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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 Cleaﬁ 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 par;jcu1ate emissions be installed
and properly operated atrnew, modified, and reconstructed phosphate rock
plants. The proposed standard is bésed on information presented in this
document and derived from 1) available technical 1iterature 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 hepresentatives 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, 1ndependent experts, 1ndustry 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 1imit 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 impacﬁ and energy require-

ments, was determingd 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
scrubber. 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 enefgy scrubber over the electrostatic precipita-
tor, and the incremental nonair quality adversélimpacts assoéiated with the alter-
native controls would favor the dse of the baghouse (especially for grinders and

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

The proposed standards for phosphate rock dryers 1imit emissions to
0.02 kilogram of particulate matter per megagram of rock feed (0.04 1b/ton)
and O 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 identifiéd "best system of continuous
emission redgction.“ 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 -will achiéve an emissions
level of about 0.019 kg/Mg, while the dryer employing an electrostatic precipi-
tator and scrubber system for contro? échieved 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 df 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)

1-3




and O 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 éystem 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 drép

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

Tevel of control being proposed as the 1imft of the standard.

The proposed standards for phosphate rock grinders limit emissions to
0.00G'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 propésed emissions 1imit has
been set slightly greater than the value attained by baghouses 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 the best system of emissions reduc-
tion in new and modified faci]itigs. 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




than that which would be attained by any other control system econdmicaiﬁy

comparable to the baghouse.

The proposed standard for ground phosphate rock matéria] handling and

storage systems limit 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

°

Experience 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 propoéed opacity standards help to assure that emission contro]

systems are properly maintained and operated so és 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 techno1ogy‘currentTy‘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 judgements 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 result under current -
State impiementation regulations. Accordingly, the matrix compares the
impact of each candidate control capable of achieving the prooosed standard
with the prevailing controls (baseline controls) now being emp1oyed to meet

typical State implementation regulations.

For both the phosphate rock dryer and calciner, the low energy wet
scrubber is the base1ine‘contro1 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 contro] systems)

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

scrubbers. Emissions from dryers would be reduced by approximately 85 pereent
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 concentraﬁion 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 Plug/p3,

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 reguiations) 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 calciner processes by about 8 percent.
The magnitude of either of these impacts would not preclude the use of the
associated confro] system. quever, it is expectéd 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 control of dryer or calciner
emissions is expected to increase overall production costs at any giyen plant by
about 0.1 and 0.3 percent, respectively. 51mi]ar1y, the increase in prqdu;-ﬁf
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 po]1ut§on control of dryer and
calciner emissions is small in comparison with the large volumes of process
waters used for other purposés. The incremental increase (over the baseline
control) of solid materials and radiochemical pollutants collected from wet
control devices designed to attain the standard is negligible compared to
the total amounts already co11ected 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 a1fernatives are assessed. The prevailing control practice in the
industry is to employ baghouses to control grinding and transfer systems,

Because the system of best emission reduction is currently utilized to meet

1-8




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.q.,
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 under Executive
Order 12044 are: 1) additional national annualized combliance costs, in-
cluding capital charges, which total $100 million within any calendar year
by the attainment date, i% applicable, or within five year;;,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,
promuigation of the proposed standard does not constitute a major action

requiring preparation of an economic impact analysis under the Economic

Impact Statement Program,

1-9
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2. INTRODUCTION

Standards of performancé are proposed following a detailed investi-
gation of air pollution contrd] methoas available to the affected industry
and the impact of their costs on the industry. This document stnarizes
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, 1nc1Ud5ng those
who may not be familiar with the many technical aspects of the industry.

To obtain additional copies of this document or the Federal Register notice

of proposed standards, write to EPA'Library'(MD-BS), 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 117 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 statjonary
source of air pollution which ". . . causes or contributes'significant1y

to, air pollution which may reasonably be anticipafed 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 foséil fuel
combustion, the standard must also include a percentage reduction in emissions.
The Act also provide that the cost of achieving the necessary emissioﬁ
reduction, the nonair quality health and environmental impacts and the
energy requirements all be taken into account in establishing standards of
performance. 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 provisibns'
which apply to the proéess 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 prdmu1gated for these new categories on the following
schedule:

25 per 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.
2-2




3. EPA is authorized to promulgate a design, equipment, work practice,

or operationé1 standard when an emission standard is not feasible.

4, The term "standards of performance" is redef1ned and a new term

"technologicdl system of continuous em1ss1on reduct1on" is defined. The new

definitions clarify that the control system must be continuous and may include

a low-polluting or non-polluting process or operation.

5. The timevbétween 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

Timitation 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

environmenta1 impact and energy requirements,

Congress had several reasons for 1nc1ud1ng these requ1rements First,

standards with a degree of uniformity are needed to avoid situations where

some States may attract industries by relaxing standards relative to other

States. Second, stringent standards enhance the potential for 1ong term

growth. Third, stringent standards may help achieve long-term cost savings

by avoiding the need for more expensive retrofitting when pollution ceilings

may be reduced in the future. Fourth, certain types of standards for coal

burning sources can adversely affect the coal market by driving up the price of

Tow su]fur coal or effectively excluding certain coals from the reserve base

because their untreated pollution potentials are high. Congress does not intend




that new source performance standards contribute to these problems. Fifth,
the standard-setting process should create incentives for improved technology.

Promulgation of standards of performance does not prevent State or local
agencies from adopting more stringent emission‘1imitatipns for the same sources.
States are free under section 116 of thé Act to establish even more stringent
emission 1imits than those established under section 11]~or those necessary
to attain or maintain the national ambient air quality standards (NAAQS) under
section 110. Thus, new sources may in some cases be subject to limitations
more stringent than standards of performance under section 111, and prospective
owners and operators of new sources should be aware of this possibility in
planning for such facilities.

A similar situation may arise when a major emitting fa;ility is to be
constructed in a geographic area which falls under the preventién of signifiﬁant
deterioration of air quality provisions of Part C of the Act. " These prpvisions
require, among other things, that major emitting facilities td be constructed
in such areas are to be subject to best available contrql technology. . The
term "best available control technology" (BACT), as.défined in the Act, means.
v . an emission limitation based on the maximum. degree of reduction of each
pollutant subject to regulation under this Act emitted from or which results
from any major emitting facility, which the permitting authority, on a
case-by-case basis, taking into account energy, environmental,,and‘economic

impacts and other costs, determines is achievable for such facility through
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app]icatibn of production processes and available methods, systems, and ‘
fechniques, including fuel cleaning or treatment or innovative fue]‘combus-
tion teéhniques qu control of each such pollutant. In no event shall
‘application of 'best available control techno]ogy' result in emissions of any
| pollutants which will exceed the emissions allowed by any applicable standard
established pursuant to section 111 or 112 of this Act."

Although standards of performance are normally structured in terms of
numerical emission limits where feasible, alternative approaches are some-
times necessary. In some cases physical measurement of emissions from a new
source may be impractical or exorbitantly expensive. Section 111(j) bfovides
that the Administrator may promulgate a design or equipment standard in those
cases where it is not feasib]e to prescribe or enforce a standard of performance.
For example, emissions of hydrocarbons from storage vessels for petroleum
liquids are greatest during tank filling. The nature of the emissions, high
concentrations for short periods during’fi11ing; and Tow concentrations for
longer periods during storage, and the configuration of storage tanks make
direct emission measurement impractical. Therefore, a more practical approach
to standards of performance for storage vessels has been equipment specification.

In addition, section 111(j) authorizes the Administrator to grant
waivers of compliance to permit a SOUrce to use innovative continuous emission
control technology. In order to grant the waiver, the Administrator must find:
(1) a substantial likelihood that the technology will produée‘greater emission

reductiohs’thén the standards require, or an equivalent reduction at lower

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

an unreasonable risk to public health, welfare or éafety; (4) the gbvernbf‘

of the State where the source is located consents; an&_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
earlier if the conditions are not met or if thé system fails 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 catégories of

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

", . shall include a category of sources in such 1ist if in his judgment

it causes, or contributes siQnifﬁcant]y 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 specifies 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
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sources. Source categories which}emit these pollutants were then evaluated
and ranked by a process involving such factors as (1) the Tevel of emission
control (if any) already required by State regulations; (2) estimated levels
of control that might be required frongtandards of performénce for tﬁe
source category; (3) projections of growth and replacement of existing facilities
for the source category; and (4) the estimated incremental amount of air
pollution that could be prevented, in a preselected future year, by standards
of the source category. Sources for which new source performance standards were
promulgated or are under deve1opemnt during 1977 or ear11er were selected on
these critieria. |

The Act amendments of August, 1977, eéstablish specific:criteria to be
used in determing priorities for all source categor1es 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 po11ut§nt may reasonably be anticipated

to endanger public health or welfare; and

3) the mobility and competitive nature of each such category of source¢
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 standafd
for a source‘categbry 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 more time may be necessary if numerous pollutants
must be investigated from a single source category. Further, even late in
the development process the schedule for completion of a standard may change.
For example, 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 1nsignificant
or very'expensive to control. Economic studies of the source category and
of épp1icab1e 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 thefe be no adequately demonstrated system for con-
trolling emissions from certain facilities, standards often do not apb1y to
all facilities at a source. For the same reasons, the standards may not apply é
to all air pollutants emitted. Thus, although a source category may be selected

to be covered by a standard of performance, not all pollutants or facilities

within that source category may be covered by the standards.




2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Standards of performance must (1) realistically reflect best
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 ére modified or
reconstructed as well as new instai]ations; and (4) meet these conditions
~for all variations of operating conditiqns*being considered anywhere in the
country. j

The objective of a program for development of standards is to identify
the best technological system of continuous emission reductidn which‘has
been adequately demonstrated. The legisiative 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 mayrinciude a technic§1 assessment Qf control
systems which have been adequately demonstréted but for which there is
limited operaiiona] experience. In most cases, determination of the
". . . degree of emission reduction achievable . . ." is baséd 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 State;.
Since the best demonstrated systems of emission reduction may not

be in widespread use, the data base upon which standards arejdeve1oped may
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.be somewhat limited.. Test.data on.existing well-controlled sources are
obvious starting points in developing emission 1imits 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 thelleve1 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, unconstfucted but contracted projects, foreign
technology, and published literature are also considered during the standard
deviopment process. This is especially important for soufces where "emerging"
technology appears to be a significant alternative.

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

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

6. In appropriate cases, standards are developed to permit the use
of systems capable of contro]ling more than one p011utant.% As an example,
a scrubber can remove both gaseous and particulate emissions, But an
electrostatic precipitator is specific to particu]ate matter.

7. Where appropriate, standards for yisible emissions aré{de§e1oped
in conjunction with Eoncentration/mass emission standards.“vThe.opacity
standard is established at a level that will require proper operation and
maintenance of the emission éontro] system installed to meet the con-
centration/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 dases, only opacity standards may

be developed to 1imit emissions.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires, among other things, ah 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 standard or regu]ation 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 impaét of a proposed standard upon an industry is usually
addressed both in absolute terms and by comparision with the control costs
that would be incurred as a result of compliance 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 po]]ﬁtants are not the only costs considered.
Total environmental costs for control of wéter pd]luténts 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 capital requirements placed on plants in the absence of Federa] 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 constraintsvon capita] availabi]ityiﬁjthin an
industry, as this factor also inf1Uences the ability of new p1énts to generate
the capital required for‘insta11ation of‘additiona1 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 envirqnmenta] impact
statements on proposals for legislation and other major Federa]iactions
significantly affecting the quality of the human environment. The objective
of NEPA is to build into the decision-making process of Federa1 agenc1es a
careful consideration bf'a11 environmental aspects of proposed actions.

In a number of legal challenges to standards of performance for various
industries, the Federal Courts of Appeals have held that environmental impact
statements need not be prepared by the Agenty1for 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
of a proposed standard, as well as economic costs to the industfy L

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 judicial determinations, the Energy Supply and
Environmental Coordination Act (ESECA) of 1974 (PL-93-319) specifically
exempted,prbposed actions under the C]ean Air Act from NEPA requirementé.
According to section 7(c)(1), "No action taken under the Clean Air Act
shail be-deemed a major Federal action significantly affecting the quality
of the human environment within the meaning of the National Envjronmenta]
Policy Act of 1969." | |

The Agency has concluded, however, tHat the preparation of environmental
impact statements could have beneficial effects on certain regulatory actions.
Consequently, while not legally required to do so by section 102(2)(C) of
NEPA, environmental impact statements will be prepared for various regulatory
actions, including standards of performance developed under section 11} of
the Act: This voluntary preparation of environmental impact statements,
however, in no way legally subjects the Agency to NEPA requirements.

To implement this policy, a separate section is inc]uded‘in this
document which is devoted solely to an analysis of the potential environmental
jmpacts associated with the proposed standafds.~ Both adverse‘and‘bene—
ficial impacts in such areas as air and water‘po11ution, ihcreased solid

waste disposal, and increased energy consumption are jdentified 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 whichrwere promulgated in the Federal Register on December

16, 1975 (40 FR 58416). Any physital or operational change to an existing
facility which results in an increase in thg emission rafe of any po1Tutant
for which‘a standard applies is considered a modification. Reconstruction,
on the other hand, means the replacement of componenets of ah existing facility
to the extent that the fixed capital cost exceeds 50 pércent of thé cost
of constructing a comparable enti?e]y new sodrce and that 1t:be’techn1ca11y
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 éources 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 qua]ity 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 out1inihg procedures for
control of existing sburces 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 technologica] 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 stationary sources

constructed or modified after the propbsa] 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
operatioﬁs centered close to ore reserves.

Phosphate rock mines of significant commercial importahce are 1§cated
in Florida, North Carolina, Tennessee, Idaho, Wyoming, Utah,‘and Montana

(Figure 3—1)..I

In 1975, 21 producers were spread over 36 locations and employed
a total of about 12,000 peop]e.2 Table 3-1 presents the totaj 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. Ih 1976, Florida and North Carolina produced 41.3 million tons,
accounting for more than 84 percenf 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, éuch as elemental

phosphorus and defluorinated animal-feed supplements, Thirty‘percent is ex~

ported.7

The ingredient of the rock that is of economic interest‘isltrica]cium
phosphate, Ca3(PO4)2, also known in the industry as bone phosbhate_of 1ihe
(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.g., 68 BPL rock contains 68 percent by weight of trica]tium‘phosphate.
The final product contains roughly 68 to 74 percent BPL.8

Chemically, phosphate rock may.be considered to contain é substituted

fluorapatite. The basic fluorapatite structure is represented as
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.Table 3-1.  PRODUCTION AND SHIPMENTS OF PHOSPHATE ROCK3s%

Year Production Shi 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

3Ca3(PO4)2'Ca2F.9 Nearly all phosphate ores contain a modified form of
this structure in which some of the phbsphate is rep1aced‘by fluoride and
car'bonat’ce.]0 The total fluoride content of typical phosphate rock is
approximately 4 to 5 percent by weight, ekpressed as f]uorine.ll
Commercial phosphate rock contains 30 to 38 per;ent P205 plus é
variety of impurities such as iron, aluminum, maghésium, silica, carbon

dioxide, sodium, potassium, and su]fates.l2




3.2 PROCESSING METHODS - GENERAL

There are two major characteristics of phosphate Eock which influence
the way it 1s 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
ware 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 in the Western states, with hardness generally
decreasing the further north it is found. Conventional earth moving
equipment 1s 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 beneficiation p1ant 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 mi11 to reduce the ore to particles about the size of beach
sand. The slurry is then size-classified in hydrocyclones, usinag centrifuaal
force to separate product-size material from the tafilings (clay and sand
particles smaller than about 100 mesh). The ore is then filtered from
the slurry and conveyed to further processihg. 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 cons{st 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 .nd 50,000 acres,'?

Carolina deposits occupy about 1.8 million acres

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

burden from the matrix deposits and removing the matrix 1ayér by use of
large electrically driven draglines. Since the phosphate rock norma]]j
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
moisfure as it comes from the ground. This high moisture content precludes any
‘potential for particulate emissions during mining. Once mined, the matrix
1ayerlis dropped into sumps, slurried with water, and pumpeq 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 oré. 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 1a}ger than 1/4 1inch
is sent to a hammer mf]]‘and then recycled to the séfeenSa ‘;n both Florida
and North Carolina benefication processes, the ore ffaction smaller than 14 mesh
is slurried and treated by two-stage flotation, which uses bydrophi]ic or
hydrophobic chemical reagents in conjunction with aeration to selectively
separate suspended particles. No air pollutants are generated during either the
mining or beneficiation processes except at a few plants which mine fhe hard
rock in the southern part of the Western reserves. Because 6f 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 ultimate product for which it is destined. Since

Florida rock is relatively free of organics, it is dried by simply heating to




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 16000F. 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 decreasg fuel consumption and to reduce the

size and cost of the air pollution control device.
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Table 3-2. CAPACITIES AND GAS FLOW RATES FOR PHOSPHATE ROCK DRYERS

15

Product ‘Stack Gas
Rate Type of Flow Rate
Company Location Tons/hr Facilfty  scfmx10-3
Agrico Chemical Pierce, Fla. 1,000 NR 800
Beker Industries Conda, Idago 63 Fluid Bed 27
Borden Chemical Plant tity. Fla. 150 Rotary 52
Brewster Phosphates - Bradley, Fla. 3152 NR 1452
Conserv, Inc. Nichols, Fla. 110 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 Chemfcal - Columbia, Tenn. 21 Rotaryb 18
IMC Corporation Noralyn, Fla. 550% MR 1552
NR
- TMC Corporation Kingsford, Fla. 333 Fluid Bed 70
Mob{l Chemical Nichols, Fla. 350 . Rotary 78
' 350 Rotary 78
Occidental Chemical White Spring;. Fla. 242 Fluid Bed 93
Rocky Mtn. Phosphates Garrison, Montana 5 Rotary® NR
J. R. Simplot Conda, Idaho 150 Rotaryd 22
Stauffer Chemical Leefe, Wyoming 55 Rotary 15
Stauffer Chemical Vernal, Utah 26 Rotary 10
: . - 26 " Rotary “10
Swift Chemical Bartow, Fla. 178 Rotary 56
. 265 Fluid Red 76
Texasqulf, Inc. Aurora, N.C. 233 Fluid Bed NR
USS Agri-Chem Ft. Meade, Fla 187 Rotary MR

A7otal faor two dryers.

bThis dryer operates at 400°F (exit gas temperature).

CThis dryer operates at 250°-300°F (ex{it gas temperature).

4This dryer operates at 300°F {exit gas temperature).
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Emissions from dfyers range from 0.5 to 5 grains per dry standard cubic
foot (gr/dscf), or about 400 to 4000 pounds per hour (1ib/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 F1orfda plants),

fuel type, air flow rate, product moisture content in the case of a rotéry

l
|
|
|
I
|
dryer, and speed of rotation. A unique situation regardjng rock types in i
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 |
uncontrolled emissions from drying pebble rock are substantially higher than

when drying ore from the flotation process.16’]7s18

3.2.3. Calcining
The most common type of calciner is the fluidized-bed unit (i1lustrated

in Figure 3-7), but rotary calciners are also used. Calciners differ from
dryers in that their much higher temperatures require refractory Tinings.
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 cé]ciner
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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 ;ph} As noted
for dryers, the newer calciner installations also tend to be of larger
capacity. Average 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

Crushing 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 employed 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.

Ro]lef 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
against the inside of a steel ring, as shown in Figure 3—9.: Ore is fed
into the mill housing by a rotary valve which brevents 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 isiprovided by the
“revoléing whizzers" at the top of the housing. The average particle size
leaving the mill can be controlled by varying the speed of ﬁevolution of the
whizzers. Further size segregation is provided by the air d]assifier 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 énd conveyed to ground-rock storage. The air stream is
returned to the mill in a closed loop.

The ball mil1l is basically a drum revolving about an ax{s,s1ight1y inclined
to the horizontal (Figure 3-10). The drum contains a 1arge‘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 sweptffrom,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 rbgk dust into the air. As a result, there
is infiltration of atmospheric air into the circulating streéms. This tramp
air is discharged from the circuit through a dust collector fo the atmosphere.
Mi1l capacities range from 15 tph of phosphate rock for a smaller roller mill

to about 260 tph for a large ball mill. Generally speaking, rolier mills are
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1imited 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 methoa 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 purge of tramp air which enters the
system as a result of the vacuum and is therefore more dependent upon the |
design and construction of the grinding ‘circuit than on the capacity of

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

150 tph discharging 19,000 dscfm nor a 250-tph unit diséharging ]0,006

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 particulatg. 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 vo]umetric‘
flow rate for severai types of mills.

3.2.5 Materjals Handling and Storage

Between each of the operations described, proyision is:usually made
to convey and/or store the rock. The materia]s handling and storage
operations employed by the phosphate rock'industry‘fange from truck
hauling énd open storage to sophisticated pneumatic transfer systems
and siles. Some mention has previously been made of'the normal methods of
conveying ore from the mines to beneficiation plants. A discussion of the
handling ahd storage procedures commonly emp]oyed at'other‘steps in the
various processes will now be given.

