had |
contracted to purchase a substantia)l quantity of rock from Morocco. 39 This
was the first penetrat1on of the U.S. market by a foreign producer but it is
unlikely that imports will account for a significant component of U.S. supply

in the foreseeble future.
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7.1.6 Recent Industry Performance and Prices

Since over 80 percent of the phosphate rock sold or used in the United
States is consumed in the production of fertilizers, and since most of the
rock exported is eventually turned into fertilizers abroad, the U.S. phosphate
rock industry is naturally tied closely to the domestic and world fertilizer
markets. As a result, when discussing the performance of the domestic rock
industry, one is also considering the performance of the domestic and world
fertilizer markets, and vice versa.

In the early to mid 1960's, world and domestic fertilizer use expanded
rapidly as farmers at home and abroad responded to threats of famine facing an
increasing world population. In order to feed the world from a limited amount
of land, it was imperative that increasing amounts of fertilizers be used to
obtain higher crop yields. With the use of fertilizers growing worldwide, the
production of phosphate rock expanded, both to supply domestic needs and to
satisfy the burgeoning world demand. As Table 7-6 indicates, U.S. production
of phosphate rock grew from a level of 23.3 million metric tons in 1964 to
37.5 million metric tons in 1968, a compoqnd annual growth rate of 12.6 per-
cent.13 The biggest jump in production came in 1966 when production increased
nearly 10 million tons. Much of this increase in U.S. production during this
period was due to the export market. U.S. rock exports nearly doubled from
5.8 mij]ion metric tons in 1964 to 11.0 million metric tons in 1968, a growth
rate of over 17 percent annually (see Table 7-5).

The healthy growth rateé experienced by the rock and fertilizer indus-
tries from the early to mid 1960's attracted new producers, mainly oil com=
panies, into the industry and caused existing producers to expand their ca-

pacity. However, this build-up in both rock and fertilizer capacity surpassed
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the increase in demand, resulting in overcabacfty and overproduction that
became evident in 1968. World demand, which for several years had been the
savior of the U.S. industry,lwas less than had_been expected, while at the
same time the domestic market dropped off somewhat (see Table 7-7). Producers
had relied more on estimates of what farmers theoretically needed to meet the
demand for food than on projections of what they would actually buy. This
resulted in the expansion that led to the massive overcapacity in the late
1960's.

From 1968 through 1971, domestic phosphate rock and fertilizer producers
suffered through a recessionary period as a result of decreased demand and
overcapacity. Capacity utilization during the period hovered around 60 to 70
percent, as opposed to normal levels of 80 to 90 percent. U.S. producers were
not able to ease the oversupply situation by substantially increasing exports
because the industry lost much of its export trade to Morocco, which was
beginning to exert its influence on the world market.

Faced with weak demand, rock producers cut back production in 1969 to a
level of 34.2 million metric tons, which rose only slightly to 35.1 million

14,15 Fven with the decreased production,

metric tons in 1970 (see Table 7-6).
industry stockpiles mounted from a level of 9.0 million metric tons in 1967 to
a high of 13.2 million metric tons in 1970 (see Table 7-7). Prices for phos-
phate rock and other fertilizer products plummeted, and fertilizer producers
suffered losses in 1968 and 1969. In 1969, for example, net income (before
interest and taxes) as a percent of net sales was negative 4.3 percent.15

Responding to the absence of profits, rock and fertilizer producers
instituted heavy cost-cutting measures. Production improvements were made in
new plants, uneconomical fertilizer plants were closed, four western rock

mines were shut down, cheaper transportation methods were devised, and market-

ing activities were cut back. Because of these measures, coupled with slowly
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increasing demand, the fertilizer producers turned a profit for the first time
in three years. Net earnings (before interest and taxes) were 0.8 percent of

net sa]es.17'

The recovery of the industry continued in 1971 and on into 1972
as prices showed signs of firming and production approached 80 percént of
capacity. In addition, inventories were decreésing and approaching normal
levels (see Table 7-7).

The cyclical nature of the phosphate rock and fertilizer indu;tries
became evident in late 1972 and during 1973 as demand for phosphate produéts
caught up with and surpassed supply. Demand for phosphate products rose’
faster than expected for several reasons. First, rising farm crop prices
signaled farmers to use more fertilizer in order to obtain higher yields.
Second, the expansion of food crop acreages at home and abroad generated an
increased demand for fertilizers. Third, U.S. agricultural aid to foreign
countries led to an expansion of fertilizer use in developing countries.
Thus, the strong demand coupled with the decrease in capacity madé it diffi-
cult for the U.S. phosphate industry to meet the demand in the domestic and
export markets for both phosphate rock and fertilizers. Production of rock
reached an all-time high of 38.2 million metric tons in 1973, and industry
stocks reached the lowest Jevel (6.9 million metric tons at end of year) since
1965 (see Table 7-7).11 Production of most fertilizer products was running at.
90 to 95 percent of capacity in 1973.18

The tight supply situation in the United States was compounded by price
controls imposed by the Federal government. Phase II controls Yimited domes-
tic phosphate prices to the low levels that prevailed when the industry had
excess capacity. Meanwhile, there were no controls on export prices, which
increased substantially because of strong foreign demand. Fertilizer prices

in the export market were 30 to 50 percent higher than domestic prices.lg "As
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a result, the investor-owned rock and fertilizer producers directed more of
their sales efforts to the attractive export market, leaving the patron-
oriented cooperatives with the difficult task of filling the shortages created
in the domestic market; This reversed'the‘histérical experience in which the
export market absorbed any excess after the U.S. phosphate producers had
supplied the domestic market. With the increased sales volume and dramati
cally higher overseas prices, U.S. fertilizer producers enjoyed their most
profitable year in a decade in 1973.

With the mounting domestic fertilizer shortage facing the United States,
the Cost of Living Council Vifted price controls on fertilizer products late
in 1973 with the promise that the industry would supply more ferti]%zer to
domestic markets. With this announcement and E;e continued strong demand for
fertilizers, domestic prices increased steadily for the remainder of 1973 and -
throughout 1974, By early 1974, prices for phosphate fertilizers had risen by
more than 33 percent over the freeze price level, while the price for phos-
phate rock had risen to $9 to $23 per:short ton (depending on quality) ih
January 1974, from $6.50 to $20.20 per short ton in January 1973.22 In addi-
tion, discounting on list prices was just about eliminated for fertilizers.
Throughout 1974 domestic and export prices continued to increase. In Apri)
1974, U.S. rock producers were charging $22 per short ton for 70 percent BPL
(bone phosphate of 1ime) rock, up from $12 per short ton a year earlier. By
the first part of 1975 this price had risen to $35.50 per short ton; it re-
mained constant throughout 1975.22f23 Prices for phosphate rock.on the export
market were even higher, because demand was stronger abroad. In October 1974
the U.S. export price for 70 percent BPL rock was $47 per metric ton, compared

with the $65 per metric ton being charged by Morocco in January 1975.24
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Th1s difference between the U.S. and Moroccan export prices can be explained
.as fo110ws. First, the guoted pr1ces reflect the prices received by the
producer, that is, they are net of transportation costs. Second, the largest
market for U.S. and Moroccan exports is Western Europe.3 Hence, the transporta-
tion cdsts for Moroccan rock are much smaller than those for U.S. rock being
shipped to Western Europe.43 Becausé exports to Western Europe are a large
proportidn of total U.S. exports, the average price received by U.5. producers
is Jower than the price received by Moroccan exporters. The world price in
late 1973 was only $15 per metric t.on.12 The export price in 1976 fell to
$32.76 per metric ton and continued its decline to $25.85 per metric ton in
1977, rebounding slightly to $26.59 for the first part of 1978. Prices charged
by the Moroccans also fell significantly during this period, although not to
the extent of U.S. prices.36’40
While fertilizer and phosphate rock capacity increased only slightly in
1974, producers were encouraged by the higher prices to operate plants at
maximum capacity and to keep other plants in operation that might otherwise
have been closed for economic.reasons. Pfoduction of phosphate rock increased
about 8.4 percent in 1974 to 41.5 million metric tons. Industry stocks were
decreased by 1.6 million metric tons to.an all-time low of 5.2 million metric
tons and export quantities remained essentially constant (see Table 7-7).
Thus, the higher domestic prices removed the incentive to increase exports, sO
the increased U.S. supply was able to go to the domestic market. Nonetheless,
the supply and demand situation remained tight in the U.S. in 1974 as fertilizer
demand was boosted further by continued high prices for farm products and
increased farm acreage. Farm products were selling at double the 1967 base
year prices and acreage in 1974 was 10 to 20 percent above 1973 p]ant‘ings.25
Demand for phosphate fertilizer was said to be 15 percent higher than the

available supp]y.26
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Although pfoduction continued to increase throughout 1975 and 1976,
domestic demand dropped slightly from its 1974 level and export demand fell
sharply both years. The flattening in domestic demand was a result of a bad
year in the fertiTizer industry (1875) following the all-time high prices and
production Tevels of 1974. Fertilizer prices came down, which helped clear
surpluses, ahd phosphate rock prices retreated somewhat from the sharp in-
creases of 1974. Ferti]izers began to recover in 1976, but domestic use of
phosphate rock failed to rise even.though prices came up slightly. This was

partially due to decreased production of elemental phosphorus in Tennessee and
the West'for nonagricultural uses.
| In 1975 the world fertilizer market was also depressed and U.S. exports
of phosphate rock dropped from 12.6 million metric tons in 1974 to 11.1 in
1975. This slump continued in 1976 as prices continued to fall and exports
readhed.a 1875 Tow of 9.4 million metric tons, down 25 percent from 1974. The
comb1nat10n of production increases and softening demand permitted phosphate
producers to increase their year-end inventories from a low of 5.2 million
metric tons in 1974 to 12.2 mi]]ion metric tons in 1976.
| The fertiiizef industry recovered well in 1977 and domestic demand for

phosphate rock rose from 31.1 million metric tons in 1976 to 34.2 in 1977,
although tﬁe average value of rock sold on the U.S. market dropped by 17
percent, to $15 per short ton. World fertilizer demand also strengthened
E _great]y, and the closing of the large Bu Craa mine in the Spanish Sahara has
helped to relieve oversupply conditions. 4 Exports rose to 13.2 million
metr1c_tons, a 40 percent increase from the preyious year, and_a]though world
prices continued to fall from 1974 levels, prices Qere sti11 significantly

higher than these pfevai1ing before Morocco tripled its prices in 1974,
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Demand for fertilizers is expected to fall again in 1978 as U.S. farm
income continues to fall. Future demand for phosphate will be greatly influ-
enced by USDA farm programs, which determine whether the acreage under pro-
duction will be cut back. The effect of these programs is expected to be
neutral at best, and could entail a significant reduction in fertilizer use.
It is also uncertain how much longer the trend in increased fertilizer use per
acre will continue. Production of phosphate rock for the first three months
of 1978 is down 3 percent from 1977, and inventories are increasing. Exports
were also down, although the price has risen from $25.85 per metric ton to

$26.52 per metric ton, but were reported to be picking up in April.

7.1.7 Industry Outlook and Growth Projections

" Table 7-8 indicates the additional phosphate rock processing capacity of
each current or future producer that is expected to come on stream by 1983.
These estimates are based on announced and planned capacity expansions that
could change according to future industry performance. While the total indus-
try expansion could be less depending on the conditions, these totals are
expected to be the maximum capacity available by 1983.

As indicated in Tables 7-8 and 7-9, total industry capacity in 1983 is

L3 1his

expected to be around 72.9 million metric tons of rock per year.
represents a net increase of 25.9 percent, or 15.0 million metric tons, over
the January 1978 total. Three new firms have plans to enter the industry
while about eight new mines will be opened. |

According to Table 7-9, about two-fifths (6.2 million metric tons) of the
absoluté capacity increase will be in Florida. The expansion_Qi11 represent
only a 14 percent increase over January 1978 capacity, a much lower growth

rate than was expected a few years ago. Two producers are phasing out mines

and replacing them with operations having similar capacities. Two companies
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Table 7-8. ANNOUNCED OR PLANNED U.S. PHOSPHATE
ROCK CAPACITY ADDITIONS BY 1983, 1,3,42
BY COMPANY (Thousands of metric tons per year)®®

Additional or

Reduced Capacity Capacity Planned

Company/Location 1978 Capacity By 1983 1983 Capacity Beyond 1983
Agrico Chemical Co. '

Pierce, Florida 5,443 - 5,443 5,443

Fort Green, Florida 3,175 - 3,175 3,175
Amax-Phillips

Manatee Co., Florida - 3,629 3,629 _ 3,629
Beker Industries :

Ory Valley, Idaho 1,179 181 1,361 1,361

Manatee Co., Florida - - - 1,814
Borden Chemical

Teneroc, Florida 807 -907 . - -

Big Four, Florida - 1,089 1,089 1,089
Brewster Phosphate

Brewster, Florida 5,715 R 5,713 5,715
CF Industries, Inc.

Hardee City, Florida - 1,814 1,814 1,814
Cominco-American |

Garrison, Montana 249 , - 249 249
Earth Sciences (Alumet)

Soda Springs, Idaho - 2,268 2,268 2,268
Gardinier

Fort Meade, Florida 1,996 - 1,996 1,996
W. R. Grace & Co. |

Bonny Lake, Florida 2,268 -2,268 - _

Hookers Pra1r1e Florida 2,540 - 2,540 2,540

Manatee Co., F]or1da - 2,722 2,722 2,722
Hooker Chemical _ -

Columbia, Tennessee 454 - 454 - 454
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:Company/Location 1978 Capacity

International Minerals & Chemicals
North Wales, Florida 2,722

Kingsford, Florida 8,618
Polk Co., Florida 0
Husky 011 Tracts, Idaho 0

Miss. Chemical Corp.
Wauchula, Florida -

Mobil Chemical

Nichols, Florida 1,361

Ft. Meade, Florida 2,903
Monsanto

Columbia, Tennessee 907

Ballard, ldaho 907

North Carolina Phosphate Co.
South Creek, N. C. -

Occidental Agricultural Chemicals
White Springs, Florida 2,722

Presnell Phosphate
Columbia, Tennessee 454

George Relyea
Garrison, Montana 91

J. R. Simplot
Ft. Hall, Idaho 1,814

Stauffer Chemical
Mt. Pleasant, Tennessee 544
Vernal, Utah 726
Wooley Valley, Idaho 680

Swift Chemical
Bartow, Florida 2,722

T-A Minerais Corp.
Polk City, Florida 454

Additional or
Reduced Capacity
By 1983 1983 Capacity

2,722

8,618

91 91
1,814 1,814

- 1,361
- 2,903

- 9Cc7
- 907

- 454

- 19814

- 544
- 726
- .680

- 2,722

- 454
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Capacity P]ahned
Beyond 1983

2,722
8,618

91
1,814

1,814

1,361
2,903

907
907



Additional or

: _ _ Reduced Capacity Capacity Planned
Company/Location 1978 Capacity By 1983 1983 Capacity Beyond 1983
Texasgulf, Inc.

Lee Creek, N. C. 4,536 4,536 9,072 9,072
U. S. Steel-Agrichemicals
Fort Meade, Florida 1,814 - 1,814 1,814

Total 57,901 14,969 72,870 80,127
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just entering the industry have plans to begin production in the state by
1983, and one major producer plans to add to its capacity by opening a small
Florida mine. These expansions represent 41.3 percent of the U.S. capacity
increase.

In North Carolina, the only current producer has plans to double its
capacity by 1983, an increase of 4.6 million metric tons. In addition, a new
producer has announced plans for a 3.6 million metric ton per year plant to be
opened at an undetermined time. There are no plans for expansion in any
Tennessee phosphate operations. Two firms are making major expansions in
Idaho, including one major producer whose operations are currently all in
Florida. Another company has plans for a slight capacity increase at one of
its mines.

' The rate of capacity increase has slowed in recent years, and these
estimates could be somewhat opfimistic depending on the performance of the
fertilizer and phosphate rock industries over the next few years. Several
variable factors (among them the price of farm crops, price of fertilizer,
crop acreage planted, and weather conditiqns) influence domestic demand for
fertilizer. The five-year decline in farm income and the USDA farm programs
will almost certainly exert a negative inf1uencé on the growth of the industry.
There has also been a steady decrease in nonagricultural uses of phosphate
rock over the past few years, which is likely to continue.” The U.S. Bureau of
Mines has projected that domestic consumption will increase by only 2.3 per-
cent per year between now and 1985, which would put demand at 39;2 million
metric tons per year in 1983 (Table 7--10).41

Predictions are for greater stability in world phosphate markets. It is
unlikely that there will be either severe oversupply or shortage conditions

between 1978 and 1985, a welcome change after the boom and bust periods of the
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Table 7-10. PROJECTED PHOSPHATE DEMAND BY 1983

(Millions of metric tons)

Domestic Export Total | Capacity
Demand Demand Production  Capacity  Utilization(%)
1977 34.2 13.2 46.42 55. 3 36.0
1983
High 43.3 18.8 62.1 72.9° 85.2
(% Growth/yr) (4.0) (6.0)
Low ' o
(% Growth/yr) 37.4 16.3 53.7 72.9 73.7
‘ (1.5) (3.5)
Probable
(% Growth/yr) 39.2 17.2 56.4 72.9 77 .4
' (2.3) (4.5)

Notes:

Total production does not include inventory stocks that were

required to meet demand.

b Capacity by the end of 1974,

c

Capacity by the end of 1980.
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preceding decade. The industry also seems to be reaching a more stable price
structure after the drastic hiké of 1974 ahd steady droﬁs of the.last three
years. |

World demaﬁd for fertilizer is expected to grow at about 4 to § perceht
per year, and most esiimates of growth in world demand for phosphate rock are
close to this figure. This figure is lower than the growth experienced over
the last decade, partially because developed nations which have historically -
purchased most of the U.S. exports are reaching the upper stage of the growth
curve for fertilizer use. _In addition, the rate of world popu]ation growth is
declining, indirectly affecting world fertilizer consumption. |

One factor that is significant in determining what share of the export
market is controlled by U.S. producers is that most world demand is for high
quality rock. Florida, which now controls almost all of the U.S. export
market, will have an increasingly difficult time meeting quality requirements

as the quality'of its ore continues to dech‘ne.38

Morocco, the world's leading
phosphate rock exporter, has no problems with quality. U.S. producers will do
well merely to maintain their current market share, and even this depends on
pricing and production decisions by Morocco, over which they have little
control.

Projections based on a probable annual growth rate of 4.5 percent put
U.S5. exports at 17.2 million metric tdns in 1983. Using the median projec~
tions for domestic and éxport demand, 56.4 million metric tons of U.S. rock
Qi]] be consumed in 1983 while the industry w111 have a capacity of 72.9
million metric tons. This indicates that the industry will have to produce at
about 78 percent of capacity to meet demand. The U.S. industry has historically

produced at between 80 and 90 percent of capacity and, given the projected

demand range (Table 7-10), they will probably continue at this level or reduce

7-28




production slightly. Current inventories are on a three-year rising trend, so
it is possible there will be some cutback to reduce these inventories if
demand is soft in ﬁhe next few years.

On the basis of the above discussion, the majority of the new p]anté and
planned expansions outlined in Table 7-8 will be needed by 1983 if producers
~ wish to keep operating at normal capacity levels. It is unlikely that planned
'capacity will not be sufficient to keep pace with demand unless unforeseen
circumstances arise. Future projections lead to the conclusion that a period
of relative stability in the phosphaté rock industry will exist until at least

the middle of the next decade.
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7.2 COST ANALYSIS OF ALTERNATIVE EMISSION CONTROL SYSTEMS

7.2.1 Introduction

. As is discussed in Chapter 5, the entire phbsphate rock processing
operation is defined as the stationary source, for purposes of establishing
;tandards of performance. But comprising this processing operation are
four kinds of "affected facilities": dryers, calciners, grinders, and
ground rock transfer systems. New source performance standards are
being considered for each of these four facilities.

In the consideration of these standards it is convenient to define
a model faciiity. Each model is of such size and process c;;figuration
as to be fairly representative of both typical new and existing facilities
in the phosphate rock iﬁdustry. Furthermore, to achieve the proposed
new source standards, three particulate emission control systems have -
been studied for application to the dryer, grinder, and calciner model
facilities. Emissions from most ground rock transfer systems are already
controlled to a "no visible emissions" level by use of fabric filters.
Thus, achieving a no visible emissions level requires no additional control
éost, if a system operator follows proper operating and maintenance procedures.
However, if an operator permits his system to violate these procedures, itiis
possible that a no visible emissions level wouid be exceeded, and that, to up-
grade the system to this Tevel he would need to incur additional operating costs.
In this section, costs are presented for each of the three control systems,
as they are applied to the various model facilities. Incrementé1 operating
costs are also presented for the ground rock transfer system Baghouses. The

costs of these systems have been based on certain technical parameters asso-
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ciated with the model facilities, (e.g., the gas volumetric flowrates) as

well as the particulate control levels under consideration. (These para-

meters are listed in Table 7-11). However, because these are model facility

costs, they cannot be taken to reflect costs of control systems in use at

existing installations. Estimating control costs at an existing installations

is very difficult without first performing detailed engineering studies.

Some model facility costs have been based on data obtained from the
individual phosphate rock companies through requests for information
under the authority of Section 114 of the Clean Air Aet.2 to 5 Cost
data have also been available from the Industryal Gas Cleaning Institute
(IGCI), which, under an EPA contract, has provided information based on
bids from actual vendors of control equipment.s’z Finally, a control
equipment vendor8 and selected literature references 9 to 13 were used
to obtain the remaining information. -

Two major kinds of costs have been developed herein: instalied
capital and total annualized costs. The instalied capital cost for each
contro]-de?ice system includes the purchased cost of the major equibment
and aukiliary equipment, the cost for site preparation and insta]laeion
of the equipment, and design engineering cost. No attempt has been made
to include costs for research and development. poss1ble lost product1on
during equipment installation, or losses dur1ng startup. .

In addition, two installed cost estimates have been made for each
model facility control system. The first of these ref1ects the cost of

installing the equipment at a new facility. bui]t. as it were, "from the
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ground up". The other, the medified facility or retrofit control cost,

is somewhat higher, because the -cost for installing a system in an

existing facifity is greater, due to special design considerations, more

complex piping requirements, etc. Estimating this additional installation

cost or retrofit penalty is difficult, since so many factors enter in,

each of which is peculiar to an individual facility. However, for the

sake of simplicity, a retrofit penalty equal to fifty percent of the

installation cost in a new model facility has been used in this section.

This penalty is added to the installed cost of the control system in

the new facility to estimate the corresponding control cost in the modified

facility.

The total annualized cost is comprised of three categories: the

direct operating cost, the annualized capital charges, and (where applicable)

the dust recovery credit. The first accounts for operating and maintenance

costs, such as:

Labor and materials needed to operate the control equipment;
Maintenance labor and materials;

Utilities, which in¢lude electric power, process water, and

cooling water;

Water treatment (herein, applicable to the electrostatic pre-

cipitator and venturi scrubber systems).

The annualized capital charges account for depreciétion. interest,

administrative overhead, property taxes, and insurance. The depreciation

and interest portion is computed by use of a capital recovery factor,
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the value of which dépends on the device operating 1jfe (lolyears for
the electrostatic precipitators and venturi scrubbers; 15 years for the
fabric filters) and the interest rate. (An annual interest rate of 10
percent has been assumed.) Administrative overhead, taxeé; ahd insurance
have been fixed at an additional 4 percent of the 1nsta1]ed3capita1 cost
per year, |

The dust recovery credit accounts for the value of fhe phosphate
rock dust recovered by the control equipment. (In this section the
credit has only been applied to fabric filters contro11%nq the grinder
model facilities). The dust recovery credit is estimated based\on an
~assumed value for the collected dust of $22 per megagram'($20 per ton),
and an assumed dust loading of 2 gr/dscf to the inlet of the fabric
filter. Other cost factors used in computina the total annualized cost
appear in Table 7-12. A1l costs reflect first quakter 1978 prices.

The total annualized cost is then obtained simply by adding the
direct operating cost to the annualized capital charges, and subtracting
any dust recovery credit from the sum.

7.2.2 Cost of Alternative Control Measures

For each of the new and modified calciner and dryer faci1it1es dis-
cussed in the Introduction, costs have been estimated for the wet elec-
trostatic precipitator, venturi scrubber, and fabric filter control
systems. Costs for venturi scrubbers and fabric filters have been devel-
oped for model grinder facilities. The costs of the alternative control
systems have been éomputed at four a1ternativg control levels: These
levels correspond to the ﬁerformance of the alternative systéms at dif-
ferent operating designs. The greatest level of control considered is
that which is achieved by the baghouse. The level reflecting least con?
trol corresporids to the performance required to meet typical state air

pollution regulations.
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Each of these control systems consists of several pieces of cquipment.
First, the wet electrostatic precipitator system consists of the LSP
itself, éuxi]iary equipment (fans, pumpé, etc.) and é centrifugal scrubber
precleaner. This low efficiency precleaner is installed upstream for
purposes of scrubbing the corrosive gases (su]furic_aﬁid mist, mainly)
_from the effluent before it enters;the‘EsP. (These corrosive gases
. result from the combustion of the more commonly used high sulfur fuel
0il in the calciners and dryers.) Use of a scrubbér precleaner has been
found to be more cost-effective .than constructing the ESP from stainless
steel or other corrosion-resistant materials.

