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1. INTRODUCTION AND SUMMARY

.1 INTRODUCTION

Section 111(d) of the Clean Air Act, 42 U.S.C. 1857¢c-6(d), as
tmended, requires EPA to establish procedures under which States submit
;p1ans to control certain existing sources of certain pollutants. On
November 17, 1975 (40 FR 53340), EPA imp]emented‘séction 111(d) by
‘promulgating Subpart B of 40 CFR Part 60, establishing procedures and
requirements for adoption and submittal of State plans for control of -
"designated pollutants" from "designated facilities." Designated
pbl]utants are pollutants which are not in¢luded on a list'pub]ished
ther section 108(a)wa the-Aét'(ﬁétfona1 Ambient Air Quality Standards)
~or section 1lé(b)(1)(A) (Hazardous Air Pollutants), but for which
:standards of performance for new sources have been established under
Qection 1]1(5). A designated facility is an existing facility which
emits a designated pollutant and which would be subject to a standard
.of performance for that pollutant if the existing facility were new.

’ Standards of performance for five categories of new sources in
the phosphate fertilizer industry were promulgated in the FEDERAL
REGISTER (40 FR 33152) on August 6, 1975, to be incorporated into the
- Code of Federal Regulations under 40 CFR Part 60. New subparts T, U,
-V, W, and X were added to set standards of performance for fluoride |
emissions from new plants manufacturing wet-process phosphoric acid
(WPPA), superphosphoric acid (SPA), diammonium phosphate (DAP),

triple superphosphate (TSP), and for storage facilities used in the
‘manufacture of granular triple superphosphate (GTSP). The States,

therefore, are required to adopt fluoride emission standards for

1=1




existing phosphate fertilizer plants which would be subject to the

standards of performance if they were new.
Subpart B of 40 CFR Part 60 provides that EPA will publish a

guideline document for development of State emission standards after

promulgation of any standard of performance for a designated

pollutant. The document will specify emission guidelines and times
for compliance and will include other pertinent information, such as
discussion of the pollutant's effects on public health and welfare
and a description of control techniques and their effectiveness and
costs. The emission Quide]ines will reflect the degree of emission
reduction attainable with the best adequately demonstrated systems of
emission reduction, considering cosis, as applied to existing facilitie

After publication of a final guideline document for the pollutant
in question, the States will have nine months to develop and submit
plans for control of that pollutant from designated facilities. Withir
four months after the date for submission of plans, the Administrator
will approve or disapprove each plan (or portions thereof). If a
state plan (or portion thereof) is disapproved, the Administrator will
promulgate a plan (or portion thereof) within six months after the
date for plan submission. These and related provisions of subpart B
are basically patterned after section 110 of the Act and 40 CFR Part
51 (éoncerning‘adoption and submittal of state implementation plans
under section 110).

As discussed in the preamble to subpart B, a distinction is drawn
between designated pollutants which may cause or contribute to

endangerment of public health (referred to as "health-related pollutant:
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those for which adverse effects on public health have not been

nstrated (referred to as "welfare-related po]Tutants"). For

fith-re]ated pollutants, emission standards and compliance times in
ate plans must ordinarily be at least as stringent as the corresponding

‘iss1on guidelines and compliance times in EPA's guideline documents.

" provided in Subpart B, States may apply less strinaent requirements
rkparticu]ar facilities or classes of facilities when economic

Ctors or physical 1imitations make such application significantly
4?0 reasonable. ‘ _

~ For welfare-related pollutants, States may balance the emission
fdelines, times for compliance, and other information provided in
i§u1de11ne'document‘against other factors of public concern in
tablishing emission standards, compliance schedules, and vériances,
5‘-v1ded that appropriate consideration is given to the information
'esented in the guideline document and at public hear1ng(s) requ1red
Ahy'subpart B and that all other requirements of subpart B are met.
fﬂhqre sources of pollutants that cause only adverse effects to crops
re located in non-agricultural areas, for example, or where residents
éf a community depend on an gconomica11y marginal plant for their

: velihood, such factors may be taken into account (in addition to
those that would justify variances if a health-related pollutant

wmere involved). Thus, States will have substantial flexibility to
consider factors other than technology and cost in establishing plans

r the control of welfare-related pollutants if they wish.

For reasons discussed in section 2 of this document, the
Administrator has determined that fluoride emissions from phosphate
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mfé;tf1§iéf’ﬁlaﬁis ﬁéywdéﬁéé'orﬂéontributéwfﬁ'endahgermént of the
public welfare but that adverse effects on public health have not
been demonstrated. As discussed above, this means that fluoride
emissions from phosphate fertilizer plants will be considered a
welfare-related pollutant and the States will have greater
flexibility in.establishing plans for the control of fluorides than
wodid Be the case if public nealti might be affected.

This guideline document provides a brief description of the
phosphate fertilizer industry, the five manufacturing categories
for which fluoride emission guidelines are established, and the
nature and source of fluoride emissions. Also, information is provi
regarding the effects of airborne f]uoridesbon health, crops, and
animals.

Emphasis has been placed on the technical and economic evaluatic
of control techniques that are effective in reducing particulate and
gaseous fluoride emissions, with particular emphasis on retrofitting
existing p]énts. Some costs were seldomly available énd wefe
fragmentary. Therefore, the cost basis for adoption of State
standards based‘on the emission‘guidelines js instead developed by

plant complex where assumed mediocre controls are replaced

‘with controls based on the emission guidelines. These retrofits are
called retrofit models and are presented in Section 6.1.3.1.
The emission guidelines and the control equipment on which

they are based are discussed in Sections 7 and 8. The environmental
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‘nt of the emission guidelines is presented and discussed in
33;79, The remainder of this introductory section summarizes
tion presented in subsequent sections.
HEALTH AND WELFARE EFFECTS OF FLUORIDES

'Gﬁfide emissions from phosphate fertilizer plants have been
Jrmined to be we]fare-fe]ated [i.e. no demonstrated impact upon
4¢ health for purposes of section 111(d)]. The daily intake of
ride inhaled from the ambient air is only a few hundredths of a
gram - a very small fraﬁtion of the total intaks‘of the average 7
If a person is exposed to ambient air containing about
micrograms (ug) of fluoride per cubic meter, which is the
!um average concentration that is projected in the vicinity of a
Vizer facility with only moderate control equipment (Table 9-5), | —
tal daily intake from this source is.calculated to be about 150
" This is very low when compared with the estimated daily intake
jﬁovt 1200 ug from food, water and other sources for the average
‘an; Also, the intake of fluoride indirectly through standard
chains is insignificant. Fluorides are not passed into dairy
ts and are only found in farm produce in very small amounts.
Fluorides do, however, cause damage to livestock and vegetatfon
fhc immediate vicinity of fertilizer plants. Ingestion of
prides by livestock from hay and forage causes bone lesions,
pness and impairment of éppetite that can result in decreased
Bght gain or diminished milk yield. It can also affect developing |

fn young animals, causing more or less severe abnormalities
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1.3 FLUORIDES AND THEIR CONTROL LTI T e

~involves a venturi ahead of, and integral with, fhemgchbber.

in permanent teeth. Exposure of plants to atmospheric fluorides can
result in accumulation, foliar lesions, and alteration in piant

development, growth, and yield.

For purposes of standards of performance for new stationary
sources (SPNSS) and the attendant requirements of section 111(d),
emissions of "total fluorides," rather than specific fluorides are
limited. Total fluorides means molecular fiﬁoriné énd all compounds
of fluorine measured by reference methods identified in subparts T,
U, V, W, and X and specified in Appendix A of 40 CFR, Part'60, or by
equivalent or alternative test methods.

Good control of fluoride emissions from phosphate fertilizer
manufacturing operations is achievable by water scrubbers which are
properly designed, operated, and maintained. The most satisfactory
scrubber for general use fS ihe spray crossf]éw packedb
scrubber. Other scrubbers, such as the venturi and the cyclonic
spray tower can give satisfactory results when used in series. The

spray-crossflow packed scrubber, shown diagramatically in Figure 6-1,

owes much of its success to its greater fluoride absorption capability
and its relative freedom from solids plugging. This plugging has given
some trouble in the past in DAP and GTSP plants, but current designs

are available which have acceptable turnaround periods]. One design

A description of the performance of water scrubbers in fluoride
emission control is given in Table 1-1.  The industry-wide range of

contraol is given by a variety of scrubbers and is discussed in Chapter
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: The scrubber data associated with best control teéhno1ogy were
§9(61nud from EPA sponsored tests conducted during the development
be7SPN55. Most of the scrubbers tested were the spray crossflow

pecked type, but a few venturi were tested.

1,4 EMISSION GUIDELINES

fmission guidelines for existing phosphate fertilizer manufacturing
fecilities for control of fluoride emissions are described in this

!ictton. Table 1-2 gives the fluoride emission levels that may be

achieved by application of best adequately demonstrated technology to
iiistinq facilities, including five manufacturing processes and the
itbraqu facilities for granular triple superphosphate. Comparison of
these emission guidelines with the ranges shown for well-controlled:
plant. (Table 1-1) shows that equivalent control of fluoride emissions
¢an be achieved by application of best adequately demonstrated tecHno]oqy
for rither new or e'xi’sti'_r-ig sources;

: Adoption of these controls would result in fluoride emission
Peductions ranging from about 50 percent for granular triple super-

: ,phOSphate (GTSP) production facilities to around 90 percent for ,
run-of-pile triple superphosphate (ROP-TSP) plants. Overall nationwide
 ¢ml5sions would be reduced by about 75 percent.

The emission levels of Table 1-2 are identical to the standards

of purformance for new stationary sources (SPNSS) since the best
adeyuately demonstrated technology applicable is the same type of
control equipmént. The justification for application of this equipment
to existing as well as new sources is summarized in Section 1.6.1

and discussed more completely in Section 8. (lote that all units
 §xprussed as "tons" are defined as short tons.)
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TABLE 1-1 PERFORMANCE OF AQUEOUS SCRUBBER EMISSION CONTROL EQUIPMENT -
‘ IN PHOSPHATE FERTILIZER MANUFACTURING PLANTS,

Fluoride Source Fluoride Emissions from Control Equipment
g TF/kg .of P205 input
Industrv-Yide Panae | "ééﬁf-toﬁtfof]ed Hew Plant Seqmeént

Wet-Process 'Phosphoric Acid 0.01 - 0.30 ' 0.001 - 8.0095
Superphosphoric Acid o

_ Submerged Combustion ' 0.06

% Vacuum Evaporation 2.5 x 10'3 2.05 x 10°% ~ 7.5 x 107%
Diammonium Phosphate 0.03 - 0.25 0.0125 - 0.03
Triple Superphosphate 0.10 - 0.30 : 0.015 - 0.1505
(run-of-pile - ROP)
Granular Triple querphosphate ' g.10 - 0;30 ; 0.0é‘— 0.{35
Sggﬂggzr Triple Superphosphate 2,5 x 1074 - 7.5 X 10'4f 0.25 x 1074 - 2.75 x 107°

*Units are g ‘TF/hr/kg of P205 stored.

’——-—-_



Process Source Emission Guidelines
of Fluorides Total Fluorides - weight par unit nf Py05_input ‘
~_~gfkg lbs/ton -
Wet-Process Phos- ' _
phoric Acid . 9.91 o 0.02
Superphosphoric Acid o 0.005 ‘ 0.01
B ~Diammonium Phosphate . 0.03 . ' 0.06
t ’ Yy
© Triple Superphosphate 0.1 | )
(ROP) 0.2 )
Granular Triple . : '
Superphosphate - 0.4 ‘ : 0.2
g/hr kilogram , 1bs/hr ton*

‘Granular Triple .4 S -4
Superphosphate Storage S 2.5x 10 5x 10

*These denominator units are in terms of P205 stored,




1.5 COMPLIANCE TIMES

The compliance times for installation of a wet scrubber are give
in Table 1-3, which is derived from Figure 6-17, Milestones in the
compliance schedule are also shown. The first milestone can increase
to 18 weeks. if justifiable source tests must be run and control
alternatives evaluated. This is rather unlikely, since the spray-
crossflow packed scrubber is the one most widely specified for new
controls. The interval between mi]eStonesvtwo and three is that requ
for fabrication and shipping. The fabrication time is virtually beyor
the control of either the customer or the air pollution control
official. For this reason, a range of elapsed time must be understooc
for fabrication. The compliance time can exceed 78 weeks and depend:
upon availability of materials of construction, labor factors, work

TABLE 1-3

COMPLIANCE TIMES FOR INSTALLATION OF WET SCRUBBER FOR
A WET PROCESS PHOSPHORIC ACID PLANT = =

Milestone Elapsed Time, Weeks
Submit final control plan 6
to Agency
Award scrubber contract 26
Initiate scrubber 52
installation
Compiete scrubber 72
installation
Final compliance achieved : 78

backlogs, and many other things. If a given fertilizer complex has

to install several scrubbers, the total time for compliance may exceed
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cailuriation shown in Table 1-4 provides a major portion of
caion for the emiésion guideiines. The costs in the
- uerived from retrofit models (section 6.7.3.1). The capitail
ciirced costs shown in Tabie 1-4 represent emission controls
aurate process.
-~ i ocotas expenditures for emission controis of a process
~abe into account the control costs allocated to its feed
v, Tabie 1-5 summarizes retrofit control costs for fertilizer
Lﬂe capacities shown. These costs (see Table 7-1) include
~o WP plant control costs according to the amount of acid
cor cxampie, the ROP piant control cost inc?udes‘the control
too Lhe 330 tons/day of wet process phosphoric acid required to
1’0 of ROP, both on a P205 basis. Therefore, the annuaTized
-+ unis, as a percent of sales, differ from those shown in
1, cxcept for the WPPA plant taken alone. The greatest unit
~oniois Tor the combination of processing and storage of GTSP.
" percent of GTSP production is beiieved to be aiready
renlry controtied while five of eight storage facilities may
Lo retrofitted if the States establish emission standards as
vl as the emission guideiines. This would not have a great

o GiSP manufacture., About 60 percent of DAP piants wouid
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|Process Source of Annualized Capital Control Percent of Plants Applicable W
Fluorides Control Cost Cost of Eg”igmenfﬁ Not Meeting This Emission
% of Sales $/Annual ton of Emission Guideline ayldeline :
P,0r grams/kilogram P205 input
Wet-Process 19 - .23 1.39 - 1.65 47 0.01
Phosphoric Acid
:Superphosphoric .14 1.15 21 0.005
Acid _
T Di anrond um {
~o Phosphate .37 4.44 60 0.03
Triple Super-
Phosphate (ROP) JA3-.74 4,42 - 7.59 40 0.1
Granular Triple
E’Superphosphate .48 5.07 25 0.1
?Granu]ar Triple —g *F*
%’Superphosphate A2 4,52 70 2.5 x 10
Storage

TABLE 1-4

ECONOMIC ASSESSMENT OF FLUORIDE EMISSION GUIDELINES FOR EXISTING

PHOSPHATE FERTILIZER MANUFACTURING FACILITIES.*

* Derived from EPA retrofit models at 1974 prices and costs.