Beneficiated rock is commonly stored wet in open'piles."Several methods
are used to reclaim the material ffomhthe piles, ihclud{hg skipbloaders,

underground conveyor belts, and above-ground reclaim trolieys. The
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reclaimed ore is fiormally conveyed to the next proceséing step, whether
drying, calcining, or nodulizing, by either open-qr Weathgr-ﬁrbteéie&lmnmm
conveyor belts. |

Rock discharged from the rock dryers or calciners is usually

conveyed to storage siJos on weather-protected conveyors. From the

silos it is either transported in rail cars and trucks to consumers,

or conveyed to grinding mills which prepare the rock for feed to

fertilizer plants.
Ground rock is usually conveyed in some type of totally enclosed

screw conveyor, the dust pump, or the air slide system. The screw

conveyor consists of a long screw enclosed in a tube or covered
trough, and is driven at one end. Ground rock fed into one end of the

tube is carried along the flights of the screw and discharged 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 discharge.
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 the rock dust, assisting rock flow by
gravity down the incline to the discharge end. Provision must be made to
inject air at intervals throughout the length of a 1bng‘conveyor and to

purge the excess air from the uppér segment.
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3.3. PROCESS EMISSIQONS AS RESTRICTED BY TYPICAL AND MOST<STRINGENT
STATE REGULATIONS

Table 3-5 presents a tabulation of state process weight tables for

states in which the phosphate rock industry is located. Florida's

limitations are most stringent, and those of Tennesseé (for existing p15hts),‘
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 iimitation (most stringent and typical) is presenied in Table
3-6. Materials handling systems are not included because of the difficulty

in determining a representatiye system,
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4. EMISSION CONTROL TECHNIQUES

The task of minimizing em1ss1ons from the comp]ex sequence of operations
employed 1n a typical phosphate rock processing plant usually requ1res app11-
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 operat1on has a separate control system

4.1 MINING

Over 98 percent of the phosphate rock produced in the Unlted States 1s

mined from ground. where the moxsture content is high enough to preclude

partwcu1ate emissions dur1ng extraction of the ore. In the relatively small amount

of miqing performed in areas whcce ground moisture content is not sufficient tn

prevent emissibns, such as the hard-rock areas of Utah and Wyoming, some

particulate is generated duhing b]asting‘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

seneficiation 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 we}ght)? prevents emission of partjcu]ate. 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 relatively low temperatureé at which the rock
is dryed is too Tow to drive off gaseous fluoride}z The effluent is about
160° to’200°F, and the particulate loading is about 3 grains per dry cubic

foot.3

The most common control system is a wet scrubber, although electro-
static precipitators ére used by two companies. Exahp1e§ of the éfficiency"
and emission rate for severalicollection systems are,gfven in Table 4-1.
(Additional details of EPA test§ and the results of some sampling conducted by

the industry are presented in Appendix C.)

4.4,1 Scrubbers

Scrubbers are the most common controf device used by 6perators of :
phosphate rock dryers. Probably the most important design parameters for scrubbers
are the amount of scrubber water used per unit volume of gas treated (1iquid-to-
gas ratio) and the intimacy of contact between the 1iquid and gas phases.4 The
pressure loss across the scrubber is often times used as an indication of the
latter. Venturi scrubbers with a relatively low pressure loss (12 inches of
water) will have a cd]]ection efficiency'of 80 to 99 percent for parﬁiculates of
1 to 10 microns in diameter and 10 to 80 percent.fqr‘thOSe less than 1 micron,
whereas "high-pressure-drop" scrubbers (30 inches 4 P) may have collection effi-
ciencies of 96 to 99.9 and 80 to 96 percent, respectively, for particles in the
same size ranges.5 As reporfed in Appendix C, one dryer using a scrubber opefated
at a pressﬁre 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 operatino 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 two«dryers, operated in parallel. One is a rotary design ano the
other is a fluid bed.- The control syétem at this plant is unusual in that
emissions from the dryers are f%rét c]eaned by.two jmpingement 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~va1uef
S{multaneous.inlet and outlet tests have not been performed on the dryers, but
the operator reports inlet loadings to be 0.6 to 1.0 gr/dscf and EPA tests |
show outlet emissions to average about 0.01 gr/dscf (98 to 99 percent eff1c1ency)
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 diameter.8
Ninety-eight percent of the particulate from phosphate rock dryers is larger |
than 0.4 m_icrons.9 |
Plate (électrode) voltage and the fatio o? plate area to the volume of
gas treated are the most important variables affecting emissions from electrostatic
precipitators, However, the res1st1v1ty of the dust in the gas stream being

cleaned and the eff1c1ency with which captured mater1a1 is c]eaned from the plates

can also affect emissions.




' 4.4.3 Fabric Filters

Bag filters are not currently used to control emissions from phos-
phate rock dryers. The industry's apprehension regarding baghouse controls
for dryers stems from the high moisture content of the ekhaust gases (20 to
30 percent by volume) and the potent1a1 "blinding" of bags caused by m1x1ng
of mo1sture and c]ay material. The 1ndustry is concerned the high m01sture
content would require costly precaut1onary measures, such as preheating the
baghouse before startups and providing aux111ary heat at a]l t1mes 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 wgu]d-ereclude the use of bag filters
for control of dryer emissions. Numerods examples of baghouse 1nsta11e-
tions utilized in similar and more difficult applications are related in
this study. The problem of meisture condensation has been resolved in
other industries. Typically, condensation is avoided by maintaining a 50°F
difference between the wet and dry bu]b‘(w.B. and D.B.) temperature. This
can usually be accomplished by insulating all veht 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 froh the dryer
to the baghouse exit should be minimal and well insulated te minimize
heat loss. Control of fuel rate can also help maintain a low 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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acceptable temperaturevrangé of most bag fabrics. This temperature could
probably be maintained by proper design of the dryer and insulation of'the
vent lines. However, auxiliary heating may be required for some Tow tempera-
ture dryers. In any case, it would bé desirab]e to providé a tempera?ure
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 partic1§s which
could adversely affect the performance of a baghouge 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 become increasingly common as a control device in
industries where high collection efficiencies are reqdired. One of the more
common applications is on rotary dryers. They are used extansively on dryers

at asphalt, cement, and mixed-fertiltzer plants; and in the clay industry.74

Due to similarities in emissions characteristics (1nc1udihg a
composition of mainly clay particles, the experience of the clay industry
may be quite app1jcab]e to the phosphate rock industry. Nearly all of the

kaoline (clay) spray dryers and several of the kaoline rotary kiln dryers
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in Georgia are equipped'with bag filters. The typical particle size from

‘the kaolin dryers is smaller than from a rock dryer -- 80 percent less than

two microns as compared to 50 percent less than two microns. The kaolin gas -

stream typically contains between 20 and 50 percent moisture, a dew-point -
‘ 16

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

The Georgia state agency reports that there are no visible emissions

for the kaolin rotary kilns or spray dryers when the baghouse 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 collection 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 superphosphate,
19, |

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

20

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

0f 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_ﬁheir opinion

the baghouse has been used successfully on éven more difficult appiications
o1 ‘ : .

such as dryers in asphalt plants.




The potential control efficiency of the baghouse on dryer emis-
sions may be estimated by applying frac;iona1 efficiency data to the particle
size distribution of dryer emissions. Figure 4-1 shows the particle size
distribution of particulate matter emitted from three separate dryer faci-
lities. The size distributions are determined with the use of sampling
equipment (Brink Cascade Impactor) which separate the stack ges particulate
matter into size fract1ons The material collected in each‘size fraction
is quantified grav1metr1ca11y, and the cutoff particle s1ze for each size
fraction (impactor stage) is calculated based on impactor 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 developing desigh specifications for emission collec-
tion equipmem’:.25’39 The size of particles in the dryer emissions shown in
Figure 4-1 are relatively fine due to the composition of the phosphate ore
(Florida pebble rock) processed The pebble rock contains re]ati?ely soft
clays which disaggregate readily, resulting in the generat1on 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 col]eetion effi-
ciency of the bag filter. The efficiency plot was developed frem 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 4-2v(estimated 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 scr'ubber~s]2’40
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distributions shown in Figure 4-1, and the performance curve of Figure 4-2,
the overa11‘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 1ow‘energ&fstrubber (12 inches
of water pressure drop), which is typically used throughout the industry,
attains an estimated overall efficiency of 93.6 to 96.5 pérceﬁt, depending

on the liquid to gas ratio employed. However, the scrubbér 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 differences between the two pro-
.cesses are the final temperature to whicﬁ 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 1k | 26
0.75 | ‘ 7 | 10°
0.5 | 3. \ 5

aComp'i'led as the mid point of the rang% of size distributions observed
at different phosphate rock dryers5 4
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Because of the similar characteristics of the particulate matter
in the exhaust ga;es from dryers and calciners, it is expected that the
ncontrollability” of emissions from the two proceéses js 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 js 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 reﬁofted]y "less sensitive to damage caused by

the high temperature of the calciner exhaust."”

4.5.2 Electrostatic Precipitators

Only one calciner now uses an ESP to control emissions. The ESP
is two-stage and operates with an inlet particulate 1oading“6f about 5 gr/dscf
and an outlet loadiﬁg of about 0.05 gr/dscf, about 99.0 perceﬁt efficient.zs .
Factors affecting the performance of an ESP were discussed fn 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

concerning 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 emissions

is sihi]ar, it is expected that bag filters would also be app1icab1e for
control of calciner emissions. Baghouse installations are currently used
in nuﬁerous applications similar to'tﬁe serviée which would be fequired for
phosphate rock calciners. The high exhaust gas temperatures are controlled
by a variety of approaches in other industries, such as radiation type

27), water sbray, or dilution with

coolers (used in metallurgical industries
ambient air. The problem of ‘moisture condensation is typically resolveg
by maintaining approximately a 50°0F temperature difference between the wet
and dry bulb temperature. For emergency protection of the baghouse filters, |
a relief system is used to vent high temperature exhaust gases if the
témperature 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 4509F may
aﬁso 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 effiéiency 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 v

Dried and calcined rock is ground prior to being used for the manu-
facture of fertilizers, as described in Chapter 3. The grinding or milling
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 typically 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 precipitators have not been used to control emissions

from phosphate rock grinders. j

4.6.3 Fabric Filters

Fabric filters are the most common device used to control emgs-
sions from grinders. This is probably because the particulate collected by
the baghouse can be added directly 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

fhe use of.baghouéeS'on dryers and calciners. Table 4-4 presents typical
emission rates for grinders. Details of EPA tests and results of some
jndustry tests are presented in Appendix C. The operators report no i
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 which can‘bg controlTed.30 !
Variations in emissions from one uni% to another at a given ]Ocatibn 1
appear a function only of the total volume of exhaust air (Tab1e 4-4); i
For a given fabric filter, evidence suggests that the discharge loading l
is fairly constant over a range of air flows. If true, the mass emission |
rate is proportional to the total gas volume. The lérggst source of
variation in emissions is, of course, the differences in design parameters
'and maintenance of the particular devices cited. The reader is referred

to Control Techniques for Particulate Air Po11utant523 for additional
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4.7 MATERIALS HANULIAG AND STGRAGE

gmissions from materials handling systems aré diffiéult to quantify,
partially because of the great number of different systems employed to
convey rock, and partially because a lérge part of the-emission potential
. for these operations is fugitive emissioﬁs. Materials handling sy»ﬁems
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 pfevent the duét from

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

The most common type of transfer system for unground rock consists_ofv
conveyor belts and bucket elevators. In order to minimize fugitive emissions
caused by ambient air currents, conveyor belts moving dried rock are usually
covered and sometimes enclosed. The major source of emissioné from this 
type of system is the "transfer point" where the material falls by QraQity
from the conveyor belt. Small amounts 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 minimizevfugifive
emissions, but none in the phosphate rock industry have been seen which
are 100 percent efficient. Some conveyors used for similar applications
in the crushed-stone industry, héwever, do control transfer poiﬁts to the
point of no visible emisé%dns.?z |
Bucket elevators are usuaf]y enclosed and evacuated to a control deviﬁe
" 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 necéssary means for enforcemenf 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 frequent]y controlled by fabric filters. For pneumatic ground
rock handling systems,’thfs is the same fabric filter which controls
emiésions from the transfer system. The dust they co]lect is returned to
the silo.

o The emissions pdtentia] for a typical materials handling and storage

33 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 rbck is ground in a water slurry
qnd then added to the NPPA reaction tanks without drying. This has not been

done previously because the water entrained with the ground_rockAwould

require a stronger acid in the WPPA reaction (or be removed by evaporation)
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to maintain the 54-percent P205 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 tbe 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 géi]ons 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 air 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 ;ontend 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 fert11izer.36

and 85 percent of the rock used for fertilizer must first be converted to

37 If wet grinding proves to be a trend in the industry

8

phosphoric acid.
(and present indications are that it wil1),3 the growth rate for bhosphate
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 accordance with Section 111 of the Clean Air Act, standards of
performance shall be estab1ished for new soprces within a stationary
source categpry which " .. may cdntrfbute significantly to air pollution
Lot Standardsvapp1y fo‘operationsvor apparatus (facilities) within a
stationary'souree, selected as "affected facilities," that is, facili-

ties for which applicable standards of performance have been 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
genera? provisions of 40 CFR Part 60, 1nclud1ng additions and revisions
to clar1fy modification and the add1t1on of a reconstruct1on 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 "ex1st1ng facility" defined in 40 CFR 60.2(aa) is an
apparatus of the type for which a standard of performance is promulgated
and the construction or mod1f1cat10n of which was commenced before the
date of- proposal of that standard. The fo]low1ng d1scuss1on examines
the applicability of these provisions to phosphate rock processing
facilities and detéi]s conditions under whith existing facilities could
become subject to standards of performance.' 1t is imp@rtant‘to stress
that since standards of performance apply to affected facilities which,
combined with existing and other facilities comprise a‘statiopary source,

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

make the entire stationary source subject to standards of performante,

only the added aﬁfected_faciTity.

5.1. 40 CFR PART 60 PROVISIONS FOR MODIFICATION AND RECONSTRUCTION

5.1.1. Modification

It is important that these provisions be fu11y“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 N
shall become an affected facility for each poliutant B
to which a standard applies and for which there is an -
increase in the emission rate".

Physical changeé'in equipment design such as a modificatidn
of the dryer flights to increase gas-to-so1idsrcontact ar the reﬁlacement
of a totally enclosed ground rock transfer system with an open system
would probably subject the operator to the provisions Ef Section 60.14
since emis§ions from the equipment wou}d increase.

Paragraph (e) lists certain physicé] or operatiéna1 changes
which will not be considered as modifications, irresbectivé'of ény |
change in the emission rate. These changes include:

1 - Routine maintenance, repair and replacement.

2‘ = An increase in the production rate not requfrfng
a capital expenditure as defined in Section 60.2(bb).

5-2
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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.
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
repiaced 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 mohitoring systems, and manual emissibn 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 Recoenstruction

Section 60.15 regarding 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 facility,
~ he shall notify the Administrator of the proposed replacements.

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

The purpose of this provision is to ensure that an owner or operator
does not perpetuate an existing facility by replac{ng all‘bﬁt vestigial
components, support structures, frames, housings, etc., rather than totaily
replacing it in order to avoid subjugation to applicable standards of
performance. As noted, uponvrequest,.EPA will determine if the

proposed replacement of an existing facility's components constitutes

reconstruction.




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:

1.

2.

Changes determined to be routine maintenance, repair,
or replacgment. For phosphate rock processing plants,
this will include the rep]acement or refurbishing of
equipment elements subject to high heat or abrasijon
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 a capital expenditure ex-

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

3.

5.

line repair allowance of 6.5 percent per year.
An increase in the 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, if 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 1n‘an increase

in emissions. However, conversion to cdaT required
for energy considerations, pursuant‘tb Séction
113(d) (5) or Section 119 (as in effect befbfe 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 cons%dered to be significantly less

effective.

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

cessing facility 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 facility 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 componénts which are subjected to extreme
heat (e.g., refractory linings) or attrition Que 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 oﬁ air, water, solid waste; and énergy resulting
from the use of alternative control systems are assessed. The éhort-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 systéms) are compared with the impacts of notjproposing 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 fndustry are the high effi-
ciency electrostatic precipitator (ESP), fabric filters (baghouses) 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 calctners; é1thqugﬁ;most are low energy devices (8 to 10 inches of water),




whereas baghouses are conmionly used to control emissions from grinding and
materials handling. Baghouses are not currently being used to control

emissions from dryers and calciners. From the simi]arity between the emission

characteristics from phosphate 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 Regu]ations

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 particulates
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 equipment that is

reasonable and practical; in the eighth state (Ca]iforhia), each county sets
its own regulations. In all cases where process weight rate is used, the

regulations become more stringent 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 of solid fuel, recycled material
and raw material being handled in that process; it does not include liquid

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 phosphaté
rock processing industry. The emissions data are bésed on information reported
by the industry and data collected by EPA'.]’Z’?”4 Emissioh factors listed
for dryers and calciners include the effect of primary cyclones. Cyclones 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 fs made in the téb1e between rotary and
fluidized bed dryers and calciners. Available emission information does not
reveal any obvious differences in emissions froh the two units after the
cyclone. '

Variations in emission factors are due to inherent dffferences in the pro-
cessed rock and differences in the process design. In drying and calcining,
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 othef 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 Tabie 6-1
represents emission characteristics for units that are direcf-fired with fuel
0il or natural gas. The emission rates, gas flow rates, and temperatures
presented are the median of the ranges observed in the industry, and are
assumed to be typical values. The variations in exhaust gas volumes fer dry-
ers and calciners are relatively small (+ 20 percent) whereas variations in the
the values for grinders and ground rock handling are larger.  Energy consider-
ations are believed to be responsible for the smaller variation in values for |
dryers and calciners; large variations in values for grinding and ground rock
handling are probably due to variationslin 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 part:cie sizing tests of emissions from dryers, calciners and
grinders. 1,6,6,7 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 "typical" 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 distributions 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 a@ai]ab1e in the

]iteraturel

to the typical particle size distribution given in Table 6-1.
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 éharacteristics.8 The prediﬁted
emission levels associated with each control alternative are consistent with
emissions levels observed at phosphate rock facilities presently employing the
candidate control systems (see Appendix C).

It éhould be noted that both the ESP and scrubber are capéb1e 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 impatts, the less efficient versipns of the

scrubber and ESP are also considered in the analysis as candidate control

systems.

6.2.1.4 Particulate Emission Reductions Resylting from A];gzngtjyg Control

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

levels, 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 plahts, 2) processes with existing plants that undergo

major modifications, and 3) new processes within a plant that are a result 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 “O ‘Hence, if Tﬁwn

- 1s the total (industry) process weight of phosphate rock for the nth'year fo1]owing

promulgation of standards, this growth of new sources can be expressed as TPw

Q1. os" -1), where TPw represents production for the base year corresponding

- to n=6. Based upon a 20-year life expectancy of existing process equipment,

new sources due to major in-plant modifications would be § percent per year

of the base year production (pro). Hence, new sources resulting from major

in-plant medifications can be expressed as h(0.0S TPwo), 'Therefore, 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)3 (TPW,)

. The new, source yearly process weight‘predicted by this equation,vusing 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 23,800 54,000 122,109

TP | 59,500 | 72,400 92,400 | 150,400




The predicted total process weight (prn) for the industry is also included for

comparison purposes.

Processing of production from new sources will be by various schemes

(e.g., drying, calcining, etc.). Hence, in assessing the imdact, it is necessary
to anticﬁpate the percent of new source production by the various processes.
Based on available data for current production by varijous processes, 90 percent
of process weight from new sources will be processed through dryers and 10
~percent in calciners. Furthermore, 90 percent of the process weight from new
sources is assumed to be ground and is throughput for ground rock handling.

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

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

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

The impacts of the various control alternatives on source emissions
jevels 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 dry1ng, ca1c1n1ng, grinding
and ground rock handling, respect1ve1y, the reduct1on in totals emissions 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 eff1-
cient candidate control systems will result in total new source emission

reductions of 95 percent beyond that required by typical state implementation

~ 6-10




*g-¢ 9fqe] uL uaAth se suoijefnbHiou mcowmmwsmwﬂmu_map uo paseg
e

G85°L6 8LE°61 129°¢ 156°TT  980°G  1/£°2 S9°v  9L6°1 sLejog

But {puey
L09°ET pIL°Z 00§ 1.5 cve bl 18 191 20§ punouy

0v8°65 088°I1 0027 219 09z 22 1\ YA | Butpurag
8LY°9 (821 152 G/6°C  €69°T 06/ 6€T°T  98Y Buturope)
099°LT L6v'e  0L9 €6L°9  068°Z SYE‘T L1252 9ST°1 ButAug

02 _ S 1 0¢ 01 - § 1 0¢ 01

BALIRUADL|Y [04UO) JO UOLILSOAW] JBIJY SALSA

esuoLjenbau ds3 Aousorya ybry $S32044
dIS eotdAy Huljasaw , ds3 43qqnaas Abasud ybry :
Loa3uod Aue aapup 49qqnuas Abusud wnipaw 493 L4 ol4qey

Wa3SAS |043U0) BALIRUUBLLY

(4aedj udd suoj) A
STOYLINOD IAILYNYILIY Y3ANN SNOISSIWA JNUNOS MIN  "€-9 8lqel

~




Table 6-4. REDUCTION OF 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 scrubbek or ESP
results in total new source emission reductions of 87 percent beyond the
state implementation requirements. In addition, variation between the levels
of control has the greatest incremental impact on the process of drying, and
very 1ittle impact on érinding and ground rock handling as can be seen in

Table 6-5.