Each venturi scrubber system is comprised of the scrubber itself,
auxiliaries (fans, pumps, Stack, etc.) and sludge disposal equipment.

The disposa] equipment consists of‘a slurry settling system and two
filtering systems (one standby) to dewater the slurry product..

A dust disposal system consisting of dust hqppers, screw conveyors,
and a dust storage bin is included in the cost of each fabric filter
system. Since the dust is captured in the dry state, this system permits
the rock to bé recycled to the process. However, except for the.dust
captured by the grinder baghouses, the material is of such low quality
that no fecoveryucredit is taken for it. Also inciuded in the coptro1

system cost are the fabric filter (shaker-type), a fan, and a stack.




control efficiency.(see Tables 7-13 and 7-14). This occurs because

the cost of the ESP.unit alone (comprising nearly all of the total system
cost) is primarily a function of the collecting surface area, which, in
turn, depends on the system control efficiency. As the efficiency of the

ESP varies from 94.5 to 99.0 percent, the ESP surface area to gas valume

ratio varies from about 0.69 to 4.0 m2/m3 ner minute (200 to 1200 ft2/1000 ACFM).
On the other hand, the costs of the centrifugal scrubber and the ESP system
auxiliaries are functions of the §o1umetric f1owréte, and hence, do not depend
on the removal efficiency.
~ The ESP total annualized cost also varjes substantially with the
system control efficiency. Based on the model process weight capacity
and operéting factor, this cost ranges from $1.46 to $2.29 per Mg, as
the efficiency goes from 94.5 percent to 99.0 percent in a modified plant.
Because control efficiency has a negligible effect on the installed
cost of a venturi scrubber system, the new and modified plant capital
costs are the same for each control level (3651,700 and $869,700,
respectively). However, since the scrubber electric power cost is
directly proportional to the scrubber pressure drop, itself a function
_of the control efficiency, the direct operating cost is seen to increase
about sq percent as the efficiency rises from 94,5 to 99.0 peréent. Note
finally, that the scrubber total annualized cost is substantially Ioﬁer- f
than the corresponding ESP system costs. It ranges from $0.77 to $1.35/Ma.
The fabric filter installed costs, though lower than the ESP costs, are
significantly higher than the scrubber investment estimates. Hﬁwever.

the annualized cost for the fabric filter is sliahtly less than that
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7.2.2.1 Calciner Model Facility

Tables 7-13 and 7-14 illustrate the new and modified calciner model
facility control costs at the four alternative levels of control, for each
of the three control systems discussed previously., Note that these levels
correspond to 99 to. 94.5 weight percent control of the device inlet
particulate loading. As stated previously, the maximum control level con-
sidered for each of the controls is that which is achieved by the'baghouse,

while the lowest level reflects a typical State air pollution regulation.

As discussed in Chapter 4, venturi scrubbers are the most commonly
used of the three control systems, mostly because'they are less sensitive
to damage caused by the high temperature of the calciner exhaust. Because
of this h1gh temperature, no fabric f11ters are being emp]oyed by calciner
operators. quever. if suitable provision is made for cooling the gas
stream before it reaches the'filtering compaftmente, then fabric filters
can be used. tastly, only one calciner is now being controlled by an ESP,
but 99 percent control has been obtained with it.

Since high-sulfur content fuel can be used to fire calciners, all
three systems have been designed to protect against corrosive combustion
gases. The ESP system employs the aforementioned centrifugal sckubbem
precleaner, whereas the venturi scrubber and fabric filter systems are
fabricated of 316 L stainless steel--a metal that is particularly resistant
to acids and acid mists. | ' '

At all control levels, in both the new and the modified facilities,

the ESP system installed cost is greater than the other two systems. The
installed cost of the ESP increases substantially With increasing particulate

'7-37




of the scrubber at comparable contro] eff1c1ency Lastly, it bears
noting that the fabric £i1ter cost corresponds to sinale level of effi-
ciency. Nearly all filters are designed to achieve the most stringent
control level. |

The relationships between total annualized costs and the various

control levels are g}aphically $1lustrated in Figures 7-2 and 7-3.

7.2.2.2 Dryer Model Facility

The same inlet dust loading, moisture content, and control systems
discussed for calciners also apply to the dryer model facilities. How-
ever, some of the parameters, such as the operating factor, are different
(See Table 7-11).

Venturi scrubbers are also the most commonly used system for controlling
dryer particulate emissions. Two opérators of rock dryers employ electro-

static precipitators, one of which is a dry unit and the other, a wet ESP.

The latter system includes a wet impingement scrubber upstream from the

ESP, installed for corrosion protection purposes. (The design of the
model plant ESP control’ system has been patterned after it ) As exp1a1ned
in Chapter 4, fabric f11tration is a feasible a]ternat1ve ﬁor controlling
dryer particulate emissions, even though no existing installations

cﬁrrently employ this method.
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Figure 7-2. Cost curve for new calciner model faci1ity.
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Figure 7-3. Cost curves for modified calciner model fac‘i'lity.
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Tab]es 7-15 and 7-16 show that the ESP system costs (bothlinsta11ed
and total annualized) are significaht]y higher than the scrubber and
fabric filter costs at all control levels. The highest of these installed
costs ($2,215,000 for the modified plant at 99.3% efficiency) is about
two and one half times the lowest ($890,000) for the new plant at 95.5%
control efficiency. The total annualized costs for these extreme cases
are $0.68/Mg and $0.37/Ma, respectively.

As Wifh the calciner application, the venturi scrubber installed
costs are the same at each control level. The variability in the total
annualized cost is solely attributable to the differences in the respec-

tive electric power costs.

The fabric filter system jnsta]]ed costs are $851,000 and 51;100.000
respectively, for the new and ﬁodified facilities--values that fall between
the scrubber and ESP system costs The total annua]12ed cost ranges from'
$256, 000 (new facility) to $306 000 (modified fac111ty), which c]early makes
it the Teast expensive control alternative for control levels of about 98.0%

~efficiency and more. _ _

The costs of dryer controls are shown graphically, in Figures
7-4 and 7-5.

As stated prev1ously. the systems employed'for'controlling the
calciner and dryer model plants have been specia]]y designed-to resist -
the corrosiveness of th1s exhaust stream. To illustrate the differences
between these costs and the costs of systems not designed with corrosion

protection, Tables 7-17 and 7-18.have been constructed, rgspectiVely. for
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Figure 7-4. Cost curves for new dryer model facility.
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Figure 7-5. Cost curves for modified dryer model facility.
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the new and modified model facilities. .It is clear from both tables that
the total annualized costs for ESP systems without corrosion protection
are substantiaily lower than their counterparts. The biggest difference
is due to the fact that no scrubber precleaner is required with the no
protection system. In addition, the process water, water treatment, and
electric power operating costs are lower.

The cost differences between designs featuring protection and no pro-
tection from corrosion, are 1ess.pronounced for.the venturi scrubber and
fabric filter control systems, This is because the scrubber or baghouse
units designed with corrosion protection have been fabricated from 316 L
stainless steel, while the normal designs have been constructed of materials
such as rubber-lined carbon steel, which afford some, but not enough, pro-
tection.

7.2.2.3 Grinder Model Facility

No corrosive gases are emitted from grinqing-bperations. Therefore,
the control systems do not have any built-in corrosion protection. Thus,
the venturi scrubbers and fabric filtérs are fabricated of carbon steel,
instead of the corrosion-resistant 316 L stainless. (Because none are
used to control grinders.ﬁho ESP costs have been developed.) This fact,
coupled with the much Tower volumetric flowrate, has resulted in sub-
stantialiy lower control costs for grinder facilities. The important
process parameters are listed in Table 7-11.

Most éommonly the vent stream from the grinders is discharged through
a fabric filter, because the‘effiuent is low, both in moisture content

and in temperature, Low energy venturi scrubbers are also occasionally
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employed, since these devices are able te meet the SIP emission-]fmits
_with”fe]ative ease. |

| As with the calciner and dryer models, the installed costs of the
fabr1c f11ters are higher than those for the venturi scrubbers. But, as
Tables 7-19 and 7-20 clearly show, the total annualized costs follow a
-‘ differént pattern. ’For.the new facility the venturi scrubber annualized

' ebét'ranges.from'$72,000 to $74,700/year. Again, the fabric filter
system annualized costs are the lower:  $17,000 and $20,00C, respectively,
for the new and modified facilities. Finally, Figures 7-6 and 7-7 exhibit
the_coste for the two grinder control systems.

" From'the'COst~figures presented in this section, it seems reasonable
to conclude that fabric filters are generally the least costly choice for
controlling particulate emissions from calciners, dryers, and grinders.
Venturi scrubbers would be a second choice, and ESP's would rate a poor

third'on‘a total annualized cost basis.

7.2.2.4 Ground Rock Transfer Systems

As stated in the Introduction, the emissions from the ground rock
-trensfer systems are esua11y captured in fabric filters and recyc]ed to
the stbrage process. Because the ground rock is va1uab1e, these baghouses
are installed for economic reasons. Consequently, the fabric filter may be
cOneidered as standard process equipment in ground rock transfer systems.
" However, if a zero visible emissions standard is.imposed for ground rock
\ systems; additional resources may be necessary to prevent occasional escape
of-eﬁissions (such as when a bag tears) from the baghouse compartment.

The best way to prevent baghouse upsets is to follow a strict mainten-
ance procedure. This procedure can be further subdivided into two areas

bag replacement and general equipment maintenance.
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Total Annualired Cost ($1000/yr)
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Figure 7-6. Cost curves for new grinder model facility.
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Total Annualized Cost ($1000/yr})
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Figure 7-7, Cost curves for modified grinder model facility.
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Normally, bags are replaced only when they are broken or excessively
worn, The life of an individual bag is quite variable, ranging from less
than 1 to 10 years.13 However, to prevent bag failure, one source suggests
changing the bags alnnt.|a11,y.16 This would assure that a zero visible emissions
limit is constantly achieved. Assuming a typical gross bag area of 14 m?
(500 ft2), per baghouse, and a bag cost of $7'.00/m2 ($O.65/ft2), the cost of
replacing polypropylene bags would be $325/year. Labor for changing the

bags would amount to 8 manhours/year, or $80/year (based on a $10/manhour

labor rate).16 Finally, an additional 8 manhours/year ($80) are required

for general equipment ser'vices.]6

such as lubricating the fan. A];ogether,
the incremental cost for maintaining a zero visible emissions 1im1t over
the normal cost of control would be approximately $500/year.

Granted, some of these costs would be incurred under normal transfer
system maintenance procedures and would not be attributabie entirely to the
incremental resources required to achieve a visible emissions standard.
Nonetheless, to be conservative, the entire amount has been charged to main-

taining a zero visible emissions 1imit on ground rock transfer system bag-

houses.

7.2.2.5 Monitoring Costs

Monitoring requirements-imposed by a performance standard would inflict
additional costs on phosphate rock plants. The potential requirements may
include gpacity monitoring equipment, rock feed measurement equipment, and
equipment to monitor scrubber performance parameters. However, some of
the potentia1 monitoring requirements are already being satisfied by

existing plants. At p1énts utilizing scrubbers to comply with existing
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standards, the scrubber pressure drop and 1iquid supply pressure are

measured and continuously recorded as normal operating procedure. At

ca1ciner,'dryer, and grinder facilities, the rock feed rate is norma]Ty
controlled by weigh feed control equipment which\a]so may be utilized 1o
provide measurement of the rock feed rate (as may be required during per-
formance testing)}g The weighfeed device is typically utilized as process
equipment to insure efficient operation of dryers, calciners, and grinders.
The installed cost of rock feed control equipment is about $14,000 for a
facility processing 150 tons per hour of rock, which amounts to an annualized
cost (including operating and assumed maintenance costs) of about $3500
per‘year.18

The most significant potentia1'monitor1ng costs would result from a
yisible emissions type standard. Equipment and installation costs for
opacity measurement equipment are estimated to be approximately $20,000
per exhaust Stack, and annual operating costs (including data recording
and.reduction) are estimated at about $9,000. Based on a 10 percent
annual interest rate (plus an additional 4 percent for administrative
overhead and taxes) and a 15 year operating life, the annualized cost of
an opacity monitoring system would be about $12,500 per year. This cost
ié relatively minor compared to the totaT annualized cost of those
facility emission contfo] systems which are ducted to the common monitored

stack.
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7.3 OTHER COST CONSIDERATIONS

In addition to the proposed controls on air emissions, phosphate rock
producers are presently incurring costs to control water-born effluents.
Because these costs represent normal investment and operating costs, they are
included as a part of the uncontrolled plant costs in the following section.
These costs are incurred only by Eastern producers. Western producers can
operate_with no discharge and without incremental expenditures on control
equipment because of the characteristics of the rock mined there, the process
practices dictated by those characteriétics, and a favorable balance between
rainfall and evaporation.

The costs to Eastern producers are wholly incurred in treating and stor-
ing suspended solids. The EPA regulations require the effluent discharge to
have a total suspended solids concentration not exceeding 30 mg/1 for a 30 day
average, or 60 mg/1 maximum average for any one day. The investment and
operating costs for a model plant with a capacity of 2ﬂ4 mi]Tion metric tons
1s given in Table 7-21. Contro]s'consist of pond treatment of the slimes and
sand tailings. Costs were updated from their 1974 values to 1977 values using

an inflator of 1.23.
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Table 7-21. COST OF COMPLIANCE FOR MODEL EASTERN PHOSPHATE ROCK
MINING AND BENEFICIATING FACILITY, 1977

e mmemmr iR NS E RS S AEALES S MTEE SEESETR LSS IT 2R

Invested Capital Costs
Total ' _ $13,751,400

Annual Capital Recovery | 1,731,000

Operating and Maintenance Costs

Annual 0 & M 619,000

Annual Energy and Power | 413,000
Total Annual Costs 2,763,000
Cost/Metric Ton of Product $ 1.61

Raw Waste Load Parameters (mg/liter)

Suspended Solids ‘ 3-560
Dissolved Fluoride 2*
Phosphorus (total) . 4%

Sources: Devé]opment Document and Arthur D. Little, Inc. estimates.

Notes: The model plant has a capacity of 2.4 million metric tons
per year, is 15 years old, and is located in the Eastern
region (Florida, North Carolina, and Tennessee).

*Egtimates average values.
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7.4 ECONOMIC IMPACT ANALYSIS OF ALTERNATIVE EMISSION CONTROL SYSTEMS

7.4.1 Introduction

In this section, the potential economfc impact on the phosphate rock
industry of imposing various particulate emission control levels will be
analyzed. In so doing, model plants representing typical new and modified
plants in Florida and in the West will be developed and the investment and
annual operating costs for each will be estimated. Based on the information
Presented in section 7.2, the costs of the alternative emission control systems
will be estimated so that the control costs can be compared with the overall
p]aht economiés. Finally, the incremental costs of compliance under various
new source performance standard (NSPS) levels will be compared to the control
costs of the emissions reduction already required under the appropriate State
Implementation Plans (SIP) in order to analyze the economic impact resulting
from implementing those levels. -

In the U.S. phosphate rock industry, every operation is different in some
respect. In addition to differences in the sizes of the mines and processing
plants, there are important and significant differences in overburden thick-
ness, matrix thickness, and rock quality. Processing operations differ since
Plants dry, grind, and calcine different amounts of rock and use different
types of equipment to perform these operations. Furthermore, some plants are
associated with larger fertilizer complexes while other plants are not. As a
result of these plant differences, it is difficult to constrict a model plant
for analytical purposes that takes into account all of these variations.
However, reasonable assumptions have been made and the costs estimated for
hypothetical new operations that are considered to be representative of the -

phosphate rock industry.
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In considering the costs of the alternative emission control systems,

three control options were devised which reflect the range of equipment combi-
hations which can be employed to meet the NSPS and SIP levels. Control optibn A,
which employs fabric filters to control emissions, and option B, which uses
filters on grinding plants and Ventur1 scrubbers on all other facilities, have
similar annual cogts. Control opt1on C, which utilizes electrostatic precipita-
tors (ESP's) on 511 operations except grinders, is significantly more expensive
than the other two technologies.. Based on current industry practice, control
option B represents the most typical control system. Other combinations of
equipment could be used, but the control options developed in this chapter
reflect the range of control costs and indicate the cost of the most typical

systems.

7.4.2 Model Plant Analysis for the Florida Region

7.4.2.1 Investment and Operating Costs for a New Uncontrolled Fiorida Plant--
The mode) plant for the Florida region has a capacity of 2,381,400 metric
tons of rock per year. It mines and processes 1,905,120 metric tons per year,
a capécity utilization of 80 percent. Operations for this plant involve
mining the phosphate matrix with a dragline (which also removes the overburden),
slurrying the matrix in a sump, and pdmping the slurry to a beneficiation
plant. At the\beneficiation plant, washing and sizing produce a coarse pebble
product and remove the slimes; a double flotation process upgrades the rock to
the finished product which is dried and ground. The rock is dried in two 145
metric tons per hour (tph) rotary dryers. Forty percent of the dried rock is
ground in one 91 tph ball mill and two 14 tph roller mills. The remaining 60

percent of the dried rock is sold to other processors.
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The costs of mining and beneficiating phosphate rock will increase drama-
tically for new operations, and not just because of increases-in equipment
costs. Nearly all of the high quality rock in Florida has already been mined
or will be mined shortly, thus leaving only the lower quality rock. Producers
~are having to dig deeper in order to obtain the rock and also to mine a larger
matrix to obtain a ton of marketable rock. This requires much larger mining
equipment than was needed 5 to 10 years ago and also requires a larger benefi-
ciation_p]ant to prepare the product for drying and grinding. Finally, the
cost of land is increasing because of competing uses for the land and bécause
the supply of mineable land is steadily decreasing. |

Whereas older plants and mines could be built and put into operation at
an investment of about $10.00 per annual ton of capacity, costs have escalated
to the point that the investment for a new mine and plant is.at least double

31.32 Based

that and could grow to around $40-45 per annual ton of capacity.
on the best information available to EPA at the present time, it is estimated
that an uncontrolled plant with a capacity of 2,381,400 metric tons of rock
per year wou]d require a capital outlay of over $85,932,000 or almost $36.08
per annual metric ton of capacity.33 This investment includes nearly |
. $34,500,000 for mining operations (see Table 7-22) and almost $51,500,000 for
the processing plant, including the costs of water poellution control equipment
(see Table 7-23). |

The annual operating costs for mining and processing operations take into
account charges for power, fuel, maintenance and repair, labor, local taxes,
insurance, overhead, and other miscellaneous supplies and items. The annual

operating cost for mining operations is estimated to be about $8,619,000 (see

Table 7-24), while the costs for operating the processing plant are estimated
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Table 7-22. ESTIMATED FLORIDA MINING INVESTMENT COST33

Operation \ . Thousands of dollars
Dragline - | 28,554
Hydraulic Water Pumps, Pipelines, etc. 1,259
Hydraulic Monitor Operation o 155
Slurry Pumping ‘ ' 2,060
Drainage, Dams, Roads, Clearing Land, etc. : 1,356
Prospecting | _ ' 346
Miscellaneous Equipment _ 359
Mining Overhead (Mine Shops, Office, etc.) | 375
| | $34,464

Cost Per Annual Metric Ton (80% capacity utilization) = $18.09
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Table 7-23. ESTIMATED INVESTMENT FOR UNCONTROLLED FLORIDA PROCESSING PLANT
(Capacity: 2,381,400 metric tons)

Operation | Thousands of dollars
Washing, Screening, and Flotation ) 28,334
Dryers - 2 145 M.T./Hr Rotary 2,704
Grinders: . o
1 Ball Mill = 91 M. T./Hr 244
2 Roller Mills - 14 M.T./Hr ‘ 749
Pneumatic Transfer Systems 206
Storage | ' 2,325
water Pollution Control 13,751
Miscellaneous Equipment 3,155
$51,468

Cost Per Annual Metric Ton (80% capacity uti]ization) = $27.02
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to be $14,829,000 per year (see Table 7- 25). Thus, the total operating cost
for m1n1ng and processing is about $12.30 per metric ton of product if the

plant is utilized at 80 percent of capacity.

7.4.2.2 Summary of Control Costs for Florida Model Plant-=-

Table 7-26 summarizes the costs of alternat1ve emission control systems
for the new model plant. Included are the costs of controlling the drying
plant, which contains two rotary dryers, and the grinding plant, which has one
ball mi]\_and two roller m111s. Control option B (see Table 7-26) is con-
sidered to be the most typjca] control system for the entire model plant since
scrubbers are the most common control technique used for dryers and fabric
filters are the most common device used to control emissions from grinders.
Control option A uses fapric filters on both dryers and grinders. Control
option C employs electrostatic precipitators on the dryers and fabric filters
on the grinders.

For each control option, three sets of costs are providéd: (1) installed
capital cost, (2) total annualized cost, and (3) annual total cost. The
installed capital cost and the total annualized cost are taken from
gection 7.2. Total annualized costs jnciude a capital recovery charge based
on an interest rate of 10 percent and the 1ifetime of the capital equipment.
The annual total cost is equal to total annualized cost minus the capital
recovery charge; that is, the annual total cost is just the sum of the f1xed
and variable operating costs. This cost is used in the economic analysis,
since the analytical technique (discounted cash flow rate of return) implicitly
accounts for depreciation and recovery of the initial capita] jnvestment. The
total annualized costs for each option are used to calculate the inflationary

impacts of the NSPS in section 7.5.
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- Table 7-25,

ELORIDA PROCESSING PLANT

ESTIMATED OPERATING COSTS FOR UNCONTROLLED

Dollars Per Metric Ton (80% capacity uti]ization)

= $7.78

Basis Thousands of dollars
" Power 41.7 x 10% kwh @ $0.03/kWh 1,250
Fuel 9.4 x 108 gal. @ $0.28/ga. 2,644
Reagents : o o 4,369
Direct Operating Labor 1,871
Water Pollution Controi 824
Maintenance Labor 784
Maintenance Supplies 2% of ‘investment/yr, 1,029
Administration and Overhead 2% of investment/yr, 1,029
Taxes and Insurance " 2% of investment/yr. _1,029
' 14,829
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--As ¢an-be-seen from Table 7-26, the total annualized cost of control
option A is $0.31 Per metric ton for all control Tevels. Option B ranges from
$0.29 to $0.36 per metric ton, while option C ranges from $0.41 per ton for
the SIP level to $0.68 per ton for the most stringent NSPS Jevel. The capital
requirements for the alternative control systems are approximately $1,386,000
for option B, $2,022,000 for option A, and from $2,100,000 to $4,406,000 for
option C.

Table 7-27 gives the control costs for an existing plant whose capacity
is expanded by 50 percent to 3,572,100 metric tons per year by adding one
145 tph rotary dryer and four 14 tph roller mills. These costs also refiect a
capacity utilization of 80 percent. The dryers and grinders in the existing
Plant would be unaffected by the NSPS, but would have to meet the SIP stand-
ards. The new dryer and grinders, on the other hand, would have to meet the
NSPS level, if it differed from the SIpP standard. Thus, the control costs for
the expansion are added to those required to meet the SIP Tevel in the exist-
ing plant to calculate contro] costs for the entire facility.

The total annualized cost of controlling the emissions from the expansion
would be $0.38 to $0.45 per metric ton for option B, the most typical control
system (see Table 7-27). Meanwhile, option A would cost $0.41 per metric ton
and option C would cost from $0.50 to $0.77 per metric ton. Adding these
costs to the costs of controlling the emissions from the existing plant gives
the control costs for the entire plant (also shown in Table 7-27). Depending
on the control level, the annualized cost of emissions reduction would range
from $0.32 to $0.34 per metric ton for option B, $0.34 per ton for option A,
and $0.44 to $0.53 per ton for option C.
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For the entire plant, the capital requirements for the alternative con-
trol systems would be $2,450,000 for option B, $3,424,000 for option A, and .
from $3,465,000 to $4,615,000 for option C.

7.4.2.3 Economic Impact on New Mode] Plant--

A discounted cash flow rate of return (DCFRR) technique is used to calcu-
late the economic impacts of imposing different NSPS controi Tevels on the
model plants. This involves calculating the net annual after-tax cash flow
generated by the investment in the new or modified plant and discounting this
cash flow over the life of the project. (The lifetime of the plants was
assumed to be 20 years). The interest rate which results in a stream of
discounted cash flows whose sum is zero is called the internal rate of return
(IRR).