3

** Based upon total annual production at capacity for 330 days/year.

*** Units are grams F/hr/kilogram of P O5 stored. This facility is
assumed to accompany a 400 short tBn P,0g/day GTSP plant.

lIIIIIIIIIIIIII-IIIIIIIlIlllllllllllllllllllll.llllllllllllIllll;IllIlllllllIlIIIIIIII--------L.
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TABLE 1-5

SUMMARY OF RETROFIT CONTROL COST REQUIREMENTS'FOR VARIOUS PHOSPHATE FERTILIZER MANUFACTURING PROCESSES"

!

l—

Phosphoric therphosphoric ' .
End Product Acid Acid DAP ROP-TSP GTSP
Design Rate,
tons/day 500 300 500 550 400
(P205 BaSiS)
Capital Control Cost, :
$/annual ton P205 1.39 - 1.65 2.67 5.96 5.33 - 8.50 10.50
: Sqles Price |

(¥ per ton product) 105 152 145 126 130
Annualized Costs

Unit Basis .

($ per ton product) .20 - .24 .52 .73 0.66 - 1.05 1.29

As a % of

Sales Price 0.2 0.3 0.5 0.5 - 0.8 1.0

*Costs and prices are at 1974 levels




—#

possibly need to be retrofitted. Although this segment of the industr
requires the most control effort, control costs are only 0.5 percent o
sales.

The capital retrofit costs shown in Table 1-5, while significant,
are moderate. ‘Annualized costs as a percent of sales are small,
showing that all the control costs can be readily recovered.

Cyclonic spray and venturi scrubbers, alone, do not have more

“than about two transfer units, whereas the spray-crossflow packed
scrubber (SCPS) is furnished in the 5-9 transfer unit.range. The
former controls would require two or more scrubbers in series to
achieve the performance of one spray-crossflow packed scrubbee. This
scrubber multiplication would cost more in comparison to the SCPS
and would not be selected for high degrees of fluoride removal when
costs are taken int
reason to design short of the SPNSS. A SCPS being designedlio achieve C
Ibs F/ton for DAP can achieve 0.06 1bs TF/ton if desiqned with a little
additional packing. Therefore, the fluoride emission guidelines
given in Table 1-1 ref]eét the performance of a control system which
is judged to be the best when costs are taken into account, and they
are identical to the SPNSS.

If the States establish emission standards as stringent as the
emission guidelines, the financial impact upon most existing plants

will be moderate, as. shown in Tables 1-4 and 1-5. The only plants
Tikely tb be financially burdened will be: small plants of less than
about 170,000 tons per year capacity; plants that are 20 years or more
of age; and piants isolated from raw materials, i.e. certain DAP plants
that purchase merchantkphosphoric acid and ammonia.

e e e
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1.6.2  Environmental

The environmental assessment provided here is an assessment of
the difference between two degrees of control: 1) the reduction in
fluoride emissjons resulting from application of the emission
guidelines and 2) the normal reduction in fluoride emissions resulting

from State Impiementation Plans (SIP), local requlations, etc.

Tﬁe adoption of fluoride emission standards would have a
beneficial impact upon air quality. Installation of retrofit controls
- similar to those described in section 6.1.3.1 can reduce fluoride
emissions from existing sources by amounts ranging from 50 percent
for GTSP to 88 percent for ROP-TSP plants. The projected
average nationwide emission reduction that would result from applica-
tion of the gmission guidelines is 73 percent or 1070 tons F/year. |
The method of deriving these results is described in section 9.1.1.

The removal of fluoride po]lutanis from fertilizer p]antkemissions
would have a beneficial effect on.the environment. The threshold
average concentration of fluoride in foliage that results in harmful
effects to animals when ingested is 40 ppm. The available data
suggest that a threshold for plant deterioration (foliar necrosis)
on sensitive plant species is also 40 ppm. As discussed in detail
in Chapter 2, an accumulation of fluoride in foliage of more than 40
ppm would result from exposure to a 30 day average air concentration
of gaseous fluoride of about 0.5 micrograms per cubic meter (ug/m3).
In order to evaluate potential ambient concentrations of fluoride,
atmospheric dispersion estimates were made for a typical phosphate
fertilizer complex. Groundlevel fluoride concentrations were compared
for mediocre conirols and fqr cqntro]s essentially similar
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to the emission guidelines shown in Table 1-Z. Atué'd;$£;néé |

of about 2.5 kilometers (Table 9-5) from the complex, the 30-day
average fluoride grdund-level concentration was 3.5 ug/m3 for the
mediocre contfols, and it was 0.5 ug/m3 for the good

retrofit controls. The conclusion is apparent that for protection
of}public welfare (i:e. foliage, animals, etc.) mediocre

controls are effective for protection of property beyond 15 km (9.3
miles) and best controls are effective beyond 2.5 km (1.5 miles)
relative to the fertilizer facility location.

Increased or decreased control of fluorides would not change
the volume of aqueous waste generated in a phosphate fertilizer
complex. Gypsum pond water is used and re-used, and a discharge is
needed only when there is rainfall in excess of evaporation.

Any solid waste generated by scrubbing fluorides would be in
the form of fluorosilicates of CaF2 in the gypsum ponds. Section
9.1.3 shows that the increase in solids discharged to the gypsum
pond due to scrubbing in a WPPA plant is only about 0.06 weight
percent, a negligible amount. The total fluoride solids increase
from a fertilizer complex to the gypsum pond would be nearer four
percent of the gypsum discharge, but much of this is from sources
other than scrubbing and certainly cannot be charged to small
increments in emission standards.

1.6.3 Energy

Energy requirements for State contfo]s baséd on the
emission guidelines, in excess of existing controls, would be small
and varying from 0.4 to 25 KWH per ton P205, depending on the

process. Raising the allowable emission levels would have only a

1-16




small effect on these power figures. Section 9.1.4 estimates the

total incremental energy demand for the phosphate fertilizer industry.

This total incremental electrical energy demand that would result from

installation of retrofit controls

insta on ont o meet State st

(o) T o

guidelines is estimated as 27 x 107 KWH/yr, which is energy enough to
operate one SPA plant of 300 tons/day P205 for 115 days/year. Although
this energy number can be only an approximation, it puts the

incremental energy demand into perspective and shows that it is very

+ha
LIl

1.6.4 Inflation

The costs associated with the emission guidelines for existing‘
ilizer plants have been judged not to be of such
magnitude to require analysis of the inf]ationary impact. Screening
criteria have been developed by EPA to be used in the impact analysis.
hese criteria have been outlined in an Agency publication and include:

(1) National annualized cost of compliance.

(2) Total added production cost in relation to sales price.

(3) Net national energy consumption increase.

(4) Added demands or decreased supplies of selected materials.

Should any of the guideline values listed under these criteria be

exceeded, a full inflationary impact assessment is required.
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2. HEALTH AND WELFARE EFFECTS OF FLUORIDES

2.1 INTRODUCTION
In accordance with 40 CFR 60.22(b), promulgated on November 17,
1975 (40 FR 53340), this chapter presents a summary of the available

information on the potential health and welfare effects of fluorides
and the rationale for the Administrator's determination that it is a
welfare-related pollutant for purposes of section 111(d) of the Clean
Air Act.

| The Administrator first considers potential health and welfare
effects of a designated pollutant in connection with the establishment
of standards of performance for new sources of that pollutant under
section 111(b) of the Act. Before such standards may be established,
the Adminisfrator must find that the pollutant in question “"may
contribute significantly to air pollution which causes or contributes
to the éndangerment of public health or welfare" [see section
111(b)(1)(a)]. Because this finding is, in effect, a prerequisite
to the same pollutants being identified as a designated pollutant
under section 111(d), all designated pollutants will have been
found to have potential adverse effects on public hea]th,»public
welfare, or both.

As discussed in section 1.1, Subpart B of Part 60

distinguishes between designated pollutants that may éause or
contribute to endangerment of public health (referred to as "health-
related pollutants") and those for which adverse effects on public
health have not been demonstrated ("welfare-related pollutants"). |
In general, the significance of the distinction is that States

have more flexibility in establishing plans for the control of
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welfare-related pollutants than is provided for plans involving
health-related pollutants.

In determining whether a designated pollutant is health-related
or welfare-related for purposes of section 111(d), the Administrator
considers such factors as: (1) known and suspected effects of the

pollutant on public health and welfare; (2) potential ambient

concentrations of the pollutant; (3) generation of any secondary
pollutants for which the designated poliutant may be a precursbr;
(4) any synergistic effect with other pollutants; and (5) potential
effects from accumulation in the environment (e.g., soil, water and
food chains).

It should be noted that the Administrator's determination
whether a designated pollutant is health-related or welfare-related
for purposes of section 111(d) does not affect the degree of control
represented by EPA's emission guidelines. For reasons discussed in
the preamble to Subpart B, EPA's emission guidelines [Vike standards
of performance for new sources under section 111(b)] are based on the
degree of control achievable with the best adequately demonstrated
control systems (considering costs), rather than on direct protection
of public health or we]fére. This is true whether a particular
designated pollutant has been found to be health-related or welfare-
related. Thus, the only consequence of that finding is the dearee
of flexibility that will be available to the States in establishing

plans for control of the pollutant, as indicated above.
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2.2 EFFECT OF F

2.2.1 Atmospheric Fluorides
The daily intake of fluoride inhaled from the ambient air is
only a few hundredths of a milligram - a very small fraction of the

intake for the average person. If a person is exposed to

ambient air containing about 8 micrograms (ug) of fluoride per cubic

in the vicinity of a fertiiizer facility with only mediocre control
equipment (Table 9-5), his total daily intake from this source is
calculated to be about 150 nug. This is very low compared with the
estimated daily intake of about 1200 ng from food, water, and other
sources for the average person.

Few instances of health effects in people have been attributed

ot
(@]

ommunity airborne fluoride, and they occurred in inve

¢

of the health of persons living in the immediate vicinity of fluoride-
emitting industries. The only effects consistently observed are

decreased tooth decay and slight mottling of tooth enamel when compared
fﬁnhbﬁz}bfmcbmﬁhnity‘6b§é;vétioné.m Cfﬁbbi?ﬁg_¥ih6;6g§§ késdif?hq‘ffom' |
industrial exposure to fluoride seldom (if ever) occurs today, owing

to the establishment of and adherence to threshold limits for exposure
of workers to fluoride. It has never been seen in the United States.
Even persons occupationally exposed to airborne fluoride do not usually
come in contact with fluoride concentrations exceeding the recommended
“industrial threshold 1imit values (TLV). The current TLV for hydrogen

fluoride is 3 parts per million (ppm) while that for particulate

fluoride is 2.5 milligrams per cubic meter (mg/m3) expressed as elemental

fluorine.

2-3




There is evidence that airborne fluoride concentrations that

produce no plant injury contribute quantities of fluoride that are
negligible in terms of possible adverse effects on human health and

offer a satisfactory margin of protection for people.

Gaseous hydrogen fluoride is absorbed from the respiratory tract
and through the skin. Fluoride retained in the body is found almost
entirely in the bones and teeth. Under normal conditions, atmosnheric
fluoride represents only a very small portion of the body fluoride

burden.

2.2.2 Ingested Fluorides

Many careful studies, which were reviewed by the National Academy
of Sciences, have been made of human populations Tiving in the vicinity
of large stationary sources of fluoride emissions. Even in situations
where poisoning of grazing animals was present, no human illness due
to fluoride poisoning has been found. In some of these areas much of
the food used by the people was locally produced. Selection, processina
and cooking of vegetables, grains and fruits gives a much lower fluoride
intake in human diets than in that of animals grazina on contaminated
pasture.

In poisoned animals, fluorine levels are several thousand times
normal in bone, and barely twice normal in milk or meat. Calves and
Tambs nursing from poisoned mothers do not have fluorosis. They do not
develop poisoning until they begfn to graze. Meat, milk and eqgs from
Tocal animals contain very little more fluoride than the same foods
from unpoisoned animals. This is due to the fact that fluorine is

deposited in the bones almost entirely.
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.3 EFFECT OF FLUORIDES ON ANIMALS.'

In areas where fluoride air pollution is & problem, high-
fluoride vegetation is the major source of fluoride intake by livestock.
inhalation contributes only a negligible amount to the total fluoride

intake of such animals. \

JIfLEX§iTabie evidence indicates that dairy cattle are the

e s s

domestic animals most sensitive to fluorides, and protection of
e e b d e T i I

dairy cattie from adverse effects will protect other classes of live-

stock.

Ingestion of fluoride from hay and forage causes bone lesions,
lameness, and’impairmenthof appetite that can result in decreased
weight gain or diminished milk yield. It can also affect developingb
teeth in young animals, causing more or less severe abnormalities
in permanent feeth.

Experiments have indicated that long-term ingestion of 40 ppm
or more of fluoride in the ration of dairy cattle will produce a
significant incidence of lameness, bone lesions, and dental

fluorosis, along with an effect on growth and milk production.

Continual ingestion of a ration coﬁtaining less than 40 ppm will give

discérnib]e but nondamaging effects. However, full protection
requires that a time 1imit be placed on the period during which high
intakes can be tolerated.