6.2.1.5 Atmospheric Dispersion Mode11ingj‘- An atmospheric dispersion model

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

from emissions from phosphate rock processing plants. The modelling considered
estimates over 24-hour and annual averaging periods for particulates. All
pol1ufants are assumed to disﬁ]gy the dispeféion behavior of non-reactive gasés.
The estimated pollutant concentrations are based on the application of state-ﬁf-

the-art modelling techniques, which implies a realiability of the estimates

to within about a factor of two.
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As shown “in Table 6-6,'eight combinétioﬁs of process and size were
examined: 70 and 25 tons per hour (TPH) calcining operations, 300 and 50 TPH
"drying operafions,,and 100 and 20 TPH grinding operation. The levels of con-
trol achieved by the various control alternatives and the control level achieved

by typical state implementation regulations were examined within each combination.

The following assumptions are applied in the ana1yti9a1 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 effluents 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 unfavorable

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 modei used to analyze this plant is the single source
model (JMHCRD-1) developed by EPA's Meteorology Laboratory. A summary description

of this model is given in Appendix F.1.

The model is programmed to use a previously determined set of dispersibn
conditions derived from the basic meteorological data for eaéh hour of the given
year. The calculations simulate the interactions between the plant characteristics
and these disperéion conditions to produce a.4ispersion patternlfor each hour.
These computations are performed for each point in an array of 180 receptors
encircling the plant. 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 phasphate rock processing plants were modelled with the aerodynamic-
effects version of JMHCRD-1 (Appendix F.2). These effects were found to be-
critical for the 300 TPH drying plant and the 20 TPH grinding plant. Tﬁe
effects were noticeable in most of the other phosphate rock processing cases
examined, but were less significant. The exceptions to thﬁs were the 100 TPH

grinding facilities where no significant aerodynamic effects were noted.

Preliminary analyses indicated that the crjtica] meteorological
conditions (i.e., those giving rise to maximum short-term impact) varied with
the different prototype plant designs. Theéé‘may bé categofized into two

general sets of conditions, namely, those character1zed by high wind speeds

under sl1ght]y unstable conditions and those characterized by low wind speeds under )

highly unstable atmospheric conditions. Within each of these two general

6-16




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.qg., 24-hodr 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 em1tt1ng at the ce111ng rates perm1tted by typical state lmp1ementat1on re-

gu]at1ons. The maximum 24 hour average particulate concentrat1on resu1t1ng

frdm a 70 TPH calciner 1is estimated to occur .3 km from thellb.Z m stack, and

- would be about 89 pg/m3 when the calciner is regulated by‘state implementation
regulations. When the calciner emissions are controlled by febric filters,
high energy scrubbers, ‘or high efficiency electrostatic precipitators, the
maximum resulting 24 hour average particulate concentration is expected to be
14 ug/ma. 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 h1gher maximum concentrat1ons as well as sl1ght1y shorter

distances to maximum annual concentrations. These high concentrations at
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extremely c]bse—in distances for the 300 TPH drying process plants are due to
severe aerodynamic complications on the plume rise. Emissions from the 50 TPH-
p]aﬁts 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 concentrations of particu]éte matter are eipectea to
violate both the annual and 24 hour National Ambient Air Quality Standards
near a 300 TPH dryer which is controlled to comply with typical state imple-
mentation reguiations. Substantial concentrations would also be expected when
medium energy scrubbers or electrostatic pfecipitators are used as control.

It is estimated that u£11ization 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 primariTy.to aerodynamic effects on plume rise. The three 20 TPH
grinding process plants have relatively much higher maximum éoncentrations |
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

, ﬁost]y by much lower exit velocities for the 20 TPH b]ants. This also

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

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

ambient air standards.

6.2.2 Solid Waste Impact

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

enforcement of state regulations.

The solid waste from phosphate rock processing (drying, calcining, grinding
and ground rock handling) consists of material that is col1ect§d in air
pollution control devices. Although emissions from grinders and ground rock
handliﬁg are controlled Targely by usinglbaghoqses, some scrubbers are also
being used. Emissions collected by baghouses should not be considered solid
waste because this material is recycled. Companies do, however, recycle this
material in different ways: to ground rock‘storage, to the grinder, directly
td 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 emissions will be negli-
gible.

The emissions from dryers and ca}éiners are usually collected
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 coﬁ;idered solid
waste, is to pump it to the large settling ponds mentioned above;

Data on solid waste from 10 dryers includes values ranéing 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 systemsfbn 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. -Basica11y,‘therefore, the values ianable 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 beneficiation,  and that this amounts to
over 100 million tons per year, then the édditiona] 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

ESP 510 2,649 5,690 ) ]3,370




The forms of energy, by process, included in the impact are electricity for
dryers, calciners, grinders, pollution control equipment and ground rock

handliny 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 fbr dryeré 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 éontro1:devices varies from less than

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 listed 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 phosphaté 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 fluidized-bed cafcining and by
the associated emission controls separately. However, the total electrical
energy consumption is less than 2.5 percent of the total process and control
energy consumption 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 cycionic

scrubbers to about 6.8 percent for medium energy venturi scrubbers.

If an average control device energy usage is assumed to be 4 percent of
total electrical energy usage, as is typical for phosphate rock dryers, then
the erergy currently required to operate the control device would average
18,760 Btu/ton. Although no eﬁergy data are avai1ab1e‘for rotary calciners,
their emergy consumption js believed to be approximately 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
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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 isvapproximaté1y 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 énd the assocfated
baghouses consume 1,838 Btu/ton or 4.0 percent of the total. It is interesting
to note that this company's rock transport system and associated control device

consume 54 percent as much energy as 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 control a1ternétives with current

energy usage. ESP's show a Jower energy consumption than the other control
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 Tow
average amperage and consequently does not consume much energy compared to the }
energy required for movement of large volumes of gases through the system. The
energy required for operation of é fabric fi]tér is about the same as for a venturi
scrubber operating at 18 inches of water AP. Venturi scrubbers opefating at |

26 to 27 inches of water AP will consume the most eﬁergy 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.

- 6-26
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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 type of control alternative that is used.
The overall increase 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 moét energy - intensive control

alternatives.

The data in Table 6-11 clearly illustrate fhat 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 regu]ationé 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
grinaing and ground rock materials hand]ing to the more strihgent 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 aiternative 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 standardé of performance for the phosphate
rock processing industry will have little 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 treatment, 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.




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,!® whereas
250 to 350 galions 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 agents and

pH adjustment. Wastewaters from rock processing constitute a negligible

addition to these ponds.

Deposition of the overflow waters from the settling 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
oveff1ow from the ponds is intermittently or continuously discharged to
receiving bodies' of water; fhe remaining portion, 60 to 90 percent, is

recycled.l5

6.2.5 Radiation Impact

The poliutants.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-ZZG).Ts The soyrce

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 tonvof 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 receijving
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 Titer of radiochemical pollutants!? - more than 3
times the Atomic Energy Commission (AECS standard for release to an unrestricted
environment within an AEC 1iceh$ed plant, and 30 times the maximum permissible
concehtration for water. However, when the radium concentration in the water
table aquifer was compared at mined and unmined Florida phosphate rock reserves,
no significant differences were found.l8 ' |
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 ;1imes (a by-product of beneficiation) and found




radium-226, uranium and thorium in quantities of 45, 89, and 53 picocuries per
gram, respective]y.19 Soil 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 radipactivity
of persons in structures built on reclaimed phosphate land. One study
showed exposure of inhabitants of such structures to be up to 50 times
the normal background level of radiation.Z] 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 tb alleviate

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 negligible compared to the
total water usage at a phosphate rock plant. If we consider only the incremental
difference between the water usage necessary to comply with existing emissibn
regulations 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 amount of particulate collected and
ultimately disposed as solid waste will be negligible. 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

| Appliéation of the alternative control systems to cbntro] emissions from
the phosphate rock processing industry to within an obtainable limit will
result in minimal or no short-term versus long-term trade-offs between
environmental parameters. Howévér, théif.application does result in
trade-offs between the environmental parameters and econéﬁics, and between

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

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

and solid waste generation. Basically this means that the application

of any one of the control systems to meet a stringent control Tevel 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 conﬁro]]ing emission from phosphate rock

grinding and materials handling exists between the irretrievable loss of
productr(resource) and the type of control system. Dry dust control systems
allow the captured emigsions to be recycled as product whereas wet control
systems make this practice economically infeasible. The economic benefits
of recoVering collécted emissions is demonstrated by the factlrhat most
plants currently kecycle emissions from the primary dry collectors ahd f}gm

baghouses employed in control of grinders emissions.




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 greater 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
application 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 another 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 pariicu]ate control.
Use of such a device is also a long-term commitment to greater energy

consumption.

Trade-offs resulting from the use of water wiih the venturi scrubber
and not with the other devices is not consideredlto be sfgnificant. 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 tregtéd 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 eVa1ua§ion'of three a1ternativevaction

plans. the three plans are: 1) the cdntinued use of SIP regulations;.
2) establishing more stringent levels of control for new sources and,
3) delaying the promﬁ]gation of standards of performance in ahticipation 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 contro? systems--ESP's, scrubbers,
and baghouses--are capable of better control than sbecified by the SIP
regd]ations. The corresponding emwss10ns reductions over tha SIP's for

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

©6.3.2 Establishing New iLevels of Control for New Sources

A re]ativé 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 rankingn(e.g., particulate contro] Timit)

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




Table 6-12. RANKING OF IMPACTS FOR THE ALTERNATIVE

CONTROL SYSTEMS

. Impacts .
Control System Air | Water | Solid Waste | Energy | Radiation.
High-energy Venturi 1 3 3 3 3
scrqbber , v . \
High efficiency ESP 1 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

matter.

6.3.3 Delaying the Establishment of Standards of Performance

If establishment of standards of performance js delayed for about‘
five years, EPA will be in a better position to eva1uaté the technical and
economic feasibi]ity of wét grindih§ If proved féasib1e wet-grihding
would enab]e the Agency to promulgate standards which wou]d d1sallow all-
part1cu1ate emissions from phosphate rock drying and grinding of low
wganic ores (about 75 percent of the ores currently mined). However,

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

1. Over 36,000 tons of avoidable particulates woq1d be emitted from
existing plants over the next five'years. This can be seen from
the 1nterpolat10n of the annual emissions reductlon data g1ven
in Table 6-5. |
The emissions data presented in Appendix C would be out-dated and no

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

necessitate a new engineering program to evaluate the level

of control attainable at that time.
Prompt institution of stringéﬁt 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 capacjties
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
companiesAmine 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 Ficrida, North Carolina, and Tennessee having over 90 percent of the
dqmestic rock capacityv(see Table 7-2). Florida, with approximately 78 percent
of 1978 domestic capacity, dominates the U.S. industry and is the worid'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 midd]e of the Sfate,‘
has declined in importance over the last several years and is now the least
important rock producing area in the country. The Tennessee Va]]éy Authority
and two private corporations have discontinued mining in Tennessee, and no new -

plant expansion is planned.

North Carolina possesses a rich phosphate rock deposiﬂ in Beaufort County

a]odg’the Pamlico 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 Chemicals 8,618 11,340 32 20.5
Bonnie, Florida :
Kingsford, Florida
Noralyn, Florida’ o '
Agrico Cheﬁical Co.:(wiiliams) 5,443 8,618 - 58 15.6
Pierce, Florida o . :
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 ' ‘ 1
Fort Meade, Florida | |
Brewster Phosphate . 3,175 s 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 l
Ft. Meade, Florida ‘
Gardinier - 1,966 .. ' 3.6
Ft. Meade, Florida
Monsanto Industrial Chemical Co. 1,905 1,814 -5 3.3
Columbia, Tennessee
Henry, Idaho
Cominco-American 680 249 -63 ‘ 0.5
Garrison, Montana .
Texasgulf - 3,175 4,536 43 8.2
Aurora, North Carolina '
Swift Chemical ’ 2,903 2,903 - 5.3

Bartow, Florida




% Ihcrease % of U.S. Total
1977 1967-77 . . 1977

Stauffer Chemical Co. 1,950 -34
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




Table 7-2. PHOSPHATE ROCK PLANT CAPACITY BY REGION, 197835 *

Capacity Percent Numbey - 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 L
Tennesse 2,359 4.1 4 4
Western States 5,647 9.8 6 7

Total 57,902 100.0 22 27




this resource, recently expanded plant capacity by 43 percent and has plans
for furtﬁer expansion. Another company has announced plans for a large dpera-
tion in Washington, North Carolina.

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 cémpanies coﬁtro]
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

phosphate fertilizer products.1’3’4

In many cases, the rock producers also
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 producjng 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 iqgreaserf about_§1;Wpercent over the 1976 production level.
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Table 7-3. VERTICAL INTEGRATION IN U.S. PHOSPHATE INDUSTRY!:»3»%

Company Rock . WPPA DAP Super TSP Furnace P

Agrico
Beker

> >

X

X

Bordon X
Brewster X
Cominco X
Gardinier . X
W. R. Grace X
X

X

X

X

X

> > X X

Hooker
IMC

Mobil
Monsanto
Occidental

><
>
><

Presneil X
Relyea X
J. R. Simplot X
Stauffer X
Swift X
TVA X
Texasgulf X
USS Agri-Chemicals 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
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Table 7-4. PHOSPHATE FERTILIZER CAPACITY CONTROLLED
)1,3,35

BY PHOSPHATE hOCK PRODUCERS (%

Phosphoric Acid
Ammonium Phosphate
- Concentrated Superphosphoric Acid

Triple Superphosphate




The producers in Florida and North Carolina together accounted for about 86
percent of this output, or about 40.1 million tons. 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 phosphoric acid, high-
analysis fertilizers, and elemental phosphorus. Second, about 20 percent of
the rock is sold to domestic fertilizer manufacturers and other producers of
elemental phosphorus.' 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, apima] 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]ementa]lphosphorus, def]uorinated rock, or other
minor applications. "Nearly two-thirds of the annual Florida ang-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 industrial chemica]s; 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
(10% metric tons) ’ |

U.S. Demand————>~

34,207

——Agricul ture —————~
' 30,123
88.1%

- r>»Defluorinated Rock

298
0.9%

L_»Normal Superphosphate
913

2.7%

F>Wet-Process

Phospneoric Acid - -
27,024
79.0%

—>Jirect production of

triple superphosphate
1,852 ‘
5.4%

3 Industrial ———>
4,084

L—Direct applications
36
0.1%

—>» Elemental. Phosphorus
3,904 '
11.4%

11.9%

> Ferrophorphoru
180 . '
0.5%




tically, with slightly more than one-third used in fertilizer produétion and
the remainder used in electric furnéces to produce elemental pho:sphorus..9
Roughly 20 pércent of the western production is expofted, 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
detétgents, and environmental regulations have caused replacement or highly
reduced concentrations of phosphates in the detergent industry. This trend is
likely to continue.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 ﬁhat an uninterruptible feed of rock for the
fertilizer plants will be available., Mining companies in the West accumulate
stocks only in the mild months so that the p]aﬁts can be supplied through the
winter months.

Industry stocks reached their high in 1970 with an inventory of nearly
13.2 mi]]ion‘metric tons of mgrketab]e rock. During the early part of the
decade, increasing demand for rock steadi1y 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 metric tons 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 metfic,tons)

Exports
5,782

6,643
8,390
9,137
10,976
10,284
10,649
11,419
12,950
12,585
12,605 -
11,131
9,433
13,230




1974. In 1977, exports were up only 5 percent over 1974. OQver thé last
several years, an increasing percentage of Florida rock has been going to the
export mafket, where prices are generally higher. This trend is unlikely to
continue indefinite]y,.however, as most export demand is for high grade, high
éua]ity rock. Grade refers to the percentage of‘bone phosphate of Time (BPL)
in the rock, and quality refers to the absencé of foreign materials. The
quality and grade of rock being taken from existing mines in F]orida are
declining severely, and the remaining exp]oitab]e deposiis are of low quality.
This signals a long-term, gradua](decfine in F1orida's importance in the
industry,,with‘the slack in‘high qua]ity rock supp?yllike1y to be taken up by
North Carolina and Western pfoducers.38 | , |
While the United States is the world's 1dbgest‘producer of phosphate

11 5t 4s not the

rock, with almost 42 percent of the world production in 1976,
world's largest exporter. Morocco, the wor]d's third leading rock producer,
behind the United States and the Soviet Union, dominates the w@r]d’s ekport

12 The u.s., on

market with 37 percent of the world's rock export shipments.
the other hand, supplies between 20 and stpertent of the Qorld's équrt: 
shipments. As a result of its dominance and its pﬁentifd]hsupplies of high
quality rock, Morocco, almost alone, dictétes the price of phosphate rock in
the export market throughout the world. 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 é substantial quéntity‘of rock from Morocéo.39 This
was the first pgnetration of the U.S. market by a foreign producer, but.it is
unlikely that imports will accouﬁt 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 uéed in the United
Sfateé is cbhsumed in the prddudtibn of fertilizers, and since most of the
rock exportéd is eventually turned into fertilizers abroad; the U.S. phosphate
rock industry is naturally tied closely io 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 mafkets, 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
ﬁncreasing world population. In order io feed the world frbm a lihited amount
of land, .it was imperative that increasing amounts of fertilizers be used to
obtain Eigher crop yields.. With the use of fertilizers growing worldwide, the
broduction of phosphate rock expanded, both to supply domeétic needs and to‘
satisfy the burgeoning world demand. As Table 7-6 indicate;, U.S. production
of phosphate rock grew from‘a Tevel of 23.3 million metric tons in 1964 to
37.5 mi]]ionrmetric tons in 1968, a compound annual growth rate of 12;6 per=

cent.13

The biggestljump 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 mitlion metric tpns 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 rate§ experiencedkby the rock and fertilizer indus-
tries from the early to mid 1960's attracted new produéers, mainly oil com-

panies, into the industry and caused existing producers to eXpand their ca-

pacity. However, this bui1d-dp 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 fof several years had been the
savior of the U.S. industry, was 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 thrqugh 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. Ufs. 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‘mi11ion
metric tons in 1970 (see Table 7-6).14’15 ‘Even with the decreased production,
industry stockpiles mounted from a level of 9.0 million metrjc 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 ferti]izer.prgducers
instituted heavy cost-cutting measures. Production improvements were made in

| new plants, uneconomical fertilizer plants were c1bsed, four western rock
mines were shut down, cheaper transportation methods were devi;ed, 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 percent of
capacity. In additioﬂ: jnventories were decreasing and approaching normal
levels (see Table 7-7).

The cyclical nature of the phosphate rock and fertilizer indugtries
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 yie1qs.
Second, the expansion of food crop acreages at home and abroad generated an
increased demand for fertilizers. Third, U.S. agricultural aid to foreignv
countries led to an expansion of fertilizer use in developing countries.