An IRR_is calculated for a plant utilizing each of the control options
under each of the NSPS control levels. These IRR's are then compared to a
baseline IRR, which was calculated from a plant meeting the SIP level of
control by Option B (scrubbers on the dryers and fébric filters on the grinders),
since this is the most economical method for plants to conform to proposed
state regulations.

The méthod and assumptions used to calculate the IRR's are described
below. The selling price of phosphate rock from a typical Florida plant was
assumed to be $19.80 per metric ton and was assumed to remain constant over
the life of the plant. The baseline cost of production for an uncontrolled
plant was $12.30 pér metric ton; this was derived in section 7.4.2.1. The
unit control costs were taken from Tabte 7-26. The production and control
costs are annual total costs, that is, they do not include a capital recovery

charge. The sum of the unit baseline production and the unit control costs
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were subtracted from the selling price to get profits before tax. This figure
was multiplied by .52 to determine after-tax profits per ton of phosphate rock
produced. (The corporate tax rate was assumed to be 48 percent.) Total plant
capital, including the cost of controls, per ton of rock produced was calcu-
Jated from the mining and processing investment costs in Tables 7-22 and 7-23;
investment %n the control equipment was taken from Table 7-26. It was assumed
that all of this fnvestment was made prior to startup of the plant. Using an
jterative procedure, various interest rates were used to discount the stream
of after-tax profits over 20 years; the interest rate that equated the sum of
these discounted cash flows with the investment per ton of product represented
the internal rate of return for that investment.

The baseline return on investment for a new Florida plant was estimated
to be 5.4 percent (see Table 7-28). This is a low rate of return, which might
seem to contradict the industry's plans for expénsion in this region. However,
sevéra] points not explicitly incorporated in the analysis might help resolve
this discrepancy. First, the analysis assumes a constant selling price for
phosphate rock. In actuality, producers pjanning to enter the industry or to
expand existing capacity may anticipate higher (and more stable) prices in the
future that would increase the rate of return. Second, a higher rate of
capacity utilization would lower unit production costs, raise profits, and
increase return on investment. Third, the analysis does not allow for an
jnvestment tax credit, which would also increase the IRR. Fourth; it was
assumed that none of the investment was financed through borrowing. Borrowing
a portion of the required capital would also increase the IRR, because only

~the amount of the investment financed out of equity or retained earnings

enters into the internal rate of return calculations as total plant capital.
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In the analysis that follows, two types of impacts will be considered.
First, it is assumed that the producer absorbs the incremental cost of comply-
ing with each NSPS control level. The impact of this full cost absorption is
measured by the dec]ine in return on investment from the baseline IRR. Second,
it is assumed that the producer raises the selling price enough to maintain
the IRR investment at its baseline level. This is a case of full cost pass-

through.

Option A

Tab]é 7-28 shows that the impacts of the proposed standard are the
same at all levels if fabric filters are used to control emissions from the
dryers and grinders. Under full cost absorpﬁion, the return to capital de-
clines by 1.3 percent from the baseline level. Under full cost hass-through,
the price would need to rise from $19.80 per metric ton to $19.84, an increase

of 0.19 percent, to maintain return on investment at its baseline level.

Option B

Under full cost absorption, the return to capital would decline by
1.9 percent if the stringent level of control (NSPS 1) were imposed. If more
moderate levels of control were implemented (NSPS 2 and NSPS 3), the decline
would be 0.9 and 0.4 percent, respectively. Under full cost pass-through,
producers would need to raise the price by 0.3 percent (from $19.80 to $19.87)
to maintaiﬁ return on investment if the stringent control level were imple-
mented. At the NSPS 2 and NSPS 3 control levelé, price increases of 0.13

and 0.3 percent, respectively, would be needed.
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Option C

As.Table 7-28 shows, the most severe impacts would occur if electro-
- static precipitators were used on.the dryers and fabric filters were used to
control emissions from the grinders. Under full cost absorption, the decline
in return on investment would range from 11 percent at NSPS 1 to 5.6 percent
at NSPS 3. Under full cost pass-through, the price increase necessary to
maintain return on investment at its baseline level would range from 1.9 per-
cent at the stringent control Tevel to 0.9 percent at the moderate level of

control.

Summary

From thé-discussfbn'in this section, produéers would use fabrié filters

on the dryers and grinders (option A) if the stringent Tevel of control (NSPS 1)
~ were imposed. Employing this option to meet the standard minimizes the impacts |

on return on investment (full cost absorption) and on price (full cost ﬁass-

thfough). If either the NSPS 2 or NSPS 3 level of control were imposed, the

producer wduld choose option B, which consists of wet scrubbers on the dryers

and fabric filters on the grinders. Optioﬁ C would never be selected, since

the cost of this option is significantly higher than that incurred by using

options A or B at each control level. Thus, the impacts of complying with any

of the proposed NSPS levels are insignificant.

7.4.2.4 Economic Impact on Modified Model Plant--

~ For the modified model plant, it is assumed that a 2,381,400_metric ton

per year existing plant expands capacity by 50 percent. The control costs for
this modified plant were presented in section 7.4.2.2. It is assumed that the

modified plant utilizes 80 percent of its capacity. In order to conduct the
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impact analysis, the following assumptions were made: the rock sells for an
average price of $19.80 per metric ton; the existing plant operates at a cost
of $8.78 per metric ton and was'buj]t with a capital investment of $13.09 per
metric ton; the new facilities of the expanded plant operate at a cost of
$17.26 per metric toﬁ and could be built with a capital investment of $50.61
per metric ton; and the entire expanded plant operates at a cost of $11.61 per
metric ton and could be built with a capital investment of $25.60 per metric
ton, not including the cost of emissions control.

The impacts on the modified plant were calculated using the same approach
as was used for the new Florida plant. The baseline internal rate of return
was estimated at 14.7 percent and was based on the costs of a modified plant
that meets the SIP requirements by Option B. The economics of the expanded
ptant are more favorable than those of the new plant, because the investment
and operating costs of the existing plant are much lower. The results of the

analysis are given in Table 7-29.

Option A

| As Table 7-29 shows, the impacts of the proposed standard are the
same at all levels of control. Under full cost absorption, the decline in
return.on investment from its baseline level is 1.5 percent. Under full cost

pass-through, the price would need to rise from $19.80 to $19.90, an increase

of 0.5 percent, to maintain the rate of return at its baseline level.

Option B

Under full cost absorption, imposition of the stringent control
Tevel (NSPS 1) would cause return on investment to decline by 0.3 percent.

Under the NSPS 2 and NSPS 3 control 1eve1s; the IRR would decline by 0.14 and
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0.07 percent, respectively. Under full cost pass~through, a price increase of
0.1 percent would be required to maintain the return on investment if the
stringent level of control were imposed. The price increases under the more
moderate control levels are essentially zero. Furthermore, the capital require-
‘ments of the plant under any of the NSPS levels would be unchanged from those

required under the SIP level.

Option C

Employing electrostatic precipitators on the dryers and fabric
filters on the grinders would cause severe impacts at all control Jevels.
Under full cost absorption, the decline in return on investment would range
from 4.7 percent (NSPS 1) to 3.1 percent (NSPS 3). Under full cost pass-
through,'the price increases needed to maintain return on investment at its

baseline level would range from 1.6 percent (NSPS 1) to 1.1 percent (NSPS 3).

Summarx

If modifications to an existing plant were undertaken, producers would
choose option B (wet scrubbers on the dryers and fabric filters on the grin-
ders) regardless of the level of control. Even at the stringent control
level, the impacts are very small. Again, option C would never be selected as
the control level, because of the significantly higher capital and annual

costs associated with this option.

7.4.3 Model Plant Analysis. for the Western Region

7.4.3.1 Investment and Operating Costs for a New Uncontrolled Western Plant--
For the Western phosphate region, the model plant has a capacity of
1,270,000 metric tons, and produces 1,016,000 metric tons of marketable rock

per year (a capacity utilization of 80 percent). This scheme.assumes an open
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pit mine in the mountains whefe the ore is mined, segregated and stockpiled.
There is a 25 mile contracted truck haul to the milling site, where the rbck
undergoés crushing,. sizing, des1imihg¥ ana filtration. The calcining plant,
the next étep in thé process, includes threé 54 tph f]uid bed calciners, while
the grinding plant contains one 91 tph ball mill and two 14 tph roller mills.
Not all of the caic%hed rock is ground--25 percent is sold to other proces-
sors. |

| The investment and operating costs of a Western mine and uncontrolied

processing plant are detailed in Tables 7-30, 7-31, and 7-3234.

Mining équip-'
ment and maintenance facilities would require an estimated capital investment
of over $10,000,000, or about $8.15 per metric ton of capacity. Meanwhile,
the investment for the uncontrolled processing plant woﬁld amount to an esti-
mated $23,562,000.or $18;55 per metric ton of capacity (see Table 7-31).

Thus, the total capital needed to construct a new m{ne‘and plant'wbuld be
$34,0§4,000 or about $26.70 per metric ton of capacity.

The annual operating costs for the mining and processing operations were
estimated in a mannef similar to that used‘for the F]orﬁda plant, aSsuming a
capacity utilization of 80 percent. For the mining operations, the annual
costs would be about $7,564,000 (see Téble 7-30), whi1e the costs for'operat-
ing the proceésing plant are estimated to be $6,557,000 (see Table 7f32). The

total operating costs for mining and processing amount to about $13.89 per

metric ton of product per year.

7.4.3.2 Summary of Control Costs for Western Model Plant--
Table 7-33 presents a summary of the costs of alternative emission con-
trol systems for the new mdde] plant. As was the case for the Florida plant,

three types of costs are provided for each control system: (1) installed
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Table 7-30. ESTIMATED WESTERN MINING INVESTMENT AND OPERATING COSTS

(Capacity: 1,270,000 metric tons per year)

Investment for Mining Equipment and
Maintenance Facilities:

$10,352,000

Investment per Ton of Product (80% capacity utilization) = $10.19

34

Operating costs

(80% capacity utilization) | Thousands of dollars

Supplies:
Diesel Fuel
Qil, Gasoline, Grease, Etc.
Tires
Blasting Supplies
Total
Direct Operating Labor
Maintenance Labor
Maintenance Supplies
Administrative Overhead
Truck Haulage to Processing Site
Local Taxes and Insurance
Land Investment Royality ($0.28 per metric ton)
Total Operating Costs
Cost Per Metric Ton (80% capacity utilization) = $7.44

709
143
201
_ 262
1,315
1,252

442

696
208
3,005
207
439
7,564
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Table 7-31. ESTIMATED INVESTMENT FOR UNCONTROLLED WESTERN PROCESSING PLANT34
(Capacity: 1,270,000 metric tons per year)

Thousands of dollars

Beneficiation ' : ' 4,012
Calciners - 3 54 tph Fluid Bed o _ - 14,347
Grinders: . ' -

1 91 tph Ball Mill o : 255

2 14 tph Roller Mills 766
Pneumatic Transfer Systems 200
Storage Facilities 2,844
Miscellaneous Equipment 1,138

Total Investment | 23,562

Cost Per Metric Ton (80% capacity utilization) = $23.19
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Table 7-32. ESTIMATED OPERATING COSTS FOR UNCONTROLLED

WESTERN PROCESSING PLANTS?
(Capacity: 1,270,000 metric tons per year)

Basis Thousands of dollars

Supplies:

Power 42.6 x 10% kWh @ $0.03/kWh 1,278

Fuel-Bunker C 12.2 x 10® gal @ $0.28/gal 3,416

Water 800 x 105 gal @ $0.03/1,000 gal 24
Direct Operating Labor. 451
Maintenance Labor 261
Administrative Overhead 185
Maintenance Supplies 2% of Investment Per Year 471
Local Taxes and _

Insurance 2% of Investment Per Year 471
Total Annual Operating Cost 6,557

Cost Per Metric Ton (80% capacity utilization) = $6.45
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capital cost, (2) total annuaifzed cost, and (3) annual total cost. The
annual total costs are used in the economic impaét ana]ysis; while the annual-
ized costs are used to estimatg inflationéry impacts in section 7.5. Control
option B is considered to be the most typical control éjstem for the entire
'model plant, since 1t_inc]udes wet scrubbers on the calciners and fabric
filters on the grinders. Control option A, using fabric fi]ters oh both
calciners ahd grinders, is comparable in cost to option B, while control
option C, requiring electrostatic precipitatofs, has ihe highest capital and
operating costs of the three options.

Control option A, according to Table 7-33, would require a capital invest-
ment of $3,114,000 and an annualized cost of $0.90 per ton, regardless of the
control level. At all control levels, 6ptidn B would require a capita] invest-
ment of around $2,125,000. The annualized cost would rahge from $0.85 per ton
at the SIP level to $1.06 per ton at the most stringent NSPS level. Finally,
the costs of control option C range from $3,056,000 for capital equipment and
" an annualized cost of $1.17 per ton at the SIP level to $5,891,000 for capital
and $1.80 per ton in annualized costs at the most stringent NSPS Tevel.

The control costs for a modified plant are summarized in Table 7-34. For
the purposes of this analysis, it is assumed that the calcining capacity of an
existing plant is increased by 33 percent by adding one 54 tph calciner;
grinding capacity is increased by 50 percent by adding four 14 tph roller
mills. Again, the calciners and grinders of the existing plant would not be
affected by the NSPS, but would have to meet the current SIP standard. The
new calciner and grinders, however,lwoﬁ1d have to meet the appropriate NSPS
level. Once again, the control costs for the expanded pertion of the plant
are added to those required to meet the SIP level in the existing plant to

calculate control costs for the entire facility.
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Under control option A, the annualized cost of controlling emissions from
the new facilities would be $1.16 per metric ton for all control levels (see
Table 7-34). Meanwhile, the annualized cost range for option B would be $1.09
to $1.25 per metric ton, while option C would range from $1.33 to $1.95 per
metric ton. Incorporating these costs with the control costs for the existing
plant, the annualized costs of reducing emissions from the entire plant would
be $0.97 per metric ton for option A, $0.91 to $0.95 per ton for option B, and
$1.21 to $1.37 per ton for option C. For the entire plant, the capital require-
ments'for the alternative control systems would be $4,622,000 for option A,

$3,288,000 for option B, and from $4,456,000 to $5,401,000 for option C.

7.4.3.3 Economic Impact on New Model Plant--

To determine the economic impact of imposing the different NSPS control
levels on the new Western model plant, the same analytical approach used for
the new and modified Florida plants was employed. This analysis assumed an
average selling price of $22.04 per metric ton and an uncontro]Ted unit produc-
tion cost of $13.89, which was derived in section 7.4.3.1. The control costs
were reported in section 7.4.3.2. |

The baseline IRR used in this analysis was calculated for a plant that
met the SIP level of control by employing option B (scrubbers on the calciners
and fabric filters on the grinders). As Table 7-35 showé, the rate of return

is 9.3 percent.

Option A

Table 7-35 shows that the impacts on new plant economics are the
same at all control levels. Under full cost absorption, the return on invest-

ment would decline by 3.9 percent from the baseline rate of return. Under
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full cost pass-through, producers would have to increase the price from $22.04
to $22.23 per metric ton, an increase of 0.9 percent, to maintain the return

on investment at its baseline level.

Option B

Under full cost absorption, the rate of return would decline by 4.3
percent at the stringent level of control, by 1.8 percent at the NSPS 2 level,
and by 0.8 percent at the NSPS 3 levei. Under full cost pass-through, the
price would need to rise by 1.0 percent at the NSPS 1 level, by 0.4 percent at
the NSPS 2 ilevel, and by 0.1 percent at the NSPS 3 level in order to maintain
the return to capital at its baseline Jevel. Furthermore, employing option B
to meet the NSPS level of control would have no effect on total plant capital
per ton of product, since this option would be used to meet the SIP Tevel of

control.

Option C

Selection of this option to meet the NSPS control levels would
result in the most severe impacts on the plant economics. Under full cost
absorption, the decline in return on investment would range from 22 percent
(NSPS 1) to 9 percent (NSPS 3). Under full cost pass-through, the price
jncrease needed to maintain the IRR would range from 5.2 percent (NSPS 1) to

1.9 percent (NSPS 3).
Summar

From the preceding discussion, it is concluded that option A (fabric
filters on calciners and grinders) would be selected if the stringent level of
control (NSPS 1) were the standard. Under the moderate levels of control

(NSPS 2 and NSPS 3), option B (wet scrubbers on the calciners and fabric
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filters on the grinders) would be chosen. Under no circumstances would op-
tion C be chosen to comply with any of the control levels, because of the

significantly higher capital and annual costs associated with this option.

7.4.3.4 Economic Impact on Modified Model Plant--

For the modified p]ant, it 1s assumed that the existing plant undergoes
expansion of 1ts calcining capacity by 33 percent and its grinding capac1ty by
50 percent. The control costs for this modified plant were presented in
section 7.4.3.2. In order to conduct the impact ana]ysis, the following
assumptions.were made:  the rock sells for an average price of $22.04 per
metric ton; the existing plant operates at a cost of $15.28 per toe and was
buiTt.with a capital investment of $19.64 per ton; the new facilities of the
expanded plant operate at a cost of $18.51 per ton and could be built with a
capital investment of $43.65 per annual ton: and the entire ekpanded plant
operates at a cost of $16.09 per ton and could be constructed w1th a capital
outlay of $25. 64 per annual ton, not including the cost of em1ss1on control.
The results of the analysis are presented in Table 7-36. The baseline return |
on investment of 7.8 percent was ca]culated forva plant that met the‘SIP level

of control using option B.

Option A

As Table 7-36 shows, the impacts on the rate of return and on price
are the same at all of the NSPS control levels. Under full cost absorption,
the decline in the return on investment is 5.3 percent. Under full cost
pass-threugh, Western producers would have to raise the price from $22.04 to
$22.22, an'increase of 0.8 percent, to maintain the return to capital at its

.baseline level.
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Option B

The smallest impacts occur when wet scrubbers are used on the cal-
ciners and fabric filters are used on the grinders. Under\fu]j cost absorp-
tion, the decline in the return on investment is 1.5, 0.5, and 0.3 bercent at
the NSPS 1, NSPS 2, and NSPS 3 levels, respecfive1y. Under full cost pass-
through, prices would have to r{se by 0.9, 0.4, and 0.2 percent at the NSPS 1,
NSPS 2, and NSPS 3 Tevels of cbntro], respectively. Furthermore, there would

be no impact on total plant capital requirements at any of the control levels.

Option C

The most severe impacts would occur if electrostatic precipitators
were used on the calciners and fabric filters Qere.used.on'the grinders.
Under full cost absorption, the decline in réturn on investment would range
from 15 percent (NSPS 1) to 10 percent (NSPS 3). - Under full cost pass-through,
the increése in price needed to maintain the return to capital would range

from 2.3 percent (NSPS 1) to 1.5 percent (NSPS 3).

Summarz

As the preceding analysis showed, option B.wou1d be selected to comply-
with all of the NSPS controi levels. The impacts on both rate of return and
price are insignificant when this option is used. Because of-the signifi=
cantly higher capita1‘and anqua] costs associéted yith option C, this option

wou]d'not be selected_in order to comply with any of the NSPS levels.

7.4.4 Summary of Econdmic Impacts on New and Modified Plants

Table 7-37 presents a summary of the control options that would be
selected to control emissions from new and modified Florida and Western plants

to meet the various NSPS control levels, based on the analyses in Sections 7.4.2
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and 7.4.3. Option B, which consists of wet scrubbers on the dryers or cal-
ciners and fabric fiTters on the grinders, would be chosen for all plants to
meet the NSPS 2 and NSPS 3 levels of control; it would be applied to the
modified Florida and Western model plants at all three control levels.
Option A, which consists of fabric filters on the dryers, calciners, and
grinders, would be applied to the new Florida and Western plants to meet the
stringent NSPS control level.

Table 7-37 also summarizes the price increase associated with each
selected option necessary to maintain the return on investment at the baseline
Tevel. A1l of the required price increases are less than 0.9 percent. All of
the increases estimated for the Florida model plants are under 0.2 percent.

Implementation of the NSPS control levels would not cause any adverse
economic impact on the phosphate rock industry since all plants would have to
meet the SIP level of control in the absence of an NSPS. The incremental cost
of meeting the different NSPS levels is small enough that the profitability of
the plants is not significantly affected. Hence, new plant construction or

modification 6f existing plants would not be affected.
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7.5 POTENTIAL SOCIOECONOMIC AND INFLATIONARY IMPACTS

Executive Order 12044 requires that the inflationary impacts of major
legislative proposals, regulations, and rules be evaluated. The proposed NSPS
would be considered a major action (thus requiring the preparation of an
Inflation Impact Statement) if either of the following criteria'apply:-

(1) Additional annualized costs of compliance, including capital charges
(interest and depreciation), will total $100 million within any
calendar year by the attainment date, if applicable, or within five
years of implementation.

(2) Total additional cost of production is more than 5 percent of the
selling price of the product. : \

The NSPS for phosphate rock would not qualify as a major action by the
second criterion, since the largest price'increaSe was estimated to be less
than 0.9 percent. The remainder of this section is devoted to estimating the
total additional cost of compliance with the various NSPS control ‘tevels.

As shown in Table 7-8 in section 7.1.7, the industry expects to add
21,138 metric tons of capacity in the Florida region and to add 4,263 metric
tons in the Western region. Most of this expansion will occur by 1983. The
remainder will be added sometime after 1983 (see the last column in Table 7-8).
To estimate the incremental cost of compliance for the industry, it was assumed
that all of the increases to existing capacity would occur in 1985.

For each region, ‘the planned total addition to capacity was apportioned
into two subtotals, additional capacity from new plants and additional capacity
from modifications to existing p1énts. These_subtoia]s were then divided by
the new model plant capacity and the increase in existing capacity of the
modified model plant, respectively. In other words, the planned capacity
additions were transformed into "model plant equivalents." Any fractions were

rounded up to the nearest whole plant. Using this approach, it was estimated
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that expansion in the Eastern region would occur by building éeven new Florida
plants and by modifying four existing plants; in the Western region, four new
plants would be built and one plant would be modified. The estimated compli-
ance costs were based dn the options that would be selected and which were
presented in Table 7-37. The results are given in Table 7-38.

As Table 7-38 shows, the incremental cost of compliance with the NSPS 1
level of control is under $1 million, well below the threshold of $100 million
specified in the Executive Order. For the NSP5S 2 and NSPS 3 control levels,
the maxfmum total costs are estimated a£ $930 thousand and $408 thousand,
respectively. Since neither the annualized cost of cdmpliance nor the esti-
mated price impacts of the NSPS meet the criteria specified in the Executive
Order, the proposed NSPS for the phosphate rock industry is not a_major action
and thus does not require the preparation of an Inflation Impact Statement.
| No adverse socioeconomic impacts ¢f the NSPS are anticipated. Because
the impacts are insignificant, the expansion planned by the industry should
not be affected. Thus, there will be no significant effect on regional empioy-

ment and income.
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Table 7-38. POTENTIAL TOTAL INCREMENTAL COST OF
COMPLIANCE WITH NSPS CONTROL LEXELS, 1983
(Thousands of dollars)

Control level Installed capital costb Total annualized costb
NSPS 1 . 8,408 845
NSPS 2 0 930
NSPS 3 0 408

Acontrol options on which these estimates are based are given in Table 7-37.
Control costs are taken from Tables 7-26, 7-27, 7-33, and 7-34.

bCosts calculated assuming that seven new plants are built and four existing
plants are modified in the Eastern (Florida) region and that four new plants
are built and one plant is modified in the Western region. :
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RATIONALE FOR THE PROPOSED STANDARD

8.1 SELECTION OF SOURCE FOR CONTROL

The United States is the largest producer and consumer of phosphate
rock in the world, producing an estimated 40 percent and consuming approxi-
mately 35 percent of the world's supply. Total U. S. production of market-
ab]e‘(beneficiated) phosphate rock in 1976 was about 50 million short tons,
about eighty percent of which was from F'Imr'ida.'| About 70 percent of domestic
consumption of phosphate rock is as fertilizer. The other major uses are in
animal feeds, detergents, electroplating and polishing of metals, insecticides

and medicines.