Ithhas been suggested that dairy cattle can tolerate the
ingestion of forage that averages 40 ppm of fluoride for a year,
60 ppm for up to 2 months and 80 ppm for up to 1 month. The usual
food supplements are lTow in fluoride and will reduce the fluoride

concentration of the total ration to the extent that they are fed.
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2.4 EFFECT OF ATMOSPHERIC FLUORIDES ON VEGETATION.

grasses such as sweet corn and sorghum. Resistant plants include

Fluoride-containing dusts can be non-injurious to vegetation

but contain hazardous amounts of fluoride in terms of forage for

farm ahimals. Phosphate rock is an example of a dust that seemingl)
has not injured plants but is injurious to farm animals. This was

made evident forty years ago when an attempt was made to feed

phosphate rock as a dietary supplement source of calcium and bhospha
Fluoride injury quickly became apparent.z' Phosphate rock is used‘
for this purpose today, but only after defluorinating by heat treat-
ment. Phosphate rock typically contains up to about 4 weight percent
fluorine.

1

The previous sections state that atmospheric fluorides are

not a direct problem to people or animals in the United States,vbut

-that animals could be seriously harmed by ingestion of fluoride from

forage. Indeed, the more important aspect of fluoride in the ambient

af} is its effect on vegetation and its accumulation in foraae
that Teads to nharmful effects in cattle and other animals. The
hazard to these receptors is limited to particular areas: industrial
sources having poorly controlled fluoride emissions and farms Tocated
in close proximity to facilities emitting fluorides.

Exposure of plants to atmospheric f]uofides can result in
accumulation, foliar lesions, and alteration in plant development,
growth; and yield. According to their response to f]uorides; piants

may be classed as sensitive, intermediate, and resistant. Sensitive

plants include several conifers, several fruits and berries, and some
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several deciduous trees and numerous vegetable and field crops. Most

forage crops are tolerant or only moderately susceptible. In
addition to differences among species and varieties, the duration of
cxposure, stage of development and rate of growth, and the environmertal

conditions and agricultural practices are important factors in

determining the susceptibility of plants to fluorides.
The average concentration of fluoride in or on foliage that appears
to be important for animals is 40 ppm. The available data suggest

that a threshold for significant foliar necrosis on sensitive

species, or an accumulation of fluoride in forage of more than 40 ppm

would result from exposuré to a 30-day average air concentration of
qaseous fluoride of about 0.5 micrograms per cubic meter (ug/m3).
Examples of plant fluoride exposures that relate to leaf

damage and crop reduction are shown in Table 2—1.2 As shown, all]

varieties of sorghum and fﬁémféggn?ésistanp varieties of corn and
tomatoes are particularly susceptible to damage by fluoride ambient
air concentrations projected in the immediate vicinity of fertilizer

facilities (See Table 9-5).

2.5 THE EFFECT OF .\7'0SPHERIC FLUORIDES ON MATERIALS OF CONSTRUCTION.

2.5.1 Etching of G'iass2

It is well known that glass and other high-silica materials
are etched by exposure to volatile fluorides like HF and SiF4. - Some
experiments have been performed where panes of glass were fumiqated
with HF in chambers. Definite etching resuited from 9 hours ex-

posure at a level of 590 ppb (270 ug/ms). Pronounced etching resulted from

14.5 hours exposure at 790 ppb (362 ug/m3). Such levels would, of"
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Table 2-1. EXAMPLES OF HF CONCENTRATIONS AND EXPOSURE DURATIONS REPORTED
~ TO CAUSE LEAF DAMAGE AND POTENTIAL REDUCTION IN CROP VALUESZ

Plant ' - Concentration and Time*

Sorghym . - 0.7 ppb (0.32 ug/m3) for 15 days - 15 ppb (6.9 mg/mb) for 3 days

Corn 2 ppb (0.92 1g/m3) for 10 days - 800 ppb (366 ug/m3) for 4 hrs.
2; Tomato 10 ppb{(4.6 ug/m3 for 100 days - 700 ppb (321 ug/m35 for 6 days

‘Alfalfa 100 ppb (45.8 ug/m3) for.]ZO days - 700 ppb (321 ug/m3) for 10 days

*Concentrations are expressed in terms of parts pgr billion ( pb) with the equivalent
concentration in micrograms per cubic meter (ug/m°) given in parenthes1s




course, cause extensive damage to many species of vegatation. However,
ambient concentrations of this magnitude are improbable provided thaf
& fertilizer facility properly maintains and operates some type of

;5contro1_equipment for abating fluoride emissions.

2.5.2 " Effects of Fluorides on Structures

“.vAf the relatively low gaseous concentrations of fluorides in
 emissions from industrial processes, 1000 ppm or less, tne damage
caused by fluorides is probably limited mostly to glass and brick.
Occasionally, damage to the interior brick Tining of a stack has

been attributed to fluorides.

Considerable experience is available on corrosion in wet process
phosphoric acid plants, where the presence of fluoride increases the

3-5

corrosive effects of phosphoric acid. This experience applies to

the liquid phase; the effects of fluoride air emissions need more
study. Entrained crude phosphoric acid will corrode structural

steel and other non-resistant mgteria]s that it settles on, The
corrosive effects of “"fumes" from the digestion of phosphate rock

have been acknow]edged and good design and maintenance practices

for plant structural steel have been outHned.6 More information is
needed about effects of gaseous fluorides in low concentration outside
of the mill. It is usually difficult to separate the corrosive
effects of airborne fluorides from those of other local and back-

ground pollutants.




2.6 RATIONALE

Based on the information provided the preceding sections of

this chapter, it is clear that fluoride emissions from phosphate
fertilizer facilities have no significant effect on human health.

Fluoride emissions, however, _do have adverse effects on livestock

\// e U e o
and vegetation. Therefore the Administrator has concluded that
e T —

fluoride emissions from phosphate fertilizer facilities do not

contribute to the endangerment of public health. Thus fluoride

emissions are considered a welfare-related pollutant for

purposes of section 111(d) and Subpart B of Part 60.
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\.  PHOSPHATE FERTILIZER INDUSTRY ECONOMIC PROFILE AND STATISTICS

.1 INDUSTRY STRUCTURE

The phosphate fertilizer industry is a segment of the agricultural
chvimical industry that is devoted to the production and marketing of
commnodities bearing the basic nutrients--nitrogen, phosphorous, and
poLash--for crop production. From the perspective of end-use products,
the scope of the agricultural chemical industry inciudes ammonia,
simonium nitrate, urea, ammonium phosphates, nitrophosphates, mixed plant
foods (in varying N-P-K combinations), superphosphates, phosphoric acid,
«nd potash. The phosphate production segment of the agricultural chemical
industry begins with the mining of phosphate rock; proceeds with the basic
chemical production of phosphoric acid and its subsequent processing to
diammonium phosphate (DAP), superphosphoric acid (SPA), and tripie super-
phosphate (TSP); and culminates at the retailer level where the numerous
blends of fertilizers are formuiated to satisfy the diverse interests of
consumers. There are three basic types of retailers - the granuiar NPK
producers (manufacturers of chemical formulations), the liquid fertilizer
manufacturers, and the mechanical blienders (dry bulk). These groups compete
with each other in some markets {(mixed fertilizers).

The basic chemical producers in the industry sell merchant phosphoric
acid and products derived from phosphoric acid, such as SPA, DAP, and TSP.
NPX producers can therefore buy from a choice of raw materials to produce
a specific product. For example, the typieal NPK plant operator can buy
DAP or produce it from wet-process phosphoric acid. Therefore, some com-

petition can be expected among the various phosphate concentrates.
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The basic chemical producers, which are the focus of this
analysis, are generally not identifiable as single product firms.
Very few firms are totally dependent on fertilizer production for their

business. Most fertilizer production is conducted as a subsidiary

activity in well diversified, often-times large, corporations. These
firms are chemical manufacturers or petrochemical companies. Some
companies are farm cooperatives, vertically integrated from production to
marketing, in geographic areas in which they are economically based.
These_]atter firms are primarily engaged in serving farm customers by
retailing férti]izers, by purchasing and shipping grains and other
agricultural products to regional centers, and by providing necessary
supplies and services. Finally, there are firms engaged in fertilizer
production that derive the main portion of their revenues from totally
unrelated activities, such as steel manufacture, pipeline construction,v
etc.

Generally, the basic chemical producers own the sources of
their raw materials (phosphate rock mines). According to 1970

production statistics, the ten largest firms in rock mining are ranked

as follows:
TABLE 3-1
TEN LARGEST PHOSPHATE ROCK PRODUCERS]
Production
Firm (1000 Short Tons)

International Minerals & Chemicals 8,000
Williams Co. (was Continental 0il Co.) 6,500
Mobil Chemical Company 5,900
Occidental Chemical Company 3,750
American Cyanamid Corp. 3,650
U.S.S. Agrichemicals 3,640
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TABLE 3-1 (CONTINUED)

Production
Firm (1000 Short Tons)

swift & Company 3,000

Texas Gulf, Inc, 3,000

Htauffer Chemical Company 2,500

Gardinier, Inc. (was Cities Service Co.) 2,000

Total 41,940

U.S. Production 50,640
Percent of total production of ten largest

firms 83%

Based on the production of wet-process phosphoric acid, the
cornerstone of the basic chemical production in the phosphate fertilizer

industry, the ten largest firms in terms of 1972 production are as follows:

TABLE 3-2
TEN LARGEST PHOSPHORIC ACID PRODUCERS2

Production Capacity

Fivrm (1000 Short Tons PQO )

CF Industries 880
Freeport Minerals Co. 750
Gardinier , Inc. 544
Farmland Industries 455
Beker Industrial Corp. 411
Texas Gulf Inc. 346
01in Corporation 337
W.R. Grace & Co. 315
U.S.S. Agri-Chemicals Inc. 266
Occidental Chemical Co. _247

Total 4,551

U.S. Production 6,370

Percent of total production of ten 7%

largest firms
3-3




A review of the above tabulations reveals vertical
integration from the mine through the chemical nradiction

within several corporatiohs. Each of the precedina
phosphate rock producers owns basic chemical production facilities

directly, or through equity interest in chemical producing companies.

CF Industries and Farmland Industries are integrated from the chemical
production stage forward to the ultimate retailing of fertilizers.
Freeport Minerals is strong in ownership of sulfur reserves, an
important raw material for production of phosphoric acid. Beker
Industries is a newcomer into the fertilizer industry, as they purchasec
the fertilizer assets of Hooker Chemical (Occidental Petroleum) and E1l

Paso Products Company.

3.2 EXISTING PLANTS
The United States is the world's leading producer»and consumer of
phosphate fertilizer with an annual consumption of nearly 20 percent of

the world's tota].3

Phosphate fertilizers are produced by several
processes and consumed in various product forms. Plant statistics are
available for those processes of interest under the following classificati
wet-process phosphoric acid, superphosphoric acid, triple superphosphate,
and ammonium phosphates. _

Tables 3-3 through 3-6 1list the company, location, year brougnht on
stream, and annual production capacity of all wet-process phosphoric
acid, superphosphoric acid, triple superphosphate, and ammonium phosphate

facilities in the United States. Figures 3-1 and 3-2 show the geographic

distribution of these plants.
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PRIILITIO VCATAIITY IR ORTTORIIIEST TanInaTarc o gses t1aty
Company Location Date on Stream Annual Capacity
(Thousands of Tons PZOS)
Allied Chem. Corp. Geismar, La. . 1967 160
Union Texas Petroleum Div.
Agricultural Dept.
Arkansas Louisiana Gas Co. Helena, Ark. 1967 50
Arkla Chem. Corp., subsid.
Atlantic Richfield Co. Fort Madison, Iowa 1968 225
- ARCO Chem. Co., Div.
E: Beker Indust. Corp.
Agricultural Products Corp., Conda, Idaho 1972 125 (adding 125)
subsid.
National Phosphate Corp., Marseilles, I11. 1962 105
subsid. Taft, La. 1965 185 (adding 30)
Borden Inc.
Borden Chem. Div. Piney Point, Fla. 1966 165
Smith-Douglass Streator, I11. 1953 25

CF Indust., Inc.
Bartow Phosphate Complex Bartow, Fla. 1961 650
Plant City Phosphate Complex Plant City, Fla. 1965 250 (adding 375)




TABLE, 3-3

(CONTINUED)
: ' Annual Capacity
Company Location Date on Stream (Thousands of Tons P,0;)
Conserv Inc, Nichols, Fla. 1973 150
Farmland Indust., Inc. - Greenbay, Fla. 1965 500
Freeport Minerals Co. Uncle Sam, La. 1968 750
Freeport Chem. Co., Div.
Gardinier, Inc. Tampa, Fla. 1961 490
W. R. Grace & Co. Bartow, Fla. 1962 315 (adding 250)
Agricultural Chems. Group
International Minerals and New Wales, Fla. 1975 (600)
w Chemicals Corp.
m .
Mississippi Chem. Corp. Pascagoula, Miss. 1958 130

Mobil 0i1 Corp.
Mobil Chem. Co. Depue, I11. 1966 139
Agricultural Chemicals, Div.

North Idaho Phosphate Co. Kellogg, Idaho 1960 30

Occidental Petroleum Corp.
Occidental Chem. Co., subsid.
Occidental of Florida Div. White Springs, Fla. 1966 225 (adding 350)
Western Div. Lathrop, Calif. 1954 17 (adding 23)

e e



Company : Location Date on Stream Annual Tapacity
(Thousands of Tons'PZOS)
0lin Corp.
Agricultural Chems. Div. Pasadena, Tex. - 1965 230 (adding 14)
Pennzoil Co. Hanford, Calif. 1972 10 (adding 10)
Pennzoil Chem., Inc., subsid.
Royster Co. A Mulberry, Fla. 1968 140
J. R. Simplot Co. Pocatello, Idaho 1962 145 (adding 80)
‘Minerals and Chem. Div. _
Stauffer Chem. Co. Pasadena, Tex. 1966 60
Fertilizer and Mining Div. Salt Lake City, Utah 1954 65
Texas Gulf, Inc. Aurora, N. C. 1966 ~ 350 (adding 350)

Agricultural Div.

Union 0i1 Co. of California Nichols, Calif. 1961 8
Collier Carbon & Chemical
Corp., subsid.