Thus, the strong demand coupled with the decrease in capacity made it diffi-
cult for the U.S. phosphate indusﬁry 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 level (6.9 million metric tons at end of year) since
1965 (see Table 7-7).1; 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 IT controls Timited domes-
tic phosphate prices to the low levels that prevailed when the industry had
excess capacity. Meanwhf1e,'there were no controls on export prices, which

jncreased substantially because of strong foreign demand. Fertilizer prices

19

jn the export market were 30 to 50 percent higher than domestic prices. As
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a result, the investor-owned rock and fertilizer producers directed more of
their sales efforts to the attractivé export market, leaving the patron-
oriented cooperatives with the’difficﬁlt 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 Costvof Living Council lifted price controls on ferti]izer products late
in 1973 with the promise that the industry would supply more ferti]%zer to
domestic markets. With this announcement and t;e continued strong demand for
fertilizers, domestic prices increased steadily for the remainder of 1973 and
throughout 1974. By early 1974, prices for phosphatevfert€1€zers 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) in

22 I addi-

January 1974, from $6.50 to $20.20 per short ton in January 1973.
tion, discounting on list prices was just about eliminated for fertilizers.
Throughout 1974 domestic and export prices continued to increase. In April
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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This difference between the U.S. and Moroccan export prices can be explained

.as follows. First, the quoted prices reflect the prices received by the
producer, that is, théy are net of transportation costs. Second, the largest
market for U.S. and Moroccan exports is Western Europe.3 Hence, the transporta-
tion tﬁsts for Moroccan rock are much smaller than those for U.S. rock being

shipped to Western Europe.43

Because exports to Western Europe are a large
proportioﬁ of total U.S. exports, the average price received by U.S. producers
is lower than the price received by Moroccan exborters. The world price in
late 1973 was only $15 per metric ton.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 duriné this period, aTthough not to
the extent. of U.S,.prices.36’40
WhiTe 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 migﬁt otherwise
have been closed for economic reasons. Pﬁoduction 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 tolan all-time Tow 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 io the domestic market. Nonetheless,
the supply and demand situation remainedvtight in the U.S. in 1974 as fertilizer
demand was boosted further by continued high prices for farm prbducts and
increased farm acreage. Farm broducts were‘sel1ing‘at double the 1967 base
year prices and-acreage in 1974 was 10 to 20 percent above 1973 p]antings.25
Demand for phbsphate fertilizer was said to be 15 percent higher than the

available supply.26
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Although production cbntinued 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 fertilizer industry (1975) following the all-time high prices and
production levels of 1974. Fertilizer prices came down, which helped clear
surpluses, and phosphate rock prices retreated somewhat from the sharp in=
creases of 1974. Fertilizers begaﬁ 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 i975, 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
reached a 1976 Tow of 9.4 million metric tons, down 25 percent from 1974. The
combination of production increases and softening demand permitted phosphate
proddcers to increase their year-end inventories from a low of 5.2 million
metric tons in 1974 to 12.2 million metric tons in 1976.

The ferti]iier 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 the average value of rock sold on the U.S. market dropped by 17
percent, to $15 per short ton. World fertilizer demand also strengthened
greatly, and the closing of the large Bu Craa mine in the Spanish Sahara has

helped to relieve oversupply conditions.41

Exports rose to 13.2.million
metric tons, a 40 percent increase from the previous year, and although world
prices continued to fall from 1974 levels, prices were still significantly

higher than those prevailing 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 fn fertilizer use.
It is also uncertain how much tonger 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. Export§

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 p1ck1ng up in April.

7.1.7 Industry Outlook and Growth Projections

Table 7-8 indicates the additional phosphate rock processwng 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 fﬁture industry performance. While the total indus-
try expansion could be Jless 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, iota] industry capacity in 1983 is
expected to be around 72.9 million metric tons of rock per year.1’3"This
represents a net increase of 25.9 percent, or 15.0 million metric tons

, over

the January 1978 total. Three new firms have p]ans to enter the 1ndustry
while about eight new mines will be opened.

According to Table 7-9, about two-fifths (6.2 million metrlc tons) of the
absolute capacity increase will be in Florida. The expans1om_w11] represent
only a 14 percent increase over January 1978 capacity, a much Tower growth
rate than was expected a few years ago. Two producers are phésing out mines

and replacing them with operations having similar capacities. Two companies




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 Plannedi
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
Dry Valley, Idaho 1,179 181 1,361 1,361

Manatee Co., Florida - 1,814
Borden Chemical

Teneroc, Florida 907 -907 - -

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

Brewster, Florida 5,715 - 5,715 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 Prairie, Florida 2,540 - 2,540 2,540

Manatee Co., Florida - 2,722 2,722 2,722
Hooker Chemical - '

Columbia, Tennessee 454 - 454~. 454
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‘Company/Location

International Minerals & Chemicals
North Wales, Florida 2,722

Kingsford, Florida 8,618
Polk Co., Florida 0
Husky 0i1 Tracts, Idaho 0

Miss. Chemical Corp.
Wauchula, Florida -

Mobil Chemical

Nichols, Florida 1,361

Ft. Meade, Florida 2,903
Monsanto

Columbia, Tennessee 907

Ballard, Idaho 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 Minera]s‘Corp.
Polk City, Florida 454

1978 Capacity -

Additional or
Reduced Capacity
By 1983

91
1,814

7-23

1983 Capacity

2,722
8,618

91
1,814

N
- w
O W
oo,
D =

907
907

2,722
454
91
1,814

544
726
.680

2,722

454

Capacity Planned
Beyond 1983

2,722
8,618

91
1,814

1,814

1,361
2,903

907
907

3,629
2,722
454

91

11,814

544
726
680

2,722

454




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 broduction 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 expaﬁsion 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‘§1ight capacity increase at one of
its mines.

The rate of capacity increase has slowed in recent years, and these
estimates could be somewhat optimistic 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 conditiops) influence domestic demand for

fertilizer. The five-year decline in farm income and the USDA farm programs

will almost certainly exert a negative influence 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 stabi1ity in world phosphate markets. It is
unlikely that there will be either severe oversupply of 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 l983
, (M1111ons of metric tons)

Domestic Export Total- | Capacity
Demand Demand ~ Production  Capacity Utilization (%)
1977 . 34.2 13.2 46.42 55.3° - eap
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
’ K (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.
€ Capacity by the end of 1980.




preceding decade. The industry also seems to be reaching a more stable price
structure after the drastic hiké of 1974 aﬁd steady drops of the Tast three
years. ‘ '

World demand for fertilizer is expected to grow at about 4 to 5 perceﬁt
per year, and most esiimétes 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 population growth is
declining, indirectly affecting world fertilizer consgmption{ |

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

38 Morocco, the world's leading

as the quality of its ore continues to decline.
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 Moroccé, over which they have little
control.

Projections based on a probable annual growth rate of 4.5 percent put
U.S. exports at 17.2 million metric tons in 1983. Using the median projec-
tions for domestic and export demand, 56.4 million metric tons of U.S. rock
Qi11 be consumed in 1983 while the industry wii1 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, gfven the projected

demand range (Table 7-10), they will probably continue at this level or reduce
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production sfight]y. Current inventories are on a three-year rising. trend, so
it is possible there will be some cutback to reduce these 1nventor1es if
demand is soft in the next few years.

On the basis of the above discussion, the majority of the new p]ant§ and
planned expansions outlined in Table 7-8 will be needed by 1983 if producers
. wish to keep operating at normal capacity Tevels. 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 phosphéte rock industry will exist until at Jleast

the middle of the next decade.




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 facifity. Each model is of such size and process cggfiguration
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
cost, 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 would be exceeded, and that, to up-
grade the system to this level 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. Incrementél operating
costs are also presented for the ground rock transfer system éaghouses. 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 vo]umetrig flowrates) as
well as the particulate confrol 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 contro] costs at an existing insta]]ations

is very difficult without first performing detailed engineering étudies.

Some model faﬁi1ity costs have been based on data obtaine& from the
individual phosphate rock companies through requests for information
under the authority of Section 114 of the Clean Air Aét.2 to 5 Cost
data have also been available from the Industrial 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 referenceé 9 to 13 were used
to obtain the remaining information.

Two major- kinds of costs have beenldeveloped herein: 1installed
capital ‘and total annualized costs. The insta]ied capital cost for each
control dev1ce system includes the purchased cost of the major equipment
and aux111ary equipment, the cost for site preparation and 1nsta11at1on
of the equipment, and design eng1neer1ng cost. No attempt has been made
to include costs for research and deve]opment, poss1b1e Iost productwon
during equipment 1nsta1]at1on, or. losses durlng startup.

" In addition, two installed cost estimates have been made for each
- model fac111ty control system. The first of these ref]ects the cost of

installing the equfpment at a new faciiity, bu11t, as it were, “from the
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ground up". The other, the modified facility or retrofit eontro] 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 factqrs enter in,

each of which is peculiar to an individual fac111ty However, for the'
sake of s1mp11c1ty, a retrofit penalty equal to fifty percent of the
'1nstallat1on 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:

e Labor and materials needed to onerate the control equipment;

¢ Maintenance labor and materia1s;

o Utilities, which include electric power, process water, and

.cooling watert

® Water treatment.’'(herein, applicable to the efectrostatic pre-

~ cipitator and venturi scrubber-systems)

The annualized capita] charges account for deprec1ation interest,
administrative overhead, property taxes, and insurance. The depreciation

and interest portion is computed by use of a capital recovery factor,

7-33




the value of which depends on the device operating Tife (10 years for

the electrostatic precipitators and venturi scrubbers, 15 years for the
fabric filters) and the interest rate. (An annual 1nterest rate of 10
percent has been assumed.) Administrative overhead taxes, and 1nsurancef
have been fixed at an additional 4 percent of the insta]]ed'capita] cost
per year.

The dust recovery credit accodnts for the value of fhe phosphate
rock dust recovered by the control equipment. (In this Sectién the
credit has only been applied to fabric filters contro11§ng the arinder
model facilities). The dust recovery credit isvestimated based\on an
assumed value for the collected dust of $22 per megagrah ($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 cosf
appear in Table 7-12. A1l costs reflect first quafter 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 credif from the sum.

7.2.2 Cost of Alternative Control Measures

For each of the new and modified calciner and dryer facilities 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 facinties. The coﬁts of the alterqative control
systems have been ébmputed at four‘a1ternative control 1evels;- These
levels correspond to the ﬁerforﬁance of the alternative systems 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
jtself, auxiliary equipment (fans, pumpé,retc.) and é centrifugal scrubber
precleaner. This low efficiency precleaner is installed upstream for
purposes of scrubbing the corrosive gases (sulfuric acid mist, mainly)
from the effluant before it enters_}he ESP. (These corrosive gases
_result from the combustion of the more commonly used high sulfur fuel
0i1 in the calciners and dryers.) Use of a scrubber precleaner has been
found to be more cost-effective .than constructing thé ESP from stainless
steel or other corrosion-resistant materials.

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

The disposal equipmént consists of a slurry settling system and Lvo
filtering systems (one standby) to dewater the slurry product.

A dust disposal system consisting of dust hoppers, screw conveyoré,
and a dusf 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 be recycled to the process. However, except for the dust
captured by the grinder baghouses, the material is of such low guality
that no recovery <credit is taken for it. Also included in the control

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

Tables 7-13 and 7-14 illustrate the new and modified calciner model
faci]fty 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
particd]ate loading. As stated previously, the maximum control level con-
sidered for each of the controls is that which is achieved by'thevbaghouse,

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, moét]y because‘they are less sensitive
to damage caused by the high temperafure of the calciner exhaust. Because
of this high témperature, no fabric filters are being embloyed by calciner
operators.. quever, if suitable provision is made for cooling the gas
stream before it reaches the‘filtering compaftmenté, then fabric filters -
can be used. Last]y.ronly one calciner is now being controlled by an ESP,
but 99 percenf control has been obtained with it.

Since high-sulfur content fuel can be used to fire calciners, all
three systems‘have been désignéd to protect against corrosive combustion
gases. The ESP system employs the aforementioned centrifugal scﬁubbef

prec]eanér, whereas the venturi scrubber and fabric filter systems are

fabricated of 316 L stainless steel--a metal that is particularly resistént

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
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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

|

|
i .
ESP varies from 94.5 to 99.0 percent, the ESP surface area to gas volume :
ratio varies from about 0.69 to 4.0 m2/m> ner minute (200 to 1200 ££2/1009 ACFM). :

On the other hand, the coﬁts of the centrifugal scrubber and the ESP system
auxiliaries are fﬁnctions of the volumetric f1owréte, and hence, do not denend
on the removal efficiency.
~ The ESP total annualized cost also varies 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 contro] level ($601,700 and $869,700,
respectively). However, since the scrubber electric power cost is
directly proportional to the scrubber pressure drop, jtself a function
. of the control efficiency, the direct operating cost is seen to increase
about 59 percent as the efficiency rises from 94,5 to 99,0 peréent.w Note -
finally, that the scrubber total annualized cost is substantially loﬁer'
than the corresponding ESP system costs. .It ranges from $0.77 to $1135/Mg;
The fabric filter installed cqsts, though lower than thngSP costs, are
significantly higher than the scrubber investment estimates. However,

the annualized cost for the fabric filter is slightly less than that
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of the scrubber at comparab]e contro1 eff1c1ency Lastly, it bears
noting that the fabric filter cost corresponds to a s1nn1e 1eve1 of effi-

ciency. Nearly all filters are deSjgned to ach1eve the'most stringent

control level.

The relationships between total annualized costs and the various

control levels are g}aphically illustrated in Figures 7-2 and 7-3.

7.2.2.2 Dryer Model Facility

The same inlet dust loading, moisture content, and coetrol systems
discussed for calciners also apply to the dryer model facilities. 1How—
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 cperators 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, instaIIed for corrosion protectﬁon purposes. (The'design of the:
model p]ant ESP control- system has been patterned after it. ) As exp1a1ned:
in Chapter 4, fabric fi1tration is a feasible a1ternat1ve tor controlling
dryer particulate emissions, even though no ex1st1ng installat1ons

currentiy employ this method.
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Figure 7-2. Cost curve for new calciner model facility.
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Tables 7-15 and 7-16 show that the ESP system costs (both'insta11ed
and total annualized) are significantly 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 costslfor these extreme cases
are $0.68/Mg and $0.37/Ma, respectively.

As With 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 installed 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 anﬁuanzed cost ranges from
$256,000 (new facility) to $3Q6,b00 (modified facility), which clearly makes
it the least 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 previougly. the systems employéd'for‘controlling-the
cg]ciner and dryer model plants have been-speciai]y designed?fa resist -
the corrosiveness of this exhaﬁst stream. To illustrate the differences
between these costs aad the costs of systems not designed‘with corrosion

protection, Tables 7-17 and 7-18_have been constructed, respectively, for
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Figure 7-4. Cost curves for new 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
afesubstantiai1y 1ower than.their counterparts. The bigge$trdifference
is dde to the fact that no scrdﬁber precleaner is required Wi£ﬁ the no
protection system. In éddition,'the process water, yater'treatment, and
electric power operating costs are lower. |

The cost differences Setweeh designs featuring protection and no pro-
tection from corrosion, are fess'pronounced fortthe Qenturi scrubber and
fabric filter control systems. This is because the scrubber or baghouse
uhits designed with corrosion protecfion have been fabricated from 316 L
stainless steel, while the norﬁal designs have been constructed of materials
such as rubber¥]ined‘carbon steel, which afford some, but not enough, pro-
tection. | |

7.2.2.3 Grinder Model Facility

vNo corrosive gases are emitted from grinqing~operations;‘ Therefore,
the control systems do not have any built-in corrosion protection. Thus,
the venturi scrubbers and fabric fi]térs are fabriéated of carbon steel,
instead of the corrosion-resistant 316 L stainless. (Because none are
used to control grindérs,ﬁno‘ESP;costs have been deve]oped.) This fact,
codp]ed with the much lqwer volumetric flowrate, has resulted in sub-
stantia]i& lower control costs for grinder facilities. The important
process parameters are listed in Table 7-11.

Most commonly the vent stream from the grinders is discharged through
a fabric filter, becaﬁse the.e%fiuent 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 to meet the SIP emission limits
with relative ease. o

As with the calciner and dryer models, the installed costs of the
fabric filters are higher than those for the venturi scrubbers. But, as
Tables 7-19 and 7-20 clearly show, the total annualized costs follow a
different pattern. For the new facility the venturi scrubber annualized
cost ranges .from $72,000 to $74,700/year. Again, the fabric filter
system annua1ized_costs are the 10wer:‘ $17,000 and $20,700, respectively,
for the new and modified facilities. Finally, Figures 7-6 and 7-7 exhibit
the costs for the two grinder control systems.

From the[cost-figures presented in this section, it seems reasonable
to conclude that fabric filters ara'generally the least costly choice for
controlling particulate emissions from calciners, dryers, and grinders.
Ventiri 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
transfer systems are usu$11y captured in fabric filters and recycled to
the storage process. Because the ground rock is valuable, these baghouses
are installed for economic reasons. Consequently, the fabric fijter may be
considered 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 ocqas1ona] escape
of emissions (such as when a bag tears) from the baghouse compartment.

The best way to prevent baghouse upsets is to fo11ow a strict mainten-
ance procedure. This pbocedure can be further subdivided inﬁo two areas:

bag replacement and general équipment maintenance.
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Figure 7-6. Cost curves for new 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 1§ quite variable, ranging from less
than 1 to 10 years.13 However, to prevent bag failure, one source suggests
changing the bags annuaH,\/.]6 This would assure that a zero visible emissions
1imit is constantly achieved. Assuming a typical gross bag area of 14 me
(500 ftz); per baghouse, and a baé 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 (3$80) are required

for general equipment services,16

such as Tubricating the fan. A];ogether,
the incremental cost for maintaining a zero visible emissions 1im1t over
the normal cost of control would be approxihate]y $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 requireﬁents imposed by a performance standard would inflict
additional costs on phosphate rock plants. The potential requirements may
inc]pde opacity monitoring equipment, rock feed measurement equipment, and
equipment to monitor scrubber performance parameters, However, some of

the potentié] monitoring rquiremants are already being satisfied by

existing plants. At piénts 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

calciner,_dryer, and grinder facilities, the rock feed rate is normally
controlled by weigh feed control equipment which also may be utilized to
provide measurement of the rock feed rate (as may be required during per-
formance testing).l9 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 potential monitoring costs would result from a
visible 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

is relatively minor compared to the total annualized cost of those

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 efffuents.
Because these costs represent normal investment and operating costs, they are
inc]uded as a part of the uncontrolled plant costs in the following section.
These costs are incurred only by Eastern producérs. 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 characteristics, 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 invegtment and
operating costs for a mode] p]ant with a capacity of 2i4 mi]Tion metric tons
is given in Table 7-21. Contro]s'consist of pond treatmént of the slimes and
sand tailings. Costs were updated from their 1974 values to 1377 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

Invested Capital Costs
Total ) $13,751,400

|
|
|
Annual Capital Recovery o 1,731,000 o
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) it

Sources: Development 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).

*Estimates 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 impéct on the phosphate rock
industry of imposing various particulate emission control Tevels will be
analyzed. In so doing, model plants representing typical new and modified
plants in Florida and in the Wesﬁ will be developed and the fnvestment and
annual operating costs for each will be estimated. Based on the information
presented in section 7.2, the costs of the alternative emission contfd] systems
will be estimated so that the control costs can be compared with the overall
plaﬁt economics. 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 eduipment 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 construtt 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 ére considered to be represeﬁtative of the -

phosphate rock industry.




In considering the costs of the alternative emission control systems,

three control options were devised which reflect the range of equipment combi-

nations which can be employed to meet the NSPS and SIP levels. Control option 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 co§ts. Control opt1on C, which utilizes electrostatic precipita-
tors (ESP's) on ;11 operations except grinders, is significantly more expensive
than the other two technologies., Based on current industry practice, contr91
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 Florida Plant--
The model plant for the Fiorida 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 capacity 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 pumping 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 mi1l 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 increasps.in equipment
costs. Nearly all of the high quality rock in Florida has a]ready been mined
or w11] be mined shortly, thus leaving only the lower qua11ty 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 Targer benefi-
ciation plant to prepare the product for drying and grinding. Finally, the
cost of Tand is increasing because of competing uses for the land and because
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
that and could grow to around $40-45 per annual ton of capacity.31’32 Based
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 metrlc tons of rock
per year wou]d require a capital outlay of over $85,932,000 or a]most $36.08
per annual metric ton of capac1ty.33 This investment 1nc1udes nearly
. $34,500,000 for mining operations (see Table 7-22) and almost $51,500,000 for
the proéessing plant, including the cost§ of water poliution 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 COST>?

Operation 7 » Thousands of dollars

Dragline - ' 28;554

Hydraulic Water Pumps, Pipelines, etc. 1,259

Hydraulic Monitor Operation : 155

STurry Pumping 2,060

Drainage, Dams, Roads, Clearing Land, etc. 1,356

Prospecting - 346 -

Miscellaneous Equipment 359 |

Mining Overhead (Mine Shops, Office, etc.) ‘ 375 ' i
' $34,464

Cost Per Annual Metric Ton (80% capacity utilization) = $18.09

i,
|
iz
|
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Table 7-23. ESTIMATED INVESTMENT FOR UNCONTROLLED FLORIDA PROCESSING PLANT
' (Capacity: 2,381,400 metric tons)

Operation S ’ Thousands of dollars -

Washing, Screening, and'FJotation . 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 utilization) = $27.02
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to be $14,829,000 per year (see Table 7-25). Thus, the total operating cost
for mining 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 Piant--

 Table 7-26 summarizes the costs of alternative 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 mi11‘and two roller mills. 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 u#ed for dryers and fabric
filters are the most common device used to control emissions:from grindefs.
Control option A uses fabric filters on both dryers and grinders. Contrd]
option C employs electrostatic precipitators on the dryers and fabfic filters
on the grinders. |

For each control option, three sets of cost; are provided: (1),5nsta11ed

capital cost, (2) total annualized cost, and (3) annual total cost. The
installed capital cost and the total annualized cost are taken from |
section 7.2. Total annualized costs include a capital recovery charge based
on an interest rate of 10 percent and the lifetime of the capital equipment.
The annual total cost %s equal to total annualized cost minus the capital
recovery charge; that is, the annual total cost is just the sum of the fixed
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 capftal investment. The

total annualized costs for each optfon are used to calculate the inflationary

impacts of the NSPS in section 7.5.
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Table 7-25. ESTIMATED OPERATING COSTS FOR UNCONTROLLED

FLORIDA PROCESSING PLANT®®
Basis Thousands of dollars

Power 41.7 x 106 kwh @ $0.03/kWh 1,250
Fuel ‘ 9.4 x 10% gal. @ $0.28/gal. 2,644
Reagents 4,369
Direct Operating Labor 1,871
Water Pollution Control 824
Maintenance Labor 784
Maintenance Supplies 2% of investment/yr. 1,029
Administration and Overhead 2% of investment/yr. 1,029
Taxes and Insurance 7 2% of investment/yr. 1,029
14,829

Dollars Per Metric Ton (80% capacity utilization) = $7.78
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~ - --As can-be.seen from Table 7=26, the total annualized cost of control
option A is $0.31 per metric ton for all control levels. Option B ranges from
$0.29 to $0.36 per metric ton, while optign C ranges from $0.41 per ton for
the SIP level to $0.68 per ton for the most stringent NSPS level. 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 reflect 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 SIP standard. Thus, the control costs for
the expansion are added to those required to meet the SIP level in the exist-
ing plant to calculate control costs for the entire facility.