Demand for phosphate rock in the years 1985 and 2000, respectively,
is projected to be 45 and 69 million tons for the United States and 162

and 387 million tons for the rest of the wor1d.2

Phosphate rock deposits are found in 23 states. Florida, the leading
producer for many years, furnished 80 percent of domestic production in 1976,
with the remaining production occurring in Tennessee, North Carolina, and the

western states.3

Figure 3.1, Chapter 3, shows the distribution of phosphate rock mines.
In 1975, these mines ranged in size from 120.000)to 4,4 million tons per
year and are located in urban, suburban and rural areas. From 1959 to 1973,

the production of phosphate rock jncreased at an annual rate of about
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6 percent, and is expected to fincrease at a rate of about 3 percent through
the year 2000.% | |

The industry presents a significant'potential contribution to air
po11ut10a due to large vo1umes‘of material hand]eﬁ. Any step in which the
pﬁosphate rock is handled in the dry state presents a potential for emission
of particulate matter. Many of the processes employed in preparation of the
rock; drying, calcining, grinding and pneumatic materials transfer, use
large volumes of air which, at the process exhaust, eontain suspended par-
tichtates. The environmental effects of particulate emissions have been
{nvestigated by the Environmental Protection Agency (EPA) and have been

determined to pose a significant threat to public health and weTfare.s _

\

"~ Section 111 of the Clean Air Act of 1970 extends authority to EPA to
regulate emissions by developing standards-of‘perfonmance'for'new Stationary N
sources based on the degree of eeission Timitation achievaBIe ‘through appli-
cation of the best systems of emiseion‘reductfon. Section 111(b), which
allows. EPA to limit emissions of pollutants for which air quality criteria
have been prescribed, is appropriate for the phosphate rock industry, a
major source of particulates. In a sfudy perfonmed by the Argonne National
' Laboratory for EPA in April 1975, phosphate rock grinders ranked fifteenth
-of 56 of the Nation s largest particulate source categories 6 This same study

concluded that setting standards of performance in 1975 would prevent the

8w2




emission of 10,500 tons of particulate per year by 1985 and, on that basis,

the source was ranked 24 out of 107 candidates for standards of performance. In
another part of the study, phosphate rock dryers was ranked fourth _

highest of eighteen particulate source categories which require control

systems with moderate energy consumption. The study showed that setting
standards of performance for dryers in 1975 would prevent the emission

of 3,800 tons of pérticu1ate per year by 1985.

The above characteristics of the industry,'high growth rate, significant
emissions and availability of control technology, underscore the need for stan-
dards of performance. The decision to develop standards of performance now
rathgr thah to postpone them for several years was influenced by EPA's recent
regulatory activity tn this tndustry. Standards of performance for the high
growth fertilizer processes were promu]gaﬁed oﬁ 6 August 1975. Effluent wafer
standards for the industry were promulgated-on 8 April 1974 and amended on
6 August 1975 for the mining and beneficiation processes. The pbasphate rock
production and fertilizer proddction segments of the industry are interdepen-
dent and it {s difficu]: to consider one segment while ighoring the other/ As
a result, EPA engineers developed a level of expertise in the rock processing
operations while studying the fertilizer operations. Similarly, the industry has
developed a working knowledge of regulatory proceedings prescribed by the
Clean Air Act. The expertise developed by these two factions would be

diminished 1f standards development were postponed. Also, since any increase




in phosphate rock mining will reéult in increased fertilizer production
‘and visa versa, new soﬁrces in one area will ultimately result in new
sources in the other. The 1ndustry should know Qhat emission control
measures will be expected in all areas of production, allowing them to plan
costs more accurately and have some degree of confidence in the level of

. emission control that will be expected by Pegulatory ‘authorities.

8.2 SELECTION OF POLLUTANTS AND AFFECTED FACILITIES

Operations which are considered as affected facilities are drying,
calcining, ground rock handling and storage, and grinding. The bases for
selection of these processing steps are 1) significant increase in future
growth, 2) significant potential for emissions, and 3) availability of

‘techno1ogy to insure gignificant reduction of emissions. Each operation
will be discussed separately.

Drying is chosen as an affected facility largely beczuse of the impor-
tance of this operation in preparing Florida rock for fertilizer manufacture.
About 96 percent of the rock produced in Florida is dried. Dryers'are also
used to some extent in the other processing areas, usually for processing
rock destined for shipping or manufacture of fert11izers;_ Since the future
growth of fertilizer industries (gﬁtimated at 3 percent per year) is dependent
on supplies of rock, it is likely that demand for additional dryers w111
baral]e] demand. for additional fertilizer. Drying presents a potential-
for emission of particulate matter because of attrition of the rock in the
dryer and the large volume of air which sweeps through the dryer and must -

be vented to the atmosphere. The magnitude of the potential for emissions can
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be estimated by considering a typical rock dryer, processing 250 tons
of rock per hour, discharging 85,000 scfm. The average loading of
particulate matter in the air stream is about 2 grains per standard
cubi¢ foot. The potential annuai emission for such a dryer is about 5700 tons
of particulate matter, assuming 90 percent operating factor and no control
of emissions. As detailed in Chapter 4, technology is available to
insure significant reduction in these emissions. _
The potehﬁial emission of gaseous fluorides from rock dryers is

not significant. This observation is supported by the experience of

. 7
Tennesse2 Valley Authority (TVA) resaarchers.: In their experimants

to determine the temperature at which fluorine volatilization begins,
TVA heated phosphate rock samples to 932°F, 1112°F, 1292°F, 1472°F, and
i742°F for 30 minutes each.. Chemical analyses of samples before and
after heating showed fluorine volatilization only in the sample which
was heated to 1742°F. Seven percent of the fluorine in that sample .
was volatilized. The lack of a fluorine emission problem is also
evidenced by a study done by the Battelle Memorial Institute in a study
of the fertilizer industry doné for EPA8 and (negatively) by the
absence of any existing legal restrictfcn on fluoride emission from
phosphate rock dryers. For these reasons, rock drying is not a candidate
.for standards of berformance governing f]uoride emissions.

Calciniﬁg is also selected as an affected facility for emissions of
particulates. The potential growth of.this operation is substantial,
since any new fertilizer }ﬁstallation processing North Céro]ina or Western
pho;phate rock will require a calciner. These two areas of the phosphate
iﬁdustry are 1ikely to expand since the reserves.in both locations are

extensive and are not as yet déve]oped to their potential. As a source of
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emission of particulate matter, 2 typical calciner processes 50 tons

of rock per hour (tph),'exhausting 45,000 dscfm of gases with a particu1a£e

1oad1hg of 2 grains per standard cubib foot. The potential annual

emissions rate for such a calciner is about 3,000 tons, assuming a 90

percent operating factor and no emission control. Technology is avail-

able to permit significant reduction in.the uncontrolled emissions rate.
Data on gaseous fluoride emissions from calciners are contradicting.

Two reportsg’1° indicate that the temperature of calcination is insufficient

to drive off gaseous fluorides. However, one operator reports finding

0.002 pouhds of gaseous fluorides in his calciner exhaust per ton of

11

rock processed by his calciner. This level appears relatively minor con-

sidering that fluorides emission standards for the related phosphate fertilizer

industry permit a range of 0.01 to 0.2 1b/ton of phosphoroﬂs pertoxide (PZOS)

feed for units of comparable capacity to phosphate rock calciners.

A fluoride standard is not recommended for calciners because emissions
of gaseous fluorides from calciners {s believed to be very small, if indeed
present at all. Moreover, the recommended particulate standard will result
tr significant reduction of emissions of particulate fluorides. Also, a
standard for fluorides would discourage the use of dry collection devices,
such as f;hric filters, in favor of scrubbers. Fabfic filters are generally

recognized as being superior to scrubbers for control of particu1ate£emissions,

and have no water pol1ut10n potential.

| 0f1-fired dryers and calciners also have a potential for emitting
sulfur oxides when high sulfur residual fuel oils are burned. However,
phosphate rock typically contains about 55 percent Ca0 which tends to
react with the sulfur oxides, reducing emissions of this pollutant in the

off-gases. Though data on sulfur oxide emissions from phosphate rock dryers
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and calciners are sketchy, one operator of a phosphate rock calciner reports

only 0.04 to 0.08 parts per million (ppm) SO2 in exhaust gases when

burning No. 6 fuel o1l containing 3 percent su1fur.12- ﬁith no removal

of SO2 in the calciner, SO2 in the exhaust gases would be about 1 000 ppm
indicating an SO2 removal efficiency of greater than 99 percent. At

least one patent has been obtained for a system using phosphate rock as

a scrubbing medium for sylfur oxides.?3 A standard for emissions .sulfur

.oxides 1is not recommended for phosphate rock dryers or calciners.

The grindfng operation is selected as an affected facility for
particulate emissions. Projected growth of the grinding operations can
be expected to para11e1 the growth of fert111zer production. The potentiai
for contribution to ajr po]]ut1on is substantial; a typ1ca1 mi]ling”instaI-
lation grinds 50 tons of rock per hour, exhausting 5,400 scfm of gases
with a particulate loading of 2 grain§ per standard cubic foot before
emission control, The annual emissions potential for such a unit is about
300 tons per year, assuﬁing 90 percent operating factor and no attempt at
emission control. Technology is available for significant reduction of

this potential emission.

It should be noted at this point that considerable ‘advances have
“recently been made in wet grinding. If this procedure §s adopted, air pol-
lution in the Florida segment of the iﬁdustny could be drastically reduced
since the rock drying step could be eliminated, and wet grinding presents

no air pollution potential,
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The ffnal process which is'selected.as an affected facility fs
ground rock handling and storage. The growth potential of these operations
is of course substantial; since any new installation wi1T handle and/or
store ground rock. The emissions potential for these operations is very
difficult to quantify, since systems for the handTingIand storage of rock
are highly individualistic and often coﬁp1ex.'ref1ecting the plant
operator's judgement as to what is most suitable for the part1cu1ar
1nsta11at1on. As a result, there is no system which can be called typical.
However, there are available methods of conveying, storing, crush1ng, and
51ze-c1ass1f1cat1on which would insure significant reduction of fug1t1ve
emissions. As noted in Chapter 3, certain types of equipment (screw con-
veyors, pneumatic systems, etc.) are common.

Mining, beneficiation, thermal def]qorination; e]eménta1 phosphorus
production and nodulizing are_ndt selected as affécted fééi]ities. The
deposits in Florida, North Carolina, and Tennessee are of such a
character as to pose little air pollution threat in the mining step, in
that they are located in moist earth. Mining operations at Western
deposits located in arid country can be dusty. However, these operations
account for only about 2 percent of the natien's production and are in very
rural locations. A program to develop standards specific to this small
portion of the industry is not warranted. Beneficfation presents no signi-
ficant potential for air po]lution;since the operations involve slurries
of rock in water. Thermal defluorination;.elemental phosphorus production,
and nodulizing are not selected as affected facilities because they fail
to meet the criterion of significant growth pcﬂ:entia].]4 Operators

interviewed generally concurred in the opinion that substantial increase

in production capacity was unlikely in the.1"or'(=.-se<-:'ab1efutur'e.l-5
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8.3 SELECTION OF THE BEST SYSTEM OF CONTINUOUS' EMISSIONS REDUCTION
CONSIDERING COST '

The control option§ fdr each‘qf the affected sources are summarized in
Table 3-1. While the efficiency of fabric filter col1ect9rs is relatively
unaffected by the size distribution of the particles, particle size affects
the performancé of scrubbers and ESPs_substantia11y, especially for fine
particles such as those emitted by phosphate rock plant facilities. The
fabric filter is capable of remoQing at least 99 percent of particulate emis-
sions from dryers and calciners while the Tow energy scrubbers typically
used throughout the industry are capable of an efficiehcy between about 94
and 97 percent. However, with proper design, both the scrubber and the ESP
are capable of achieving the high efficiencies attained by the fabric filter,
This is accomp]fshed by designing the scrubbers for high energy and liquid/

gas ratios, and designing the ESPs for high area/gas volume ratios.

Baghouses are not currently used to control emissions from phosphate
rock dryers and calciners. The industry is concerned that baghouses may
blind or be overheated when treating the hot, moist stack gases from dryers
and calciners. ‘waever, EPA's analysis shows that these problems are resolv-
able, and that there are no apparent technical problems which would preclude
the use of baghouses for control of dryer or calciner emissions. The 1974
EPA study, Control of Particulate Emissions from Phosphate Rock Dryers, by
A. Lindsey and R. Segars, outlines examples of baghouse installations utiliz-
ed in applications similar to the phosphate rock dryers and calciners. The
problem of moisture condensation has been resolved in other industries by
maintaining sufficient temperature difference between wet and dry bulb
témperature control relative humidity. The problem of overheating is avoid-
ed by maintaining exhaust gas temperatures in the acceptable temperature

range of the bag fabrics. Other factors, such as acidity of the gas stréam,
-9
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Table -1 AFFECTED FACILITIES AND CONTROL OPTIONS

-

Affected Facilities <~ Cantrol Options |
1. Dryers a) Baghouse |
: b) Met electrostatic precipitator
e} Scrubber '

2. Calciners _ a) Baghouse
. : b) Wet electrostatic precipitator
¢) Scrubber

' 3. Grinders . -a) .Baghouse
B 5] Met electrostatic precipitator
: ¢) Serubber
" 4. Ground rock handling and . ‘a) Closed conveyors and siles vented
stprage - to scrubber : '

b) Closed conveyors and silos vented
to baghouse

¢€) Closed conveyors an.d s{los vented
to electrostatic precipitator |

adsorption, adhesion and electrostatic propert1es of the part1c1es wh1ch could
adversely affect the performance of a baghouse can genera11y be so]ved by pro-

per se]ect1on of the fabric for the bag.

"Tﬁe-cost of the alternative cdntrb1 systems depends on the performance
and the.assocfﬁted design of the system. Tables 8-2 through 8-4 summarize
the costs of'the contro1'obtions at various collection efficiencies, ranging
from the high efficiency achieved by the fabric filter, high energy
scrubber and high efficiency ESP to the lower efficiencies attained by the
low energy scrubber ahd ESP. These costs were derived from information
presented in Tables 7-15, 7-13, and 7-19 respectively, for dryers, calciners
and.grinders. The reader is referred to the discussion of Chapter 7.2 for

detail of the parameters considered when developing the cost data.

The installation costs for a scrubber are consistently lower than
‘the other two control systems for each of the processes considered, Wet

electrostatic precipitators are the most expensive device to install, and

8-10
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baghouses consistently have medium installation costs. When considering
the total annualized costs, however, fabric filters become the least

expensive and wet electrostatic precipitators the most expensive.

Based on the average June 1975 selling price of $18.00/ton for
phosphate rock, the industry would experience additional (above those
incurred under the SIP regulations) dryer costs amounting to about 0.4
percent of the product price when high energy scrubbers are used to
achieve emission control equal to that attained by the baghouse. Simi-

| larly, the annua1ized.cost of calciners would increase by 1.2 percent
of the product price to attain baghouse control éfficiency. If the
industry chooées baghouses to control emissions, the additional control
costs for the dryer and calciner would be 0.1 and 0.3 percent of the '
product price, respectively. Utilization of electrostatic precipitators
would create additional control cost$ for the dryer and calciner of 2.2
and 5.3 percent of the product price, respectively. For grinders, the
lowest annualized emission control costs are attained when the bag-

house (the prevailing system used to meet existing SIP regulations) is

employed.

If baghouses or scrubbers are ut11ized, none of the levels of cbntroI
discussed 1n this chapter will cause a significant impact on the profit-
ability of a typical new or modified phosphate rock pIaht. However, the
impact on profitability of the plant would be significant if the moré
costly electrostatic precipitators were employed. It is estimated that
installation and operation of high efficiency electrostatic pfecipitators
would require product price increases of 1.9 and 5.2 percent to maintain
return on investment éxpected from an SIP-controlled new Florida plant and

8-14




new western plant, respectively. By contrast, meeting more stringent con-
trol standards by utilization of high energy scrubbers would require product
price increases of 0.3 and {.0 percent to maintain return on investment

~ expected from an SIP controlled new Florida plant and new western plant,
respectively. The additional cost of meeting more stringent standards
using baghouses would be negligible. See Chapter 7 for more detail on the

economic impacts of the levels of control considered in this document.

The environmental impacts are least when using fabric filters to
control emissions from phosphate rock dryers, calciners, grinders and
ground rock transfer systems. This is because aqueous effluents are non-
existent and energy requirements are minimal for fabric filters. Discharge
of solid wastes, including radioéhemica] pollutants, is also least when
using fabric filters because the particulate collected can often be returned
to product inventories. However, the increase (over prevéiling controls) of
solid materials and wastewaters produced while achieving compliance using -
scrubbers on wet ESPs is insignificant in comparison with 1) the large
volumes of process wastes, and 2) the total wastes already collected by

prevailing controls to meet existing state regulations.

After evaluation of all cost and environmental impacts, a fabric filtration
system or a high energy venturi scrubber was determined to be the best techno-
logical system of continuous emission reduction for each of the affected facili-
ties discussed in this. document. However, the high efficiency electrostatic
precipitator (ESP) is judged to be equally as effective as the baghouse or high
energy scrubber in terms of emissions reduction capability. The proposed stand-
ards may, therefore, be based on the use of any of the three alternative controls.
Cost considerations would favor the use of the baghouse or high energy scrubber
over the ESP, and the incremental nonair quality adverse impacts associated with

8-15




the alternative controls may marginally favor the use of the baghouse over
the scrubber and ESP. Finally, the experience of the industry in using
scrubbers extensively to control emissions from dryers and calciners would
favor the use of scrubbers at future installations to minimize technical

uncertainties associated with equipment installation and operation.

Declaration of the fabric filter or the‘high energy scrubber as the
best system of emission reduction does not preclude the use of other sys-
tems which might also meet a proposed standard. The operator may select
for use any other system of equal emissions reduction capability and which
is also envirqnmenta]]y'acceptéble. This would include any of the three
options discussed here. However, due to cost considerations, if is not
expected that the ESP would be utilized at any of the affected facilities.
The industry historically prefers to use the wet scrubber to control dryer
and calc¢iner emissions, and the baghouse for grinders This trend would be
expected to cont1nup under the proposed standards, although use of high
energy scrubbers would be a more costly a1ternat1ve for ach1ev1ng compli-

ance in most situations.

8.4 SELECTION OF THE FORMAT

In accordance with the language of Section 111 of the Clean Air Act,
the standard must reflect the degree of emissions limitation attainable
by the best system of emissions reduction. Theoretica11y, the paraQ
meter which best expresses the degree of emission limitations attain-
able is control efficiency.‘,Since control efficiency is a function of
paftic]e size,.the standard could be posed as a sbecified removal effi-
ciency requirement fbr various particle size ranges in thg exhaust stream.
The imposition of control efficiency is equitable in the sense that all
operators must provide equivalent degrees of removal regardless of the
uncontrolled emission rates. Implementation would requife costly and

cumbersome performance test requirements, including measurement of quan-
8+16




tity and size of particulates entering and Teaving the control device to
assure compliance. Moreover, a format utilizing control efficiency as the
enforceable element of the regulation would require a demonstration that

the mandated 1evels'of control are achievable with the best system of
emissions reduction. While there is ample data for estimating the efficiency
of the various.alternative control methods, only limited test data is avail-
able to validate definitely the attainable efficiencies in phosphate rock
applications, Predictions for the efficiencies.have been included in this
document for purposes of estimating air quality impacts only. These pre-
dictions were made using particle size distribution data and mathematical
performance models or'fractiona1 efficiency data for the various alternative
controls, and do not constitute a sufficient basis for the development of a

control efficiency standard.

‘Another direct means of regulating control technology involves the
operating and design standard. This format conﬁists of specifications for
equipment and operating procedures consistent with the best system of
emissions reduction. Compliance with the operating and design standards
would be assured by periodic on-site inspection to ascertain that equip-
ment is being utilized in the prescribed manner. The equipment standard
was not considered as a candidate format because of provisions in the
Act which favor application of emissions limits when feasible to
prescribe and enforce, Moreover, there are significant drawbacks in the
application of thg equiﬁment standard. First, the equipment standard is
overly restrictive tn that it discourages the use of alternative control
designs and the development of improved control technologies. Second, the
equipment standard is generally difficult to prescribe and implement.

The two most frequently employed options for use as the format of

a particulate standard are a concentration standard or a mass per unit
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of feed standard. For efther fbrmat the standard 1imit depends

on the 1eve1 of emissions which are to be contro11ed For example, a bag-

h house operating at 99.5% efficiency will attain a contro] limit of .01
gr/dscf for a 2 gr/dscf emissions 1oad1ng, while a contro1 limit of .02
gr/dscf would be possible for a stream emitting 4 gr/dscf This is unlike
_the formats involving efficiency and equ1pment spec1f1cations which are
determined 1ndependent of the particulate 1oad1ng of the uncontro11ed emis-
sions stream. Thus, for the concentrat1on or- process weight standard there
is some question concerning the def1n1t1on of the emissions stream needing
control. -Should the emissions limitation achievable by best technology be

determined for an "average", representative, typical or worst case emission

stream? To assure that all industry can meet the standard, it would be

necessary to base the standard on the most adverse emissions control problem
which occurs._.However, if the emissions stream is highly variable in nature
and pollutant emisaions, the latter standard could be met at many sources by
application of less than "best" technology. Such a result would not seem

to be consistent with the apparent intention of Section 111 of the Clean
Air Act. One means of mitigating this probiem is to establish separate
emissions limits for dfstinguishab]e source sub-categories emitting
pollutant levels. For examp]e, the emission standards for boilers are

specified in terms of fuel type utilized (coal, 0oil, and gas).

A Togical subcatagorization schame for emission sources in the phos-
phate rock industry would be based on d1st1nguishab1e feed ores. Although
emissions concentrations and mass per unit fbed rates are known to vary
substantially for grinders, dryers and ca]ciners depending on the type of
feed (e.g., pébble rock is known to produce greater emissions than other

beneficiated ores during drying ), it 1s not clear 1f separate standards

8-18




should be developed for the various categories of ore feeds, A_major
problem concerning this approach is the fact that other differences in the
ore (e.g., moisture content, clay content) also affect the emission rate
significantly. The actual significance of the various ore characteristics
on emissions levels is not specifically known. In addition, the cate-
gorization of o?e feeds is further complicated by the fact that operators
frequently blend different ore types as they are introduced to thg various
plant processes. Therefore, it wou]d not appear feasible to establish

separate emissions standards for ore feed categories at this time. Conse-

quently, the emissions standard should reflect the level of control
attainable for representative conditions producing the greatest emission

levels,

The next issue in the format deve1opmept is whether the emission limita-
tion achieved by the best system of emissions reduction (for the character-
ized emission stream)'is best reflected by a concentration or mass per unit
feed format. Eithé} format may be used with the same control result if the
two units are related consistently to each other. Figures 8-1 to 8-3 show
there is no consistent relation for dryers, calciners, and grinders. That
is, compliance with a concentration standard does not guarantee compliance
with a particular level of mass emissions, or vice versa. Thus, either the
concentration format or the mass emissions per unit feed format must be chosen
as the best representation of the system attaining maximum emissions re-
duction. Thé-advantages of the mass emissions standard areas follows:

1. The ﬁgss emissions format is consistent with existing applicable

state standards.

2. The nms§1emisSionSfbrmat relates directly to the total quantity

of emissidps discharged to the atmosphere.
3. The mass e&@ss1ons format 1s more equitable. The degree of
emissions pérmitted are related to the amount of product processed,
8-19
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4. The mass emissions format does not discourage use of controls or
exhaust gas systems which affect exhaust gas volume (e.g., a more
efficient burning of fuels for heat in the calciner at lower air
flows). Thus this format would permit the concentration of the
exhaust gas stream to increase, while the system would remain in
compliance in terms of total emissions per unit of useful product.

5, This format ensures that the standard is not circumvented by
dilution, or that the standard is not achieved merely because of
high volume flow in the exhaust design. Attainment of the
standard is not dependent on the exhaust system but on the over-

all control of emissions generated by the process.

' The advantages associated with the concentration standérd are generally
related to practical considerations:

1. The concentration standard is more easily enforced since
compliance is more easily verified.

9. The concentration standard avoids judgments of equity in defining
feed rate or process weight. By contrast, mass emissions standards
involve issues such as 1) whethef the process weight should be
expressed in terms of feed rate or rate of useful product produced
and 2) whether the quality of the product should affect the

| allowable emissions limits.

Basgd on a comparison of advantages of the alternative formats, it
has been determined by EPA that the mass per unit feed format is the more
equitable and Togical apprbach for the standard development. The process
weight format is appropriate for dryers, caleiners and grinders. However,

a mass emissions or concentration format is not appropriate for ground
- 8-23




rock handling systems because: 1) emissions from these systems vary
greatly due to appreciable differepces in design from plant to plant,
and 2) a substantial portion of the potential emissions from ground rock
handling systems are fugitive emissions and'cannot feasibly be measured.
Therefore, a visible emission standard is the only format appropriate to

material handling faci1it1es

8.5 SELECTION OF EMISSIONS LIMITS

The proposed emission limits are based on the emissions levels attain-
able by application of the best demonstrated system of emission reduction,
considering costs, and environmental, economic and energy impacts. This
system may be defined as either the fabric filter or the h1gh energy venturi
scrubber However, the h1gh eff1c1ency electrostatic prec1p1tator is judged
to be equa]]y effective in terms of emissions reduct1on capab1]1ty The
proposed emissions limits may, therefore, be based on the use of any of‘the

three alternative controls.