United States Steel Corp. Bartow, Fla. 1964 95
USS Agri-Chemicals, Div. Ft. Meade, Fla. 1962 190

Valley Nitrogen Producers, Inc. Helm, Calif. 1959 35 (adding 83)
' Edison, Calif. 1966 8

The Williams Companies South Pierce, Fla. 1965 280
Agrico Chem. Co., subsid. Donaldsonville, La. 1974 (400)

TOTAL 6,293 (adding 2,690)




TABLE 3-4
PRODUCTION CAPACITY OF SUPERPHOSPHORIC ACID (1973) 455

Company Location Date on Stream Annual Capacity Process &
(Thousands of Tons P205) Remarks?d
Allied Chem. Corp. Geismar, La. 1967 127 * submeraed
Union Texas Petroleum Div. ' combustion
Agricultural Dept. :
Beker Indust. Corp.
Agricultural Products Corp., Conda, Idaho —_ 45 vacuum
subsid. .
Farmland Indust., Inc. Greenbay, Fla. 1971 138 vacuum
Z; Internat'l Minerals & Chem. Corp. Bartow, Fla. 1963 52 vacuum: acid
1967 87 is rediluted
139 and used
captively to
make feed
phosphates
North Idaho Phosphate Co. Kellogg, Idaho 1964 11 vacuum
Occidental Petroleum Corp. White Springs, Fla. 1966 69 submerged
Occidental Chem. Co., subsid. combustion
Occidental of Florida Div.
J. R. Simplot Co. Pocatello, Idaho 1964 32 (adding 23) vacuum
Minerals and Chem. Div.
Stauffer Chem. Co. Pasadena, Tex. 1966 22 vacuum
Fertilizer and Mining Div. Salt Lake City, Utah — 34 vacuum
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TABLE 3-5 4
PRODUCTION CAPACITY OF TRIPLE SUPERPHOSPHATE (1973)

Compan Location Date on Annual Capacitya Product
Stream  (Thousands of Tons Product) -
Beker Indust. Corp. Conda, Idaho 1974-75 (340) e
Agricultural Products
Corp., subsid,
Borden Inc, Piney Point, Fla, 1966 70 Granular
Borden Chem, Div.
Smi th-Douglass
CF Indust,, Inc. Plant City, Fla. 1965 530 (adding 400) ROP - granulate
w Plant City Phosphate : portion of pro-
= Complex duction
Conserv Inc, Nichols, Fla, 1973 280 ROP
Farmland Indust., Inc. Greenbay, Fla, 1965 190 Granular
Gardinier Inc. Tampa, Fla. 1952 395 ROP and granular
1972 350
745
W. R, Grace & Co. Bartow, Fla, 1954 390 ROP and granular
Agricultural Chems. Group 1958 275
665
Joplin, Mo, 1953 100 ROP




LL-€

Compan

Mississippi Chem, Corp.

Occidental Petroleum Corp,
Occidental Chem. Co.,
subsid.,
Occidental of Florida
Div.

Royster Co.

J.R. Simplot Co.
iMinerals & Chem, Div.

Stauffer Chem. Co.
Fertilizer & Mining Div.

Texas Gulf, Inc,
Agricultural Div.

United States Steel Corp.
USS Agri-Chemicals, Div,

The Williams Companies
Agrico Chem, Co., subsid.

TASLE 3-2

g CONTINUED )
Location Date on
Stream

Annual Capacitya

Product

Pascagoula, Miss. 1972

White Springs, Fla. 1966

Mulberry, Fla, 1968
Pocatello, Idaho 1954

Salt Lake City, 1954
Utah
Aurora, N.C. 1966

Fort Meade, Fla. 1962

South Pierce, Fla. 1965

aCapacities are for gross weight.

(Thousands of Tons Product)

300
460

210
120

370 (adding 130)

295

600

TOTAL

4,970 (adding 870) duction

Granular

Granular

ROP

ROP- aranulate
portion of pro-
duction

ROP- granulate
portion of pro-
duction

ROP and granutlar

Granular

ROP- qranulate
portion of pro-




TABLE 3-6 16
PRODUCTION CAPACITY OF AMMONIUM PHOSPHATES (1973)

. Annual Capacitya

Company Location Date on Stream (Thousands of Tons Product) Remarks
Allied Chem. Corp. . Geismar, La. 1967 150 DAP, leased to
Union Texas Petroleum Div. Brewster
Agricultural Dept. Phosphates
American Plant Food Corp. Galena Park, Tex. 1966 175 Mostly mixtu%es
Arkansas Louisiana Gas Co. Helena, Ark. 1967 150 DAP and mixtures
Arkla Chem. Corp., subsid. ' ,
Beker Indust. Corp.
e Agricultural Products Corp., Conda, Idaho 1972 270 DAP
~ subsid.
National Phosphate Corp., Marseilles, I11. 1962 200 DAP
subsid. Taft, La, 1965 395 (adding 70) DAP
Borden Inc.
Borden Chem. Div. Piney Point, Fla. 1966 130 —
Smith-Douglass Streator, Il1. —_— 90 Mostly mixtures
Brewster Phosphates Luling, La. 1965 385 DAP

C F Indust., Inc.
Bartow Phosphate Complex Bartow, Fla. 1961 1,000 DAP
Plant City Phosphate Complex Plant City, Fla. 1974 (390) DAP




gl-t

Company

Conserv Inc.

Farmland Indust., Inc.

First Mississippi Corp.

Gardinier Inc.

W. R. Grace & Co.
Agricu]tura] Chems. Group

Internat'l Minerals & Chem.
Corp.

Kaiser Steel Corp.

Location
Nichols, Fla.

Greenbay, Fla.
Joplin, Mo.

Fort Madison, Iowa

Tampa, Fla.

Bartow, Fla.

Bartow, Fla.
New Wales

Fontana, Calif.

Date on Streanm

1973

1965
1954

" 1968

- 1959
1966

1962/63
1975
1955

525
235

50
(490)
25

MAP

DAP
Mixtures

DRP and
Mixtures
DAP, MAP
DAP, MAP
Feed grade

DAP and MAP
DAP and MAP

Switches
between
ammonium sul:
fate and DAP




TABLE 3-6

(CONTINUED)
Annual Capacitya ‘
Company Location Date_on Stream (Thousands of Tons Product) Remarks
Lone Star Gas Co. Kerens, Tex. 1964 110 Mostly mixtures
Nipak, Inc., subsid.
Mississippi Chem. Corp. Yazoo City, Miss. 1958 630 Mostly mixtures
Mobil 0i1 Corp. Depue, 111, 1966 240 DAP
Mobil Chem. Co.
Agricultural Chemicals Div.
Monsanto Co. Trenton, Mich. — 40 - 45 —_
Monsanto Indust. Chems. Co. '
North Idaho Phosphate Co. .Kellogg, Idaho 1965 65 DAP, MAP, and
: mixtures
Iy
= Occidental Petroleum Corp.
Occidental Chem. Co., subsid.
Occidental of Florida Div.White Springs, Fla. 1966 575 (adding 350) DAP .
Hestern Div. Lathrop, Calif. — 165 Mostly m1xture
Plainview, Tex. e 25 Mostly mixture
0lin Corp. .
Agricultural Chems. Div. Pasadena, Tex. —_— 800 Mostly mixture
Pennzoil Co. Hanford, Calif. 1973 . MAP
Pennzoil Chem., Inc. subsid.
Royster Co. Mulberry, Fla, 1968 270 DAP
J. R. Simplot Co. Pocatello, Idaho 1961 190 (addina 50) DAP and MAP

Minerals and Chem. Div.




Lo 2T Tang s

Company Location Date on Stream ilboﬁééhééméff%éhéjProduct) Remarks
Standard 0i1 Company of Calif.
Chevron Chem. Co., subsid. Fort Madison, Iowa 1962 200 Mixtures
Kennewick, Wash. 1959 75 Mixtures
Richmond, Calif. 1957 100 Mixtures
Stauffer Chem Co. Pasadena, Tex. . 1966 135 Mostly DAP & |
Fertilizer & Mining Div. Salt Lake City, Utah 1965 65 Mostly DAP & !
Tennessee Valley Authority Muscle Shoals, Ala. 1966 33 SoTid ammoniur
polvphosphate:
Texas Gulf, Inc. Aurora, N. C. 1966 220 DAP
Agricultural Div.
&
pre Union Qi1 Co. of California Nichols, Calif. 1957 55 Mostly mixtur
Collier Carbon and Chem. Corp.
subsid.
United States Steel Corp. Cherokee, Ala. 1962 245 DAP & mixture
USS Agri-Chemicals, Div.
Valley Nitrogen Producers, Inc. Bakersfield, Calif. 1960 10 8-24-0
Helm, Calif. 1959 140 (adding 150) MAP & mixture
Arizona Agrichemical Corp., Chandler, Arizona 1067 60 Map, 16 - 20
subsid.
The Willjams Companies Donaldsonville, La. 1969 700 (addino 840) DAP

Agrico Chemical Co., subsid. _ T
TOTAL 10,288 (adding 2,340)

capacities are for gross weight of product and includes diammonium phosphate (DAP), monammonium phosphate (MAP
ammonium phosphate sulfate and ammonium phosphate nitrate.




FIGURE 3-1

TRIPLE SUPERPHOSPHATE AND AMMONIUM PHOSPHATE PLANT LOCATIONS
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As might be expected, the majority of the plants are located either n
the phosphate rock deposits of Florida, Idaho, and Utah; the sulfur depos:
of Texas and Louisiana; or the farming outlets.

As of 1973, theré were 34 operating wet-process phosphoric acid
plants with an annual capacity of 6,435,000 tons of PZOS; 10 super-
phosphoric acid faci]ities with an annual capacity of 783,000 tons of
P205; 15 triple superphosphate facilities with an annual capacity of
4,970,000 tons of product, and 44 ammonium phosphate facilities with an

annual capacity of 10,280,000 tons of product.4'6

The production capacity
attributed to wet-process acid plants in Table 3-3 is about 80 percent

of the total United States phosphoric acid production. The balance is
produced from elemental phosphorous made by the furnace method, which is
not covered by the standards of performance for new stationary sources
(SPNSS) for the phosphate fertilizer industry. Table 3-5 presents statis!
for facilities producing both run-of-pile triple superphosphate and granu
triple superphosphate; it is estimated that between 60 and 70 percent of
the total capacity is associated with granular TSP. Approximately 70 |

percent of the produétion capacity of ammonium phosphates Tisted in

Table 3-6 can be attributed to diammonium phosphate.

3.3 CAPACITY UTILIZATION

The phosphate fertilizer industry has followed a cyclic pattern
of capital investment in new plants. This pattern is demonstrated by
the graphs for phosphoric acid and ammonium phdsphate production
presented in Figures 3-3 and 3-4. As shown in the graphs by the

duration between peak utilization (operating near 100 percent), the
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.ycle length appears to be 6 to 7 years. During the 1965 to 1972 cycle,

xpansion peaked in 1969. Slackened demands prompted price cutting
and eventual temporary shutdown of some facilities. At the end bf the
cycie, supply of plant capacity came in balance with production.
For additional insight into-the cyclic trend of capacity
Atilization, Table 3-7 Tists operating ratios for phosphoric acid and

(iammonium phosphate production.

TABLE 3-7

PRODUCTION AS PERCENT OF CAPACITY8

Year WPPA DAP
1965 100 72
1966 92 63
1967 80 66
1968 77 56
1969 69 54
1970 84 78
1971 | % 9
1972 9 96
1973 89 | -
1974 89 -
1975 83 -
1976 82 -

buring mid-1973, the industry was operating near capacity. Idle
piants that had been shutdown during the 1968-1970 recession were being

refurbished for production. Beker Industries is one example of a firm

that purchased idle phosphate facilities from petroleum companies for

acid and ammonium production. New plant construction, as announced

3-19




by Agrico Chemical and IMC, will not provide significant additions
to supply of phosphates until 1975 or 1976. By inspection of the
profiles in Figures 3-3 and 3-4 and the operating ratios presented
in Table 3-7, planned plant capacity for phosphoric acid seems
sufficient through 1976; ammonium phosphate capacity, on the other

hand, will have to be increased to cope with the projected demand.

3.4 CONSUMPTION PATTERNS

For an understanding of the historical consumption patterns of
WPPA, SPA, DAP, and TSP, an overview of consumption of all phosphate
fertilizers is presented. Although scome superphosphoric acid is consumed
in the form of animal feed SUpplements; most phosphate production from
wet~process phosphoric acid ends up in fertiiizers.

Historical data are presented for U.S. consumption in Tabie 3-8.
Liquids and solids (bulk and bagged) are all included in these data.
Total consumption includes phosphate values derived from wet-process
phosphoric acid to produce triple superphosphate, and phosphate rock
reacted with suifuric acid to produce normal superphosphate.

Overail, the growth trend in total consumption has been at & rate
of 6.5 percent compounded annually from the base year 1960. However,
normal superphosphate production has declined steadily from 1,270,000
tons (P,0g) in 1960 to 621,000 tons (P,0g) in 1973.2 The gap in
phosphate values generated by the decline in NSP has been mostly taken
up by diammonium phosphate production, as well as wet-process phosphoric
acid, the intermediate product. Hence, consumption of wet-process
phosphoric acid and diammonium phosphate production have grown at a

more rapid rate than total consumption of phosphates.
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The two other major categories presented in Table 3-8 separate
the basic chemicals that are applied directly to the soil from those
that recejve further processing into mixtures; foods containing at least
two of the nutrients basic to plant growth. Some duplication of reporting
is evident in the statistics as some undetermined amount appears twice,
in "mixtures" and “"direct applications”.
Review of the data in Table 3-8 shows that the demand for
normal superphosphate has decreased dréstica]]y in recent years.
During this same time period, the use of ammonium phesphates (other
than DAP) and triple superphosphate have stowed while the demand for
DAP has grown steadily. Almost all direct application materials are
now DAP or GTSP. Demand for these materials appears to have grown
more rapidly than total consumption. Additional factors contributing
to this trend are the rise of bulk blending operations and intensive
cultivation (emphasis on increased yield per acre).
Farmers have lately realized that mechanical blends of grandulated
concentrates do just as well as a grandulated, chemicaily produced
NPK food and are available at lower costs. A shift from normal
superphosphate and run-of-pile triple superphosphate production to the
grandutated concentrates, DAP, and GTSP, is occurring.
The shift in product usage has also been accompanied by a shift
in raw materials for NPK p]ahts. Run-of-pile triple superphosphate

has been replaced by wet-process phosphoric acid as a raw material.