The total annualized cost of contro11ing 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 éosts 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 Tevel, 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 Model Plant--

A discounted cash flow rate of return (DCFRR) technique is used to calcu-
Tate the economic impacts of imposing different NSPS control levels 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 fhis
cash flow over the 1ife 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 Uti]izing 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 piant meeting the SIP level of
control by Option B (scrubbers on the dryers and fabric filters on the grinders),
since this is the most economical method for plants to conform to proposed
state regulations.

The method and assumptions used to calculate the IRR's are described
below. The selling price of phosphate rock from a typical Florida plant waé
assumed to be $19.80‘per metric ton and was assumed to remain constant over
the 1ife of the plant. The baseline cost of production for an uncontrolled
plant was $12.30 per metric ton; this was derived in section 7.4.2.1. The
unit control costs were taken from Table 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 phosphaﬁe 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-
lated from the mining and processing investment costs in Tables 7-22 and 7-23;
investment %n the control equipment was taken fromrTable 7-26. It was assumed
that a11 of this fnvestment was made prior to startup of the plant. Using an
jterative procedure, various interest rates were used to diécbunt the stream
of after-tax profité over 20 years; the interest rate thét equated the éum 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 Tow rate of return, which might
seem to contradict the industry's plans for expénsion in this region. However,
sevéral points not explicitly incorporated in the analysis might help resolve
this discrepancy. First, the analysis assumes a constant se]]iné 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 Tower unit production costs, raise profits, and
increase return on investment. Third, the analysis does not allow for an
investment tax credit, whiqh 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 f{nanced 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 decline 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 Jevels if fabric filters are used to control emissions from the
dryers and grinders. Under full cost absorption, the return to capital de-
cl{nes by 1.3 percent from the baseline level. Under full cost pass-through,
the price would need to tise 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 impqsed. 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 mainiaiﬁ return on investment if the stringent control level were imple-
mented. At the NSPS 2 and NSPS 3 control levels, 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 iﬁcrease 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 the'discussgbn.in this section, produéers would use fabrié filters
on the dryers and grinders (option A) if the stringent level 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 pass-
through). If either the NSPS 2 or NSPS 3 level of control were imposed, the
producer wéu]d choose option B, which consists of wet scrubbers on the dryers
and fabric filters on the grinders. Optioh 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 comp]yfng 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 50vpercent. 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 fock sells for an
average price of $19.80 pef metrié toh; 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 opgrate at a cost of -
$17.26 pek metric ton and could be built with é_;apita] investment of $50.61
per metric ton; and the entire expandéd plant dpebates at a cost of $11.61 per
metric ton and could be built with a capital investmént of $25.60 per metric
ton, not including the cost of emissions control.

The impacts on the modified‘plant were calculated using the‘same approath
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
plant are more favorable than those of the new plant, because the invesiment
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 deﬁ]ine 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
level (NSPS 1) would cause return on investment to decline by 0.3 percent.

Under the NSPS 2 and NSPS 3 control 1evels;.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 Tevels 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 Tevels.

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 where the ore is mined, segregated and stockpiled.
There is a 25 mile contracted truck haul to the milling site, where the rock
undergoés crushing,. sizing, des]iming; and filtration. fhe talcining plant,
the next step in the process, includes three 54 tph fluid bed ca]cihers; while
the grinding plant contains one 91 tph ball mill and two 14 tph roller mills.
Not all of the ca]c%ned rock is ground--25 percent is sold to other proces-
sors.

| The investment aBd operating costs of a Western mine and uncontrolled
processing plant are detailed in Tables 7-30, 7-31, and 7-3234. Mining equip-
ment and maintenance facilities would require an estimated capital investment
of over $10,000,000, or about $8.15 per metric ton of capacity. ‘Meanwhitle,
the investment for the uncontrolled processing plant wod1d 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 mine and p]ant'wbuld be '
§34,0§4,000 or about $26.70 per metric ton of capacity.

The annual operating costs for the mining and pfocessing operations were
estimated in a manner similér to that used‘for the F1orfda plant, aSsuﬁfng a
capacity utilization of 80 percent. For the mining operations, the annual
costs would be about $7,564,000 (see Table 7-30), whi1é the costs for operat-
ing the procegsing plant are estimated to be $6,557,000 (see Table 7-32). 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 model 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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Investment for Mining Equipment and
Maintenance Facilities:

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

Table 7-30. ESTIMATED WESTERN MINING INVESTMENT AND OPERATING COSTS34
‘ (Capacity: 1,270,000 metric tons per year)

$10,352,000
$10.19

Operating costs
(80% capacity utilization)

Thousands of dollars

Supplies:
Diesel Fuel
0i1, Gasoline, Grease, Etc.
Tires -
Blasting Supp]ies.
v _ Total
Direct Operating Labor
Maintenance Labor
Maintenance Supplies
Administrative Qverhead
Truck Haulage to Processing Site
Local Taxes and Insurance
Land Investment Royalty ($0.28 per metric ton)
Total Operating Costs
Cost Per Metr1c Ton (80% capacwty ut111zat1on)

$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 , 14,347
Grinders:
1 91 tph Ball Mill : - 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 PLANTZ4
(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 106 gal @ $0.28/gal 3,416
Water 800 x 10 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 v
Insurance o 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 annua1%zed cost, and (3) annual total cost. The
annual total costs are used in the economit impaét analysis, while the annual-
izeq costs are used to estimatg inflationéry imbacts in section 7.5. Control
option B is considered to be the most typfca1 control éystem for the entire
model plant, since it’includes wet scrubbers on the calciners and fabric
filters on the grinders. Control option A, using fabric filters on both
calciners and grinders, is comparable in cost’to.option'B, while control
option C, requiring electrostatic precipitatofs, has the 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, 6pti6n B would require a capjta] invest-
ment of around $2;125,000. The annualized cost would range 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 Qhe 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 agsumed 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 addfng 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,.woﬁ1d have to meet the appropriate NSPS
level. Once again, the control costs for the expanded portion of the plant
are added to those required to meet the SIP Tevel 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 confrol 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 ent1re plant would
be $0.97 per metric ton for. optwon 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 reqﬁire-
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 Mode] Plant--

To determine the economic impact of imﬁosing 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 pr%ce of $22.04 per metric ton and an uncontrolled 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 ana]ysislwas calculated for a plant that
met the SIP level of control by emp]oy1ng opt1on B (scrubbers on the ca1c1ners
and fabric filters on the gr1nders) As Table 7-35 shows, 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 level. Under full cost pass-through, the
price Wou]d need to rise by 1.0 percent at the NSPS 1 level, by 0.4 percent at
the NSPS 2 level, and by'O.l percent aﬁ the NSPS 3 level in order to maintain
the return to‘cabita1 at its baseline level. 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 level of

control,

Option C

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

1.9 percent (NSPS 3).

Summary

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 thg'staﬁdard; Under the moderate levels of control

(NSPS 2 and NSPS 3), option B (wet scrubbers on the calciners and. fabric




filters on the grinders) would be chosen. Under no circumstances would op-
tidn 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 is assumed that the existing piént undergoes
expansion of ifs calcining capacity by 33 percent and its grinding capacity by
50 percent. The control costs for this modified plant were presented in
section 7.4.3.2. In order to conduct the impact analysis, the following
assumptions were made: ' the rock se11svfor an average priée of $22.04 per
metric ton; the existing plant operates at a cost of $15.28 per ton 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 bﬁi1t with a
capital investment of $43.65 per annual ton; anq the entire expanded plant
operates at a éost of $16.09 per ton and could be constructed with a capital
outlay of $25.641per annual ton, not including the cost of emission control.
The results of the analysis are presented in Table 7-36. The baseline return |
on investment of 7.8 percent was ca]cu]atéd for.a plant that met the SIP level

of control using option B.

Option A
As Table 7-36 shows, thevimpacts 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-through, Western producers would have‘to.raiée the price from $22.04 to
$22.22, an’inéréase 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 full cost absorp-
tion, the dec]ine in the return on investment is 1.5, 0.5, ana 0.3 percent at
the NSPS 1, NSPS 2, and NSPS 3 1evels,:respecfive1y. Under full cost pass-:
through, pfices would have to rise by 0.9, 0.4, and 0.2 percent at the NSPS 1,
NSPS 2, and NSPS 3 levels of control, 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 grindefs. |
Under full cost absorption, the decline in réturn on invéstment woqu range
from 15 percent (NSPS 1) to 10 percent (NSPS 3). - Under full cost pass-through,
the incréase in price needed to maintain the return to capital would range

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

Summary

As the preceding analysis showed, option B would be selected to comply
with all of the NSPS control levels. The impacts on both rate of return and
price are insignificant when this option is used. Because of’the signifi-
cantly higher capital and annual costs associéted yith option C, this option

would not be selected in order to comply with any of the NSPS levels.

7.4.4 Summary of Econémic Impacts on New and Modified Plants

. s

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 dryérs or cal-
- ciners and fabric fifters on the grinders, would be chosen for all p1$nts to
meet the NSPS é and NSPS 3 Jevels 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. A1l 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 industny since all plants would have to
meet the SIP Ievel of control in the absence of an NSPS. The inCreméntal cost
of meeting the different NSPS levels is small ehough‘that;the profitability of
the plants is not significantly affected. Hence, new plant construction or

modification of 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 appliicable, 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 per;ent. The remainder of this section is devoted to estimating the
total additional cost of compliance with the various NSPS control levels.

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 plants. These subtotals 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 seven new Florida
.plants‘and by modifying four existing pﬁants; fn‘the Western region, four new
p]ants‘wou1d be built and one plant would be modified. The estimated compli-
ance costs were based én 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
Tevel df control is under $1 million, well below the threshold of $100 million
specified in- the Executive Order. For the NSPS 2 and NSPS 3 control levels,
the maxfmum total costs are estimated at $930 thousand and $408 thousand,
respectively. Since neither the annualized cost of compliance nor the esti-
mated price impacts of the NSPS meet the criteria specified in the Executive
Order, the prqposed 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 cf 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 employ-

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

dControl 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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RATIONALﬁ;FOR THE PROPOSED STANDARD
8.1 SELECTION OF SQURCE FOR CONTROL

The United States is the largest produber and consumer ofAbhbsphafe
rock in the world, producing an estimated 40 percent and conguming approxi-
mately 35 percent of the world's supply. Total U. S. production of market-
able (5eneficiated) phosphate rock in 1976 was about 50 million short tons,
about eighty percent of which was from F]om‘da.'l About 70 percent of domestic
consumption 6f phosphate rock is aé 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 projecfed to be 45 and 69 million tons for the United States and 162

and 387 million tons for the rest of the wor]d.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 increased at an annual rate of about




6 percent, and is expected to increase at a rate of about 3 percent through

the year 2000.4

The industry presents a significant'potential contribution to air
po11ut10n due to large vo1umeswof material handled. Any step in which the
pnosphate 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 , contain suspended par-
tichlates. The environmental effects of particulate emissions have been
{nvestigated by the Environmental Protection Agency {EPA)vanﬁ have been

determined to pose a significant threat to public health and we]fareus

regulate emissions by developing standards of . performance for new stationary
sources based on the degree of emission limitation ach1evab1e through. app11-
cation of the best systems of emission reduction. Section 111(b), which
allows EPA to 1imit emissions of pollutants for whieh air quality‘criteria
have been prescribed, is appropriate for the phosphate rock industry,

major sourceaof particulates. In a study performed by the Argonne Nat1ona1
* Laboratory for EPA in April 1975, phosphate rock grinders ranked fifteenth

6

-0f 56 of the Natipn's largest particuiatevsounce categories. This same study

concluded that setting standands of performance in 1975 would prevent the

8«2

i
i
J
-Section 111 of the Clean Air Act of 1970 extends authority to EPA to




emission of 10,500 tons of particulate per year by 1985 and, on that basis,
the sourée was ranked 24vout of 107 candidates for standards qf performance.
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 pérticu]ate per year by 1985.

The above charécteristics 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

rather than to postpone them for several years was influenced‘by EPA's recent

regulatory activity tn this industry. StandardS‘ofvbérformance for the high

growth fertilizer processes were promulgated on 6 August 1975. Effluent water
standards for the industry were promulgéted'on 8 April 1974 and amended on

6 August 1975 for the mining and beneficiation processes. The pbﬁsphate rock
production and fertilizer prodﬁction segments of the industry are interdepen-
dent and it 1is difficu1§ to consider one segment while ignoring the other/ As

a result, EPA engineers developed a level of expertise in the rock processing |
operations while studying the fertilizer operations. Simi]arly, the industry has
developed a working knowledge of regulatory proceedings prescribed by the

Clean Air Act. The expertise developed by these two factions wouldvbe‘

diminished if 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 industry 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 tegulatory 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
groﬁth, 2) significant potential for emiﬁsions, and 3) availability of
technology to insure Eignificant reduction of emissions. Each operation
will be discussed separately.

Drying is chosen as an affected facility largely because 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 ferti1izers; Since the future
growth of fertilizer industries (gstimated at 3 percent per year) is dependent
on supplies of rock, it is 1ikely that demand for additional dryers will
baraliel demand. for additional fertilizer. Drying presents a potential:
for emission of particulate matter because of attrition of the rockhin the
dryer and the Targe 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
cubic 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 avajilable to
insure significant reduction in these emissions. .
The potehpia] emission of gaseous .fluorides from rock dfyers is
not significant. This observation is supported by the experience of

) 7
Tennessea Valley Authority (TVA) researchers.-

Iﬁ their experiments
to determine the temperature at which fluorine volatilization begins,
TVA heated phosphateArock sampies to 932°F, 1112°F, 1292°F, 1472°F, and
1742°F for 30 minutes each.. Chemical ana]yseé 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. Thg Tack of a fluorine emission problem is alse
evidenced by a study done by the Battelle Memorial Institute in a study
of the fertilizer industry done for EPA8 and (negatively) by the
absence pf any existing legal restriction on fluoride gmission 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
particu]ates.' The potential growth of this operation is substantial,
since any new %erti]izer }ﬁstallation processing North Céro1ina or Western
phosphate rock will require a calciner. These two areas of the phosphate

ihdustry are 1ikely to expand since the reserves in both locations are

extensive and are not as yet developed to their potential. As a source of
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emission of particulate matter, a typical calciner processes 50 tons
of rock per hour (tph), exhausting 45,000 dscfm of gasés with a particu]afe
loading of 2 grains per standard cubié 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’1o jndicate that the temperature of calcination is insufficfent |
to drive off gaseous fluorides. However, one operator reports finding
0.002 pounds of gaseous fluorides in his calciner exhaust per ton of

11

rock brocessed by his calciner. This level appears relatively minor con-

sidering that fluarides emission standards for the related phosphate fertilizer

industry permit a range of 0.01 to 0.2 1b/ton of phosphorous 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 is believed to be véry small, if indeed
present at ali. Moreover, the recommended particulate standard will result
in significant reduction of emissions of particulate fluorides. Also, a
standard for fluorides would discourage the ﬁse of dry collection devices,
such as f;hric filters, in favor of scrubbers. Fabric filters are generally
recognized as béing superior to scrubbers for control of partiéulaté(emissions,
and have no wa@er pollidtion potential.

0i1-fired dryers and calciners also have a potential for emitting
sul fur 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 poliutant in the

off-gases. Though data on sulfur oxide emissions from phosphate rock dryers
8-6




and calciners are sketchy, one operator of a phosphate rock calciner reports

only 0.04 to 0.08 parts per million (ppﬁ) 502 in exhaust gases when

12

burning No. 6 fuel oil containing 3 percent sulfur.’” - Nith no removal

of spz in the calciner, SO2 in the exhaust gases would be‘about 1,600 ppm
indicating an SO2 removal efficiency of greater than 99 percent. At

least one patent has been obta1ned for a system using phosphate rock as

13

a scrubb1ng medium for sulfur oxides. ~ A standard for emissions ;u]fur

.oxides 1is not recommended for phosphate rock dryers or calciners.

" The grindfng operation.is selected as an affected'féciiity fdr

" particulate emissions. Projected growth of the grinding operations can

be expected to parallel the growth of ferfilizer'proddction. ThéApotentia1
for cﬁntributioﬁ to air pollution is suSstantiaI;:a typical milling instal-
lation grinds 50 tons of rock per hdur, éxhaustiﬁg 5,400 scfm bfrgaseé

with a particulate loading of 2 grain§ per standard cubic foot before
emission control. “The annuél emissions potential for such a unit is abput
300 tons per year, assﬁming 90 percent operating factor and no attemﬁt at

emission contro1 Techno]ogy is available for sugn1f1cant reduction of

th1sdpotent1a1 emission.

It should be noted at this point that considerable advances have
recént1y been made in wet grinding. If this procedure is adopted, air pol-
\'lution in the Florida segment of the industry 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 final process which is se]ecfed as an affected facility is
ground rock handling and storage. ‘The ‘growth potential of these cperations
is of course substantial, since Any'new'installatfon will handle and/or
store ground rock. The emissions potential for these operations is very
difficult to quantify, since systems for the handTing and storage of rock
are highly individualistic and often complex, reflecting the plant |
operator's judgement as to what is most suitable for the particular
installation. As a result, there is no system which can be called typical.
However, there are available methods of conveying, stor{ng, crushing, and
size-cla;sification which would insure significant reduction of fugitive
emissions. As noted in Chapter 3, certain types of equipment (screw con-
veyors, pneumatic systems, etc.) are common.

Mining, beneficiation, thermal def]uor1nat1on, elemental phosphorus
production and nodulizing are not selected as affected fac111t1es The
deposits in Florida, North Carolina, and Tennessee are of such a
charactef 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 oniy‘about 2 percent of the nation's broduction and are in very
rural locations. A program to develop standards specific to tﬁis small
portion of the industry is not warranted Benef1c1at1on presents no s1gn1-
ficant potent1a1 for air pollution-since the operations involve slurr1es
of rock in water. Thermal def1u0r1nat1oq,.elementa1 phosphorus production,
and nodulizing are not selected as affected facilities because they fail
to meet the criterion of significant growth potentia1.14 " QOperators
interviewed generally concurred in the opinion that substantial increase

in production capacity was unlikely in the foreseeable future.15
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8.3 SELECTION OF THE BEST SYSTEM 6F CONTINUOUS'EMISSIONS REDUCTION
CONSIDERING COST

The control options for eachfpf,the affected sources are summarized in
Table ©-1. While the efficiency of fabric filter collectors is re1atﬁvefy
unaffected By the size distribution of the particles, particle size affects
the performance of scrubbers and ESPs substantially, especiél]y for fine
particles such as tﬁose emi;ted Sy phosphate rock plant faci]itigs. The
fabric fiiter is capable of removing at least 99 percent of‘particuIate emis-
sions from dryers and calciners whi]e the Tow energy scrubbers typically
used throughout the industry are capable of anlefficiéhcy between about 94
and 97 pefcent. .Howéver, with proper. design, both the scrubber and the ESP
are capable of‘aéhieving the high efficiencies attained by the fabric filter,
This is accompT%shed by designing the ;crubbers for high energy and 1iquid/;

gas ratios, and designing the ESPs for high area/gas voTume‘ratios.-

Baéhouses are not current]y*&sed'to confro] emissions from phdsphate
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. 5H6wever, EPA's analysis shows that these problems are resolv-
able, and that there are no apparent technical prob]ems‘which would preclude
the use of baghouses for control of dryer or calciner emissions. The 1974
EPA study, Contro] of Particulate Emissions from Phosphate Rock Dryérs, by
A. Lindsey and R. Segars, outlines examples of baghouse installations utiliz-
ed fn applications similar to the phosphate rock dryers and calciners. The
problem of moisture condensation has been resolved in other industriés 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 stream,
B 5




Table -1 AFFECTED FACILITIES AND CONTROL OPTIONS

Affected Facilities Cantrol Options

Dryers a) Baghouse
b) Wet electrostatic precipitator
¢) Scrubber '

Calciners _ a) Baghouse
b) Wet electrostatic precipitator
¢} Scrubber : '

Grinders . -a).Baghouse
T 5] Xet electrostatic precipitator
: ¢) Scrubber
6round rock handling and ‘a) Closed ‘conveyors and silos vented
sfprage - to scrubber : '

b) Closed conveyors and silos vented
to baghouse

€} Closed conveyors and silos vented
to electrostatic precipitator

adsorption, adhesion and electrostatic properties of the particles which could
adversely affect the performance of a baghouse can generally be solved by pro-

per selection of the fabric for the bag.