In selecting emission 1imits it is important to recognize that the
Tevels of control achievable by the control alternatives discussed in
Chapters 6 and 7 are not to be interpreted as recommended emission standard
Timits. Rather, these control levels were eétab]ished as representatfve
emissions levels achievable by alternative control systems operatihg on

~typical uncontrolled process emissions streams. These levels were
selected for the purpose of estimafing énvironmenta1 and cost impacts
which would occur if they were attained as control targets. The levels
are in the neighborhood of that expected if the alternative systems would
be used and may, therefore, be considered somewhat representative of the

different control systems in the assessments. The specific determination
| 8-24 |




of an appropriate standard is based primarily on source test data. The
impact of this standard may be determined by relating the control level of
the standard with the appropriate impact analysis of the alternative control
systems in Chaptérs 6 and 7. The emission limits proposed for each of the
sources (dryers, calciners, grinders,.material handling equipment) afe

discussed below.

8.5.1 DRYERS

Particulate emissions were measured from a rotary bed and fluid bed
dryer at two phosphate rock plants. Each of the dryers was used to process
Florida pebble rock. The pebble rock is considered to present the most ad-
verse conditions for contro] of emissions from dryers because it receives
relatively little washing and enters the dryer containing a substantial per-
centage of clay. Based on previous discussion, both types of dryers, the
rotary and the fluid bed, are ;onsidered to generate equivalent emissions

levels.

At Facility A, an oil-fired rotary dryer processes from 220 to 440 TPH
of phosphate rock, depending on the moisture content and type of rock
processed. The dryer was tested during normal operation using EPA Method
5. In one series of tests conducted by EPA, only F1orida pebble rock was
dried. In another set of tests conducted by the operator, pebble rock
was processed in thé first opérator-test and flotation qe11 concentrates
were tested during the second test. The dryer emissions are treated by

a venturi scrubber operating at a pressure drop of 18 inches of water.

Results of the tests of Facility A are shown in Figure 8-4. Emissions

from the venturi scrubber averaged .039 1b/ton and .038 1b/ton for the EPA
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and operator tests, respectively. Individual test sample results ranged

from 0.034 to 0.47 1b/ton.

At Facility B, an oil-fired rotary dryer and an oil-fired fluid bed
dryer are operated in parallel to d;y Florida pebble rock at an average
production rate of 330 TPH and 165 TPH, respectively. Emissions from each
dryer are partially controlled by a separate impingement sérubber. Emis-
sions from the scrubber are combined and treated by a twoéétage wet electro-
static precipitator (ESP). The ESP, which presently operates at a plate
area to gas volume ratio of about 400 ft2/1000 ACFM, WaS'desfgned to treat
approximately twice the volume of air which is actually processed. EPA |
measured emissions from the ESP using EPA Method 5 while the operator mea-

sured emissions employing the Florida Department of Pollution Control Method.

The results of the tests of Facility B are shown in Figure 8-4. Emis-
sions from the ESP averaged. .025 1b/ton and .054 1b/ton. for the EPA and
operator tests. Individual test sample results ranged_from .014 to .10

1b/ton.

The test results (Fa§i1ity A) show that the venturi-scrubber is cap-
able of achievihg emission levels of .039 1b/ton from phoéphate rock dryers
emitting high loadings of particulate matter comprised of relatively fine
particles. The high efficiency ESP and scrubber system (Facility B) demon-
strated even lower emission levels during tests conducted by the EPA.(.025
Ib/ton). At Facility A, test results'® revealed the scrubber achieved 99.2%

efficiency.

1t is estimated that a baghouse control device could achieve 99.4%

efficiency when treating the same emissions loading and bartic1e size dis-
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tribution.(a) The additional degree of control to achieve the same perfor-
mance (99.4%) as a baghouse can be attained by a scrubber by increasing its
energy input. The actual energy needed to achieve a given emissions level
will vary depending on the characteristics of the emissions stream. At
Facility A, where“the emissions are considered representative of the most
adverse control problem in the ihdustry, it is estimated (based on an empir-
ically calibrated mathematical model of venturi scrubber penr'for'mancr-z)]6 that
increasing the scrubber pressure drop to 25 inches of water would achieve
control equivalent to a baghouse, resulting in -a reduction of emissions
Tevels by about 20 percent below that measured. Therefore, if is EPA's
Jjudgement that an emissions Timit of 0.04 1b/ton reflects the emissions
Tevel attéihab]e by the best system of emissions reduction (either a high
énergy scrubber or a baghouse), and that these technologies are available
and may be appliéd to meet this control Tevel without cost hardship to the

phosphate rock industry,

For a typical size dryer (250 TPH) the recommended standard would Timit
emissions to approximately one-sixth of the rate permitted under -the most

stringent state standard.
8.5.2 CALCINERS

Particulate emissions were measured from fluid bed calciners at two
phosphate rock plants. Each of the calciners are used to process western

phosphate rock. Western rock may be considered to produce more adverse

(a) The efficiency of the baghouse control is estimated by agplying a frac-
tional efficiency curve (efficiency,versuS'partic1e size) to the parti-
¢le size distribution of the dryer emissions. The efficiency curve was
developed from test data acquired from the Particulate Pollutant System

ve of a baghouse perform-

ing under control conditions similar to those produced by phosphate
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conditions for emissions control from calciners because it receives less
cleaning during beneficiation than other ore'fybésf"”fﬁ'Eddition;'ohé'of'”
the two calciners processes a mix of both beneficiated and unbeneficiated

rock, lending to a still more adverse control problem.

At Plant C, an ofl-fired fluid bed calciner removes moisture and
organics from western beneficiated rock. The calciner unit is designed for
70 TPH capacity but processes 80 TPH by using rock feed which has been
partially dried. The calciner emissions are treated by a venturi scrubber
operating at a pressure drop of 12 inches of water. Emissions measurements

were performed by both EPA and the operator using EPA Method 5.

Results of the tests at Plant C are shown in Figure 8-5. Emissions
from the venturi scrubber averaged .14 1b/ton for the EPA tests and .24
and .136 1b/ton for the operator tests. Individual test sample results
ranged from .09 to .31 1b/ton.

At Facility K, an oil fired fluid bed calciner processes blends of
beneficiated and unbeneficiated rock at the rate of 25 TPH. The calciner
emissions are controlled by an Entoleter scrubber operating in the range
of pressure drop 23 to 30 inches of water. Emissions measurements have
been performed by the operator using EPA Method 5 as part of the testing

requirements 1mposed by the State of Idaho.

Results of the tests at Facility K are shown in Figure 8-5. Emissions
from the Entoleter scrubbe; averaged .10 1b/ton when blends consisting of
at least one~third unbeneficiated rock were processed and the scrubber was
operated at 30 inches of water pressure drop. When over one~half of the
feed was unbeneficiated rock, and the scrubber was operating at 23.5 inches

water, emissions levels were measured at .08 1b/ton.

The overall test results show that a venturi scrubber operating at low
energy (12 inches water) is capable of achieving emissions levels of .24
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" 1b/ton and less from phosphate rock calciners processing western benefici-
atéd rock, and that an Entoleter scrubber operating at relatively high
energy (23 to 30 inches water) is capable of &chieving emission levels of
.10 1b/ton from calciners generatihg higher levels of particulate emissions.
These emission ]evels.are appreciably lower than those now permitted by the

:most stringent State regulations (.6_1b/ton in Florida). At Faci]ity K,
the Entoleter scrubber, operated at a pressure drop of 23 to 30 inches of
water is estimated to achieve the control level attainable by the best sys-
tem of emissions reduction.17 At Facility C, the particulate removal effi-
ciency of the venturi scrubber can be jmproved to the level attainable by
the baghouse (99.0%) by increasing the energy input. Estimates of the emis-
sion levels which would be anticipated from the venturi scrubber when oper-
ated at higher pressure drops are shown in Figure 8-5. The estimates are
made by adjusting the measured emissions at the 12 inch pressure drop to
reflect the performance of the scrubber at the energy level (27 inches aP)

| creating the best system of emissions reduction. The adjustments are made -
using a calibrated model which predicts scrubber performance at various
energy inputs.16 At the appropriate energy level, the high energy scrubber
is equivalent to the fabric filter in terms of removal efficiency.' Both
the fabric filter and high energy scrubber are available technology which

may be applied to control emissions from calciners without cost hardship to
the phosphate rock industry:— As shown in Figure 8-5, the emiss%ons level
attainable by the high efficiency wet scrubbers (or a baghouse) when con-
trolling the more adverse loadings expected from calciners is 0.11 1b/per
ton of rock feed or less. It is EPA's judgement that this emission limit
reflects the emission level attainable from calciners when the best system

of emissions reduction (either baghouse or the venturi scrubber) is empioyed.
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8.5.3 GRINDERS

Particulate emissions were measured from four grinders. The ore feed
is essentially dry when entering the grinders and is-typicaIJy ground to a
fine powder. The discharge air stream from grinders consists of the purge
tramp air entering the system and the quantity of this air flow is dependent
primarily on the design of the grinding circuit rather than the capacity
of the mill. Airflow varies substantially among grinders, and the amounts
of exhaust air measured from the four facilities reflect the range of
typical variations expected in the industry. The test data support the
general conclusion apparent from industry data that emissions variations
are not clearly related to factors such as fineness of grinding, type of °
ore, or process variables (see Table 4-4). Given the difficulties in de-
fining any specific grinding system which produces a more adverse emissions
contro1'prob1em than another, the grinders tested were selected to represent
a wide variation of exhaust air rates, grinder designs, capacities, and
product feeds. Table 8-5 describes the various grinder facilities incor-
porated in the testing program.

Table 8-5. CHARACTERIZATION OF CONTROLLED
GRINDERS SELECTED FOR TEST

Facility Type Capacity, Exhaust Ratio, Average Average
Designation = of Mill TPH Air, dsefm exhaust mass
dscfm TPH concentra- emissions,
tion 1b/ton
gr/dscf
D ball 124 13600 110 .0098 .0088
E roller 35 2708 78 . 0065 .004
F roller & ball 77 6645 87 .002 001
77 5133 67 .0028 --
G ball 80 4124 52 .0021 .0009
52 5568 108 .0049 .0045
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Emissfons from each of the four grinder facilities are treated with
fabric filters. Figure 8-6 T1lustrates the results of emissions tests
conducted at each of the_faci1ities. Emissions from the baghouses averaged
-0088, .004, .001, and .0009 1b/ton for the EPA tests and .0045 1b/ton for
the test made by the operator. A1l tests were performed using EPA Method
5. Individual test samples varied from .0006 to .0097 1b/ton. The emissions
tests demonstrate that an emissions level of .01 1b/ton can be achie?ed by
fabric filters for a variety of grinder applications. However, because of

the relatively wide variation in emissions expected from grinders (as 117us-
trated in Figure 8-6), and because of potential Tnaccuracies in ore feed

rates associated with the test results, it is EPA's judgment that the
emissions level reflecting the best system of emissions reduction should

be set at .012 1b/ton. This potentially Tiberal level for the emissions
Timit should not preclude the installation of best emissions reduction
systemS. It 1s'noted that 80 percent of the emissions from current phosphate
rock grinding capacity is controlled by baghouses despite the allowance of
less_capable control technology by existing standards. Installation of bag-
house controls for grinders is motivated by the recovery value of the pro-
duct collected as much as by existing emissions standards, Hende, it is
expected that baghouses will become the predominant means of complianée

with the proposed NSPS for grinder facilities, consequently, the lowest
emission levels will tend to be achieved despite the potentially liberal

emissions standard.

For typical sized grinders of 50 TPH capacity, the recommended standard
would 1imit emissions from grinders to approximately 2 percent of the rate'

enforced under the most stringent state regulation.
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8.5.4 GROUND ROCK TRANSFER SYSTEMS

Emissions from handling and storage of ground rock are very difficult
to Characterize'owing to the fact that these systems vary greatly from plant
to plant and no "typical" system can be defined. Moreover, a substantial
portion of the potential emissions from handling and storage operations is
fugitive gmissions. Normal industrial practice is to control dust from the
various sources by enclosures and air evacuation or pressure systems ducted
to baghouses. Baghouses provide recovery of the rock dust which is sub-
sequently returned to the rock inventory. Experience shows that no visible
emissions occur from the enclosures when the process equipment is properly
maintained. Consequently, emissions from ground rock transfer systems are
manifested and monitored at the overall collection device (e.g., the
baghouse);‘ Because of wide variations in handling and storage facilities,
a visible emission standard is the only standard appropriate for these

facilities.

Three pneumatic systems‘employed in the transfer of ground phosphate
rock were selécted for emissions evaluation. Two of these systems trans-
ferred ground rock from a storage silo at a rock grinder to a storage silo
‘at a wet-process phosphoric acid plant, The third system transferred ground
rock from a rock grinder to a storage silo at a run-of-pile triple super-
phosphate plant. Emissions from the transfer systems were passed through
baghouses which utilize air-to-cloth ratios of 4 to 1, 8 to 1, and 9 to 1.
visible emission measurements were made at the baghouse exhaust according

to EPA Method 9.
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The exhaust from the baghouses of each of the transfer systems was
witnessed for visible emissions by two qualified obsérvers during norﬁa?
transfer operations for two hours at-one system, and one hour at the
others. The opacity 1eve1 of the baghouse emissions was observed to be
zero throughout the test periods. Based on these results, it is concluded
that the visible emissions 1imit which reflects the Tevel attainable by the
best system of emissions reduction for phosphate rock handling and storage

systems 1s zero opacity from any point in the transfer system.
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8.6 VISIBLE EMISSION STANDARDS

The opacity level of visible emissions 1s an indication of the mass
concentration of a particular pollutant. Various studies have shown
that opacity varies directly with mass concentrations of particulate
matter. The app11ca5111ty and enforcement of opacity standards related
to partihu1ate matter have been established in several court cases for
facilities subject to new source performance standards (NSPS) under

Section 111 of the Clean Air Act.

Opacity standards help to assure that emission control systems are
proper1y maintained and operated so as to comply with mass emission
standards on a continuous basis. Opacity test methods are quicker,
easier to apply, and less costly than concentration/mass tests for particu-
late matter. Since EPA considers opacity standards to be a necessary
supplement to particulate mass emission standards, opacity levels are

established as independent enforceable standards.

where both opacity and concentration/mass standards are applicable
to a given source, EPA establishes opacity standards for new source
performance standards that are not more restrictive than the correspond1ng
concentration/mass standard. The opacity standard {is generally achievable
if the source is in compliance with the concentrétion standard. In specific
cases where it can be demonstrated that the opacity standard is being
violated while the particulate standard is being met, provisions for
individual review are included in 60.11(e) of 40 CFR 60.
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8.6.1 Proposed Visible Emissions Standards

- Visible emission data were obtained during the develppment of the
proposed standards using EPA Reference Method 9 (6-minute average
opacities based on the average of 24 observations (one every 15 seconds)
during the 6-minute period). The tests were performed at facilities
represénting the best emission contro] technology currently employed by
the industry. Appendix C contains data on visible emission observations
performed at two dryers, two calciners, two grinders and three ground-
rock handling systems. More than 100 man-hours of visible emission ob-
servations were performed (approximate]y 32 man-hours for dryers, 29
man-hours for calciners, 31 man=hours for grinders and 8 man-hours for

ground-rock handling systems).

Phosphate Rock Dryers

Data on visible emissions from dnyers-wgre obtained for Facilities
A and B. Facility A utilizes a Venturi Scrubber to control emissions and

Facility B employs an electrostatic precipitator (ESP). Both facilities

process Florida pebble rock, which is considered to produce the most adverse

emission control probliem, _

Observations at Facility A included approximately eight hours of

measurements for two separate dates, The observed opacity was zero

throughout the test periods. The average particu]atg loading during
the test was 0.015 gr/dscf or 0.039 1b/ton.
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Observations at Facility B {ncluded approximately 6 hours of measure-
ments on two separdte dates. Opacity averages for six minute observations
sets ranged from 0% to 7.7%. The average particulate concentration during
the period of visual observations was 0.010 gr/dscf and the process weight

emission rate was 0.02% 1b/ton.

It may be noted that the fdci1ity exhibiting the highest ob&city'read;
ings exhibited the lower values for particulate concentration in the stack |
géses. The difference between the opacity levels observed for the two
types of control systems primarily reflects differences in diameters of
discharge stacks rather than significant différences in control perforQ

- mance. ESPs typica11y réquire larger stacks due to higher volumes of flow
requiréd during aperation, Setting separate opacity standards for the two
control systems is not considered appropriate because ESPs are not expected
to bé used in meeting the proposed NSPS. Thus the proposed opacity standard
is baéed on the performance of the scrubber-controlled facility and is set
at zero percent opac1tyf Control systems reflecting best emissions control
capabiltty (ihe high energy scrubber or baghouse) and meeting the proposed
emisstons 1imit should experience no difficulty meeting the proposed opacity
standard., Should any affected dryer facility be controlled with an ESP and
comply with the particulate l1imit of 0.02 kg/Mg but not the opacity limits,
a separate opacity limit may be established for that facility under 40 CFR
60.11(é). The provisions of 40 CFR 60.11(e) allow ownefs or operators of

sources which exceed the opacity standard while concurrently achieving the

performance emissions 1imit to request establishment of a specific opacity

standard for that facility. Prior to establishing such a specificfstandard,
- the owner or operator must request opacity tests to be performed concurrently
with the emissions performance tests. |
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Phosphate Rock CQTciners

Particulate emissions were measured from fluid bed calciners at two
phosphate rock plants (Facilities C and K). Each of the calciners are used
to process western phosphate rock. w§stern rock may be considered to pro-
duce the more adverse conditions for emissions control because this rock
is subject to less cleaning during beneficiation than other ore types. In"
addition, one of the two ca161ners processes a mix of both beneficiated
and unbeneficiated rock, lending to a still more adverse control problem.
Facility C utilizes a venturi scrubber for particuIate control and Faci]ity”

K employs an Entoleter Centrifield scrubber,

A total of 13.75 hours of visual emissions data was collected as a
part of the testing procedures for these two facilities (on two separate
dates for Facility C and on one date for Facility K). An opacity of zerd
percent was observed throughout the monitoring period at both facilities.
During the sampiing and analysis procédures‘at Facility C, the average measured
particulate loading was 0.047 gr/dscf or 0.14 1b/ton. Particulate
emissions data were not obtained simul taneously during the collection
of visible emissions data at Facility K. However, the resu]té of partic-
ulate sampling tests performed at Facility K in March, September and
December of 1975 indicated particulate emissions of .082, .095 and .107

1b/ton of ore feed. Considering the fact that the results of these
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tests were relatively constant and made over a nine month period, it is
reasonable to expect'these levels to be representative of the levels that
may have been measured in June 1976 when the observations of visual

emissions were made.

Based on the test'deta, it is clear that the best emissions control
equipment currently used for calciners (venturi scrubbers with a pressure
drop of 12 inches at Facility C, and Entoleter Sorubber varying from 20 to
30 inches at Faciiity K) can maintain v1sib1e emission levels produced by
the calcining process to a level no greater than zero percent opacity. The
control technology which wiii be required by the-proposed emissions stan-
dard represents a level of control exceeding that currently used on
Facilities C and K. A visibie emissions limit of zero percent opacity is
recommended for phosphate rock calciners. Significant excursions of plume
opacity above this level will be indicative of improper operation of fhe

controi equipment.

Phosphate Rock Grinders

-

Data on visible emissions from grinders were obtained at Facilities
and G. Close to 17 hours of data were recorded at these facilities (on two
separate dates at each fac11ity) The average opacity level recorded was |
zero throughout the measurement period. The everage concentration of |
particulate emissions during the periods of observation were ,002 and .002
gr/dscf of feed,‘forfFaciiities F and G, respectively. The respective mass

weight emission rates were 0.0013 and 0.0009 1b/ton.
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The use of baghouses as control devices on these two facilities
represents demonstrated best technology, and test data Shows that this
level of control produces emissions exhibiting no greater than zero
percent opacity, Therefore, EPA believes that the visible emission
- standard for phosphate rock grinding processes should be zero percent

opacity,

Ground Rock Handling Systems

The visible emission standard for the ground-rock handling systems was
discussed in Section 8.5. A visible emissions standard of zero percent

opacity is proposed.

8.6.2 Measurement Difficulties for Steam Plumes

All visible_observations-of visible emissions from dryers and cal-
ciners were hahpered by the steam content of the Plume leaving the stack.
For some industrial processes steam interference is of such a magnitude
that the establishment of a visible emission standard would be impract1ca1
For example, this was the reason given for not establishing a visible
emission standard for hydrators used within the Time manufacturing

1ndustry]8.

However, the existence of steam in a plume 1slnot, by itself, a
sufficient reason to preclude the establishment of a visible emission
standard. EPA Reference Method 9 instructs observers to make readings at
a down-plume point where the steam has dissipated. The methodology of
making visual measqrements on steam plumes s an important part of the

training of certified observers..
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For the development of standards for.dryers and calc¢iners,
over 60 man-hours of opacity readings were gathered by certified ob-
servers under a variety of cond1tions. EPA concludes that the observed
values are valid, and therefore, the presence of interference from steam
plumes does not preclude the establishment of a visible emission stand-

ard for those facilities.
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8.7 MODIFICATION AND RECONSTRUCTION CONSIDERATIONS .

The proposed standards would apply to specified systems (drying, calcining,
grinding, and ground rock handling and storage systems) within the phosphate
ro;k industry which are modified or constructed after the date of regulation
proposal, Statutory and reguiatory provisions defining "modification" and

reconstruction" are discussed in Chapter 5, and the general applicability of

‘these provisions to the phosphate rock industny is described.
8.7.1 Modification

The information presented in Chapter 5 indicated that except for speci-
fied categories of changes, a modification is any physical or operational
change to an existing facility which results in an increased emission rate

of a pollutant to which a standard applies,

For the phosphate rock industry, it is uolikely that existing phosphate
rock facilities will become "affected" facilities as a result of modifioation.
The following series of physical or operational changes would be specifically
exempted and would not be considered "modifications" regardless of their

effects on emission rates:

1. Changes determined to be routine maintenanoe, repair, or

replacement
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2. An increase in the production rate if that increase can be accomplish-
ed without a capital expenditure exceeding the existing facility's

IRS annual asset guideline repair allowance of 6.5 percent per year.
3. An increase in the hours of operation.

4, Use of an alternative raw material, such as Florida land pebble, if

the existing facility was designed to accommodate such material.

5. Use of an alternative fuel, such as switching from natural gas to
fuel oil, if the existing facility was designed to accommodate the
alternate fuel. If the facility was not so designed, the switch
would be considered a modification unless it could be demonstrated

that the new fuel did not result in an increase in emissions.

However, pursuant to Section 113(d)(5) or Section 119 (as in
effect before the date of enactment of the Clean Air Act
Amendments of 1977) of the Act, conversion to coal required for

energy considerations shall not be considered a modification.

6. The addition or use of any air poliution control system except
when a system is removed or replaced with a system considered

to be significantly less effective.

7. The relocation or change in ownership of an existing facility.
However, the purchase and installation of a used piece of equip-
ment at a stationary source to expand capacity would be considered

new construction and, thus, subject to standards of performance.
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8.7.2 Reconstruction

The replacement of facility components could be considered reconstruction
if the fixed capital cost of replacement exceeds 50 percent of the cost to

construct an entirely new facility.

One action which cou1d.be considered reconstruction for a.dryer, caleciner,
grinder or ground rock transfer system would be the replacement and extensive
refurbishing of power plant and drive mechanism, including motor, chains, belts,
gears, couplings, reducers, clutches, bearings, etc. In such a case, the
test involving the relationship between the fixed capital cost of the replace-
ment versus the corresponding costs for complete reconstruction of the facility
should be.used to determine app]icabf]ity of the reconstruction provision.

The final determination will be made by the EPA Administfator.based on infor-

mation provided by the owner,

Replacement of facility components which are subjected to extreme heat
(e.g., refractory 1inings) or attrition due to abrasion or impact (e.g.,
cru;hing surfaces, screenihg surfaces and conveyor belts) could be considered
routine maintenaﬁce and may therefore be exempted by the reconsfruction

and modification provisions.

8.8 SELECTION OF MONITORING REQUIREMENTS

Under section 114(a) of the Clean Air Act, the Administrator may
require the owner or operator of any stationary emission source to install,
use, and maintain monitoring equipment or methods. EPA has exercised this
authority in the sténdards of performance for several source categories by

requiring the monitoring of pollutant emissions or parameters that are
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indicators of pollutant emissions. The requirements for continuous-monitor-
fng are neéessary to determine if a control device is being properly operated
and maintained. It also aids in determining when and if a performance test
should be required. The costs of purchasing, instailing, and operating

the monitoring devices must be considered reasonable and affordable.