Improvement in phosphoric acid technology has made it possible to inhibit

the precipitation of imputities during shippfng, as most NPK plants

are far removed from the areas of acid production.
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TABLE 3-8. U.S. PHOSPHATE CONSUMPTION, 1960-1973
(1000 tons P,0;) 3

%Year ConlﬁéglionA Mixtures Direct Application Materials
Diammonium - Normal Triple Ammon i um
P-hosphatesa ‘Superphosphate  Superphosphate Phosphates
1960 2572 2033 35 103 185 171
1961 2645 2069 63 100 203 188
w 1962 2807 2219 110 97 217 205
[g 1963 3073 2474 177 98 i 220 205
1964 3378 2705 244 93 289 216
1965 3512 2816 302 95 309 204
1966 3897 3111 418 94 413 221
1967 4305 3503 451 86 432 224
1968 4452 3579 608 79 487 227
1969 4666 3724 724 72 585 207
1970 4574 3709 726 62 546 184
1971 4803 3943 814 55 556 179
1972 4873 4007 884 44 5717 174
1973¢ 5072 4200 - 35 569 -




Consumption of superphosphoric acid is only recently beginning to

vxpand. To date, it has been used primarily for the production of liquid

fertilizers with some secondary end-use in the production of animal feed
wupplements. Data for consumption is 1limited. Superphosphoric acid con-
~unption is currently estimated at only 15 percent of overall phosphate
consumption. |
Several reasons are presented to expiain the expected expansion of
~uperphosphoric acid consumption. Technology has made it possibie to
produce a product which eliminates the probiems of sludge formation en-
countered during shipping and storage of wet-process acid. Increased crop
yield per unit P205 applied from 1iquid fertilizers has been claimed.
lransportation costs per ton of P205 are less for liquid: than for solid
fertilizers,
The implications of the shifting patterns in the industry in
response to demands for cheaper, better quality products are as follows:
1.. Granuilar concentrates will continue to expand in production;
these include DAP and GTSP.
2. Run-of-pile TSP production will decliine and be replaced by
GTSP and DAP.
3.. Superphosphoric acid will have the largest growth rate of all

phosphate commodities.

i.b  FUTURE TRENDS
The phosphate fertilizer industry has experienced dynamic growth
in recent years. Table 3-9 provides production statistics for wet

process phosphoric acid, triple superphosphate, and ammonium phosphates
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TABLE 3-9

U.S. PRODUCTION OF THREE COMMODITIES IN THE
PHOSPHATE INDUSTRY, 1950-197314

Wet Process Triple Ammonia®
Year Phosphoric Acid Superphosphate ‘Phosphates
(Thousand tons of P205)

1950 299 309 -
1955 775 707 -
1960 1,325 986 269
1961 1,409 1,024 370
1962 - 1,577 960 536
1963 1,957 1,113 -
1964 2,275 1,225 -
1965 2,896 1,466 1,081
1966 3,596 1,696 1,376
1967 3,993 1,481 1,747
1968 4,152 1,387 1,633
1969 4,328 : 1,354 1,844
1970 4,642 1,474 2,092
1971 5,016 1,503 2,395
1972 5,594° 1,659 2,577
1973 5,621° 1,716 2,665°

3Includes diammonium phosphate, monammonium phosphate, ammonium

phosphate sulfate, ammonium phosphate nitrate, and other phosphate
fertilizers.

bPre]iminarx.
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from 1950 to 1973. During this period, wet-process phosphoric acid
nas shown a strong steady growth because of its role as an intermediate
in the production of ammonium phosphates, triple superphosphate, and
other phosphate products. Production of wet acid has grown at an average
annual rate of 14 percent since 1960. Table 3-3 71ists announced con-
struction of wet acid plants through 1975. This new construction will
increase total capacity by 41.6 percent. An average annual growth rate
of 6.0 percent is expected for the period from 1976 to 1980.]5
Documentation of superphosphoric acid production is very Timited.
The usual reporting groups, such as Department of Commerce and TVA, do

not report production figures. The Fertilizer Institute reports

production in its Fertilizer Index but privately concedes that its

published figures for the years of 1969-1971 are below estimates of
actual product%on.

A 40 percent saving in freight costs per unit weight of P205 is
realized when phosphoricacid is shipped in the concentrated super-
acid form.]6 Anticipated growth for superphosphoric acid is largely

due to this reduced shipping cost and the availability of merchant

grade wet-process acid will be a major factor affecting expansion. Announced
construction through 1975 will increase existing capacity by approximateiy
13 percent. Rapid growth during the remainder of the decade is expected.

By definition, ammonium phosphates are products manufactured directly

from ammonia, phosphoric acid, and sometimes other acids, in contrast

to those ammoniated phosphates that are produced in NPK granulation piants from

ammonia and run-of-pile triple superphosphate. "Diammonium" phosphates
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include 16-48-0 (N, P205, and K20 content) and 18-46-0 grades. Monam-
monium phosphates are 11-48-0. These two generic products are produced
strictly from ammonia and phosphoric acid; other ammonium phosphates are
ﬁroduced from a mixture of ammonia, phosphoric acid, nitric acid, and

possibly sulfuric acid.

The'growth of ammonium phosphates has been more rapid than that of
triple superphosphates - 20 percent annual growth since 1960 - because
of several inherent advantages of ammonium phosphates (see Section 4.4).
New construction through 1975 will increase production capacity by 22.7
percent. Annual growth from 1975 to 1980 is projected at 6 percent.15

Production of triple superphosphate has grown at an average annual
rate of 4 percent since 1960. Triple superphosphate is produced by
two methods; the den method and the granulator method. The den method
produces a material (run-of-pile) that is non-uniform in particle
size. This material is stored, pulverized, and shipped to NPK plants
for ammoniation. The granulator method produces é granular product that
is sold to bulk blender retailers for mixing or for direct application
(as a 0-46-0 fertilizer) to the soil.

No statistics are available as to the breakdown of run-of-pile
versus direct granulator production. In the industry, run-of-pile
-production by the primaryvpfoducer may be granulated and sold as GTSP
to bulk blender retailers as a direct application fertilizer. Ultimatel,
essentially all run-of-pile production becomes granulated, either by the
primary producer or by the NPK plant. Only granulated TSP is expected

to be of importance in the future.
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Announced new construction through 1975 will result in a 17.4

~percent increase in triple superphosphate production capacity, however,
“this apparent growth does not take into consideration the possible
’closings of existing run-of-pile facilities. Granular triple super-

phosphate production should experience an average annual growth of 4
| percent from 1975 to 'I980.-i5

There appears to be a trend toward larger production facilities in

the phosphate fertilizer industry. Average plant life is from 10 to 15
years and older plants are generally replaced by larger ones employing
the latest proven technology. A number of small experimental plants
have been built that produce such products as ultraphosphoric acid (83
percent P205), ammonium polyphosphate (15-61-0, NPK content) and high
analysis superphosphate (54 percent P205) but this experimental technology
has not yet been applied to Targe scale production. A1l indications are
that the phosphate fertilizer industry will continue to grow rapidly

throughout the 1970-1980 decade.

3.6 PRICES

Price competition in the fertilizer industry has been very intense
historically because of the large number of participants in all facets
of manufacturing--basic chemical producers, manufacturers of mixed
fertilizers, blenders, and retailers. No one chemical producer can be
said to be a price leader. The participation of farm cooperatives in the
manufacturing segment of fertilizers, including the basic chemicals, un-
doubtedly has been a steadying factor on prices, minimizing cyclic

fluctuations.
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List prices are available for (agricultural grade) wet-process
phosphoric acid, triple superphosphate (run-of-pile and granular),

diammonium phosphate, and superphosphoric acid in the Chemical Marketing

Reporter pubiished by Snell Publishing Company of New York. These
prices are not firm indicators of actual prices paid, however, since
discounts, variability in credit terms to buyers, and service fees
combine to determine the realized price available to the producer.

The Tong term profiles of wholesale prices for granular tripie
superphosphate and diammonium phosphate are presented in Figure 3-5.
The estimates of prices realized by manufacturefs are plotted against the
ranges of listed quotations for the same products for 1971 and 1972.
The spreads in prices ;eflect the difference in quotations by various
manufacturers at any given time. No long term profiles of prices are
available for wet-process phosphoric acid, superphosphoric acid, and
triple superphosphate. |

July 1974 phosphate fertilizer list prices are presented in
Table 3-10. The prices presented later in the text (Table 7-1) reflect
estimated averages for November 1974 developed from a more recent
economic study. These averages reflect more closely prices realized

by the producers and will be used in measuring the economic assessment

of emission guidelines in Section 7.
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TABLE 3-10. SUMMARY CF LIST PRICES AS OF JULY 1974 AND BASIS FOR PHOSPHATE OUOTATION

19 -

Commodity

Price
($ per actual ton)

Production Quality

Ouotation Basis

Wet-process phosphoric acid (WPPA)

Superphosphoric acid (SPA)

Diammonium Phosphate (DAP)

Run-of-Pile Triple Superphosphate

Granular Triple Superphosphate

$105

$150 - $158
$145 - $165

$38 - $86.50
$55 - $91

52-547% P205

70% P205
18%N
46% P205

46% P205 min

46% P205 min

Delivered in Tanks,
F.0.B. Florida works

Same as WPPA

Bulk Delivered, Railroad
car lots, F.0.BR. Florida

Same as DAP

Same as DAP




3.7 WORLD STATISTICS ON P205

The ilevels of crop yields per acre have greatly increased during
the past generation. This increase has depended upon the generous
“appiication of fertilizers containing the elements phosphorus, nitrogen,
and potassium. No two of these elements together could maintain high
crdp leveis; therefore, plentiful appiication of PZOS will continue to
be necessary even to maintain food production at its current levei.

| Table 3-11 shows U.S. consumption of phosphate fertilizer expressed
as P205 and the corresponding consumption for the entire world is given
for comparison. The data from the reference are adapted to this table
and are rounded off.

Phosphate fertilizer is made almost entireiy from phosphate rock
and this is the only practical source for the quantities required.
Table 3-12 shows the total known world reserves of phosphate rock.

The United States has 30 percent of the suppiies which are considered
mineable and beneficiable by current technology. The Arab Nations
possess 50 percent of world reserves and the Soviet Union has an
additional 16 percent. It must not be inferred that reserves within

a country are uniform in quality; the higher carades are mined first, and
_ successfully poorer grades follow at increased energy consumption and

cost rates.
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TABLE 3-11 3
UNITED STATES AND WORLD CONSUMPTION OF PHOSPHATE FERTILIZER

Fiscal
Year Consumption of Phosphate Fertilizer Million Short Tons PZQ
U.S. Worid

1950 1.950 6.45
1955 2.284 8.33
1960 2.572 10.52
1965 3.512 15.03
1970 4.574 20.40
1975 5.800*
*Estimated
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TABLE 3-12
WORLD RESERVES OF PHOSPHATE ROCK 20
Country Million Short Tons P205
French Morocco 23,500
u.s. 16,250
U.S.S.R. 8,500
Tunisia 2,240
Algeria 1,120
Brazil ' 670
Peru 500
Egypt : 220
Togo 130
Spanish Sahara 110
IsTands - Pacific & Indian Ocean 45
Senegal | 45
Other Countries 800
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4, PHOSPHATE FERTILIZER PROCESSES

4.1 INTRODUCTION .

The phosphate fert111zer industry uses phosphate rock as its
major raw material, After preparation, the rock is used dlreCtiv in
the production of phosphoric acid, normal superphosphate, triple
superphdsphate. nitrophosphate, electric furnace phosphorous anc
defluorinated animal feed suppliements. In addition to those products
made directly from phosphate rock, there are others that rely on
products produced from phosphate rock as a-principal ingredient.
Fighre 4-1 illustrates the major processing steps used to transform
phosphate rock.ihfb fertilizer products and industrial chemicals.

 The primary obqecthé of the various phosphate feriilizer processes

is to convert the fluorapatite (Calo(P°4)6?2) in phosphate rock to soluble
PZOS.'a'form readily available to plants. F]uorapatite is quite
insoluble in water and, in most farming situations, is of little
value as a supplier of nutrient phosphate., The most common method
of making the PZOS content of phosphate rock available to plants is
by treatment with a mineral acid - sulfuric, phosphoric, or nitric.
.Table’4;1 Tists the available PZOS content of several phosphate
fertilizers.  Available P,0; is defined as the percent solubie Py05

‘in a neutral citrate solution.
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FIGURE 4-1. MAJOR PHOSPHATE ROCK PROCESSING STEPS L
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TABLE 4-1. P,0¢ CONTENT OF PHOSPHATE FERTILIZERS2

2
FERTILIZER PERCENT SOLUBLE PZOS
Normal Superphosphate 16 - 22
Triple Superphosphate 44 - 47
Monammonium Phosphate 52
Uiammonium Phosphate 46

4,2 WET PROCESS PHOSPHORIC ACID MANUFACTURE .

Phosphoric acid is an intermediate product in the manufacture
of phosphate fertilizers, It is subsequently consumed in the
production of triple superphosphate, ammonium phosphates, compliex
fertilizers, superphosphoric acid and dicalcium phosphate,

Most current process variations for the production of wet-
process phosphoric acid depend on decomposition of phosphate rock by
sulfuric acid under conditions where gypsum (CaSO4 . 2H20) is
precipitated. These variations are collectively referred to as
dihydrate processes since the calcium sulfate is precipitatea as
the dihydrate (gypsum). Caicium sulfate can also be precipitated
in the semihydrate (Ca SO4 . 1/2 HZO) and anhydrite (CaSO4) forms.
Processes which accomplish this are commercially less important than

the dihydrate processes, however, since they require more severe

operating conditions, higher temperatures, and a greater degree of controi.
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The overall reaction in the dihydrate processes is described by the

following equation, (4-1)
3 CAyy (PO Fy + 30H,S0, + Si0, + 68H,0 »30Cas0, * 2 Hy0 +
'i8H3P04 + HZS‘iF6

In practice, 93 or 98 percent sulfuric acid is normaily used for
digestion of the rock. Calcium sulfate precipitates, and the Tizuid
phosphoric acid is separated by fiitration.