The cost of the alternative control systems depends.on the performance
and the associated design of the system. Tables 8-2 through'8-4 summarize
the costs of the control options 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 attafned by the
Tow energy scrubber and ESP. These costs were derived from information
presented in Tabies 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
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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 addit{ona1 (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 annua]ized.cost of calciners would increase by 1.2 percent
of the product price to attain baghouse control éfficiency. If the
iqdustry chooées baghouses to control emissions, the additional control
costs for the dryer and calciner would be 0.1 and 0.3 percent of the 4
product price, respectively. Utilization of electrostatic precipitators
would create additional control costs for the dryer and calciner ofl2.2
and 5.3 percent of the product price, respectively. For grinders, the
lowest annualized emission control costs are attained when the bagQ
house (the prevailing system used to meet existing SIP regulations) is

employed.

If baghguses or scrubbers are utilized, none of the levels of control
discussed in this chapter will cause a significant impact on the profit-
ability of a typical new or modified phosphate rock plant. However, the
impact on profitability of the blant would be significant if the more
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 expected from an SIP-controlled new Florida plant and
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new western plant, respectively. By contrast, meetingmmore 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 efflueﬁts 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 prevailing 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) tﬁe 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 contro]s.

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
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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,opération.

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 environmentally acceptéble, This would include any of the three
options discussed here. However, due to cost considerations, it 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 calciner emissions, and the baghouse for grinders., This trend would be
expected to continue under the proposed standards, although use of high
energy scrubbers would be a more costly alternative for achieving 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. Theoretically, the para-
meter which best expresses the degree of emission limitations attain-
able is control efficiency. /Since control efficiency is a function of
particle size, the standard could be posed as a specified removal effi-
ciency requirement fbr various particle size ranges fn the exhaust stream.
The imposition of control efficiency is equitable in tﬁe sense that all

operators must provide equivalent degrees of removal regardless of the

uncontrolled emission rates. Implementation would require costly and

cumbersome performance test requirements, including measurement of quan-
8«16




tity and size of parficuiates entering and leaving 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 levels 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 definite]y»the attainable efficiencies in phosphate rock
applications. Predictfons for the efficiencieslhave 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 modé]s or fractional efficiency data'for the various alternative
controls, and do not constitute a sufficienf basis for the development of a

control efficiency standard. |

‘Another direct means of regulating control technology involves the
operating and design.standard. This format congists of specificatidns for
equipment and operating procedures consiétent with the best system of
emissions reduction. Compliance with}the operatipg 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
pfescribe and enforce., Moreover, there are significant drawbacks in the

- application of thg equipment standard. First, the equipment standard is
overly restrictive in that it discoufages‘the use of alternative control
designs and the development of improved control technologies., Second, the

equipment standard 1is 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 either'format; the standard 1imit depends

on the level of'emissions which ére to be contrq11§d. For example, a bag?
u house operéting.at 99.5% efficiency will attain a control Tinﬁt of .01
gr/dscf for a 2 gr/dscf emissions loading, while a cbntko1 1imit of .024
gr/dscf would be possible for a stream emitting 4 gr/dscf. Th{s is unlike
_the formats involving efficiency aﬁd equipment specifications, which are
determined independent of the particu]éte {oading of thé uncontrolled emis-
sions stream. Thus, for the concentration or process weight standard, there
is some question concerning the defin%tioh-df the emissions séream 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 fhe most adverse emissions control problem
which occufs. However, if the emissions stream is highly variable in nature
and pollutant emigsions, the Tatter standard couid 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 distinguishable source sub-categories emitting
poliutant levels. For example, the emission standards fof boilers are

specified in terms of fuel type utilized (coal, oil, and gas).

A logical subcatagorization scheme for emission sources in the phos-
phate rock industry would be based on distinguishab1e feed ores. Although
emissions concentrations and mass pef unit feed rates are known to vary
substantially for grinders, dryérs and calciners dehending on the type of
feed (e.g., pebble rock is known to produce greater émissions than other

beneficiated ores during drying ), it is not clear if separate standards
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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 ore feeds is further complicated by the fact that operators
frequently blend different ore types as they are introduced to the various
plant processes. Therefore, it would 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
Tevels. g
The next issue 1n‘tﬁe format developmept 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. The advantages of the mass emissions standard are\as follows:
1. The mass emissions format is consistent with exist1ng app11cab1e
state standards.
2. The nmss em1ss1onsfbrmat relates direct1y to the tota1 quantity
of em1ssions discharged to the atmosphere.
3. The mass enﬁssions format is more equitable. The degree'of
emissions permitted are related to the amount of product processed
8-19
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4, The naés 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 émissions 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 standard are generally
related to practical considerations:

1. The concentration standard is more easily enforced since
compliance is more easily verified. | ,

2. 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) whefher the quality of the product.shou1d affect the

allowable emissions limits.

Based 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 logical apprbach for the standard development. The process

weight format is appropriate for dryers, calciners 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 differe;ces in design from plant to pfant,
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 facilities. ) }

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 high energy'venturi

to be equally effective in terms of emissions reduction capability. The
proposed emissions limits may, therefore, be based on the use of any of the

three alternative controls.

In selecting emission limits 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
1imits. Rather, these control leveis were established as representative
emissions levels achievable by alternative control systems operating on
typical uncontrolled process emissions streams. These levels were
selected for the purpose of estimating environmental 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 cénsidered'somewhat representative of the

different control systems in the assessments. The specific determination
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of an appfopriate 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 Chapcers 6 and 7. The emission limits proposed for each of the
sources (dryers,-celciners, grinders,'materia1 handling equipment) are

discussed below.

8.5.1 DRYERS

Particu]ate emissions were measured from a rotary bed and fluid bed
dryer at two phosphate rock p]antsc 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
re]at1ve1y 1ittle washing and enters the dryer conta1n1ng a substantial per-
centage of clay. Based on previous d1scuss1on both types of dryers, the

rotary and the fluid bed, are considered 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 ahd type of rock
processed. The dryer was tested during normal operation using EPA Method
5. In one series of tests conducted by EPA, only Florida pebble rock was.
dried. In another set of tests conducted by the operator, pebb]e rock
was processed in the first operator test and flotation cel1 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 844f 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 0il-fired rotary dryer and an oil-fired fluid bed
dryer are operated in parallel to déy 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 twolsﬁége wet electro-
static pkecipitator (ESP). The ESP, which presently opefates'at a plate
area to gas volume ratio of about 400 ft2/1000 ACFM, wéé designed to treét
approximately twice the volume of air which is actua11y‘pro;esséd. EPA |
measured emissions fromlthe 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 (Faci]ity A) show that the venturi-scrubber is cap-
able of achieviﬁg 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 bylthe'EPA (.025
19 ’

1b/ton). At Facility A, test results'® revealed the scrubber achieved 99.2%

efficiency.

It is estimated that a baghouse control device could achieve 99.4%

efficiency when treating the same emissions loading and particle size dis-




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 industry, it is estimated (based on an empir-
jcally calibrated mathematical model of venturi scrubber pem’ormance)]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
levels by about 20 percent below that measured. Therefore, if is EPA's
Jjudgement that an emissions 1imit of 0.04 1b/ton reflects the emissions
Tevel attainable bylthe best system of emissions reduction (either a high
energy scrubber or a baghouse), and that these technologies are available
and may be app1iéd to meet this control level without cost hardship to the

phosphate rock industry.

For a typical size dryer (250 TPH) the recommended standard would 1imit
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 applying a frac-
tional efficiency curve (efficiency versus particle size) to the parti-
cle size distribution of the dryer emissions. The efficiency curve was
developed from test data acquired from the Particulate Pollutant System
Study conducted by the EPA, and is representative of a baghouse perform-
ing under control conditions similar to those produced by phosphate
rock dryers.
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conditions for emissions control from calciners because it receives less
cleaning during beneficiation than other ore types. ~In addition, one of
the two‘ca1c1ners processes a mix of both beneficiated and unbeneficiated

- rock, lending to a still more adverse control problem.

At Plant C, an oil-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 usiﬁg rock feed which has been
partially dried. The calciner emissions afe 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 fn 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 tést sample results

ranged from .09 to .31 1b/ton.

At'Fac111ty 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. Emissiohs'measurements have
been performed by the operator using EPA Method 5 as part of the testing
requirements 1mpose& 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 operat1ng at 23.5 inches

vater, emissions levels were measured at .08 1b/ton.

The overall test results show that'aAventuri 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 rockrca1ciners proce;sing western benefici-
ated rock, and that an Entoleter scrubber dberating‘at relatively high
energy (23 to 30 inches water) is capable of aﬁhieviné emission levels of
.10 1b/ton from calciners generatihg higher 1eve1s'of particulate emissions.
These emission levels are appreciably Tower than those now permitted by the
‘most stringent State regulations (;6'1b/ton in Florida). At Facility K,‘
the Ento]eter scrubber, operated at a pressure drop of 23 o 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 improved to the level attainable by
the baghouse (99;0%) by increasing the energy .input. Estimates of the emis-
sion levels which would be anficfpated 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 emissibns 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 varioué
energy 1‘nputs.]6 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 F1gure 8-5, the em1ss1ons Tevel
attainable by the high eff1c1ency wet scrubbers (or a baghouse) when con-
trolling the more adverse loadings expected from ca1c1ners 15 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 ﬁhe best system

of emissions reduction (either baghouse or the venturi scrubber) is employed.
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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 1s.typica11y 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 éapacity
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 grihding, 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
contro]zproblem 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

Faci1ity' Type Capacity, Exhaust Ratio, Average Average
Designation of Mill TPH Air, dscfm exhaust mass
dscfm TPH concentra- emissions,
tion 1b/ton
gr/dscf
D balil 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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Emissions from each of the four grinder facilities are treated with
fabric filters. Figure 8-6 illustrates the resu}ts of emissions tests
conducted at each of the.faci11ties. 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. All 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 {1lus-

trated in Figure 8-6), and because of potential inaccuracies 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 liberal level for the emissions
1imit should not preclude the installation of best emissions reduction
systemﬁ. 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. Henée, it is
expected that baghouses will become the predominant means of compliance

with the proposed NSPS for grinder facilities,‘conséquently, the Towest
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 approkimate1y 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 stdrage of gfound rock are very difficult
to charaéterize'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 emissions. 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
emissfons 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 approﬁriate for these

facilities.

Three pneumatic systems‘employed in.the transfer of ground phosphate
rock were se]écted 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 siio 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, 8to 1, and 9 to 1.
Visible emission measurements were made at the baghouse exhaust according

to EPA Method 9.




The exhaust from the baghouses of each of the transfer systems was
witnessed for visible emissions by two qualified observers during norha]
transfer operations for two hours at-one system, and one hour at the
others. The opacity level 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 réflééts the level attainable by the
best system of emissions reduction for phosphate rock handling and storage

systems is zero opacity from any point in the transfer system.
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8.6 VISIBLE EMISSION STANDARDS

The opacity level of visible emissions is an indication of the mass
concentration of a particu1ar pollutant. Various studies have shown
that 6pac1ty varies directly with mass concentrations of particulate
matter. The applicasiiity and enforcement of opacity standards related
to particulate matter have been established in several court cases for
faci}ities 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
properly 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-
Tate matter. Since EPA considers opacity standards to be a necessary
supplement to particulate mass emissipn standards, opacity levels are

established as independent enforceable standards.

Where both opacity and congcentration/mass standards are applicable
td a given scuﬁce, EPA establishes opacity standards for new source
performance standérds that are not more restrictive than the correspbndiﬁg
concentration/mass standard. The opacity standard is generally achievable
if the source is 1n'comp11ahcé with the concentrﬁtion 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 deveilppment 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
representing the best emission control 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 (approximately 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 Drvers

Data on visible emissions from dryers were obtained for Facilities
A and B. Facility A utilizes a Venturi Scrubber to control emissions and
Facility B employs an electrostatic precipitator (ESP). Both faci1jties

process Florida pebble rock, which is considered to produce the most adverse

emission control problem. '

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 particulate loading during
the test was Q.015 gr/dscf or 0.039 1b/ton.
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Observations at Facility B included approximately 6 hours of measure-
ments on two separafe dates. Opacity averages for six minute observations
sets ranged fromlo%vto 7.7%. The avefage 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 beinoted tﬁdt the fabilify exhibiting ﬁhe ﬁighest opacity read-
ings exhibited the lower values for particulate concentration in the stack .
gases., The difference between the opacity levels observed for the two |
types of control systems primafi]y refiects differences in diameters of
discharge stacks rather than significant differeﬁces in control perfor- |
- mance. ESPs typfcaliy require larger stacks due to higher.vo1umes of flow
required during dperaﬁion. Setting separate opacity standards fbr the two
control systems is not considered apbropriate because ESPs are not expected
to bé used in meeting the proposed NSPS. Thus the proposed opacity standard
is based on the performance of the scruﬁber-cbntro11ed faciﬁity and is set
at zero percent opacity7 Control systems reflecting best emissions control
capability (fhe high energy scrubber or baghouse) and meeting the proposed
emisstons 1imtt should experience né difficulty meeting the proposed obacity
standard, Should any affected dryer facility be controlled with an ESP and
comply with‘the particulate limit of,b.OZ kg/Mg but ndt the opécity limits,
a sebarate opaéity limit may be established for that faci]ify uhder 40 CFR
60.11Qé). The provisions of 40 CFR 60.11(e) allow ownerﬁ or operators‘Of
sources whfch exceed the opacity standard while concurrently achieving the
performance emissions 1imit to request establishment of a specific Opécity
standard for that facility. Prior to establishing such a specific standard,
_the owner or operator must reque;t opacity tests to be performed cdncurrént]y
with the emissions performance tésts.' | |
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Phosphate Rockfb31ciners

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. Western 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 calciners processes a mix of both beneficiated
and unbeneficiated rock, lending to a still more adverse control problem.
Facility C utilizes a venturi scrubber for particulaie control and Facility

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 Féci]ity C and on one date for Facility K). An opacity of zero
percent was observed throughout the monitoring period at both facilities.
During the sampling and analysis procedures at Facility C, the average measured
particulate loading was 0.047 gr/dscf or 0.14 1b/ton. Particulate
emissions data were not obtained simultaneously during the collection
of visible emissions data at Facility K. However, the results of partic-
ulate sampling tests performed at Facility K in March, September and
December’of.1975 indicated particulate emissionslof .082, .095 and .107
1b/ton of ore feed. Considering the fact that the results of these
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tests were relative]yvcbnstant and made over a nine month period, it is
reasonable to expecxvthese 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-déta, it is clear that the best emissions control
equipment currently used for caléiners (venturi scrubbers with a pressure
drop of T2‘inchés at Facility C, and Entoleter Scrubber varying from 20 to
30 inches at Facility K) can mgintainvvisible emission 1e9els produced by
the calcining proCéSs to a 1eve11no greater than zero percent opacity. The:
control technology which will be required by the proposed emissions stan-
dérd represents a level df control exceeding that currently uséd on .
Facilities C and K. A visib]e emissions limit of zero percent 6pacity is
recommended for bhosphate‘rock calciners, Significant excursions ofvp1ume
opacity above this level will be indicative of improper operation of fhe

control equipment,

Phosphate‘Rock Grindersr‘

Data on visible emissions from grinders were obtainedidt Facilities F
and G: .Close to 17 hdurs'of'data Wefe‘fgcqrded at these faci1itigs (on two
separate dates at eadh.facility); The éverage opacity 1eve]}fecprded was |
zero throughout'thé measureﬁent périﬁd. The ayerggé concentration of ’
particulate emissioﬁs duriqé the:périods of obséfvation were .002 and .002
gr/dscf of feed;ffqrjfaci1itiés F and G,'respéctively. fhg respectivé‘mas§

weight emission ratés 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 emissidns 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

A1l 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 impractical.
For example, this was the reason given for not establishing a visible
emission standard for hydrators used within the lime manufacturing

1ndustry]8.

However, the existerice of steam in a plume is not, 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 is an important part of the

training of certified observers.
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For the development of standards'for‘dryers and calciners,

over 60 man-hours of 6pac{ty readings were gathered by éertifiedvon
servers under a variety of conditions."EPA ﬁoncludes that the_observea
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
rock industry which are modified or constructed after the date of regulation
proposal. Statutory and regulatory provisions defining "medification" and
“reconstruction” are discussed in Chébter 5, and the general applicability of

‘these provisions to the phosphate rock industry is described.
8.,7.1 Modification

The information presented in Chapter 5 indicated that except for speci-
fied categories of changes, 2 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 uhlike]y that existing phosphate
rock facilities will become "affected" facilities as a result of modification.
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 maintenance, repair, or

replacement.,
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An increase in the production rate if that 1hcrease 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.

An increase in the hours of operation.

Use of an alternative raw material, such as F1oridé land pebble, if

the existing facility was designed to accommodate such material,

Use of an alternative fuel, such as switching from'naturaj gas to
fuel o011, if the existiné 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.

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.

The re1ocation 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. -




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 could‘be considered reconstruction for a dryer, calciner,
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 applicability of the reconstruction provision.

The final determination will be made by the EPA Administ}ator based on infor-

mation provided by the owner.

Replacement of facility components which are subjected to extreme heat
(e.g., refractory linings) or attrition due to abrasion or impact (e.g.,
crushing surfaces, screening 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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;?ndicators of pollutant emissions. The requirements for continuous-monitor-
ing 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, installing, and operating

the monitoring devices must be considered reasonable and affordable.

Opacity monitoring sysfems havevbeen démonstrated as a reasénab1e
and efﬁettive ﬁeans of determining proper operation and maintenance of par-
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-r
tially less costly and more easily applied than perjodic mass emissions

tests for particulate matter.

When wet particulate collection deﬁices (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 parametérs of the control
device. When a scrubber is used to control the emissions, the proposed
standard wou1d'requ1re monitoring the pressure drop across the scrubber
and the scrubbing fluid supply pressure to the sﬁrubber 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,




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 ide&tified as an envﬁronmenta11y acceptable means
of meeting the proposed emissions standard. The app1icabi1ity and enforce-
ability of continuous monitoring requirements for facilities controlling
emissions with these control devices has been established for various in-
dustrial emmission sources regulated by NSPS. Accordingly, contjnuous
monitoring of the opacity of the emissions from the calciners and dryers
is recommended. However, when scrubbers are used to control emissions,
monitoring of scrubber operating parameteré (pressure drop and fluid
supply pressure) would be recommended ratﬁer‘than opacity. Furthermore,
if alternative controls are employed which would also preclude thevUSe of
a continuous monitoring system as specified by the standard, the operator
may request establishment of alternative monitoring procedures or fequire—

ments under the provisions of 40 CFR 60.13(1).

As specified in Sections 60.7(b) and (¢) 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. All excess emissions mﬁst
also be'reported to EPA for each calendar quérter. Generally, excesé
emissions of opacity are defined as all six-minute average opacity

values that exceed the proposed visible emission standard of zero percent

opacity, except those océuring during start-ub, shutdown, 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 comp11ance with the proposed standards was demonstrdted

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 opecity monitoring equipment should efther :
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 baghouée 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 aod notification obligations aseocieted with the

monitoring requirements are the same as discussed in Section 8.8.1,




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 determine particulate emissions rates for the‘
source tests supporting the establishment of the proposed standard, and is
typica]Ty 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, calciners, and grinders are kilograms of partjculate 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 recommended 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 visible emissions standard for the four affected phosphate rock
facilities, and is consistently applied to establish visib1é emissions

standards for facilities subject to NSPS. . !
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APPENDIX A. EVOLUTION OF THE SELECTION OF BEST
' SYSTEM OF EMISSION REDUCTION

A.1. 'BACKGROUND DEVELOPMENT
Federal emiss1on control interest in the phosphate fert111zer

industry, of wh1ch phosphate rock plants are a part, was first 1n1t1ated by

a 1970 U. S. Senate report from the Secretany of Health, Education and
Welfare. ! This report stated 1h part that the 1ndustny is a maJor source

af fluorides which.can,oause damage to.pIants and Iivestock, Shortly there-
’after, EPA began a study of the phosphate fehti?izer industry to determine

to what extent it contributes to air pollution. Th1s study identified several
sources of part1cu?ate and f?uorxde emissions and reported that suostantmal
growth in the industty is Tikely. 2 As a result of the study, EPA deveioped
istandards of performance for sources of part1culates and fluorides in the

high growth fertilizer manufactur1ng processes. The standards were promulgated
on August 6, 1975 3 The study also identified several sources in the phosphate
rock processing segment of the industry as heving substantial potential for -
particulate emissions, which prompted this second phase of standards develop-
ment for the industry.»
In the course of the program to develop standards of performance,

~discussions were “held to solicit ﬁnformat1on and data from practically ali

of the phosphate rock producers, two state agencies, EPA Region IV and two
industry trade associations: The Fertilizer Instltute and the Florida
Phosphate Council. In addition, a telephone survey was undertaken to

identify and locate we]l-control1edlinstallations. EPA also enlisted several




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 variaslss which affect the level .of uncontrolled
emissions, such as the type of process emp1oyed 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 viere se]ectéd fof further evaluation
of their control systems by measuring'their emissions. Results of most of
these performance tests are summarized in Appendix C. These data, along wita
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.