Opacity monitoring systems have been demonstrated as a reasonable
and efféctive ﬁeans of determining proper operation and maintenance of pare
ticulate emission control systems. Opacity standards are set at levels
which ensure proper operation and maintenance of the control system, but
which do not require use of a more efficient system. The opacity standards
and continuous monitoring requirements do not impose additional significant
requirements or costs over those required to comply with the numerical
emissions 1imit standard. The opacity monitoring systems are also substan-
tially less costly and more easily applied than periodic mass emissions

tests for particulate matter.

When wet particulate collection devices (e.g., a Venturi scrubber)
are employed to control emissions, entrained water droplets prevent the
accurate measurement of opacity. In this case, continuous compliance
through proper operation and maintenance of the control device would be
determined by monitoring pertinent operating parametefs of the control
device. When a scrubber is used to control the emissions, the proposed
standard wou1d'requ1re monftoring the pressure drop across the scrubber
and the scrubbing fluid supply pressure to the sérubber rather than
opacity. Measurements which show significant deviation from levels main-
tained during the performance tests will indicate improper operation of the

the control equipment,
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8.8.1 Phosphate Rock Dryers and Calciners

Particulate emissions from pho;phate rock dryers and calciners may be
controlled with baghouses, electrostatic precipitators, or scrubbers. Each
of these devices has been ideﬁtified as an environmenta11y acceptable means
of meeting the proposed emissions standard, The applicability and enforce-
ability of continuous monitoring requirements for facilities controlling
emissions with these control devices has been established for various in-
dustria1 emmission sources regulated by NSPS., Accordingly, continuous
monitoring of the opacity of the emissions from the calciners and dryers
is recommended. However, when scrubbers are used to control emissiohs,
moniforing of scrubber operating parametefs (pressure drop and fluid
supply pressure) would be recommended rather than opacity. Furthermore,
if alternative controls are employed which would also preclude the use of |
a continuous monitoring system as specified by the standard, the operator
may request estab1i$hment of alternative monitoring procedufes or require-

ments under the provisions of 40 CFR 60.13(1).

As specified in Sections 60.7(b) and (c) of the regulations (Notifi-
cation and Recordkeeping), the operator of any source subject to the pro-
posed standards would be required to maintain. records of -the occurrence
and duration of any periods of start-up, shutdown, or malfunction in the
operation of an affected facility, any malfunction of the air pollution
control equipment, or any periods during which a continuous monitoring
system or monitoring device is not operating. A1l excess emissions must
"also be-reported to EPA for each calendar duarter. Generally, excess
emissions of opacity are defined as all six-minute average opacity
values that exceed the proposed visible emission staﬁdard of zero percent
opacity, except those occuring during start-ub, shutddwn, or malfunction
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of the facility or control device. Where scrubbers are used, excess
emissions are indicated when parameter measurements are more than 10 percent
below the average levels maintained during the most recent performance test

in which compliance with the proposed standards was demonstrated.

Requirements for visible emissions monitoring equipment and procedures
are outlined in Appendix B of 40 CFR 60. It should be noted that effluent
gases from calciners and dryers may contain trace amounts of fluorides which
react with moisture in the plume to form acids capable of etching glass
materials. Glass lenses from opacity monitoring equipment should either
be protected from fluoride containing gas streams, or replaced with a

material not subject to etching,

8.8.2 Phosphate Rock Grinders and Ground Rock Handling Systems

Particulate emissions from grinders and ground rock handling systems
are typically controlled with baghouses. Continuous monitoring of the
opacity of emissions from these facilities will provide indication of suit-
able operation and maintenance of the baghouse controls, Should an operator
choose to employ high energy scrubbers to meet the proposed NSPS, alterna-
tive monitoring requirements as discussed previously would be recommended.
Record keeping and notification obligations associated with the

monitoring requirements are the same as discussed in Section 8.8.1.
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8.9 SELECTION OF PERFORMANCE TEST METHODS

The performance test method recommended for measurement of particulate
emissions is EPA Reference Method 5, described in Appendix A of 40 CFR 60.
Method 5 was utilized to determ1ne-part1cu1ate emissidns rates for the
source tests supporting the establishment of the proposed standard, énd is
typically applied as a performance test procedure for various stationary .
source categories for which NSPS have been promulgated. Under the propdsed
standards for phosphate rock plants, performance tests for particulate
matter emissions would be required for air pollution control devices on all

affected facilities.

A measurement of the mass rate of rock feed would also be required
during a performance test, because the units of the proposed standards for
dryers, ca1c1ners; and grinders are kilograms of particulate per megagram
of phosphate rock feed. A measuring device such as a conveyer belt scales

would be required to determine the mass rate of feed.

The test method fecommended for measurement of visible emissions is
EPA Reference Method 9, described in Appendix A of CFR 60. Method 9 was
_employed to acquire the visible emissions measurements used to support the
proposed visibTe emissions standard for the four affected phosphate'rock
facilities, and is consistently applied to establish yisible emissions

- standards for facilities subject to NSPS.
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data for Venturi and Centrifield scrubber units.
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18 Environmental Protection Agency, Standard Support and Environmental
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Impact Statement, Volume 1: Proposed Standards of Performance for

Lime Manufacturing Plants, EPA-450/2-77-007a, April, 1977.

Engineering Science, Inc., EPA Report for Mobil Chemical Nichols,
Florida. Prepared for Environmental Protection Agency, Office of Air
Quality Programs and Standards, Emissions Measurement Branch, 01 Jan-

uary.
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APPENDIX A. EVOLUTION OF THE SELECTION OF BEST
SYSTEM OF EMISSION REDUCTION

A.1. BACKGROUND DEVELOPMENT

Federal emission control interest in the phosphate ferti1izer.
industry, of which phospnate rock plants are a part, was first initiated by
a 1970 U. S. Seﬁate reportAfroﬁ the Secretary'of Health, Education and |
welfare.1 This report stated in part tﬁat’the 1ndhstny is a major source
af fluorides which.can_qause damage fo plants and livestock. Shortly there-
after, EPA began a study of the phosphate fertilizer industry to determiné
to what extent it contributes to air pollution. This Study identified several
sources of particulate and fluoride emissions and reported that substantial |
growth in the 1ndﬁstny is 1ike1ygz As a result of the study, EPA developed
‘sfandards of performance for sources of particulates and fluorides in the
high growth fertilizer manufacturiﬁg processes. The standards were promulgated
on August 6, 1975.3 The study also fdentified several sources in the phosphate
rock processihg segment of the industry as héving substantial potential for -
particulate emissions, which prompted this second phase of standards develop-
ment for the 1ndustry.-

In the course of the prograh to develop standards of performancé.
~discussions were held to solicit information and data from practically all
of the phosphate rock broducers. two sfate agencies, EPA Region IV and two
industry trade associfations: The Fertilizer Institute and the Florida
Phosphate Council. In addition, a telephone survey was undertaken to

fdentify and locate well-controlled installations. EPA also enlisted several
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contractors to aid in the development of background information,'cost data
on air pollution control systems, and an analysis of the economic and
environmental impacts of several levels of emissions control.
A.2. PLANT INSPECTIONS

From the information gathered, EPA engineers (and contractors in some
cases) selected and visited 25 reportedly well-controTled plants to evaluate

particulate emission control systems and to obtain information on process
"operations. Control systems were evaluated on the basis of:
» Design parameters. |
“+ Emissions data from previous source tests.
+ Visible emissions.
« Maintenance.
+ Efficiency of the system in collecting the emissions and
ducting them to the control devices.

In addition, process variaﬁl:s which affect the level .of uncontrolled
emissions, such as the type of process employed and the raw materials used,

were noted to assure that the plants were representative of the industry.

A.3. DEVELOPMENT OF THE DATA BASE FOR THE STANDARD

Of the 25 plants visited, 12 were selected for further evaluation
of their control systems by measuring their emissions., Results of most of
these performance testé are summarized in Appendix C. These data, along witn
.thé cost and environmental impact of several levels of emission control,
and recommended performance standards for phosphate rock plants, were pre-
sented to the National Air Pollution Control Techniques Advisory Committee
(NAPCTAC) on March 18, 1976.
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EPA (with the aid of a contrdﬁtor) completed the Background Infor-
mation Document (including the Rationale Chapter), issue paper, preamble
and proposed sfandard, and presented this documentation to the EPA working.
Group on October 19, 1978. The proposed standard was similar to that
~_recommended at the NAPCTAC meeting, although the format of the emissions
limit was changed from a concentration limit to a mass emissions per unit
feed 11mif. The Working Group also resolved to authorize an upgrade of
the Background Information Document to improve the data base.

After an upgrading of the Background Information Document, and
appropriate revision of the proposed standard, a documentation package
consisting of the BID, preamble, proposed standard, and action memorandum
was mailed on April 18, 1979 to the Steering Committee for review on a
consent agenda.

Comments from the Steering Committee were received and incorporated as
appropriate into the regulatory package. The revised package (the "AA

Concurrent Package" was mailed in July 1979 to the Administrator.




1.

2.

REFERENCES FOR APPENDIX A

United States Senate. National Emission Standards Study. Senate
Document No. 91-63. March 1970. o |
Chemical Construction Corporation. Engineefing and Cost Study in
the Phosphate Industry. Unpublished draft. EPA Contract No.

- CPA-70-156. August 1972,

. Environmental Protection Agency. Federal Register. 40 CFR Part

60. pp. 33152-33166. Washington, D. C. U. §. Government.
November 17, 1975. .
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APPENDIX B
INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS

This appendix consists of a reference system, cross-indexed with

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

Agency guidelines concerning the preparation of Environmental Impact
Statements. This index can be used to identify sections of the
document which contain data and information germane to any portion

of the Federal Reaister guidelines.
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APPENDIX C. SUMMARY OF TEST DATA

A test program was undertaken by EPA to evaluate the best part1cu1ate
control techniques avai]ab]e for controlling particulate emissions from
phosphate rock dryers, calciners, grinders, and ground-rock handling systems.
In addition, tests were performed to determine the amount of fluorides
evolved from a calciner controlled by a venturi scruﬁber. This appendix
_describes the facilities tested.and summarizes the results of particulaﬁe

and fluoride emission tests and visible emission observations.

iwo dryers, two calciners and four grinders were tested for.particulate
emissions usihg EPA Reference Method 5, and one calcine:r was tested for
 fluorides using EPA Reference Method 13. In addition, visible emissian
observations were performed at two dryers, one calciner, three grinders,
and three ground-rock handling systems. These observations were performed
using EPA Reference Method 9. Results of the front-half catches (probe and
filter) from the particulate emission measurements conducted are graphed
in Figure§ 1 and 3 for visual comparison and the compiete results are presented
in Tables C-1 through C-14. Results of visible -emission observations are

presented in Tables C-15 through C-35.
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Figure C-1. Particulate emissions from phosphate rock dryers.
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Figure C-2. Particulate emissions from phosphate rock calciners.
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‘Figure C-3. Particulate emissions from phosphate rock grinders.
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DESCRIPTION OF FACILITIES

A. 0il-fired (No. 6 fuel oil) rotary dryer designed to reduce the
moisture in phosphate rock from betWeen 10 and 15 percent to less than
3 percent. Its production rate varies from 220 TPH to 440 TPH, depending on
the moiéture ;ontent and the type of rock being probe;sed. Florida land
pebble was dried during each of the EPA tests and during the first test
conducted by the operator. Flotation cell concentrates were being dried during
the second operator test. Emissions from the dryer are c¢leaned by a Ducon
venturi scrubber which has 2 preésure drop of 18 inches of water and uses
950 gal/min of recirculated water. EPA tests were conducted only while the
process was operating normally. EPA and operator particu]éte measurements
were performed_usfng EPA Method 5. Visible emission measurements were made

by EPA at the scrubber exhaust in accordance with EPA Method 9.

B. One oil-fired roﬁaﬁy dryer and one oil-fired fluid bed dryer opérated
in paraliel. Nominal prbduction rates are 330 TPH for the rotary dryer and
165 TPH for the fluid bed dryer; however; actual production rate is dependent
on the amount of moistﬁre and type'of rock fed to_the'dryers. Both dryers
were operated normally at full capacity and processed 100 percent Florida

land pebble for each of the EPA tests. Emissions from both dryers are

partially cleaned by two parallel impingement scrubbers (one for each dryer).

‘Emissions fromfthe scrubbers are combined and ducted to a two-stage wet
electrostatic precipitétor (ESP) which has a total collecting area of

50,600 square feet and a gas vg1ocity of_1.53 feet per second. The cleaned
gas exits the ESP fﬁom two vertical‘stacké. The ESP was reportéd]y designed

for approximately twice the volume of gas currently being qrocessed. EPA
_ s




particulate measurements were performed using EPA Method 5. The operator
coriducted measurements using the State of Florida Department of Pollution
Control Method. Visible emission observations were made at the ESP

exhausts in accordance with EPA Method 9.

C. Fluid bed, oil-fired (No. 2 fuel 0il) calciner used to remove

moisture and organics from phosphate rock. Designed to calcine 70 TPH,
_ but the operator has increased the calcining capacity to 80 TPH by drying a

portion of the feed prior to calcination. Calciner emissions are cleaned

by an ARCO venturi scrubber which has a pressure drop of 12 inches of

water and uses about 600 gaI/miq recircu1ated water. Tests were conducted

only while the process was operating normally. EPA and company particulate
measurements were performed using EPA Method 5. The results of the tests by the
Company are reported in Tables C-6 and C-7. Fluoride tests were Derformgd usipa

'EPA Method 13, and visible emissions were recorded using EPA Method 9.

D. Kennedy Van Saun.ball mill used to grind phosphate rock. 'Productidn
throughput is nominally rated at 124 TPH, but is depeﬁdent on the degree of
'fineness to which the rock is ground. Emissions from the grinder are cleaned
by a Mikro-Pulséiré baghouse. Tests were conducted only during normal
Process operation. Particulate measurements were performed using EPA Method

5. Visible emissions were not recorded.

E. Raymond roller mi1l used to grind dried phosphate rock. Production
throughput is nominally rated at 35 TPH, but is dependent on the degree of'

C-6




fineness to which the rock is ground. During the first two tests, rock

was ground to 65 percent through 200 mesh, and it was ground to 90 percent |
_through 100 mesh (65 to 85 percent through 200 mesh), during the third test.
Emissions from the grinder are cleaned by 2 baghouse. Tests were conducted only
during periods when the procass was operatina normaf1y. Particulate measursments
were performed using EPA Method 5. Visible emission observations were made at

the baghouse exhaust.

F. One roller mill and one ball mill operated in para11e1 Production
rates cannot be measured accurate1y.but exper1ence shows that the roller mill
_ normally operates at 27.5 TPH and ball mill at 50 TPH. The method used
to aetermine if-mi1ls are operattng at full capacity is by the amperage
reading of the mill motors and'fans. Mills were operated at full capacity during
all EPA tests. Emissions from both grinders are combined and cleaned by a
‘baghousa which has an air-to-cloth ratio of 4 to 1. Tests were conductea
- only while the process was operating normally. EPA particulate measurements
were performed using EPA Method 5. Particulate measurements made by the
operator were performed using Western Precipitation Method WP-50. The results
are péesented in Table C-12. Visib]e emission observations were made at the

baghouse exhaust in accordance with EPA Method 9.

‘G. Harding ball mi1l used to grind calcined phosphate rock to 50 percent
minus 200 mesh. Production throughput is nominally rated at 60 TPH.
Emissions from the grinder are cleaned by a Mikropul, pulse-air cleaned bag-

house with an air-to-cloth ratio of about 5 to1. Tests were conducted only
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during periods when the process was operating normally. EPA and cempany

particulate measurements were pefformed using EPA Method 5. Results of the

Company tests are shown in Table C-14. Visible emission observations were made

at the baghouse exhaust in accordance with EPA Method 9.

H. Pneumatic system for pransferring'ground phosphate rock from a storage
silo at a phosphate rock grinder to a storage silo at a wet-process phosphoric
acid plant, About 60 percent of the rock transferred is small enough to
pass through a 200 mesh screen., The system wés transferring about 60 tons of
ground rock per hour, which is its normal operating rate. It has an exhaust
gas flow rate of about 1700 dscfm. Emissions from the system pass first
through a cyclone and then through a Mikro-Pulsaire baghouse which has an
air-to-cloth ratio of about 4 to 1. Visible emission measurements were

made at the baghouse exhaust in accordance with EPA Method 9.

I. Pneumatic system for transferfing ground phosphate rock from a
storage 5110 at a phosphate rock grinder to a storage silo at a wet-process
phosphoric acid plant. About 60 percent of the rock.tranﬁferred is small
enough to pass through a 200 mesh screen. The system is designed to'transfer
abdut 47.5 tons of ground rock peé_hour.'but can transfer a maximum of
87.5 tons per hour. It was operating at about 77.5 tons per hour during'the
EPA tests. Emissions from the transfer system exhéust through a cyc10ne to
a Mikro-Pulsaire baghouse which has 36 bags, each of which are 96 inches

lTong by 4.5 inches in diameter. The exhaust gas flow rate is about 2,500

dscfm and the air-to-cloth ratio is about 8 to 1.  Visible emission measurements
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were made at the baghouse exhaust in accordance with EPA Method 9.

J. Pneumatic system for transferring ground phosphate rock from
a phosphate rock grinder to a storage silo at a run-of-pile triple super-
phosphate plant. About 70 percent of the rock transferred is small enough
to pass through a 200 mesh screen. The system was transferring about
15 tons of ground rock per hour, which is its normal operating rate.
It has an exhaust gas flow rate of about 2000 dscfm. Emissions from the
system pass through a cyclone to a baghouse which has 25 bags, each of
which are'96 inches 16ng by 4.5 inches in diameter, yielding an air-to-cloth
ratio of about 9 to 1. Visible emission measurements were made at the

baghouse exhaust in accordance with EPA Method 9.

K. Fluid bed, natural gas-fired calciner used to remove moisture
and organics from phosphate rock. Designed to calcine 46 tph, but
operator has difficulty maintaining the design, production rate because
of lack of surge capacity between calciner and grinder. Calciner emissions
are cleaned by an Entoleter Centrifield scrubber which operates in
a range of 20 to 30 inches of water pressure drop. Particul;te measure-
ments were conducted by the operator using EPA Method 5 while the
calciner was operating normally. Visible emissions were recorded by EPA
using EPA Method 9. Visible emission measurements were not recorded

;1mu1taneously with the Method 5'tests.
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TABLE C-1

FACILITY A
Summary of Results of Tests of a Dryer

Run Number 1 2 3 Average

Date - - 3/18/75 3/18/75  3/19/75 -
Test Time - Minutes 108 108 108 | 108
Production Rate - TPH 250 235 240 242
Stack Effluent (From a Scrubber)
Flow rate - ACFM 116,786 115,967 116,437 116,397
Flow rate - DSCFM 73,289 74,553 73,782 73,875
.Témperature - Of | 153 152 1583 : 153
Water vapor - Vol. % 27.4 25.7 26.6 26.6

Visible Emissions at
Collector Discharge - See Tables C-15 through C-17 -
% Noacity '

Particulate Emissions

Probe and filter catch

gr/DSCF 0.014 0.017 0.013 0.015
gr/ACF 0.009 0.011 0.008 0.009
b/hr 9.07 11.14 8.04 9.42

1b/ton 0.036 0.047 0.034 0.039

Total catch

gr/NSCF 0.068 0.042 0.051 0.051
gr/ACF 0.037 0.028 - 0.032 0.032
1b/hr 36.57 27.46 32.44 ' 32.16

1b/ton 0.146 0.117 0.135 -~ 0.133
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TABLE ¢-2

FACILITY A
Summary of Results of Tests of a Dryer

Run Number : 1 2 Average
| Date 9/4/74 9/8/74 -

Test Time - Minutes NR NR -

Production Rate - TPH 360 360 360

Stack Effluent (From a Scrubber)

Flow rate - ACFM 114,000 104,000 109,000
Flow rate - DSCFM 68,000 62,000 65,000
-Temperature - OF 160 159 160
Water vapor - Vol. % 25.6 23.9 24.8

Visible Emissions at
Collector Discharge - NR
% Moacity

Particulate Emissions

Probe and filter catch

gr/DSCF ° 0.025 0.018 0.022
- gr/AcF 2 0.015 0.0 0.013
th/hr 14.7 10.0 12.3
1b/ton 0.041 0.036 0.038

Total catch

gr/DSCF? 0.046 0.040 0.043
© gr/ACF @ 0.027 0.024 0.026
1b/hr 26.7 21.5 24.1
1b/ton 0.074 0.060 0.067
"calculated

NR - Not Reported

c-1




- TABLE c-3

FACILITY B
Summary of Results of Tests of a Dryer

Run Number o 2 3 Average
Date | 3/20/75 3/20/75  3/24/75 .
Test Time - Minutes 108 108 108 108
Production Rate - TPH 394 394 379 389

Stack Effluent (From an ESP)

Flov rate - ACFM 134,463 133,566 129,084 132,371
Flow rate - DSCFM 113,144 110,758 111,918 111,940
Temperature - OF 112 115 104 110
Water vapor - Vol. % 9.2 10.0 7.46 8.9

'Visible Emissions at

Collector Discharge - See Tables C-18 through C-20
% Noacity

Particulate Emissions

Probe and filter catch

gr/DSCF 0.012 0.013 0.005 0.010
gr/ACF 0.010 0.010 0.005 J.008
Tb/hr 11,91 12.08 5.23 9.74
1b/ton 0.030 0.031 0.014 0.025

Total catch

gr/DSCF 0.015 0.016 0.009 0.013

gr/ACF 0.013 0.014 0.008 0,011

1b/hr 14.66 15.06 8.80 12.84

b/ton 0.037 0.038 0.023 0.033
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Data

Test Time - Minutes

Production Rate - TPH

Stack Effliuent (From an ESP)

Flow rate - ACFM

Flow rate - DSCFM°
Temperature - OF
Water vapor -~ VYol. %

Visible Emissions at

Collector Discharge -

% Noacity

Particulate Emissions

Probe and filter catch

gr/DSCF
gr/ACF
Tb/hr
1b/ton
Total catch
gr/DSCF ©
gr/ACF ¢
b/hr
_ 1b/ton®

"aAverage of 11 tests, 9‘of which were performed while both dryers were fired with

natural gas.

bCalculated; assuming a stack gas temperature of 110°F.

CCalculated.
NR - Not Reported

TABLE C-4

FACILITY B

Summary of Results of
Tests of a Dryer

6/10/74 - 8/14/74

NR
423

124,373
115,348
NR
NR

NR

NR
NR
NR
NR

0,023
0.021

22.8
0.054
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Run Number ‘ 1
Date 4/8/75
Test Time - Minutes 120
Production Rate - TPH 80

Stack Effluent (From a Scrubber)

Flow rate - ACFM 47,197
Flow rate - DSCFM 25,319
Temperature - °F 141.5
Water vabor-- Vol. % | 25.1
Visible Emissions at
ColTlector Discharge - 0

% Opacity

Particulate Emissions

Probe and filter catch

gr/DSCF 0.038
gr/ACF 0.020
| 1b/hr 8.18
1b/ton 0.10
Total catch
gr/DSCF 0.040
gr/ACF 0.021
1b/hr 8.62
1b/ton 0.1

NR - Not Recorded

TABLE (-5
FACILITY ¢

Summary of Results

of Tests of a Calciner

2 3 4 5 6 Average
4/8/75  4/9/75  4/9/75  4/10/75 - 4/10/75 -
120 120 120 120 120 120
80 80 80 80 80 80
50,160 51,456 54,719 50,324 49,262 50,520
27,764 28,407 28,005 27,525 26,338 27,226
143.5 145.8 158.5 146.0 144.6 146.7
22.6 22.5 26.7 23.1 25.0 24.2
o - 0 0 0 0 0
0.055 0.048 0.046 0.041 0.053 0.047
0.030 0.027 0.023 0.023 0.028 0.025
13.10 11.8 10.98 9.75 - 11.99 9.20
0.16 0.15 0.14 0.12 0.15 0.14
0.057 0.051 0.057 0.044 0.067 - 0.053
0.031 0.028  0.029 0.024 0.035 0.028
13.46 12.49  13.68 10.44 15.03 12.29
0.17 0.16 0.17 0.13 0.19 0.15
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TABLE C-6

FACILITY C
‘Summary of Results

of Tests of a Calciner

Run Number 1 2 3 Average
Date 10/2/73 10/3/73 10/3/73 -
Test Time - Minutes 98 98 98 98
Production Rate - TPH 81.7 35.9 35.9 41.2

Stack Effluent (From a Scrubber)

Flow rate - ACFM 46,850 38,391 41,069 42,103
Flow rate - DSCFM 29,558 - 25,540 26,885 27,328
-Tempera;ure - OF 131 124 126 127

Water vapor - Vol. % 12,38 9.51 10.81 10.90

Visible Emissions at
Collector Discharge - NR NR NR -
% Ooacity

Particulate Emissions

Probe and filter catch

gr/DSCF | 0.034 0.043 0.049 0.042
gr/ACF 0.021 0.028 0.032 0.027
tb/hr - | 8.54 9.32 11.30 9.46
1b/ton 0.17 0.23 0.31 0.24

Total catch

gr/DSCF NR NR NR -
gr/ACF NR NR NR -
b/hr NR NR NR -
1b/ton NR NR NR .