Several variations of the dihvdrate process are currently in use
by the phosphate fertilizer industry., The Dorr-Oliver, St. Gobain,
Prayon, and Chemico processes are among the better known designs.
Fundamentally, there is little difference among these variations -
most differences are in reactor design and operating parameters.
Figure 4-2 presents a fiow diagram of a modern wet-process phosphoric
acid plant.

Finely-ground phosphate rock is continuously metered
into the reactor and sulfuric acid is added. Because
the proper ratio of acid to rock must be maintained as closely as
possible, these two feed streams are equipped with automatic controls.

Some years ago, plants were built with several separate reaction
tanks connected by launders, which are channels for slurry fiow. The
tendency now is to use a singie tank reactor that has been divided
into several compartments, In most of these designs, a series of

baffies is used to promote mixina of the reactants.
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The single-tank reactor {Dorr-Ciiver design) illustrated in
Figure 4-2 consists of two concentric cylinders. Reactants
are added to the annulus and digestion occurs in this outer compart-
ment. The second (central) compartment provides retention time for
gypsum crystal growth and prevents short-circuiting of rock.

The Prayon reactor has been a widely used design. This process
variation involves the use of a rectanguiar, multicompartment attack
tank - typically 10 compartments - as indicated in Figure 4-3. The
compartments are arranged in two adjacenﬁ rows with the first and
tenth located at one end of the reactor and the fifth and sixth at
the other. In operation, digestion of the rock occurs in the first
four compartments, the next four provide retention time for the growt
of gypsum crystals, the ninth supplies feed for the vacuum flash
cooler, and the tenth receives the cooled siurry from the flash
cooler and splits the flow between the fiiter and a recycle stream.

BAROMETRIC
CONDENSER

TO
WATER STACK

‘ i ICOOLER
r Fan_ | I‘ L i
g
H, S0,
ROCK et B SCRUBBER ‘
_ T0 L)
%

10
coLd et
SLURRY FILTER

AT T T T AT T TAT T g ®
|\,4ozc; 3\]‘46’0516\1‘6 D‘Ifo\]le/gg‘b ;}",ﬂ

ATTACK TANKS (I10)

SPLITTER
TANK

WEAK ACID
22%P,0,

RECYCLE
FROM FILTER

FIGURE 4-3. FLOW DIAGRAM FOR PRAYON REACTOR3
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Proper crystal growth depends on maintaining suifate ion
concentration within narrow 1imits at ali points in the reactioh
sturry, The proper suifate ion concentration appears to be slightly
more than i.5 percent. Lower levels give poor crystais that are
difficult to filter; nigher concentrations interfere with the reaction
by causing deposition of calcium sulfate on unreacted rock.4
Good reactor design will prevent sudden changes of suifate jon concen-
tration, wiil maintain the sulfate ion concentration and temperature
near optimum, and wili provide sufficiently long holdup time to aliow
growth of large, easily filterabie crystals without the formation of
excessive crystal nuclei.

Impurities in small amounts often have a marked effect on crystai
- growth when they are present in a medium where crystailization is
taking place. Usually this impurity effect is detrimental. Such
impurities are likely to cause crystal fragmentation, small crystal
size, or a shift to needles or other hard-to-filter forms.

Concentrated sulfuric acid is usually fed to the reactor. If
dilute acid is used, its water content must be evaporated later. The
only other water entering the reactor comes from the filter-wasn
water, 7o minimize evaporation costs, it is important to use as iittie
wash water as is consistent with practical P205 recoveries,

Considerable heat of reaction is generated in the reactor and
must be removed, This is done either by blowing air over the hot

slurry surface or by vacuum flash cooling part of the slurry and

4-7




sending it back into the reactor. Modern planis use the vacuum
flash cooling technique illustrated in Figures 4-2 and 4-3.

The reaction slurry is held in the reactor for up to 8 hours,
depending on the type rock and the reactor design, before being sent
to the filter. The most common fiiter design in use is the rotary
horizontal tilting-pan vacuum filter shown in Figures 4-2 and 4-4.
This type unit consists of a series of individual fiiter cells mounted
on a revolving annular frame with each celi functioning essentialiy
like a Buchner funnel. Figure 4-4 illustrates the operating cycle
of a rotary horizontal tilting-pan filter.

Product slurry from the reactor is introduced into a filter cell
and vacuum is applied. After a dewatering period, the filter cake
undergoes 2 or 3 stages of washing with progressively weaker solutions
of phosphoric acid. The wash-water flow is countercurrent to the
rotation of the filter cake with heated fresh water used for the
last wash, the filtrate from this step used as the washing liquor for
the preceding stage, etc.

After the last washing, the cell is subjected to a cake
dewatering step and then inverted to discharge the gypsum. Cleaning
of the filter media occurs at this time. The cell is then returned

to its upright position and begins a new cycie.

* In many plants a heated barometric condenser water is used.
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The 32 percent acid obtained from the fiiter generaliy needs
concentrating for further use., Current practice is to concentrate
it by evaporation in a two or three-stage vacuum evaporator system.

Wet process acid is usually not concentrated above 54 percent, because

the boiling poinp qfﬂ}bgwgcid rises sharply above thig_gggggggggtion.6

Corrosion problems also become more difficult when concentration
exceeds 54 percent. In the evaporator, iliustrated in Figure 4-2,
proviéibn is made for recovery of fluoride as fluosilicic acid. This
recovery feature is not necessary to the evaporation and its
inclusion is a matter of economics, Many evaporation plants have not

installed this device,
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Table 4-2 shows a typical analysis of commercial wet-process
phosphoric acid. In addition to the cbmponents Tisted in Table 4-2.
other trace elements are commonly present. Impurities, those listed
in Table 4-2 as well as trace elements, affeét the physical properties
of the acid. Commercial wet-process acid nhas a higher viscosity than
pure orthophosphoric acid of the same concentration. This tends to
increase the difficulty of separating the calcium sulfate formed

during acidulation of the phosphate rock.

TABLE 4-2
COMPONENTS OF TYPICAL WET-PROCESS ACID7

Component Weight, % Component Weight, %
PZOS 53.4 Na 0.2

CA 0.1 K 0.01

Fe 1.2 F 0.9

Al 0.6 S04 _ 1.5

Mg 0.3 510, 0.1

Cr 0.01 c 0.2

v 0.02 solid 2.9
HZO and other 37.56

4-10




4,3 SUPCZRPHOSPHORIC ACID MANUFACTURE.

Superphosphoric acid (aiso referred to as polyphosphoric acid)
is a mixture containing other forms of phosphoric acid in addition
to orthophosphoric acid (H3P04). At least one=-third of the P,0¢
content of superphosphoric acid are polyphosphates such as pyro-
phosphoric acid {H4P20 ), tripolyphosphoric acid (H5P3010). tetra-

poiyphosphoric ac:id (H6P4013), etc. Pure orthophospnoric _acid

converts to polyphosphates when the P,0. concentration exceeds 63.7

_BEEEEQELB Concentrating above this level dehydrates orthophosphoric
acid to form poiyphospnhates. Superphosphoric acia can have a minimum
of 65 percent P205 whicn represents an orthophosphoric concentration of
just over 100 percent., Commercial superphosphoric acid, made by
concentrating wet-process or furnace orthophosphoric acid, normaily
has a P205 concentration between 72 and 76 percent? Table 4-3 compares
the properties of 76 percent superphosphoric acid to 54 percent ortho-

phosphoric acid.

9
TABLE 4-3. COMPARISON OF ORTHOGPHOSPHORIC 7O SUPERPHOSPHORIC ACID

Orthophosphoric Superphosphoric
Acid Acid
Concentration of Commercial
Acid, % P,0 54 76
2°5

H3P04 equivalent, % 75 105
Pounds P205/ga1 7.1 12.2
Percent of P205 as Polyphosphates . 0 51
Viscosity, CP

at 100°F i2 400

at 200°F 4 45
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Superphosphorﬁc acid has & number Gi advantages over the more

——— S

d11ute forms of phospn0r1c ac1d the aoremost being economy 1in
“Msh1pp1ng. Since phosphoric acid of any concentration is usualiy .
transported at the same price per ton, a 40 percent savings in freight
per unit weight of 20’ results when superphosphoric acid is transporte!
instead of ordinary phosphoric acad? Superphosphoric acid TEXM??M
diluted to orthophosphoric acid atits destination,

In addition to freight savingé, superphosprioric acid offers
several other advantages. It is less corrosive than orthophosphoric
acid, which reduces storaae .costs. Fina11y, the con-
version of wet-process acid has a speciai advantage. Unlike furnace
acid, wet-process phosphoric acid contains appreciabie quantities
of impurities which continue to precipitate after manufacture
and form hard cakes in pipelines and storage containers. When wet-
process acid is converted to superphosphoric acid, the polyphosphates

»sequestgr the impurities and prevent their precipitation. Therefore
shipment ééd storage of wet-process acid is far more attractive after
conversion to superphosphoric acid.

Two commercial processes are used for the production of super-
phosphoric acid: submerged combustion and vacuum evaporation. The
submerged combustion process was pioneered by the TVA; dehydration

(of the acid is accomplished by bubbiing hot combustion gas through a poc

Cof the acid.




The hot gases are supplied by burning natural gas in a
separate chamber. The combustion gases are diluted
with air to maintain a gas temperature of 1700°F for intro-
duction into the acid evaporator. Figure 4-5 depicts an

acid evaporator and Figure 4-6 the general process. After

passage through the acid, the hot gases are sent to a sepa-

B

rator to recover entrained acid droplets and then to emission

control gﬂgipment.
Clarified ;g}d containing 54 percent PZOS is continuously

fed to the evaporator from storage, and acid containing 72 percent
P205 is withdrawn from the evaporator to product holding
tanks. Cooling is accomplished by circuiating water through
stainless steel cooling tubes in the product tanks. The process
can be controlled by regulating the natural gas and air flows to
the combustion chamber, the dilution air to the combustion stream,
or the amount of acid fed to the evaporator.

FIGURE 4-5, TVA EVAPORATOR FOR PRODUCING SUPERPHOSPHORIC
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In addition to the TVA process, & number of other submerged
combustion processes have been developed., Among them are the
Collier Carpon and Chemical Process, the Albright and Wilson Process,
the Occident ai Agricultural Chemicals Process, and the Armour Process.
The ?atter process produces superpnosphoric acid of about 83 percent
PZOS which is sometimes referred to as ultraphosphoric acid. Tne
Occident al and TVA designs are currently in use in the United States.

Vacuum evaporation is by far thqﬂmgggﬂimggrggg§mggmg§fgiglw,

—~—— e e

method for_;oncentrating wet-processVphg;phqrjgwggj§~E2w§gggtghgighgtjg
acid. There are two commercial processes for the production of super-
pnosphoric acid by vacuum evaporation:

1. The failing film evaporation process (Stauffer Chemical

Co.) and
2. The forced circulation evaporation process (Swenson
Evaporator Co.).
Feed acid clarification is required by both processes. Clarification
is usually accomplished by settling or by a combination of ageing and
settling.

In general, both processes are similar in operation. Both use
high-vacuum concentrators with high-pressure steam toc concentrate acic
to 70 percent PZOS and both introduce feed acid into a large voiume
of recycling product acid to maintain a higaiy concentrated_process
acid for lower corrosion rates. In both systems, product acid
is pumped to a cooier before being sent to storage or shipped.

Figures 4—7.and 4-8 show the Stauffer and Swenson processes

respectiveiy. The Stauffer process adds 54 percent feed acid to

the evaporator recycle tank where it mixes with concentrated product
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acid., This mixture is pumped to the top of the evaporator and
distributed to the inside wail of the evaporator tubes. The

acid Tiim moves down aiong the inside wall of the tubes receiving
heat from the steam on the outside. Evaporation occurs and the
contentrated acid is separated from the water vapor in & flash
chamber located at the bottom of the evaporator. Product acid flows
to the evaporator recycle tank and vapors to the barometric condenser.
To insure minimum P205 ioss, the separator section contains a mist
eliminator to reduce carryover to the condenser.

The Swenson process, uses acid in the tube side of a forcedﬂ
circuiation evaporator (Figure 4-8). Feed acid containing 54 percent
P205 is mixed with concentrated acid as it is pumped into the
concentrator system. As the acid leaves the heated tube bundie
and enters tHe vapor head, evaporation occurs and the acid disengages
from the water vapor. The vapor stream is vented to a barometric con-
denser while the acid flows toward the bottom of the vapor head tank
where part of it is removed to the cooling tank and the remainder is

recycled to the tube bundle.

4.4 DIAMMONIUM PHOSPHATE MANUFACTURE.

Diammonium phosphate is obtained by the reaction of ammonia

with phosphoric acid. In addition to containing the available

A

pnosphate of tripie superphosphate, diammonium phosphate has the

advantage of containing 18 percent nitrogen from ammqnia.‘




The importance of diammonium phosphate produced by wel-process

acid has increased as it continues to repiace normal superpnosphate as

~

a direct application materiai. The shift to diammonium phosphate is

most evident on the supply side. Ammonium phosphate produciion ncw

exceeds 2.7 million tons of PZG5 & year wihilie n@rmu.mggggzpiaspﬁate

]

product1on has dec11 ed 32 percent since 1968 to C.6 miiiion

‘ 1 . . . . . ; ,
tons., Increasing amounts of diammonium phosphates ave &aisc being

i e v

NS

used in bulk blends as these increase ii: popuiarity.
The increased use of diammonium phosphate is attributable to

severai factors., It has a high water solubiiity, hign anaiysis

(18 percent nitrogen and 46 percent availabie PZOS}, GOOG Dhiysican

characteristics, and low production cost. In addition, ¢ 1ﬁ phOSpﬁd»C

v e s

content of d1ammon1un phosphate (46 perCcn t; is as nigh as tripie~
9 a> LPiAiET

superphosphate, so by comparison, the 18 units of nitrogen can de

shipped at no cost.