EPA (with the aid of a cﬁntréﬁfor) completed the Background Infor-
mation Document (inciuding the Rationale Chapter), issue paper, preamble
and proposed standard, and presented this documentation. to the EPA<Workingv
Group on October 19,'1978. The proposed standard was similar to that
;ecommended at the NAPCTAC meeting, although the format of the emissions
1imit was changed from a concentration 1imit to a mass emissions per unit
-feed Timit. 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‘backage
consisting of the BID, preamble, propbsed standard, and action memorandum
was mailed on Aprii 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 paékage. The revised package (the "AA

Concurrent Package" was mailed in July 1979 to the Administrator.




T.
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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 guide1iné§'concerninq 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 avai1ab1e for controlling part1cu1ate emissions from
phosphate rock dryers, calciners, grinders, and ground-rock handling systems.
In addition, tests were performed to determine the amount of fTuorides
evolved from a calciner contro]led by a venturi scrubber. This append1x
_describes the facilities tested and summarizes the results of particulate

and fluoride emissfon tests and visible emission observations.

Two dryers, two calciners and four grinders were tested for.particulate
emissions usiog EPA Refarence Method 5, and one calciner was tested for '
| fluorides using EPA Reference Method 13 In addition, visible emissian
observations were performed at two dryers, one calciner, three gr1nders,
 and three ground-rock handling systems. These observations were performed
using EPA Reference Method 9. Results of the front-he]f'catohesi(probe and
filter) from the particuiaoe emission measurements conducted are graphed
in Figuree 1 and 3 foriyisuai comparison and the complete results are presented
in Tables C-1 through C-14. Results of v151b1eremiesion observations are '

presented in Tables C-ls‘through c-35.
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Figure C-1. Particulate emissions from phosphate rock dryers.
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DESCRIPTION OF FACILITIES

A. 0Qil-fired (No. 6 fuel 0il) 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 moiéturé content and the type of rock being prote;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 opefatdr test. Emissions from the dryer are cleaned by a Ducon
venturi scrubber which has a pressure 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 particuléte measurements
were performed.usfng EPA Method 5. Visible emission measurements Qere made

by EPA at the scrubber exhaust in accordance with EPA Method 9.

B. One oil-fired rofary drygr and one oil-fired fluid bed dryer opératgd v
in parallel. Nominal prﬁduction 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 nbrma11y at full capacity and processed'100 percent Florida
land pebble fpr each of the EPA tests. Emissions from both dryers are
partially cleaned by two parallel impingément scrubbers (one for each dryer).
‘Emissions from‘the scrubbérs are combined and ducted to a two-stage wet
eléqtrgstatic,ﬁrecipitétor (ESP) which has a total collecting area of
50,600 square feet and a gas velocity o%'1.53 feet per second. The gleaned

gas exits the ESP ffom two vertical -stacks. The ESP was reportedly designed

for approximately twice the volume of .gas currently being processed. EPA
| g5




particulate measurements were performed using EPA Method 5. The operator
cornducted 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 0i1) calciner used to remove

moisture and organics from phosphate rock. Designed to caTciﬁe 70 TPH,
] but the operator has increased the calcining capacity to 86 TPH by drying a

portion of.the>feed prior to calcination. Calciner emissions ére cleaned

by an ARCO venturi scrubber which has a pressure drop of 12 inches of

water and uses about 600 ga1/miq recircuiated 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. Production
throughput 1is 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-Pu1séir§ baghouse. Tests were conducted only during normal
process oper@tion. Particulate measurements were performed using EPA Method

5. Visible emissions were not recorded.

, E. Raymond roller mill used to grind dried phosphate rock. Production
throughput is nominally rated at 35 TPH, but is dependent on the degree of'
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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 90vpercent '
through 100 mesh (65 to 85 percent through 200 mesh), during the third test.

| Emissions from the grinder are cleaned by a baghouse. Tests were conducted on]y

during. periods when the process was operatina norma]dy. Particulate measurements

- were performed using EPA Method 5. Visible emission observations were made at

the baghouse exhaust.

F. One roller m111 and one ball mill operated in para11e1 Production
rates cannot be measured accurateTy,but exper1ence shows that the roller m111
. normally operates.at 27.5 TPH and ball mill at 50 TPH. The method used
to determine if.mi11s are operatfng at full capacity is by‘the emperage
reading of the mi]i motors and‘fans. vMilTs were operated at fui]vcapacity during
all EPA tests.‘ Emissions from both grinders are combined and cleaned by a
'baghouse which has an air-to-cloth ratio of 4 to 1. Tests were conducted
- only while the process was operating normally. EPA particulate meesurements
were performed using EPA Method 5. Particulate measurements made by the
operator were performed using Western Precipitation Method WP-50. The results
are presented in Tab]e C-12. Visible emission observations were made at the

baghouse exhaust in accordance with EPA Method 9.

G. Harding ball mill used to grind calcined phosphate rock to 50 percent
minue 200 mesh. Production throughput {s nomina]]y 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 aﬁd,ccmpany
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}g.

H. Pneumatic system for transferring 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 transferring 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 is designed toitransfer
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 cyclone to
a Mikro-Pulsaire baghouse which has 36 bags, each of which are 96 inches

long by 4.5 inches in diameter. The exhaust gas flow rate is about'Z,SOO

dscfm and the air-to-cloth ratio is about 8 to. 1. Visible emission‘ﬁeasurements

C-8




were made at the baghouse exhaust in éctordance with EPA Method 9.

J. Pneumaticvsystem for transferring ground phosphate rock frdmf
a phosphate rock grﬁnder 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 wag‘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 lbng by 4.5 inches in diameter, yfelding 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 ca]cine 46 tph, but
operator has difficulty maintaining'the design.production rate because
of lack of surge capacity between calciner and grinder. Ca]cinér emissions
are cleaned by an Entoleter Centrifield scrubber which operaﬁes in
a range of 20 to 30 inches of water pressure drop. Particul;te measure-
ments were conducted byvthe operator using EPA Method 5 while the
calciner was operating normally. Visible emissions were recorded by EPA

using EPA Method 3. Visible emission measurements were not recorded

vgimu1taneous1y with the Method 5 tests.




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
Temperature - OF 153 152 153 153
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
Tb/hr - 9.07 11.14 8.04 9.42
1b/ton 0.036 0.047 0.034 0.039
Total catch
_gr/NSCF 0.058 0.042 0.051 0.051
gr/ACF 0.037 0.028 0.032 0.032
15/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
% Noacity

Particulate Emissions

Probe and filter catch

gr/DScF & 0.025 0.018 0.022
gr/ACF 2 0.015 0.011 0.013
Tb/hr 14.7 10.0 12.3
Tb/ton 0,041 0.036 0.038

Total catch

gr/DSCF? 0.046  0.040 | 0.043
- gr/ACF 2 0.027 0.024 | 0.026
1b/hr : 26.7 21.5 24.1
16/ton 0.074 0.060 0.067
"qcalculated

NR - Not Reported
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Run Number
Date

Test. Time - Minutes
Production Rate - TPH
Stack Effluent  (From an ESP)
Flow rate - ACFM
Flow rate - DSCFM
Temperature - OF
Water vapor - Vol. ¢
Visible Emissions at
Collector Discharge -
% Noacity

Particulate Emissions

Probe and filter catch
gr/DSCF
gr/ACF
b/hr
1b/ton

-

Total catch
.gr/DSCF
gr/ACF
1b/hr
1b/ton

- TABLE C-3

FACILITY B
Summary of Results of Tests of a Dryer

3/20/75 3/20/75

108
394

134,463
113,144
112
9.2

0.012
0.010
11.91
0.030

0.015

0.013

14.66
-0.037

108
394

133,566
110,758
115
10.0

3/24/75

108
379

129,084
111,918
104
7.46

Average

108
389

132,371
111,940
110
8.9

See Tables C-18 through C-20

0.013
0.010
12.08
0.031

0.016
0.014
15.06
0.038

€-12

0.005
0.005

5.23
0.014

0.009
0.008

8.80
0.023

0.010
J.008

9.74
0.025

0.013
0.011

12.84
0.033




TABLE C-4

FACILITY B
Summary of Results of
Tests of a Dryer

Date 6/10/74 - 8/14/74

Test Time - Minutes NR
Production Rate - TPH 423
Stack Effluent {From an ESP)

Flow rate - ACFM 124,373

b 115,348

Flow rate - DSCFM
Temperature - OF AR
Water vapor - Vol. % NR
Visible Emissions at
Collector Discharge - NR
% Noacity

Particulate Emissions

Probe and filter catch
ar/DSCF NR”
gr/ACF NR™ -
Tb/hr NR
1b/ton NR

Total catch

gr/DSCF © 0,023
gr/ACF © 0.021
1b/hr _ - 22.8
. 1b/ton® ‘ 0.054

'aAverage of 11 tests, 9 of which were performed while both dryers were fired with
natural gas.

bCa]cu]ated; assuming a stack gas temperature of 110°F.

cCa‘lcu]ated.
NR - Not Reported




TABLE C-5
FACILITY ¢

Summary of Results

of Tests of a Calciner

Run Number , 1 2 . 3 4 5 6 Average
Date 4/8/75 - 4/8/75 4/9/75 = 4/9/75 4/10/75 4/10/75 -
Test Time - Minutes 120 120 120 120 120 120 120
Production Rate - TPH 80 . 80 80 80 80 80 80

Stack Effluent (From a Scrubber)
Flow rate - ACFM 47,197 50,160 51,456 54,719 50,324 49,262 50,520
Flow rate - DSCFM 25,319 27,764 28,407 28,005 27,525 26,338 27,226

Temperature - °F 141.5 143.5 145.8 158.5 146.0 144.6 146.7
Yater vapor - Vol. % = 25.1 22.6 22.5 26.7 23.1 25.0 24.2
Visible Emissions at ‘
Collector Discharge - 0 0 0 0 0 0 0
% Opacity '

Particulate Emissions

Probe and filter catch

.041 0.053

gr/DSCF 0.038 0.055 0.048 0.046 0 0.047
gr/ACF E 0.020 0.030 0.027 0.023 0.023 0.028 0.025
1b/hr 8.18 13.10 11.8 10.98 9.75 11.99 9.20
1b/ton 0.10  0.16 0.15 0.14 0.12 0.15 0.14
Total catch |
gr/DSCF 0.040 0.057 0.051 0.057 0.044 = 0.067 0.053
gr/ACF 0.021 0.031 0.028  0.029 0.024 0.035 0.028
1b/hr ’ 8.62 .13.46 12.49 13.68 10.44 15.03 12.29
1b/ton 0.11 0.17 0.16 0.17 0.13 - 0.19 0.15

NR - Not Recorded
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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 51.7 35.9 35.9 41.2

Stack Effluent (From a Scrubber) ‘ _ o
Flow rate - ACFM _ 46,850 38,391 41,069 42,103

Flow rate « DSCFM 29,558 - 25,540 26,885 27,328
Temperature - OF 131 - 124 126 127
Water vapor - Vol. % 12.38 9.51 10.81 - 10.90

Visible Emissions at ' :
Collector Discharge - NR NR NR -
% Noacity

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
Th/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 -
1b/hr NR MR 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 : Average®
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 - 9F 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/DSCF - 0.043 0.020 £ 0.032
gr/ACF 0.029 0.013 0.021
b/hr 12.03 5.58 . 8.80
1b/ton 0.186 0.086 | . 0.136
Total catch '

9¥/DSCF NR NR S -
ar/ACF N NR . .
b/hr . NR NR -

" @ Tyo of three tests were averaged. The third test was invalidated by sample contamination.
NR - Not Reported
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TABLE C-7a

FACILITY K
'Summary of Results
of Tests of a Calciner

Run Number " . - B Y 3 " Average
Date - . 3/9/75  9/2/75  12/17/75
Test Time - Minutes ' NR NR NR
Production Rate - TPH , 27 25 25
* Stack Effluent ' ’
Flow rate - ACFM | . NR NR NR
Flow rate - DSCFM 11,100 10,900 10,900
Temperature - °F - NR - NR - NR
Water vapor - Vol. % o NR NR -~ NR
Visible Emission at : NR NR NR
Collector Discharge - % Opacity
Particulate Emissions
Probe and filter catch
gr/DSCF' ' |
gr/ACF
1b/hr
1b/ton

Total catch
gr/DSCF
gr/ACF
1b/hr
1b/ton

(1) Calculated from information submitted by operator

NR - Not Reported







Run Number

Date

Test Time - Minutes

Production Rate - TPH

Stack Effluent (From a Scrubber)
Flow rate - ACFM
Flow rate - DSCFM
Temperature - °F
Water vapor - Yol.

Visible Emissions at
Collector Discharge -

% Opacity

Fluoride Emissions

Total catch
gr/DSCF
gr/ACF
1b/hr
1b/ton

4/4/75

120
80

53,213
27,965
146.3
26.1

A}

0.00020
0.00010
0.05
0.0006

TABLE C-8
FACILITY ¢
Summary of Results

of Tests of a Calciner

2 3 4 5 6 Average
4/5/75 4/8/75 4/8/75 4/9/75 4/10/75 -

120 120 120 120 120 120
80 80 80 80 80 80

50,116 47,101 49,251 55,430 49,563 50,779
27,752 26,267 26,803 28,275 26,663 27,288
145.0 143.3 144.4 152.5 143.5 145.8

22.3 21.9 23.8 27.6 24.6 54.5

0.00038 0.00092 0.00046 0.00035 0.00104 0.00056
0.00QZ] 0.00051 0.00025 0.00018 0.00056 ° 0.00030
0.09 0.21 0.1 0.08 0.24 0.13
0.0011 0.0026 0.0014 0.0010 0.0030 0.0016




TABLE C-9

FACILITY D

Summary of Results
of Tests of a Grinder

Run Number 1 2
Date S 11173
Test Time - Minutes 128 128
Production Rate - TPH 121 - 131

Stack Effluent (From a Baghouse)

Flos rate - ACFM 15,200 14,700
Flow rate - DSCFM 13,200 12,800
1Temperature - OF 115 115
Water vapor - Vol. % 5.80 6.10

Visible Emissions at
Collector Discharge - NR NR
% Ooacity

Particulate Emissions

Probe and filter catch

qr/0SCF 0.0102  0.0115
gr/ACF 0.0089 0.0100
To/hr 1.154 1.270
Tb/ton 0.0095 0.0097

Total catch

gr/DSCF - 0.0132 0.0155
gr/ACF 0.0114 0.0134
1b/hr | 1.49 1.70

1b/ton 0.0123 0.0130

NR - Not Recorded

C-18

1/12/73

128
120

14,900
13,000
118

©5.30

NR

0.0078
0.0068
0.869

0.0072

0.0100
0.0087
1.1 |
0.0093

Average

128
124

14,900

13,600
116
5.70

NR

0.0098
0.0072
1.098

0.0088

- 0.0128

0.0095
1.43
0.0012




'TABLE C-10

FACILITY E

Summary of Results
of Tests of a Grinder

Run Number 1 2 ; Average
Date 2/16/73 2/16/73 2/16/73

Test Time - Minutes 120 | 120
Production Rate - TPH 36.0 36.0
Stack Effluent (From a Baghouse)

Flow rate - ACFM 3,295 3,256

Flow rate - DSCFM 2,720 2,654

Temperature - OF 161 161
Water vapor - Vol. % 5.32 6.05
Visible Emiésions at
‘Collector Discharge -

% Opacity

Particulate Emissions

Probe and filter catch
gr/DSCF 0.0085
gr/ACF a 0.0070
tb/hr 0.198
Tb/ton |  0.0055
Total catch

_gr/DSCF 0.0149 0.0178 0.0080
gr/ACF 0.0122 0.0146 - 0.0065
1b/hr o 0.347 0.406 0.188
1b/ton 0.0096 0.0113 0.0057

NR - Not Reported




TABLE

c-11

FACILITY F
Summary of Results

of Tests of a
Run Number 1
Date 7 3/25/75
Test Time - Minutes 120
Production Rate - TPH?2 77.5

Stack Effluent (From a Baghouse) |
Flow rate - ACFM 8,385

Flow rate - DSCFM 6,676
Temperature - OF 146
Water vapor - Vol. % . 9.47

Visible Emissions at
Collector Discharge - 0
% Npacity

Particulate Emissions

Probe and filter catch

) gr/DSCF 0.002
gr/ACF 0.002
Tb/hr | 0.117
1b/ton 0.0015

Total catch
gx/DSCF 0.003

- gr/ACF " 0.002
Tb/hr ‘ 0.159
1b/ton ' 0.0021

2 pyoduction rate cannot be measured.

both mills are running at full capacity.

using the normal production rate.

Grinder
2

3/25/75

120
77.5

8,582
' 6,809
155
8.47

0.002
0.001
0.099
0.0013

0.003
0.002
0.159
0.0021

3/26/75

120
77.5

7,897
6,449
139

8.79

0.002
0.001
0.093
0.0012

0.002
0.002
0.116
0.0015

Average

120
77.5

8,288
6,645
147

8.91

0.002
0.001
0.103
0.0013

0.003
0.002

’0.145

0.0019

77.5 TPH is the normal production rate when

C-20
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" TABLE C-12

FACILITY F .
Summary of Results
of Tests of a Grinder

Run Number Averagéa
Date | o 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 - Vof. % - NR

Visible Emissions at ‘
Collector Discharge - NR -
% Noacity

Particulate Emissions

Probe and filter catch

_ gr/DSCF 7 - MR
gr/ACF | NR
/hr | . NR
Tb/ton | NR

~ Total catch _ v
gr/DSCFP - 0.0028
gr/ACF | o AR
1b/hr - | 0.12
_ Tb/ton " L

a Average of 15 tests.

b Calculated.

NR - Not Reported




Run Number
Date

Test Time - Minutes

Production Rate -~ TPH

TABLE C-13

FACILITY ,G
Summary of Rgsu1ﬁs
of Tests of a Grinder

1
4/5/75

200
81.4

Stack Effluent (From a Baghouse)

Flow rate - ACFM
Flow rate - DSCFM
Temperature - OF
Water vapor - Vol. %
Visible Emissions at
Collector Discharge -

¢ Opacity

Particulate Emissions

Probe and filter catch

gr/DSCF
gr/ACF
Tb/hr
1b/ton
Total catch
gr/DSCF
gr/ACF
1b/hr
- 1b/ton

6,713
4,194

233
0.0

0.0014

0.0009
0.05
0.0006

0;0015
0.0009
0.05

0.0006

Cf22

2
4/7/75

200
81.0

6,830
4,286
231
0.0

0.0034
0.0021
0.12

0.0015

0.0038
0.0024
0.14

0.0017

4/7/75

200
80.8

6,446

- 3,983

241
0.0

0.0016
0.0011
0.06

0.0007

0.0039
0.0024
0.13

0.0016

bAveréde

200

- 81.1

6,663
4,124
235
0.0

0.0021
0.0014
0.08

0.0009

0.0031

- 0.0019

0.12
0.0013




TABLE C-14

FACILITY G

Summary of Results
_ of Tests of a Grinder

Run Number o 1 2 3 . Average
Date - 10/3/73  10/3/73  10/3/73 -
Test Time - Minutes 120 120 120 120
Production Rate - TPH . 52 52 52 B2

Stack Effluent (From a Baghouse)
Flow rate - ACFM 8,242 8,423 8,058 8,241

Flow rate - DSCFM 5,635 5,661 5,408 5,568
Temperature - OF | 159 177 177
Water vapor - Vol. % 0.84 0.00 0.00 0.28

Visible Emissions at
Collector Discharge - NR ~ NR NR -
% Npacity :

Particulate Emissions

Probe and filter catch

gr/DSCF - 0.0047 0.0061 0.0038 0.0049

gr/ACF 0.0032 0.004] 0.0025 0.0033
1b/hr 0.23  0.30 0.18 0.24
1b/ton | 0.0044  0.0057 0.0034 ' 0.0045

Total catch

gr/DSCF | NR NR NR -
gr/ACF | NR N W -
16/hr , NR NR NR -

1b/ton N W MR .