NR - Not Reported
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TABLE C-7

‘ FACILITY C
Summary of Results
of Tests of a Calciner

Run Number 1 2 Averagea
Date 8/20/74 8/20/74 ' -
Test Time - Minutes 120 120 120
Production Rate - TPH 64.8 64.8 64.8

Stack Effluent (From a Scrubber)

Flow rate - ACFM 48,324 48,578 48,451
Flow rate - DSCFM 32,841 32,671 ' 32,756
-Temperature - OF 131 - 133 : 132
Water vapor - Vol. % 6.03 .6.70 - 6.37

Visible Emissions at ‘
Collector Discharge - NR NR -
% Noacity

Particulate Emissions

Probe and filter catch

gr/0SCF . 0.043 0.020 £0.032
gr/ACF 0.029 0.013 0.021 |
Tb/hr 12.03 5.58 8.80
Tb/ton 0.186 0.086 0.136

Total catch
.gr/DSCF N MR | -
gr/ACF N MR .
b/hr | NR NR ‘ -
1b/ton R NR | .

" 7o of three tests were averaged. The third test was invalidated by sample contamination.

NR - Not Reported
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Run Number
Date
Test Time - Minutes

production Rate - TPH
- $tack Effluent .
Flow rate - ACFM
Flow rate - DSCFM
Temperature - °F
Water vapor - Vol. %
Visible Emission at
Collector Discharge - % Opacity
Particulate Emissions
Probe and filter catch
gr/OSCF
gr/ACF
1b/hr
1b/ton

Total catch
gr/DSCF
gr/ACF
1b/hr
1b/ton

TABLE C-7a
FACILITY K
 gummary of Results
of Tests of a Calciner

1
3/9/75
NR

27

NR
11,100
NR
NR
NR

0.023
NR
2.21
0.082

NR
NR
NR
NR

2
9/2/75
NR

25

NR
10,900
NR
NR
NR

0.025
NR
2.37
0.095%

NR
NR
NR
NR

(1) Calculated from information submitted by operator

NR - Not Reported
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3
12/17/75
NR
25

NR
10,900
NR
NR
NR

0.028
NR
2.67
0.107

NR
NR
NR -
NR

Average







TABLE C-8
FACILITY C

Summary of Results

of Tests of a Calciner

Run Number . 1 2

3 4
Date 4/8/75  4/5/75 4/8/75 4/8/75
Test Time - Minutes 120 120 120 120
Production Rate - TPH 80 80 80 80
Stack Effluent (From a Scrubber)
Flow rate - ACFM 53,213 50,116 47,101 49,251
Flow rate - DSCFM 27,965 27,752 26,267 26,803
Temperature - °F 146.3 145.0 143.3 144.4
Water vapor - Vol. % 26.1 22.3 21.9 23.8
Visible Emissions at
Collector Discharge - 0 0 0 0
% Opacity
Fluoride Emissions
Total catch ‘
gr/DSCF 0.00020 0.00038 0.00092 0.0004
gr/ACF | 0.00010 0.00021 0.00051 0.0002
1b/hr 0.05 0.09 0.21 0.11
1b/ton 0.0006  0.0011 0.0026  0.0014

c-17

4/9/75

120
80

55,430
28,275
152.5
27.6

6 Average
4/10/75 -
120 120
80 80

49,563 50,779
26,663 27,288

143.5 145.8
24.5 28.5
0 0

6 0.00035 0.00104 0.00056
5 0.00018 0.00056 0.00030

0.08

0.24 0.13

0.0010 0.0030 0.0016




Rum Number
Date

Test Time - Minutes

Pruduction Rate - TPH

TABLE €-9

FACILITY D

Surmary of Results
of Tests of a Grinder

1

1711773

128
121

Stack Effluent (From a Baghouse)

FTow rate - ACFM
Flow rate - DSCFM
Temperature - OF
Water vapor - Vol. %
Visible Emissions at
Collector Discharge -
% Nvacity

Particulate Emissions

Probe and filter catch

qr/DSCF
gr/ACF
Tb/hr
1b/ton
Tbtai”catch
gr/DSCF
© gr/ACF
1b/hr
1b/ton

NR - Not Recorded

15,200

13,200
115
5.80

NR

0.0102
~0.0089
1,154

0.0095

- 0.0132
0.0114
1.49
0.0123

2
1/11/73
128
131

14,700

12,800
15
6.10

NR

0.0115
© 0.0100
1.270
0.0097

0.0155
0.0134
1.70
0.0130

C-18,
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37 Average
1/12/73 -
128 128
120 - 124
14,900 14,900
13,000 13,600
118 116
~5.30 5.70
NR NR
0.0078 0.0098
0.0068 0.0072
0.869 1.098
0.0072 - 0.0088
0.0100 - 0.0129
0.0087 0.0095
.1 1.43
0.0093 " 0.0012



TABLE C-10

FACILITY E

Summary of Results
of Tests of a Grinder

Run Number 1
Date 2/16/73
Test Time - Minutes ' 120
Production Rate - TPH 36.0

Stack Effluent (From a Baghouse)

Flow rate - ACFM 3,295
Flow rate - DSCFM 2,720
lTemperature - OF 161

Water vapor - Vol. % 5.32

Visible Emissions at
‘Collector Discharge - ‘ NR
% Opacity

Particulate Emissions

Probe and filter catch

gr/DSCF 0.0085
gr/ACF ' 0.0070
To/hr 0.198
1b/ton 0.0055

Total catch

gr/DSCF 0.0149
gr/ACF 0.0122
1b/hr . 0.347

1b/ton 0.0096

NR = Not Reported

2

2/16/73

120
36.0

3,256
2,654
161

6.05

NR

0.0066
0.0054
0.149

0.0041

0.0178
0.0146
0.406

0.0113

C~19
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2/16/73

120
33.0

3,386
2,751
161

6.53

NR

0.0044
0.0035
0.102

0.0031

0.0080

0.0065

0.188
0.0057

Average

120
35.0

3,312
2,708
161

5.97

NR

0.0065
0.0053
0.150

0.0042

0.0136
0.0111
0.314
0.0089




TABLE c-11

FACILITY. F
Surmary of Results
of_Tests'of a Grinder

Run Number 1 2 3 Average
Date 3/25/75  3/25/75  3/26/75 -
Test Time - Minutes 120 120 120 120
Production Rate - TPH? 77.5 77.5 77.5 77.5

Stack Effluent (From a Baghouse) |
Flow rate - ACFM 8,385 8,582 7,897 8,288

Flow rate - DSCFM 6,676 ' 6,809 6,449 ' 6,645
Temperature - OF 146 155 139 147
Water vapor - Vol. % 9.47 8.47 8.79 8.91

Visible Emissions at

Collector Discharge - 0 0 o ‘ 0

% Npacity : _ ‘

Particulate Emissions

Probe and filter catch

_ gr/OSCF 0.002 o.boz 10.002 0.002
gr/ACF 0.002 0.001 0.001 0,001
tb/hr 0.117 0.099 0.093 0.103
1b/ton ©0.0015  0.0013  0.0012 0.0013

Total catch
gr/DSCF 0.003 0.003 0.002 0.003

- gr/ACF 0.002 .- 0.002 - 0;002 0.002
1b/hr 0.159 0.159 0.116 0.145
/ton 0.0021 0.0021  0.0015 0.0019

a-Pr'oduct'i'on rate cannot be measured. 77.5 TPH is the normal production rate when
both mills are running at full capacity. Emission rate in 1b/ton was calculated
using the normal production rate. : :
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TABLE €12

FACILITY F .
Summary of Results .
of Tests of a Grinder

Run Number Average?
Date | 1/3/74 - 6/27/74

Test Time - Minutes NR

Production Rate - TPH NR

Stack Effluent (From a Baghouse)

Flow rate - ACFM NR
Flow rate - DSCFM | | 5,133
-Temperature - OF | NR
Water vapor - Vol. % | | NR

Visible Emissions at
Collector Discharge - NR
% Noacity

Particulate Emissions

Probe and filter catch

) gr/DSCF NR
gr/ACF NR
Tb/hr | NR
1b/ton | | NR

Total catch _
gr/DSCF? | 0.0028
gr/ACF R
b/hr - 0.12
~ Tb/ton NR

2 Average of 15 tasts.

b Calculated.
NR - Not Reported




TABLE - C-13

FACILITY 6
Sqmmary of Results
of Tests of a Grinder

Run Number 1 2 3 - Average
Date 4/5/75 4/7/75 4/7/75 -
Test Time - Minutes 200 200 200 200.
Production Rate - TPH 81.4 81.0 80,8 81.1

Stack Effluent (From g Baghouse)

Flow rate - ACFM 6,713 6,830 6,446 6,663
Flow rate - DSCFM 4,194 4,286 3,983 4,124
Temperature - OF 233 231 241 235

Water vapor - Vol. % 0.0 0.0 0.0 0.0

Visible Emissions at '
Collector Discharge - 0 0 0 0
% Noacity

Particulate Emissions

Probe and filter catch

gr/DSCF 0.0014 0.0034 0.0016 0.0021

gr/ACF 0.0009 0.0021 0.0011 0.0014

Tb/hr 0.05 | 0.12 0.06 0.08

1b/ton 0.0006 0.0015 0.0007 0.0009
Total catch '

gr/DSCF | o.bo15_ 0.0038  0.0039 - 0.0031
gr/ACF 0.0009  0.0024 ~ 0.0024 0.0019
Tb/hr 0.05 0.14 0.13 0.12

1b/ton 0.0006  0.0017  0.0016 0.0013
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TABLE C-14

FACILITY G

Summary of Results
of Tests of a Grinder

Run Number ' 1 2 3 Average
Date - 10/3/73  10/3/73  10/3/73

Test Time - Minutes 120 120 120

Production Rate - TPH . 52 52 52

Stack Effluent (From a Baghouse)

Flow rate - ACFM 8,242 8,423 8,058
Flow rate - DSCFM 5,635 5,661 5,408
Temperature - OF | 159 177 177
Water vapor - Vol. % 0.84 0.00 0.00

Visible Emissions at
Collector Discharge - NR NR NR
% Npacity

Particulate Emissions

Probe and filter catch

_gr/DSCF 0.0047 0.0061 0.0038
gr/ACF 0.0032 = 0.004] 0.0025
Tb/hr ' 0.23 0.30 0.18
1b/ton 0.0044 0.0057 0.0034

Total catch

gr/DSCF NR NR NR
gr/ACF NR N NR
b/hr | NR NR NR

ib/ton NR NR NR

NR - Not Reported
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Table ¢-1b
FACILITY A
SUMMARY OF VISIBLE EMISSIONS
Date: March 18, 1975 |
Type of Plant: Phosphate Rock Dryer

Type of Discharge: Stack from scrubber Distance from Observer to Dischaq?g Point:
Location of Discharge: Top of stack _ ' 2000 feet
Height of Point of Discharge: 96 feet Height of Observation Point: Ground level
Description of Background: Gray sky Direction of Observer from Discharge Point:
Description of Sky: Overcast Hortinest
‘Wind Direction: East | Wind Velocity: 7

Color of Plume:- “hite Detached Plume: NO

Interference of Steam Plume: Yes
Duration of Observation: 3 nours, 9 minutes

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start  End Average Set Number Start _End  Average
1 9:00 9:06 0 él 0
2 * 0 22 J
3 " 23 v
4 0 24 J
5 -0 25 J
6 0 26 v
7 0 27 0
8 0 28 &
3 0 29 0
10 0 30 1]
1N 0 31
12 0 - 32
13 .0 33
14 0 34
18 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

*Subsequent sets were each of 6-minutes duration, and there were no time'lapses between
sets, '
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OPACITY, percent

15

10

Table C-15, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
1 2 3
TIME, hours '
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Table (=16
FACILITY A
SUMHARY OF VISIBLE EMISSIONS

Date: March 18, 1975
Type of Plant: Phosphate rock dryer :
Type of Discharge: Stack from scrubber - Distance from Gbserver to Uiscnarge Foint:

Location of Discharge: Top of stack _ : _ Tuuu
Heignt of Point of Discharge: 96 feet reignt of Observation Point: Ground level

Description of Background: Cloudy sky ' Uirection of Observer from yiscrarge Foint:

Hortheyest
Uescription of Sky: Cloudy '
dind Direction: South-West - Wind Velocity: 1y - mifar
Color of Plume: White : Detached Plume: o
Interference of Steam_P]ume: Yes
Duration of Observation: 2 hours, 29 minutes _
' SUMMARY OF AVERAGE OPACITY : SUIMMARY OF AVERAGE OPACITY '
- Time Opacity : Time Upacity
Set dumoer Start End Average Set jlumber Start End Averace
1 4:22 4:28 -0 21 J
2 * 0 22 g
3 0 23 u
4 0 - 24 )
5 0 23 U
6 0
7 0
8 0
g 0
10 0
11 0
12 0
13 0
14 0
15 0
16 0
17 0
18 0
19 0
20 0

* Subsequent sets were each of 6-minute durations, and there were no time lapses
between sets, ‘ '
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OPACITY, percent

10

Table C-16, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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Table C-17
FACILITY A
SUMMARY: OF VISIBLE EMISSIONS

Date: March 19, 1975
Type of Plant: Phosphate rock dryer

Type of Discharge: Stack from scrubber Distance from Observer to Dischar%e Poimi::
- Location of Discharge: Top of stack

Height of Point of Discharge: 96 feet | Height of Observation Point: Ground level
Description of Background: Blue sky Direction of Observer from Discharge Point:
Description of Sky: Clear ' Soutn
‘Wind Direction: West Northwest . Wind Velocity: 15-30

Color of Plume: White Detached Plume: No
Interference of Steam Plume: Yes T
Duration of Observation: 2 hours, 51 minutes

SUMMARY OF AVERAGE OPACITY ' SUMMARY OF AVERAGE OPACITY
_ Time Opacity Time Opacity
Set Number Start End Average Set Number Start End ~__ Average
] 11:30 11:36 0 21 0
2 * ' 0 22 0
3 0 23 0
4 . 0 24 v
9 0 25 0
6 0 26 v
7 0 27 0
8 0 28 0
9 0 |
10 -0
1 0
12 0
13 0
14 0
15 0
16 0
.17 0
18 0
19 0
20 0

* Subsequent sets were each of 6-minutes duration, and there were no time lapses
between sets,
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Table C.18
. FACILITY 3
'SUMMARY OF VISIBLE EMISSIONS *

Date: March 20, 1975

Type of Plant: Phosphate rock dryer

Type of Discharge: Stack from electrostatic
- Location of Discharge: Stacx ~ Precipitator
~ Height of Point of Discharge: 290 feet
Description of Background: Blue sky .
Description of Sky: (Clear

‘Wind Direction: est

Color of Plume: white

Interference of Steam Plume: Yes

Duration of Observation: 2 hours, 15 minutes

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
‘ 150 feet

Height of Observation Point: Gpround level

Direction of Observer from Discharge Point:
Soutn Soutneast

Wind Velocity: 8
Detached Plume: No

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start  End Average - Set Number Start  End ~ Average
1 2:00  2:06 5.0 21 3.0
2 *n : 7.7 22 6.9
3 6.7 23 ' :
4 5.0 24
5 5.8 25
6 6.7 26
7 7.1 27
8 5.0 28
9 5.4 29
10 5.0 30
11 5.6 31
12 5.0 32
13 - 5.0 33
14 4,6 34
15 5.0 35
16 5.0 36
17 - N 37
18 5.0 38
19 4.6 39
20 5.0 40

*Four observers made simultaneous readings (two observers for each of two stacks). The

- greatest of their readings is reported,

**Subsequent sets were each of 6-minutes duration, and there were no time lapses

between sets,
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Table c-19
FACILITY B
SUMMARY OF VISIBLE EMISSIONS *

Date: March 20, 1975
Type of Plant: Phosphate rock dryer
Type of Discharge: Stack from electrostatic

. Location of Discharge: Top of stacRrecipitator
Height of Point of Discharge: =90 feet

Description of Background: Clear blue sky

Description of Sky: Clear

‘Wind Direction: HNortheast

Color of Plume: lhite
Interference of Steam Plume: Yes
Duration of Observation: 2 hours

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
190 feet

Height of Observation Pofnt: Ground level

Direction of Observer from Discharge Point:
South Southeast

Wind Velocity: 10
Detached Plume: Yes

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End _ Average
1 5:17  5:23 3.8 21 0
2 ek ' 4.6 22 0
3 2.3 23
4 2.9 24
'5 1.0 25
6 3.1 26
7 1.7 27
8 0.8 28
9 0.6 29
10 0.8 30
T 0.4 31
13 2.9 33
14 1.2 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

*Four observers made simultaneous readings (two observers for each.of two stacks).

greatest of their readings is reported.

The

**Subsequent sets were each of 6-minutes duration, and there were no time lapses between
sets.
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Table €-20
FACILITY B
SUMMARY OF VISIBLE EMISSIONS *

Dafé: March 24, 1975
Type of Plant: Phosphate rock dryer

- f 1 i . L]
Type of Discharge: Stack from e S?EE?%?%gégr Distance from Observer to Diﬁﬁ%ﬁ:g;tfoint.
- Location of Discharge: Stack '
Height of Point of Discharge: 90 feet Height of Observation Point: Ground level
Description of Background: Cloudy sky _ Direction of Observer from Discharge Point:
Description of Sky:  Partly cloudy | Soutneast
Wind Direction: Southwest Wind Veloeity: 25
Color of Plume: White _ Detached Plume: No -
Interference of Steam Plume: Yes _ |
Duration of Observation: 103 minutes, 15 seconds
SUMMARY OF AVERAGE OPACITY ___ SUMMARY OF AVERAGE OPACITY
Time Opacity - Time Opacity
Set Number Start End Average Set Number Start _End ___ Average
- 1:05  1:11 4.8 21
2 ok ' 4.8 22
31 4.0 23
4 4,6 24
5 4.4 25
7 5.2 27
8 4.8 28
9. 4.6 29
10 4.8 30
11 2.9 31
12 4.0 32
13 3.8 ‘33
14 3.9 34
15 4.0 35
16 4,2 36
17 37 -
18 4,0 38
19 39
20 40

*Four observers made simultaneous readings (two observers for each of two stacks)., The
greatest of their readings is reported,

**Subsequent sets were each of 6-minutes duration, and there were no time lapses between
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Table C-21

FACILITY C
‘ SUMMARY OF VISIBLE EMISSIONS™
Date: April 4, 1975
Type of Plant: Phosphate rock calciner

Type of Discharge: particulate Distance from Observer to Discharge Point:
Location of Discharge: Stack “rom scrubber . 1440 Teet
Height of Point of Discharge: 105 feet Height of Observation Point:Ground level
Description of Background: Sky Direction of Observer from Discharge Point:
Description of Sky: Overcast _ South Soutneast
‘Wind Direction: North . Wind Veloeity: 3-10

Color of Plume: White ' Detached Plume: HNo

Interference of Steam Plume: Yes
Duration of Observation: 2 hours, 5 minutes _
SUMMARY OF AVERAGE OPACITY ' SUMMARY OF AVERAGE OPACITY

Time_ Opacity , Time Opacity
Set Number Start  End Average Set Number Start End Average
1 2:50  2:56 0 .21
2 ** ' 0 22
3 0 23
4 0 24
5 0 25
6 0 26
7 0 27
8 Y 28
9 0 29
10 1] 30
1 0 3
12 0 32
13 0 33
14 0 34
15 0 35
16 -0 36
17 0 37
18 0 38
19 0 39
20 0 40

*Two observers made simultaneous readings. The greater of their readings is reported.
**Subsequent sets were each of 6-minutes duration, and there were no time lapses between
sets., ‘ ' '
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Table C-22

FACILITY

¢

SUMMARY OF VISIBLE EMISSIONS *

Date: April 5, 1975

Type of Plant: Phosphate rock calciner
Type of bischarge: Particulate
- Location of Discharge: Stack from scrubber
Height of Point of Discharge: 105 feet
Description of Background: Sky

Description of Sky: Overcast

‘Wind Direction: South

Color of Plume: White

Interference of Steam Plume: VYes

Duration of Observation: 2 hours, 5 minutes

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Dischargg Point:
, 600 Teet

Height of Observation Point:Ground level
Direction of Observer from Discharge Eoi%t:
‘ as

Wind Velocity: 15-25
Detached Plume: No

SUMMARY OF AVERAGE OPACITY

Time

Opacity Time Opacity
Set Number Start _End Average Set Number Start  End Average
1 8:45 9:01 0 21
2 *% 0 22
3 0 23
4 0 . 24
5 0 25
6 0 26
7 0 27
8 0 28
9 0 29
10 -0 30
11 0 31
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

*Two observers made simultaneous readings. The greater of tneir readings is reported.
**Bubsequent sets were each of 6-minutes duration
sets.
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Table C-23
FACILITY C
SUMMARY OF VISIBLE EMISSIONS *

Date: April 9, 1975

Type of Plant: Phosphate rock calciner
Type of Discharge:Particulate
- Location of Discharge: Stack from scrubber
Height of Point of Discharge: 105 feet
Description of Background: Snowy sky
Description of Sky: Overcast

‘Wind Direction: South

Color of Plume: Hhite

Interference of Steam Plume: Yes

Duration of Observation: 1 hour, 45 seconds

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
C1/4 mile
-Height of Observation Point: Ground level

Direction of Observer from Discharge Point:
Southuast

Wind Velocity: 520
Detached Plume: 0

~ SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Mumber Start End Average Set Number Start _ End Average

1 8:50 8:56 0 21

2 *k . 0 22

3 0 23

4 0 24

5 0 25

6 0 26

7 0 . 27
8 0 28

9 0 29
10 0 30
1 31
12 32
13 33
14 34
15 35
16 36
17 37
18 33
19 39
20 40

*Two observers made simultaneous readings. The greater of their readings is reported.
**Sybsequent sets were each of 6e-minutes duration, and there were no time lapses between

sets,
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. Table C-24
FACILITY C
SUMMARY OF VISIBLE EMISSIONS *
Date: April 9, 1975
Type of Plant: Phosphate rock calciner

Type of Discharge: Particulate Distance from Observer to Discharge Point:
. Location of Discharge: Stack from scrubber : : . 1440 feet
Height of Point of Discharge: 105 feet ~ Height of Observation Point: Ground level
Description of Background: SKY' Direction of Observer from Discharge Point:
Description of Sky: Overcast ) ' Soutieast
‘Wind Direction: South Wind Velocity: 2-8

Color of Plume: White Detached Plume: No

Interference of Steam Plume: '@$
Duration of Observation: & hours, 0 minutes

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start _End Average Set Number Start End Average
1 5:00 5:06 0 21
2 * ' 0 22
3 0 23
4 0 24
5 0 25
6 0 26
7 0 27
8 0 28
9 0 29
10 0 30
11 0 31
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

*Two observers made simultaneous readings. The greater of their readings is reported.
**Subsequent sets were each of g-minutes duration, and there were no time lapses between

sets.
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Table C-25
FACILITY c
. SUMMARY OF VISIBLE EMISSIONS*
Date: April 10, 1975
Type of Plant: Phosphate Rock Calciner | o
Type of Discharge: Particulate " Distance from Observer to Discharge Point:

. Location of Discharge: Stack from Scrubber ’ 3440 feet
Height of Point of Discharge: 105 feet Height of Observation Point: Ground Level
Description of Background: Sky Direction of Observer from Discharge Point:
Description of Sky: Overcast Southeast
Wind Direction: East Wind Veloeity: 2 to 5

"Color of Plume: White Detached Plume: NO
Interference of Steam Plume: Yes IR
Duration of Observation: 2 hours 0 min :

SUMMARY OF AVERAGE OPACITY _ SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average
1 7:300  7:36 0 21
2 ** 0 22
3 -0 23
4 0 24
5 0 25
6 0 26
7 0 27
8 0 28
9 0 29
10 0. 30
11 0 3
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
0 40

* Two observers made simultaneous readings. The greater of their readings is reported.