!
The TVA process for the production of diammgnium phospnate l
appears to be the most favored with several variations of tne origing
design now in use. A flow diagram of the basic process is shown in
Figure 49,
Annydrous ammonia and phosphoric acid {atout 40 percent P,0

are reacted in the preneutraiizer using a hn / Ha 904 moie ratio

of 1.35. The primary reaction is as follows:

2 NHy + HPO, ~ (NH,), HPO,

o

The use of a 1.35 ratio of NH3 / H3PO4 aiiows evaporation to
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content of 18 to 22 percent without tnickening of the DAP siurry to

a nonflowing state. T7The slurry Tlows into the ammoniator-granulator
and is distributed over a bed of recycled fines. Ammoniation to the
required mole ratio of 2.0 takes place in the granulator by injecting
ammonia under the rolling bed of solids. It is necessary tc feed exce
ammonia to the granuiator to achieve & 2.0 moie ratio. Excess

ammonia and water vapor criven off by the heat of reaction are civecteo
to a scrubber which uses phosphoric acid as the scrubbing liquid. The
ammonia is almost compietely recovered by the pnosphoric acid scrubbin
1iquid and recycled to the preneutralizer. Soligification occurs
rapidiy once the mole ratio has reached 2.0 making a Tow solids recyclc
ratio feasibie.

Granuiated diammonium phosphate is next sent to the drier,
then screened. Undersized and crushed oversized material are
recycied to the granuiator. Product sized material is cooled and
sent to storage.

In addition to the TVYA process, a single-step drum process
designed by the Tennessee Corporation and the Dorr-0liver granuiar
process are used for the manufacture of diammonium phosphate. The
single step drum process is designed so that the entire neutraiization
reaction occurs in the granulator drum - phosphoric acid is fed
directiy onto a roiiing bed of fines wihiie the ammonia is injected
under the bed, In the casz of the Dorr-Qliver design, a two-stage
continuous reactor is used for the neutralization step. The reaction

slurry is then combined with recycied fines in a pugmili.

4-20




4.5 TRIPLE SUPERPHOSPHATE MANUFACTURE AND STORAGE.

Triple superphosphate, also referred to as conce?trated
superphosphate, is a product obtained by treating phosphate rock
with phosphoric acid. According to the grade of rock and the
streﬁgth of acid used the product contains from 44 - 47 percent
available P205.

Like diammonium phosphate, the importance of triple super-
phosphate has increased with the declining use of normal super-
phosphate. Triple superphosphate production now is around 1.7 mj]]ion
tons of P,0; which is more than double that of normal super-

1 It is used in a variety of ways - large amounts are

phosphate.
incorporated into high analysis blends, some are ammoniated, but

the majority are applied directly to the soil.

4.5.1 Run-of-Pile Triple Superphosphate Manufacture and Storane
Figure 4-10 is a schematic diagram of the den process for the

manufacture of run-of-pile triple superphosphate. Phosphoric

acid containing 52 - 54 percent P205 is mixed at ambient tempera-

ture with phosphate rock which has been ground to about 70 percent

minus 200 mesh. The majority of plants in the United States use the

TVA cone mixer which is shown in Figure 4-11., This mixer has

no moving parts and mixing is accomplished by the swirling action

of rock and acid streams introduced simultaneously into the cone.

The reaction that takes place during mixing is represented by the

following equation:
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Ca10 (P04)6 F2 + ]4H3P04 + 10H20 - ]OCaH4(PO4)2 * HZO + 2HF

After mixing, the slurry is directed to a "den" where
solidification occurs, Like mixers, there are a number of den
designs, one of the most popular continuous ones being the Broadfield.
This den is a linear horizontal slat belt conveyor mounted on rollers
with a long stationary box mounted over it and a revolving cutter at
the end, The sides of the stationary box serve as retainers for the

slurry until it sets up.

FIGURE 4-11. TVA CONE MIXER
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The solidified slurry which exits from the den is not a
finished product. It must be cured - usually for 3 weeks or more -
to allow the reactions to approach completion. The final curing stage

is depicted in Figure 4-10 by the conveying of product to the sheltered

storage pile.

4,5,2 Granular Triple Superphosphate Manufacture and Storage

Two processes for the direct production of granular triple
superphosphate will be briefly presented. A third process uses
cured run-of-pile triple superphosphate, treats it with water and
steam in a rotary drum, then dries and screens the product. A
large amount of granulated triple superphosphate is produced by
this method.bdt proddct broﬁerties are not 55 good as that
produced by other processes.

The TVA one-step granular process is shown in Figure 4.12, In
this process, phosphate rock, ground to 75 percent below 200 mesh,
and recycled process fines are fed into the acidulation drum along
with concentrated phosphoric acid and stennﬁ' The use of steai helps
accelerate the reaction and ensure an even distribution of moisture in
the mix. The mixture is discharged into the granulator where solidifi-
cation occurs, passas through a rotary coo]er; and is screened. Over-
- sized material is crushed and returned with undersized material to

~ the process. The reaction for the process is the same as that of
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The Dorr-Oliver slurry granulation process is shown in

Figure‘4-1§. In this process, phosphate rock, ground to an

appropriate fineness is mixed with phosphoric acid (39% P,0g) ina
series of mixing tanks. A thin slurry is continuously removed, mixed
with a large quantity of dried, recycled fines in a pugmi]i mixer
{blunger), where it coats out on the granule surfaces and builds up
the granule size. The granules are dried, screened, and mostly (about
80 percent) recycled back into the process. Emissions from the drier
and screening operations are sent to separate cyclones for dust removal
and collected material is returned to the process.

After manufacture, granular triple superphosphate is
sent to storage for a short curing period. Figure A;ié-illustrates
the activities in the storage building. After 3 to 5 days,* during
which some fluorides evolve from the storage pile, the product is
considered cured and ready for shipping. Front-end 1oaders move the
GTSP to elevators or hoppers where it is conveyed to screens for size
separation. Oversize material is rejected. pulverized, and returned

to the screen. Undersize material is returned to the GTSP production

blant. Material within specification is shipped as product.

* Many plants observe a shorter curing time.
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5. EMISSIONS

5.1 NATURE OF EMISSIONS.

| Ih»assessing the environmental effect of the emissions from .
the various phosphate fertilizer processes,_}iﬁa;géégma which are Tardéﬁy'mA
emitted in gaseous form, were considered to B;hfhe most siqnifiéénf

and were chosen for regulation as discussed in Section 1.2,

Gaseous fluorides emitted from phosphate fertilizer processes

fluoride (SiF drogen fluoride

between phosphate rock and sulfuric acid represented by equation 4.1,

3@310 (P04)6F24+ 30H2504 + 510, + 58H20 > (4-1)
30Cas0, ° 2 H0 + 18 HP0, + HySiFg
Under the existing conditions of temperature and acidity,

excess fluosilicic acid decomposes as follows:

Actually, the mole ratio of hydrogen fluoride to silicon tetra-
fluoride in the gases emitted during the decomposition of phosphate

rock change with conditions (e.g., the amount of excess silica”

(HF)]. The origin of these gases may be traced to the reaction _ I




in the reaction mixture) and is seldom equal to the stoichig-
metric value, At high levels of excess silica, the hydrogen

fluoride evolved will react to form silicon tetrafluoride according

to equation 5-2:
4HF + Sio2 > SiF4 + 2H20 (5=2)

At Yow concentrations of silica, emissions will be rich in
hydrogen fiuoride.

Not all of the fluorides are driven off during the digestion
of the phosphate rock. A certain amount is retained in the product
acid depending upon the type of rock treated and the process used.
These fluorides can be emitted during the manufacture of super-
phosphoric acid, diammonium phosphate, or triple superphosphate.

Fluoride emisstons from superphosphoric acid and diammonium
phosphate processes depend solely on the fluoride content of the
feed acid. In the manufacture of triple superphosphate, fluoride
emissions can also Bé attributed to the release of fluorides from
the phosphate rock. Calcium fluoride and silica in the rock react
with phosphoric acid to form silicon tetrafluoride according to the

following reactionz:

ZCan + 4H3P04 + Sioz *SiF4 + ZCaH4(P04)2 J ZHZO (5-3)
Scrubbing with water is an effective fluoride control technique

because of the high water solubility of most gaseous flubrides.
\_/»"“"'““"~-~~ LR, L . - el T PR -
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This straight-forward approach is somewhat complicated, however,

by the presence of siligon tetrafluoride, SilicoR tetrafluoride will
react with water to form hydrated silica (Si(OH),) and fluosilicic
acid (H, SiFg) as indicated by equation 5-4:

3S'iF4 +4 HZO -+ ZHZSiF6 + Si(OH)4 (5-4)

Hydrated silica precipitates forming deposits on control equipment
surfaces which plug passageways and tend to absorb additional
silicon tetrafluoride. The nature of the precipitate, in the
presence of hydrogen fluoride, is temperature dependent. Below
125°F, the precipitate is in the forh of a gel. Above this
temperature, it is a so]id.3 Control systems should be designed
to minimize plugging and to allow removal of silica deposits.
Entrainment of scrubbing 1iquid must be kept to a minimum to
prevent the escape of absorbed fluorides, “ Fluorides can also
be emitted asapakticulate from some fertilizer processes.
Particulate emissians can be effectively controlled by using

cyclones in combination with water scrubbers.
5,2 UNCONTROLLED FLUORIDE EMISSIONS,

5.2.1 Emissions frqm Wet-Process Phosphoric Acid Manufacture
Fluoride emissions from wet-process acid manufacture are

gaseous silicon tetrafluoride and hydrogen fluoride. The reactor

is the major source of fluoride emissions from the process accounting

for as much as 90 percent of the fluorides emitted from an uncontrolled
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p]ant.4 Additional sources are the filter, the filtrate feed and

séa] tanks, the flash cooler seal tank, the evaporator system

hotwell, and the acid storage tanks. Table 5-1 1ists reported
emission factors for the various sources. Fluoride emissions will vary
depending upon the type of rock treated and the process used.

‘Table 5-1 Fluoride Emissions from an Uncontrolled
Wet-Process Phosphoric Acid Plaat

Source Evolution Factor
‘ ' {1bTF/ton PZOS)’
Reactor 0.04 - 2.2
Filter 0.01 - 0.06
iscellaneous (filtrate feed and up to 0.26
seal tanks, hotwells, etc.)

Modern reactors emit fluorides from two sources; the reaction
vessel and the vacuum flash cooler. The primary source is the
reactor tank, where silicon tetrafluoride and hydrogen fluoride are
evolved during the digestion of the phosphate rock.

To prevent an excessive temperature rise in the reactor, the
heat of reaction is removed by cycling a portion of the reaction
slurry through a vacuum flash cooler. Vapors from the cooler are
condensed in a barometric condenser and sent to a hot well while
the non-condensables are removed by a steam ejector and also vented
to the hot well, This arrangement is illustrated in Figure 4-2,
The majority of the fluorides evolved in the flash cooier are
absorbed by the cooling water in the barometric condenser. If air
cooling is utilized, fluoride evolution can be consi@erab]y areater

than indicated in Table 5-1.
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The Filter is the second largest source of fluoride emissions.
Most of the fluorides are evolived at the points where feed acid
and wash liquor are introduced to the filter. These locations
are usually hooded and vented to the digester scrubber.

A third source of fluoride emissions is the muitiple effect
evaporator used to concentrate the phosphoric acid from 30 percent
P205 to 54 percent P205. It has been estimated that 20 to 40 percent
of the fluorine originally introduced into the process with the rock
is vaporized during this operation.5 Most of these fiuorides are
collected in the system's barometric condensers. The remainder
exit with the non-condensabies and are sent to the hot well
which becomes the emission source for this operation.

In the plant design illustrated in Figure 4-2, the vapor stream
from the evapofatdr is scrubbed with a 15 to 25 percent solution
of fluosilicic acid at a temperature at which water vapor, which would
dilute the solution, is not condensed. The water vapor is then
removed by a barometric condenser before the non-condensables are
ejected from the system. Almost all of the fiuoride is recovered
as by-product fluosilicic acid.

In addition to the preceding sources of fluoride emissions,
there are several minor sources., These include the vents from such
points as sumps, clarifiers, and acid tanks. Colilectively, thesg
sources of fluoride emiséionsfban'bé'sﬁgﬁ¥ficant'and'are often

ducted to a scrubber.
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Table 5—2‘i11ustrates a typical material balance for the
f1uofine originally present in nhosphate rock. It should be
noteé.thaf thé¢resu1ts in any given wet-process acid plant may differ
considerab]y from those shown in the table. Fiuorine distribution
will depend upoh the type of rock treated, process used, and kind of

operation prevaiiing.

TABLE 5-2

TYPICAL MATERIAL BALANCE OF FLUORIDE IN MANUFACTURE
.OF WET-PROCESS PHOSPHORIC ACID

Fluoride Input ' # F/100 # Feed Rock

" Feed . 3.9
Fluoride Output . - # F/10C # Feed Rock
Product acid 1.0
Gypsum | - : , 1.2
Baromeﬁric condensers _ 1.67
Air* . 0.03
Total v 3.9

N .
Typical emission from an uncontrolled plant.

Fluoride-bearing water from the barometric condensers as well as

the gypsum slurry is sent to the gypsum oond. In the gypsum pond,

silica present in the soil converts hydrogen fluoride to fluosilicates.