NR - Not Reported
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TéBle C-15
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 Dischéxor@oe ff&igt:
Location of Discharge: Top of stack '

Height of Point of Discharge: 96 feet Height of Observation Point: gpound level
Description of Background: Gray sky Direction of Observer from Discharge Point:
Description of Sky: Overcast flortinest
‘Wind Direction: East , Wwind Velocity: 7

Color of Plume:- Yhite 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 a 0
2 * 0 22 0
3 0 23 U
4 - 0 24 J
5 0 25 0
6 0 26 U
7 0 27 0
8 0 28 0
3 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

*Subsequent sets were each of 6-minutes duration, and there were no time lapses between
sets, :
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Table C-15, continued.

. SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

I I I

10

OPACITY, percent

- TIME, hours
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Table C-16
FACILITY A
SUMMARY OF VISIBLE EMISSIONS

Date: March 18, 5975

Type of Plant: Phosphate rock dryer

Type of Discharge: Stack from scrubber Distance from Observer to Uischarge Point:
Location of Discharge: Top of stack o ooy
Height of Point of Discharge: 96 feet
Description of Background: Cloudy sky
Description of Sky: Cloudy '
Wind Direction: South-West Wind Velocity:s 1o - mi/ar
Color of Plume: Yhite Detached Plume: Ho

Interference of Steam Plume: VYes '

Duration of Observation: 2 hours, 29 minutes

SUMMARY _OF AVERAGE OPACITY - SUMHARY _OF AVEKAGE OPACITY

Height of Observation Point: Ground level

Direction of Observer from Uiscrarge Foint:
. Horth-yest

Time Opacity . Time Opacity
Set Jumber Start End Averaage Set ilumber Start End Averace
4:22 4:28 21 J
* 22 G
23 U
24 U
23 U

B e o s s g J e Y |
WVRNONPLWNAOOUONOODELWN
OO0 OO COOOOOCOOOO

N
[en]

* Subsequent sets were each of 6-minute durations, and there were no time lapses
between sets, ‘
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Table C-16, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

l | T

10

DPACITY, percent.

TIME, hours
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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 Dischargﬁxfalgﬁz
< Location of Discharge: Top of stack -

Height of Point of Discharge: 96 feet 1 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 Horthwest ' Wind Velocity: 15-30

Color of Plume: White Detached Plume: WO
Interference of Steam Plume: Yes .
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 Y 0

* ’ 22 0

23 0

24 0

25 0

26 0

27 0

28 0

OO0 CODOOOOOOOOO

&
L R e o e e R e el
Swvoo~NOUMIPBLWN—OowR~NCOTUIAWND—~

* Subsequent sets were each of 6-minutes duration, and there:were no time lapses
between sets. -
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Table C-17, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME: - -

15 poes . . . —

10 f— . | | | o _

UPAEITY, percent

TIME, hours
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Table c-18
. FACILITY B

SUMMARY OF VISIBLE

Date: March 20, 1975

Type of Plant: Phosphate rock dryer

Type of Discharge: Stack from electrostatic

- Location of Discharge: Stack precipitator

Height of Point of Discharge: 2#90 feet

Description of Background: Blue sky

Description of Sky: Clear

‘Wind Direction: West

Color of Plume: White

Interference of Steam Plume: VYes

Duration of Observation: 2 hours, 15 minutes
SUMMARY OF AVERAGE OPACITY

EMISSIONS*

Distance from Observer to Discharge Point:
150 feet

Height of Observation Point: Ground level

Direction of Observer from Discharge Point:
South Soutneast

8
No

Wind Velocity:
Detached Plume:

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 5.0
2 *k . 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 a3
14 4.6 34
15 5.0 35
16 5.0 36
17 - 5.0 37
18 5.0 38
19 4.6 39
20 5.0 40

*Four observers made simultaneous readings (two
greatest of their readings is reported.

**Subsequent sets were each of 6-minutes duration
between sets,
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Table C-18, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

0

OPACITY, percent

| I

2

TIME, hours
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Table ¢-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: =290 feet

Distance from Observer to Discharge Point:
. 150 feet

Height of Observation Point: Ground Tevel

Description of Background: Clear blue sky
Description of Sky: Clear
‘Wind Direction: HNortheast
Color of Plume: White
Interference of Steam Plume: Yes
Duration of Observation: 2 hours

SUMMARY OF AVERAGE OPACITY

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 *k ) 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

12 2.1 32

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). Tne
greatest of their readings is reported. ‘

**Sybsequent sets were each of 6-minutes duration, and there were no time 1apses between
sets. )
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Table C-19, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

T

OPACITY, percent

TIME, hours




Table C-20
FACILITY B
SUMMARY OF VISIBLE EMISSIONS *

Date: March 24, 1975
Type of Plant: Phosphate rock dryer

Type of Discharge: Stack from e]g§§£?§$%§igr Distance from Observer to Diﬁ%ﬁ??%gthint:
- Location of Discharge: Stack

Height of Point of Discharge: 90 feet Height of Observation Point: Ground level
Description of Background: Cloudj sky Direction of Observer from Discharge Point:
Description of Sky: Partly cloudy | ‘ : Soutneast:

Wind Direction: Southwest Wind Veloecity: 25 | i
Color of Plume: White Detached Plume: No

Interference of Steam Plume: Yes o
Duration of Observation: 103 minutes, 15 seconds

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY ;
Time Opacity Time Opacity [
Set quber Start End Average Set Number Start End Average i
<1 1:05  1:11 4.8 21 |
2 *%k : 4.8 22 |
3 4.0 23 ‘ ;
4 4.6 24 s
5 4.4 25 4
6 4,7 26 '
7 5.2 27 |
8 4.8 28 1
9 4.6 29 |
10 4.8 30 :
1 2.9 31 ‘
12 4.0 32 |
13 3.8 33 i
14 3.9 34
15 4.0 35
16 4.2 36
17 37
18 4.0 38
19 39
20 40

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-20, continusd.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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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 Southeast
‘Wind Direction: North . Wind Velocity: 3-10

Color of Plume: White Detached Plume: No

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 ] 28
9 0 29
10 0 30
1" 0 31
12 U 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 i5 reported.
**Subsequent sets were each of 6-minutes duration, and there were no time lapses between
sets. : T
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Table C-21, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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Table C-22
FACILITY C
SUMMARY OF VISIBLE EMISSIONS *
Date: April 5, 1975

Type of Plant: Phosphate rock calciner

Type of Discharge: Particulate Distance from Observer to Dis%%%r%%e%oint:
- Location of Discharge: Stack from scrubber

Hefght 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 East
‘Wind Direction: South Wind Velocity: 15-25

Color of Plume: White ‘ | Detached Plume: No

Interference of Steam Plume: Yes
Duration of Observation: 2 hours, 5 minqte5'=

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE QPACITY
Time Opacity , Time Opacity
Set Number Start End Average v Set Number Start End Average
1 8:45 9:01 0 21
2 ek 0 22
3 0 23
4 0 . 24
5 0] 25
6 0 26
7 0 27
3 0 28
9 0 29
10 0 30
N 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.
**guybsequent sets were each of 6-minutes duration, and there were no time lapses between
sets.
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Table C-22, continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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Table C-23
FACILITY C
SUMMARY OF VISIBLﬁ 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

Hind Direction: South

Color of Plume: White

Interference of Steam Plume: Yes

Duration of Observation: 1 hour, 45 seconds
SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
’ - 1/4 mile

. Height of Observatio? Point: Ground level

Direction of Observer from Discharge Point:
Southeast

Wind Velocity: °-20
Detached Plume: 10

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average

1 8:50 8:56 0 21

2 dek . 0 22

3 0 23 |
4 0 24

5 0 25

6 0 26

7 0 .27
8 4] 28 -
9 0 29
10 0 30
11 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-23, continued.

vSKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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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
Hefght 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 ‘ ' Soutneast
‘Wind Direction: South Wind Velocity: 2-8

Color of Plume: White Detached Plume: NO

Interference of Steam Plume: Yes :
Duration of Observation: 2 hours, 0 minute

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
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
20 0 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-24, comtinued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME: -
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Table C-25
FACILITY C
SUMMARY OF VISIBLE EMISSIONS™

Date: April 10, 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: Sky
Description of Sky: Overcast

Wind Direction: East
"Color of Plume: White

Interference of Steam Plume: Yes
Duration of Observation: 2 hours 0 min
SUHﬂARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
1440 feet

Height of Observation Point: Ground Level

Direction of Observer from Discharge Point:
Southeast

Wind Velocity: 2 to 5
Detached Plume: No

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End Average

1 7:30: 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 kY I
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

* TYwo observers made simultaneous readings.

The greater of their readings is reported.

wr Sybsequent sets were each of 6 minutes duration, and there were no time lapses between

sets.
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Table C-25, continued.
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Table C-26
FACILITY €
SUMMARY OF VISIBLE EMISSIONS *

Date: April 10, 1875 '

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: Sky
Description of Sky: Overcast

‘Wind Direction: North

Color of Plume: White

Interference of Steam Plume: Yes
Duration of Observation: 3 hours O min

Distance from Observer to Discharge Point:
1400 feet
Height of Observation Point: Ground Level
Direction of Observer from Discharge Point:
. Southeast
Wind Velocity: O to 16
Detached Plume: No

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 -2 0
2 ok 0 22 0
3 0 23 0
4 0 24 0
5 0 25 0
6 0 26 Y
7 0 27 0
8 0 28 0
9 0 29 0
10 0 30 0
1N 0 k)
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 simuitaneous reaaings.
#* Sybsequent sets were each of 6 mbnutes duration,

sets.

ine greater of their readings is reported.
and there were no time lapses between
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Table C-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

‘Hind Direction: Not Reported Wind Velocity: 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 *% 0 22 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 grgater 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-28
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
Hefght of Point of Discharge: 75 feet Height of Observation Point: 90 feet
Description of Background: Brown, Rusty Conveyor Direction of Observer from Discharge Point:
Description of Sky: Partly Cloudy . " East
‘Nind Direction: Northwest Wind Velocity: 10
Color of Plume: White Detached Plume: No
Interference of Steam Plume: No ‘
puration 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 21 ‘
2 deke : 0o . - 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
211 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 1apses between
sets. . ; ‘

*
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SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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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
Height of Point of Discharge: 75 feet Height of Observation Point: 85 feet
Description of Background: Off-white Building  pjrection of Observer from Discharge Point:
Description of Sky: Clear East

‘Hind Direction: Northeast Wind Velocity: 15 to 25

Calor of Plume: White Detached Plume: No

Interference of Steam Plume: No
Duration qf 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

11:00 11:06 0 - 21 .
x% 22
23
24
25
26
27
28
29
30
K}
32
33
34
35
36
37
38
39
40

OO0OOOCOOOOOOOOOO

CUONAVIPWRN~OWRNAUTEWN ~
000000000000 OO00O0O0O

*+

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-30
FACILITY 6
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 Péint: 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 petached Plume: No
Interference of Steam Plume: No )
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 4:00 4:06 0 21 0
2 ke ’ 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 1] 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 Eeported.

»* Sybsequent 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 C-31
FACILITY G .
SUMMARY OF VISIBLE EMISSIONS *

April 7, 1975

Phosphate Rock Grinder
Type of Discharge: particulate

Location of Discharge: Duct from Baghouse
4eight of Point of Discharge: 46 feel
Description of Background: Dark Building

Date:
Type of Plant:

Description of Sky: Overcasé
‘Wind Birection: Northwest
‘Color of Plume: None

Interference of Steam Plume: No
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 Velocity: 7 to 15
Detached Plume: NO

SUMMARY OF AVERAGE OPACITY.

Time Opacity Time Opacity
Set Number Start End Average Set Number Start End _ Average

1 9:25 9:31 0 21 0
2 *ek 0 22 0
3 0 23 0
4 4] 24 0
4 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 3 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.
wk  Sybsequent sets were each of 6 minutes duration, and there were no time lapses between sets.

The greater of their readings is repoteéed.

C-56




Table Q-31 , continued.

SKETCH SHOWING HOW OPACITY VARIED WITH TIME:

=
o
e
@
=
S
=
[ =
<<
o
S

TIME, hours




Table C-32
FACILITY &
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: Ground -Level
Description of Background: Dark Building Direction of Observer from Discharge Point:
Description of Sky: Overcast Northeast
Wind Direction: HNorthwest 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 Averaage
1 3:20 3:26 0 21 0
2 *k . 0 22 0
3 0 23 0
4 4] 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
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.

k% Sybsequent 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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Date: March 26, 1975
Type of Plant: Matgria]s

Table C€-33
FACILITY H.
SUMMARY OF VISIBLE EMISSIONS *

Handl&ng

Type of Discharge: Particulate
. Location of Discharge: Baghouse Stack
Height of Point of Discharge: 150 feet

Description of Background:
Description -of Sky: Clear

Green Trees

‘Wind Direction: Northeast

Color of Plume: White

Interference of Steam Plume: No

puration of Observation: 1

20 minutes

Distance from Observer to Discharge Point:

75 feet

Height of Observation Point: 150 feet
Direction of Observer from Discharge Point:

Wind Velocity: 5

Detached Plume:

South-Southwest

No

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 LA ’ 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
158 0 35
16 0 36
17 0 37
18 0 38
19 0 39
20 0 40

* Two observers made simu
badad Subsequent sets were ea

1tane6us readings.

ch of 6 minutes duration, and there were
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SKETCH SHOWING HOW OPACITY VARIED WITH TIME:
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Table €-34
FACILITY I
SUMMARY OF VISIBLE EMISSIONS *
Date: March 25, 1975
Type of Plant: ground 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 °V§EC35t Direction of Observer from Discharge Point:
Description of Sky: Overcast Y North

“Wind. Direction: West ‘ Wind Velocity: 10

Color of Plume: White Detached Plume: NO

Interference of Steam Plume: NO

Duration of Observation: 1 hour, O 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 *% 0 22
3 U 23
4 0 24
5 0 25
6 4] 26
7 0 27
8 0 28
9 0 29
10 0 30 |
11 31 ' |
12 .32 : i
13 ) 33
14 34
15 35
16 , _ 36
17 37
18 ( 38
19 39
20 ' i . 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
P 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 Distance from Observer to Discharge Point:

. Location of Discharge:Top of stack ' - 150 feet
Height of Point of Discharge: 120 feet Height of Observation Point: 75 feet
Description of Background: Gray sky Direction of Observer from Discharge Point:
Description of Sky: Overcast Nortnwest
‘Wind Direction: HNorthwest Wind Velocity: 10
Color of Plume: Hhite Detached Plume: O

Interference of Steam Plume: O
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 4:45  4:51 0 21

2 *x 0 22

3 0 23

4 a 24 : ‘

5 0 25 -
6 0 26 5
7 0 27

8 0 28

9 0 29

10 0 30

11 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.

**Sybsequent sets were each of 6-minutes duration, and there were no time lapses between
sets. X
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TABLE C-36
FACILITY K
Summary of Visible Emissions

Date: June 22, 1976

Type of 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
Calor of Plume: White ’ Detached Plume: Yes
Duration of Observation: 1 hour 0 minutes

SUMMARY OF AVERAGE OPACITY - SUMMARY OF AVERAGE OPACfTY

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 o
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 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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APPENDIX D. EMISSION MEASUREMENT AND CONTINUOUS MONITORING

D.1 Emission Measurement Methods

For the phosphate rock processing industry, the Environmenta]:Protectjon

Agéncy relied on Method 5 for measuring particulate emissions, Method 9 for
measuring visible emissibns, and Method 13B for fluoride emissions. These
methods were used as described in Appendix A of 40 CFR Part 60 and published
in the Fédera] 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
aécuracy (+ 10%) can be obtained with a minimuﬁ catch of 25 mg.
inaccuracy at this level and Tower 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 Monitoring
Effluent gas from the phosphate rock processes are not excessively hot
(Tess than 121° C or 2$0°F),but can contain fluorides that may react
with water to form acids that would etch glass materials. Glass lensek
on opacity monitoring equipment should either be protected from fluoride

deposits or replaced with material not subject to etching. Visible emission




monitors are cavered by EPA performance standards contained is Appendix B

of 40 CFR Part 60 (Federal Register, September 11, 1974).

Equipment and installation costs are estimated to be $18,000 to $20,000
and annual 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 longer sampling times and 1ar§er sampie volumes. The recommended
minimum sampling volume is 4.5 dsm3 (160 dscf). Commercially available high
volume sampling trains conforming to Method 5 specifications would allow tests
of shorter duration while obtaining the minimum sample 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.

D-2




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 combination of these. The control system méy serve ohe 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 1nclude the design and operation of the dryer and the type of
rock being dried. The effect of process design and operat1on on uncontrolled
emissions is discussed in Chapter 3. The operator usua]ly has little control
over the design of the dnyer after it is znstalled .and operatlon durlng a
compliance test should be no.different than the way the process is normally
operated. The comp11ance test should be perfbrmed while the dryer is opera-
ting at the maximum productwon rate at which it is expected to run in
" the future, which may be greater than design parameters indicate. As stated
in the faci]ity descriptions in Appendix C, dryers are designed for a

certain degree of moisture removal, and production at this mofsture removal




will be greater for smal], dry feed than for large, wet feed. The.
enforcement official should therefore be more concerned witﬁ the heat
input (fug} addition rate) to the dryer than the produgtion 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 fuél it will
burn in the future. An exception to this would occur if the dryer is
designed to burn one fuel, such as natural gaé, during normal opefation,
but can use an alternate fuel, such as fuel 0il, when the cleaner fuel
"{s not available. In these cases, the dryer should be tested during
normal conditions {(e.g., bﬁrnihg 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‘F1or1da
rock falls into two ca]ssifications,'pebb]e rock and concentrates. Mbst ‘ :
operators indicate that they experience greater part1cu1ate em1ss1ons
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 clay

adhering to its surface. Attrition in the dryer causes submicron-sized
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clay particles to be sioughed off, resulting in greater emissions to
the control system. Because of this, at least half of the rock being
processed dur1ng the perfonnance tests shau1d be pebblie rock 7Of
course, 1f pebb]e rock w111 never be processed in the dryer, this
requirement should be waived.

E.3. CALCINERS

The enforcement aspects for calciners are the same as those

presented above for dryers. The only. noteworthy difference is that it
is un11ke1y that any units will be built to calcine Florida rock, so
the type of raw mater1a] fed to the ca1c1ner need not concern the
enforcement official. | |

_E.4.  GRINDERS |

Phosphate rock grinders are of two basic designs: ball mills and
ro]?er mills. 321l mills are usually duc;-d to a’single control device;
however, roller mills are frequently qperated in parallel with several
ducted to one control device. Therefore, it is in5umbeet on the enforcement
offieia] to be certain thai all mi]]s‘ducted to the control device are
operating during the compliance tests. Types of raw mater1a1s do not
affect em1ss1ons from phosphate rock grinders.

Factors which affect productson 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 incfeese 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 smaller sizes. However,




the process which will ultimately use the ground rock has been designed
to accept a certain size roék, typicaliy 60 percent through 200 mesh,
and operayes most efficiently with that size of rocﬁ, Therefore,
fineness of the grind is not generally a'parameter which the operator
changes frequently. As with dryers and calciners, production throughput
of grinder§ 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 mill motor and/or mill fan and runs the grinding mi1l 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'log sheets) or, 1if 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 SINGLElSOURCE 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

Tocation 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 ihcrements 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). 1In 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).




Mixing height data are ohtained from the twice-a-day upper air obserya-
tions made at the most representative upper air station. Hourly mixing heights

are estimated by the model using an objective interpolation scheme.

A feature of this model is the modification of plume behavior to
account for aerodynamic effects-for plants in which the design is not qptimal
(see Appendix B)f Another important aspect of the model {s the ability to
add concentrations from stacks Iocated_CTOSeTy together. In this feature,
no consideration is given to tﬁe physical separation between the stacks

since all are assumed to be located 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 fpr_concentrations of any
averaging 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 single source model does not address the aerodynamic complications
- which arise when plant design is less than jdeal. 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 "downwash." 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 ar; lost; while in the downwash case,
all of the benefits of plume rise are Tost, along w{tﬁ most of the benefits
of stack elevation. Both phenomena--but especially downwash--can ser1ous1y

increase the resulting ambient air 1mpact.

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 are wind speed, stack gas exit velocity, stack height,
stack diameter, and building height. If a particular assessment indicates no
aerodynamic effect, then for that stack for that hour, the model behaves Just
Tike 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. CONVERSION 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
Pound (1b) Kilogram 4.536
Square Foot (ft2) : Square Meter (m2) 9.290

Ton (T) Kilogram (kg) 9.072

Ton per Hour (TPH) Kilogram per Second 2.520
: (kg/s)
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