#* Subsequent sets were each of 6 minutes duration, and there were no time lapses between
sets. ' )
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Table C-26
FACILITY €
SUMMARY OF VISIBLE EMISSIONS *

Date: April 10, 1975
Type of Plant: Phosphate Rock Calciner

Type of Discharge: Particulate Distance from Observer to Discharge Point:
Location of Discharge: Stack from Scrubber ‘ 1400 feet
‘Height of Point of Discharge: 105 feet Height of Observation Point: Ground Leve)
Description of Background: Sky - Direction of Observer from Discharge Point:
Description of Sky: Overcast : ' - Southeast‘
‘Wind Direction: North | Wind velocity: 0 to 16

Color of Plume: White Detached Plume: MNo -
Interference of Steam Plume: Yes o :
Duration of Observation: 3 hours 0 min

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity . Time __Opacity
Set. Number Start End Average Set Number Start End Average

1 10:45 10:51 0 21 0
2 ** 0 22 0
3 0 23 0
4 0 24 0
5 0 25 0
6 0 26 0
7 0 27 0
8 0 28 0
9 0 29 0
10 | 0 30 0
1 - 0 31
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39

0 40

* Two observers made simultaneous readings. ine greater of their readings is reported.

Lo Subsequent sets were each of 6 iﬁnntes duration, and there were no time lapses between
sets.
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Table €-27
FACILITY F
SUMMARY OF VISIBLE EMISSIONS *
Date: March 25, 1975
Type of Plant: Phosphate Rock Grinder

Type of Discharge: Stack from Baghouse Distance from Observer to Discharge Point:
Location of Discharge: Top of Stack ' 50 feet
Height of Point of Discharge: 75 feet Height of Observation Point: 85 feet
Description of Background: Brown, Rusty Conveyor pirection of Observer from Discharge Point:
Description of Sky: Overcast East

‘Wind Direction: Not Reported Wind Veloeity: Not Reported

Color of Plume: White Detached Plume: No

Interference of Steam Plume: No
Duration of Observation: 2 hours 14 min

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time - Opacity Time Opacity
Set Number Start End Average Set Number Start _ End Average
1 12:30  12:36 0 21 0
2 A 0 292 o 0
3 0 23
4 0 24
5 0 25
6 0 26
7 0 27
-8 0 28
9 0 29
10 0 30
11 0 31
12 0 32
13 0 33
14 0 34
15 ¢ 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

~* Two observers made simultaneous readings. The greater of their readings is reported.
** Subsequent sets were each of 6 minutes duration, and there were no time lapses between sets.
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Table C-28
FACILITY F
SUMMARY OF VISIBLE EMISSIONS *
Date: March 25, 1975 )
' Type of Plant: Phosphate Rock Grinder

I?pe of Discharge: Stack from Baghouse Distance from Observer to Discharge Point:
. Location of Discharge: Top of Stack . | 50 feet
Height of Point of Discharge: 75 feet Height of Observation Point: 90 feet

Description of Backgrouhd: Brown, Rusty Conveyor Direction of Observer from Discharge Point:

Description of Sky: Partly Cloudy : East
‘Wind Direction: Northwest Wind Veloeity: 10
Color of Plume: White Detached Plume: No
Interference of Steam Plume: No o ‘
Duration of Observation: 2 hours 0 min ,
__SUMMARY OF AVERAGE OPACITY ° _ SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average
1 5:00 5:06 0 2
2 ok o . 22
3 0 23
4 0 24
5 0 25
6 0 26
7 0 - 27
8 0 28
9 0 29
10 0 30
A1 0 3
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

* Two observers made simultaneous readings. The greater of their readings is reported.

-w&  Sybsequent sets were each of 6 minutes duration, and there were no time Japses between
sets. _ :
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Table C-29

FACILITY F
SUMMARY OF VISIBLE EMISSIONS *

Date: March 26, 1975
Type of Plant: Phosphate Rock Grinder

Type of Discharge: Stack from Baghouse Distance from Observer to Discharge Point:
‘Location of Discharge: Top of Stack ' 50 feet
Hetght of Point of Discharge: 75 feet Height of Observation Point: 85 feet
Description of Background: Off-white Building  pipection of Observer from Discharge Point:
Description of Sky: Clear Bast

‘Wind Direction: Northeast Wind Veloeity: 15 to 25

Color of Plume: White Detached Plume: No

Interference of Steam Plume: No
Duration of Observation: 2 hours O min

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Average. Set Number Start  End Average
1 11:00 11:06 0 21 : 0
2 ok 0 22 0
3 0 23 0
4 0 24 0
5 0 25 0.
6 0 26 0
7 0 27 0
8 0 28 0
9 0 29 0
10 0 30 0
n 0 31 0
12 0 32 0
13 -0 33 0
14 0 34 0
15 0 35 0
16 0 36 0
17 0 37
18 0 38
19 0 39
20 -0 40

* Two observers made simultaneous readings. The greater of their readings is reported.

** Subsequent sets were each of 6 minutes duration, and there were no time lapses between
sets.
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Table C-30
FACILITY g
SUMMARY OF VISIBLE EMISSIONS *

Date: April 5, 1975
Type of Plant: Phosphate Reck Grinder

Type of Discharge: Particulate Distance from Observer to Discharge Point:

- Location of Discharge: Duct from Baghouse ' 270 feet
Height of Point of Discharge: 46 feet Height of Observation Pdint: Ground Level
Description of Background: Dark Building Direction of Observer from Discharge Point:
Description of Sky: Overcast East '
Wind Direction: South Wind Velocity: 4 to 20
Color of Plume: None Detached Plume: No

Interference of Steam Plume: No
Duration of Observation: 3 hours O min

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average
1 4:00 4:06 0 21 0
2 e ' 0 22 0
3 0 23 0
4 0 24 0
5 0 25 0
6 0 26 0
7 0 27 0
8 0 28 0
9 0 29 0
10 0 30 0
11 0 31
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

* Two observers made simultaneous readings. The greater of their readings is reported.

** Subsequent sets were each of 6 minutes duration, and there was a 16 minute lapse
(6:44 to 7:00) in readings during a plant malfunction.
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Table €-31
FACILITY €
SUMMARY OF VISIBLE EMISSIONS *

April 7, 1975

Phosphate Rock Grinder
Type of Discharge: Particulate

Location of Discharge: Duct from Baghouse
Yeight of Point of Discharge: 46 feet
Description of Background: Dark Building

Date:
Type of Plant:

Description of Sky: Overcasé
‘Wind Direction: Northwest
‘Color of Plume: None

Interference of Steam Plume: NoO
Duration of Observation: 3 hours 20 min
SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:

270 feet

Height of Observation Point: Ground Level

Direction of Observer from Discharge Point:
' East

Wind Veloeity: 7 to 15

Detached Plume: NoO

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average

| 9:25  9:31 0 21 0
2 * 0 22 0
3 0 23 0
4 0 24 0
6 0 25 0
6 0 26 0
7 0 27 0
8 0 28 0
8 0 29 0
10 0 30 0
1 0 31 0
12 0 32 0
13 0 33

14 0 34

15 0 35

16 0 36

17 0 37

18 0 33

19 0 39

20 0

* Two observers made simultaneous readings.

40

The greater of their readings is repoteed.
** Subsequent sets were each of 6 minutes duration, and there were no time lapses between sets.
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Table (C-32
FACILITY 6
SUMMARY OF VISIBLE EMISSIONS *

Date: April 7, 1975
Type of Plant: Phosphate Rock Grinder

Type of'Discharge: Particulate Distance from Observer to Discharge Point:

- Location of Discharge: Duct from Baghouse 275 feet
Height of Point of Discharge: 46 feet Height of Observation Point: Gpound Level -
Description of Background: Dark Building Direction of Observer from Discharge Point:
Description of Sky: Overcast Northeast
Wind Direction: Northwest Wind Velocity: 5 to 13
Color of Plume: None Detached Plume: No

Interference of Steam Plume: No
Duration of Observation: 3 hours 20 min

SUMMARY.OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY

Time Opacity Time _Opacity
Set Number Start  End Average Set Number Start End ___ Average

1 3:20  3:26 0 2 0
2 *x : 0 22 0
3 0 23 0
4 0 24 0
5 0 25 0
6 0 26 0
7 0 27 0
8 0 28 0
9 0 29 0
10 0 30 0
11 0 31 0
12 0 32 0
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37

18 0 38
19 0 -39
20 0 40

* Two observers made simultaneous readings. The greater of their readings is reported.

#* Subsequent sets were each of 6 minutes duration, and visible emissions measurements were
curtailed for twenty minutes (from 5:51 to 6:11) during a plant malfunction.
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Table (-33
FACILITY H.
_ SUMMARY OF VISIBLE EMISSIONS *
Date: March 26, 1975 |
Type of Plant: Materials Handling

Type of Discharge: Particulate Distance from Observer to Discharge Point:
. Location of Discharge: Baghouse Stack ‘ 75 feet
Height of Point of Discharge: 150 feet Height of Observation Paint: 150 feet
Description of Background: Green Trees Direction of Observer from Discharge Point:
Descrﬁﬁtion-of Sky: Clear South-Southwest
‘Wind Direction: Northeast _ Wind Velocity: 5

Color of Plume: White Detached Plume: No
Interference of Steam Plume: No
Duration of Observation: 120 minutes

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average
1 3:00 3:06 0 21
2 i 0 22
3 0 23
4 0 24
5 0 25
6 0 26
7 0 27
8 0 28
9 0 29
10 0 30
1 0 3
12 0 32
13 0 33
14 0 34
15 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

* Two observers made simu1taneous readings.
** Subsequent sets were each of 6 minutes duration, and there were no time lapses between sets.
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Table €-34
FACILITY I
SUMMARY OF VISIBLE EMISSIONS *
Date: March 25, 1975
Type of Plant: &round rock transfer

Type of Discharge: Stack from baghouse Distance from Observer to Discharge Point:

. Location of Discharge: Top of stack - 300 feet
Height of Point of Discharge: 100 feet Height of Observation Point: 30 feet
Description of Background: Dark gray overcast  pipection of Observer from Discharge Point:

_ _ - sky North
Description of Sky: Overcast

-Wind: Direction: West | Wind Velocity: 10

Color of Plume: White Detached Plume: NoO

Interference of Steam Plume: NO
Duration of Observation: 1 hour, 0 minutes

SUMMARY OF AVERAGE OPACITY _SUMMARY_OF AVERAGE OPACITY
Time Opacity Time Opacity
Set_Number Start End Average Set Number Start End Average
1 3:17 3:23 0 21
2 *k 0 22
3 0 23
4 0 4
5 0 25
6 0 26
7 0 27
8 -0 28
9 0 2y
10 = o ' 30
N AN
12 o : 32
13 ‘ ' 33
14 34
15 3%
16 _ 36
17 37
18 : 38
19 ‘ ' _ 39
20 _ - 40

*Two observers made simultaneous readings. The greater of their readings is reported.
**Sybsequent sets were each of 6-minutes duration, and there were no.time lapses between
sets.
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Table C-35
FACILITY J
SUMMARY OF VISIBLE EMISSIONS *

Date: March 25, 1975

Type of Plant: Ground rock transfer

Type of Discharge: Stack from baghouse

- Location of Dischhrge:TOP of stack

Height of Point of Discharge: 120 feet

Description of Background: Gray sky

‘Description of Sky; Overcast

‘Wind Direction: HNorthwest

Color of Plume: White

Interference of Steam Plume: 0

Duration of Observation: 1 hour, 0 minutes
SUMMARY OF AVERAGE OPACITY

Point:

Distance from Observer to Discharge
. . 150 feet

Hefght of Observation Point: 75 feet

Direction of Observer from Discharge Point:
Nortnwest

Wind Veloeity: 10
Detached Plume: HO

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
et Number Start  End Average Set Number Start End _ Average
1 4:45  4:5] 0 21 ‘
2 ** 0 22
3 0 23
4 Q 24
5 0 25
6 0 26
7 0 27
8 0 28
9 0 29
10 0 30
n 0 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40

*Two observers made simultaneous readings. The greater of their readings is reported.

**Subsequent sets were each of 6-minutes duration, and there were no time lapses between
sets. }
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TABLE C-36
FACILITY K
Summary of Visible Emissions

Date: June 22, 1976

Type 6f Plant: Phosphate rock calciner

Type of Discharge: Stack from scrubber ~ Distance from Observer to Discharge Point:
’ ‘ 200 yards
Location of Discharge: Top of stack Height of Observation Point: Ground level
Height of Point of Discharge: 150 feet Direction of Observer from Discharge Point:
Northwest

Description of Background: Sky

Description of Sky: Partly cloudy _ _

Wind Direction: Northeast Wind Velocity: 15 - 20 MPH
Color of Plume: White Detached Plume: VYes

-

"Duration of Observation: 1 hour 0 minutes

SUMMARY OF AVERAGE OPACITY . SUMMARY OF AVERAGE QPACITY
Time Opacity ’ Time Opacity
Set Number  Start End Average Set Number Start End - Average .
1 2:00 2:06 0.83 21
2 * 0 22
3 0 23
4 0 24
5 0 - 25
6 0 26
7 0 27
8 0 28
9 0 29
10 0 30
M 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40

* Subsequent sets were each of 6 minutes duration, and. there were no time lapses between sets.
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OPACITY, percent

‘Tible C-36, continued,

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

] I |
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APPENDIX D. EMISSION MEASUREMENT AND CONTINUOUS MONITORING

D.1 Emission Measurement Methods

For the phosphate rock processing industry, the Environmental Protection
Agéncy relied on Method 5 for measuring particulate emissions, Method 9 for
measuring visible emissibns, and Method 138 for fluoride emissions. These
methods were used as described in Appendix A of 40 CFR Part 60 and published
in the Federal Register (December 23, 1971 and October 23, 1974).

The particulate mass catches from these process emissions were relatively
low, especially for the baghouse controlled emissions. The mass catch amounts
ranged from about 12 mg to over 300 mg. For the particularly low concentra-
tions, some tests were extended to over 3 hours in an effort to obtain
accurately measurable catches. In-house tests have shown that acceptable
atcuracy {+ 10%) can be obtained with a minimuh catch of 25 mg. Most of the
inaccuracy at this level and lower is found on the high side of the measure-
ment; that is, somewhat more mass is measured than is actually collected.

Visible emission readings were made difficult because of high moisture
content of scrubber exhausts from several of the processes. In most cases,

opacity readings were made at the leading edge of the steam plume.

D.2 Continuous anitofing
Effluent gas from the phosphate rock processes are not excessively hot
(1ess than 121° C or 250°F), but can contain fluorides that may react
with water to form acids that would etch glass materials. 61;55 lenseb
on opacity monitoring equipment should either be protected from fluoride

deposits or replaced with material not subject to etching. Visible emission
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monitors are covered by EPA performance standards contained is Appendix B

6f 40 CFR Part 60 (Federal Register, Sepntember 11, 1974).

Equipment and installation costs are estimated to be $18,000 to $20,000
-~ and anﬁua1 operating costs, including data recording and reduction, are

estimated at $8,000 to $9,000.

D.3 Performance Test Methods

The performance test method recommended for particulate matter is
Method 5. Because of the construction of some control equipment, special
stack extensions may be required to obtain acceptable sampling conditions.

Low particulate concentrations in the stack gaées from fabric collectors
necessitate Tonger sampling times and larger sample volumes. The recommended
minimum sampling volume i§ 4.5 dSm3 (160 dscf). Commercially available high
volume sampling trains conforming to Method 5 specifications would allow tes®s
of shorter duration while obtaining the minimum‘sampie volume, thus reducing
time and expense of tests.

Sampling costs for a test consisting of 3 particulate runs is estimated
to be about $5,000 to $9,000. This estimation is based on the sampling site
modifications such as ports, scaffolding, ladders, and extensions costing
from $2,000 to $4,000 and testing being conducted by contractors. If in-plant

personnel are used to conduct the tests, the costs will be somewhat less.

Method ¢ is recommended for visible emissions.
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APPENDIX E. ENFORCEMENT ASPECTS

E.1. GENERAL

' The recommended standards of performance will 1imit emissions

of particulates and visible emissions from phosphate rock dryers,
calciners, grinders and ground rock transfer systems at phosphate rock
plants. The control systems which can be installed to comply with these
standards are scrubbers, fabric filters, electrostatic precipitators, or
a combinatibn of these. The control system méy serve one or several
affected facilities simultaneously. Aspects of enforcing these standards

are discussed below for each affected facility.

E.2. DRYERS
Factors affectfng the level of uncontrolled emissions from phosphate

rock dryers include the design and operation of the dryer and the type of
rock being dried. -The effect of process design and operafion on uncontrolled
emissions is discussed in Chapter 3. The operator usua11y has little control
over the design of the dryer after it is iﬁstalleq..and operation'during:a
compliance test should be no. different than the way the process is normally
operated. The compliance tést should be performed while the dryer is opera-
ting at the maximum pro&uctiﬁn rate at whfch it is expécted_to run in

the future, which may be greater than design parameters indicate. As stated
in the facilit& descriptions in Appendix C, dryers are designed for a

certain degree of moisture removal, and production at this moisture removal




rate will be a function of the character1stics of the feed to the dryer.
Genera]ly, production throughput at a constant mo1sture remova1 rate o
will be greater for sma]l, dry feed than for large, wet feed. The.
enforcement official should therefore be more concerned with the heat
input (fue1 addition rate) to the dryer than the produetion throughput.
Some dryers are designed to burn more than one type of fuel (i.e.,
natural gas or fuel oil). In these cases, emissions from the dryer
should be sampled while the dryer is burning the dirtiest fuel it will
burn in the future. An exception to this would occur if tﬁe dryer is
designed to bufn one fuel, such as natural gas, during normal operaticn,
but can use an alternate fuel, such as fuel oil, when the cleaner fuel
"is not availabie. 1In theselcases, the dryer should be tested during
normal conditions (e.g., berning natural gas). What is "normal" is
somewhat subjective and should be determined by the enforcing agency.
The type of rock being processed by tHe dryer may affect emissions
from some dryers processing rock from the Florida deposits. The Florida
rock falls into two calssifications, pebble rock and cencentrates. Most
operators indicate that they experience greater particulate emissions
when drying pebble rock than when drying concentrates. The reason
they give is that the pebble rock goes through fewer washings in the
beneficiation process (see Chapter 3) and, therefore, has more eIay

adhering to its surface. Attrition in the dryer causes submicron-sized



clay particles to be sloughed off, resulting in greater emissions to
the control system. Because of this, at least half of the rock being
processed during the performance_tests.should be pebble rock. Of
course, if pebble rock will never be procesged in the dryer, this
requirement should be waived.

E.3. CALCINERS

The enforcement aspects for ca{ciners are the same as those
presented above for dryers. The only noteworthy difference is that it
is unlikely that any units will be built to calcine Florida rock, so
the type of raw material fed to the cﬁ]ciner need not concern the
enforcement official;

"E.4. GRINDERS

Phosphate rock grinders are of two basic designs: ball mills and
fo]ler mi1ls. Ball mills are usually ducted to a 'single control device;
however, roller mills are frequently qperated in parallel with several
ducted to one control device. Therefore, it is incumbent on the enforcement
official to be certain that all mills ducted to the control device are
operating during the compliance tests. Types of raw materials do not
affect emissions from phosphate rock grinders.

Factors which affect production rate from pﬁosPhate rock grinders
are the mesh size (fineness) of the grind and the design of the grinder.
Generally, emissions per ton of production will increase as the rock is
ground to smaller mesh sizes. To increase the fineness of the grind,
the operator must increase the residence time of the rock in the grinder,

biasing the particle size distribution toward the smallier sizes. However,




- the process which will ultimately use the ground rock has been designed
to accept a certain size roék, typica1ﬁy 60 percent through 200 mesh,
ahd operages most efficiently with that size of rocé,- Therefore,
fineness of the grind is not generé11y é parameter which thé operator
changes frequently. As with dryers and ca1ciners, production throughput
of grinderé is incidental to other considerations. Production tonnage
decreases as the mesh size being produced gets smaller. Once the
product size is set, the operator usually monitors the amperage of
the mi1l motor and/or mill fan and runs the grinding mil1l at the
maximum production possible without damaging the equipment. The enforce-
ment official should obtain these maximum tolerances from previous
‘operating data (usually available from past'Tog sheets) or, if necessary,
from design data.
E.5. GROUND ROCK HANDLING SYSTEMS

The ground rock handling standard is unique in that it only regu-
lates visible emissions. Also, because the ground rock handling system
usually operates intermittently, the visible emissions test must be
scheduled when the system will be operated for the duration of the

observations.
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APPENDIX F. THE STACK GAS DISPERSION MODEL

F.1. DESCRIPTION OF THE SINGLE SOURCE MODEL (JMHCRD-1)

The model used to estimate ambient concentrations for the phosphate
| rock processing plant is one developed by the Meteorology Laboratory, EPA.
This model is designed to estimate concentrations due to sources at a single

location for averaging times from one hour to one year.

This model is a Gaussian plume model using diffusion coefficients
suggested by Turner (1970)}.* Concentrations are calculated for each hour
of the year, from observations of wind direction (in increments of 10 degrees),
wind speed, mixing height, and atmospheric stability. The atmospheric
stability is derived by the Pasquill classification method as described by .
Turner (1970). In the application of this model, all pollutants are con-

sidered to display the dispersion behaviour of non-reactive gases.

Meteorological data for 1964 are used as input to the model. The reasons
for this choice are: (1) data from earlier years did not have sufficient
resolution in the wind direction; and (2) data from subsequent years are

readily available on magnetic tape only for every third hour.

*Turner, D. B., "Workbook of Atﬁospheric Dispgrsion Estimates,” U.S.
Dept. of H.E.W., PHS Publication No. 999-Ap-24 (Revised 1970).
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Mixing height data are ohtained from the twice-a-day upper air obserya-
tions made at the most representative upper air statton. Hourly mixing heights

are éstimated by the model using an objective interpolation scheme.

A feature of this model s the modification of plume behavior to
account for aerodynamic effects for plants in which the design is not optimal
(see Appendix B)f Another important aspect of the model is the ability to
add concentrations from stacks 10cated_close1y together. In this feature,
no consideration is given to the physical separation betweén the stacks

since all are assumed to be lTocated at the same geographical point.

Calculations are made for 180 receptors' (at 36 azimuths and five selectable
distances from the source). The JMHCRD-1 model used here can consider both
diurnal and seasonal variations in the source. Separate variation factors can
be applied on a monthly basis to account for seasonal fluctuations and on an
hourly basis to account for diurnal variations. Another feature of the model
is the ability to compute frequency distributions for concentrations of any
averéginé period over the course of a year. Percentages of various ranges in

pollutant concentrations are calculated.

F.2. AERODYNAMIC-EFFECTS!MODIFICATION-OF-THE SINGLE SOURCE MODEL
Note: The aerodynamic-effects version is a more general form of the single
source model, All remarks made in section F.1 apply equally to either
version,
The'sihg1e;source model does not address the aerodynamic complications
- which arise when plant design is less than ideal. These effects result from
the interaction of the wind with the physical structure of the plant. Such

interaction can retard or, in the extreme, prevent plume rise. The extreme
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case is commonly referred to as fdownwash.f With downwash, the eff]ueht is
brought downward into the wake of the plant, from which point it diffuses as
though emitted very close to the ground. In the retardation case, some of

the dispersive benefits of plume rise aré lost; while in the downwash case,
all of the benefits of plume rise are lost, along w{th most of the benefits
of stack elevation. Both phenomena--but especially downwash--can seriously

increase the resulting ambient air impact.

The aerodynamic-effects modification, then, {is an attempt to include
these effects in a predictive model. It was developed within EPA and, while
not yet validated, is the best-known operational approach. Basically, it
enables the model to make an hour-by-hour, stack-by-stack assessment of
the extent (if any) of aerodynamic complications. The parameters used in
making the assessment ar2 wind speed, stack gas exit velocity, stack height,
stack diameter, and building height. If a particular assessment indicates no
aerodynamic effect, then for that stack for that hour, the model behaves just
like the unmodified version. If there are aerodynamic effects, the modified
version contains equations by which the impact of these effects on ground-

level concentrations is estimated.







APPENDIX G. bONVERSION FROM ENGLISH TO METRIC UNITS

To convert from to Multiply by
Acre (ac) Square Meter (m2) 4,047 x 103
British Thermal Unit Joule (J) 1.055 x 103
(Btu) .
Cubic Foot (ft3) Cubic Meter (m3) 2.832 x 10-2
Degree Farenheit (°F) Degree Celsius (°C) °C = (°F - 32)/1.8
Gallon (G) Cubic Meter (m3) 3.785 x 10-3
Grains per Actual Milligrams per Actual 2.288 x 103
Cubic Foot (Gr/ACF) Cubic Meter (mg/m3)
Grains per Dry Standard Milligrams per Dry 2.288 x 103
Cubic Foot (gr/dscf) Standard Cubic Meter
(mg/dsm3)
Inch of Water (Pressure) Pascal (Pa) 2,488 x 102
Pound (1b) Kilogram 4.536 x 10-1
Square Foot (ft2) : Square Meter (m2) 9,290 x 10-2
Ton (T) Kilogram (kg) 9.072 x 102
Ton per Hour (TPH) Kilogram per Second 2.520 x 10-1
(kg/s)
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