Limestone or 1ime may be added to ponds to raise the pH and convert
fluoride to insoluble calcium fluoride. Fluoride associated with the
gvosum slurry is already in the insoluble form before being sent tc-

the pond.
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5.2.2 Zmissions from Supershosthoric Acid Manufacture
5.2.2.1 Submerged combustion nrocess

:The direct contact evaporater is the major source of fluoride
emissions from the sutrerced combustion>process. Fluoride
evolution is in the form of silicon tetraflucride and aydrogen fluo-
ride with a substantial portion as the ]atfer.6 The amount_of
fluorides evolved will depend con the fiuoride content cf the feed
acic¢ and the final concentration of phosnhoric acic nreduced. Feec
acid containing 54 percent PZCS has a typical fluoride content (as F)
of from 0.4 to 3.8 percent.7

Control of evaporator off-gases is complicated by the presance of
large amounts of entrained nhospnoric acid - amounting to as much as
5 pércent of the PZO5 input to the concentratorié In entrainment
separator is used to recover acic and recycle it to the process. Some
entrained aéid exits the senarator, however, and tendé te form a cdiffi-
cu]tlfo control acic aerosol. Tha formation of this aerosnal can be
minimiied by reducing the temnerature of the combustion gases hefore
they contact the‘acid.9

The acid sump ahd nroduct holding tank are secondary sourcas of
fluoride emissions from the submerged combustion nrocess. These
emission points are identified in Figure 4-6. lncontrolled amissions
from the submerged combustion process range from 13 to 22 pcunds of

. . . 0
fluoride ner ton of PQCS 1nput.]
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5.2.2.2 Vacuum evaroration nrocess

ng_barometric condenser hctwell, fhe evaporator recycle tank,
and the product cooling tank are the three sources of fﬁuoride
emissions from the vacuum evanoration process. These emission nnints
are identified in Figures 4-7 and 4-8. Most of the fluorides
evolved during evaporation are absorbed by the coolinc water in the
' bardmetric cohdénsers resultinc in a neg]igib]e emission to the
atmosphere from this source. Honcondensables are ejected from tHe
condenser system and sent to the hotwell alone with the :condenser.
water. This resultus in the hotwell becomino the maior source o
emissicns from the process. The evaporator recvcle tank and the
irces of flueride emissions.
"Total emissions from an uncontrolled nlant are estimatec at 9.005 nounds

. 11
per ton P205 input.

5.2.3 Erissions from Diammonium Phosphate Manufacture.

Fluorides are intfoduced into the DAP process with the wet nrocess
nhospihoric aéﬁd feed and are also evelved from the shosrhoric acid
scrubbing solution used to recover ammonia. Wet process acid which
has been concentrated to 54 percent P2€5 tynically contains 0.4 to 0.8
nercent fluorides (as F) while filter acid (26-30% PZOS) w111 contain

from 1.8 to 2.0 percent.]2’13

Phosnhoric acid ccntainine abeut 49
percent P205 - obtained by mixire 54 nercent acid from the evanoraters
with filter acid - is usuallv used in the DAP »rocess. Filter acid

is used for ammonia recoverv.
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Major sources of fluoride émissiohs from dianmonium nhosnﬁate
nlants include tie reactor, orahu]ator, drver, cocler, scra2ans and
nills. The locations nf these emission points are denicted in
Figure 4-3. Ventilation streams from these sources are combined
for nurnoses of control accord{nn to the follnwinc scheme: 1)
reactor-granulator aases. 2) drver gases, and 3) ceoler and screehinq
gases. |

Fluorides and armonia are the majorvemissions from both the
reactor and the granulatcr. Reactor-granulator cases are treated
for ammonia recovery in a scrubber that uses phosphoric acid as
the scrubber liquid. The »hosphoric acid reacts with the ammonia and
the resulting product is recycled back to the nrocess. F]uorfdes
can be strinped from the nhosnhoric acid and a secondarv scrubber is
usually recuired for fluoride contro]. Removal 6f evolved fluorides
can be coms]icated by their reaction with ammonia to form a particu-
late.

4 .

DPrier emissions consist of ammonia, fluorides, and narticulate.
-Gases are sent through a cyclone for product recovery befeore being
treated for armonia or fluoride removal. Idditional flunrides can
be stripoed from the pnosphoric acid scrubbing if ammenia recovery is
practiced. |

Emissions from the screens, miils, and cooler consist nrimari]y.
of narticulate and gaseous fluerides. A11 gases are treated for
aroduct recovery be?ore enterinn fluoride control eauinment, Evoiutinn
of fluorides from the oroductinn of diarmoniu= nhosnhate is ahout 0.3

nounds of fluorides ner ton of 9265 from the reactor and cranulatear,
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and 0.3 nounds of fluoride ner ton of 0?05 frort the drver, connler

14
and screens.
5.2.4 Emissions from Triple Sunernhnsnhate 'anufacture and Storace

5.2.4.1 Run-of-nile triple sunernhosohate
Fluorides can be released frorm both the nhosphoric acid and the
phosphate rock durina the acicdulation reaction. Major sources of
fluoride emissions include the mixine cone, curinc belt (den),
transfer convevors, and storace piles. These emission ncints are
shown in Ficure 4—]0;
The mixina cone, curina belt, and transfer convevors are twnicallv
hooded with ventilation streams sent to a common fluoride control
.syétem. Storane buildinas are usually sealed and ventilated by
apnroximately five aif chances ner hour.]5 The ventilation stream
from the storace facilitv mav either be combined with the mixer
and den aases for treatment or sent to separate controls.
Fluoride emissions are nrimarily silicon tetrafluoride - “rom
35 to 55 percent of the total fluoride content of the acid anc rock
is volatilized as silicen tetra*‘]uoride.16 Maior sources of fluoride
"are the mixina cone, curina belt, nroduct convevors. and storane
facilities. Distribution of emissions amonn these sources will varv
dependina on the reactivitv o the rock and the srecific noeratinm con-
ditions emnlaved. Emissions from the cone, curinn belt, and con-
vevors can account for as much as 90 nercent ~f the tntel flunrides

] N i . .
released. 7 Converselv, it has been claimed that annroxiratelv 00
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percent of the fiuoride emissions from certain ROP plants are from
the storage area. Emissions from the storage area}depend on such
factors as the turnover rate and the age and quantity of ROP-TSP
in storage. |

Evolution of fluorides from ROP-TSP production and storage has
been estimated at 31 to 48 pounds per ton of P205. This estimate

is based on the following assumptions: 1) si11cgﬁwtetraf1uoride is

the only fluoride emitted in appreciable quantities and 2) the feed
__Lhe

acid and rock contain typical amounts of fluorine.

5.2.4.2 Granuiar triple superphosphate
Manufacture

The major sources of fluoride emissions from granular trinle
superphosphate plants using the TVA one stgp process are the
acidulation drum, the granulator, the cooler, and the screening and
crushing operations. Major sources of emissions for the Dorr-Cliver
process include the mixing tanks, the blunger, the drier, and the
screens. These emission points are indicated in Figures 4-12 and
4-13. In addition to gaseous forms, fluorides are emitted as
particulate from the granulator, blunger, dryer, screens, and milils.

The acidulation drum and granulator (TVA process) and the
mixing tanks and blunger (Dorr-Oliver process) account for about 38>
percent of the fluoride emissions, the drier and screens account for
18

50 percent, and the storage facilities account for the remainder.

It has been estimated that an uncontrolled production facility would
18

emit approximately 21 pownd$ of fluorides per ton of P,0g input.
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Storage

e e

GTSP storage facilities can emit both particulate and caseous
fluorides. Uncontrolled emissions are estimated to be three pounds

per ton of on5 input.18

5.3 TYPICAL CONTROLLED FLUORIDE_EMISSIONS'

5.3.1 Emissions from Wet-Process Phosphoric Acid Manufacture
Almost all existing wet-process phosphoric acid plants are equipped
to treat the reactor and filter gases. A large number of installa-
tions also vent sumps, hotwells, and storage tanks to controls.
Typical emissions range from 0.02 to 0.07 pounds of fluoride per ton
of PZOS input, however, emission factors as high as 0.60 pounds fluoride
per ton P205 have been reported for a few poorly controlled p]ants.]g’20
It is believed thatvapproximate1y 53 percent of the wet-process
acid plants - accounting for 74 percent of the production cabacity -
are eitherh;ufficient1y controlled at present to meet the SPNSS
emission 1eve1-?f 0.02 pounds of total fluorides (as F) per ton of
ons input to the process or will be required to attain that level
by July 1975 to satisfy existing State regulations. This estimate is
based on the following: 1) a3l wet-process acid plants located in
Florida are required to meet an emission standard equivaient to the SPN
as of July 1975 and 2) all wet process plants built since 1967 are

assumed to have installed spray-crossflow packed bed scrubbers or their

equivalent as a part of the original design.
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5.3.2 Emissions fromvSuperphosphoric Acid Manufacture

Two types of proéesses are used for superphosphoric acid
manufacture; the vacuum evaporation (VE) process and the direct
contact evaporation (DCE) or submerged combustion process. Emissions
from the VE process are vefy jow in comparison to the DCE process.
Emissions from a VE process using a water actuated venturi to treat
hotwell and product cooler vent gases have been reported to range

from 4.1°X 1074 to 15 X 1074 21

pounds fluoride per ton P205 input.
However, uncontrolled emissions from this process are aiso less than

the 0.01 pound per ton of P205 input emission guideline .

Since most of the‘existing superphosphoric acid plants use the VE
process, approximately 78 percent of these plants are currently
meeting the emission guideline,

Since the -DCE process has much higher emissions, the emission
quideline was established at 0.01 1b. F/ton PO input.
This guideline is consistent with the level of emission control
achéévab]e by application of best control equipment to a DCE process.
Typical controls used are a primary scrubber for removal of entrained
acid and one @r more additional scrubbers for fﬁuoride contro]_.22

Emission from an existing facility weee reported at 0.12 pounds

fluoride per ton P205.23

§.3.3 Emissions from Diaswmonium Phosphate Manufacture

Most existing plants are equipped with ammonia recovery
scrubbers (venturi or cyclonic) on the reactor-aranulator and
drier streams and particulate controls (cyclones or wet scrubbers)
on the cooier stream. “Add{tibna1 scrubbers for f]uofide removal are
common, but met typical. Only about 15-20 percent of the instal-

lations contacted by EPA during the development of the SPNSS were
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ton of P205 innut dependina unon the'deqreé of control nrovided.

equippéd with spray-crossflow packed bed scrubbers or tneir eauiva-

lent for fluoride removal. Fluoride emissions rance from N.NE to D.5

' : 20
pounds per ton 9265 dependina unon the dearee of control nrovided.

5.3.4 Emissions from Triple Superphosphate Manufacture and Storage

5.3.4.1 ROP triple superphosphate (manufacture and stdrage)

A1l run-of-pile tfip]e superphosphate production facilities and
70 pefcent of the storage facilities are eauicped with some forr of
contro].25 Emiséfcns from those nlants which control to*h nreduction
and storage areas ..an range from 0.2 to 3.1 nounds of fluoride ner

26.27

Plants with uncontrolled storace facilities could emit as much as 12.7

- pounds of fluoride per ton of PZCS incut. "t least 62 vercent of the

industry will be reauired to meet State emission standards eouivalent

to the SPNSS by July 1975.

5.3.4.2 Granular trip]g superphosphate (manufacture)
Existiﬁg State reguTatfons will require 75 oercent of the incustrv

to meet an emission standard of 0.20 pound fluoride per ton PZOS By

July 1975. Emission factors for the industry ranae frorm 9.29 to 0.80

. 28
nounds per ton PZCS'

5.3.4.3 Granular triole superphosphate (storace)

Mooroximately 75 percent of the GTSP storace facilities ere
thouaht to be equipped with some feorm of contro].29 Poorlv con-
trolled buildinas can release as nuch as 15 x 107 nounds of
fluoride per hour per ton of 92“5 in storECe.?Q kell-centralied

4

storage facilities can reduce emissicns to less than 5 x 107" nounds
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: 30 . .
fiuoride per hour per ton of P205 in storage. It is estimated

that 33 nercent of the controlled buildinas could reet SPRSS erissinn

'leve1.29

5.4 GYPSUM POND EMISSIONS

~ wet orocess piiesshoric acid nlant produces ayosum in slurry
form, according to the chemical reaction indicated in equétion 4-];
The reaction also voiatiIizes fluorides which are largelv absorbed
in scrubber and condenser water and is then sent with the avosum to
large storage ponds, known as oypsum ponds or “gvn® nonds. Over 70
percent of the fluorine centent of the rock used in the wet-acid
process may nass over to the gqvn nond.  If the same clant also oro-
auces DAP or TSP, a large part of the fluorine content of the nhosnhoric
acia wiil also péss to the gyp pond through the use of water scrubbers
in these additional processes. Taus, 85 percent or more of the fluo-
rine originally present in the phosphate rock may find its way to the
gy pend.

Tiic water of the gyp pond is nermallv acid, ravina a nE ar-und
1.5. This acidity is.probably due to inclusion of phosphoric acid in
the viasned gypsum from the gynsum filter. It is imoractical to remnve
211 of the acid from the filter cake by washino. For this reason,
ayp ponds around tae country have been found to have a fluoride concen;
tration of 20380-12,500 ppm.31"34 Toe fluoride concentration of a given
nond does not.continue rising, tut tends to stabilize. This mav Y2

cue to orecipitation ¢f cor=1ar c2lcium siticofluorides in the pend

. 5 . ) : e . . .
ua;er.3 There would ce an eguilivrium invelvine these coralexes,

rydrogen ion, and soluble or velatile dissolved fluorides.
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It has been observed that the above concentrations af fluoride
exert a partial pressure out of avo nond watér and that volatile
fluorides tend to evolve from avp ponds. Basea on wet orocess
ohosphoric acid nroduction. plants have gvp ponds cof surface areas
in the rance of 0.1-0.4 acres per daily ton of 9205.34 Thjs means
that a large olant may have a oyp pond with surface area of 290 acres
or more.

Emission factors have been estimated, measured and calculated for
cyp ponds. These factors vary from about 0.2 to 10 1bs F/acre day.R]'gq

The most comprehensive work on ayp pond emission factors is that

]
3 The exnerimental and

recently done in EPA Grant No. R-8M0950.
‘mathematical procedures are quite détai]ed and the entire renort should
. be examined by those needinn to understand the methods used. The
partial pressure of fluorides out of actual nond ﬁater was determined
in the laboratory. Tne evaporation rates of dilute f]uéridé solutions
were derived from known data for flat water surfaces, usina established
mass transfer principles. Also, ambient air fluorides were measured

4
cownwind of the same gyp ponds which furnished the above water samnles
for fluoride partial oressure measurements. Finaliy, the contributinn
of the gyp vond to the fluoride measurement at the downwincd sensor
vias calculated, using a variant of the Pasquill diffusion eauation.
The source strength in this eouation was, of course, calculated

wita the partial pressure data and rmass transfer coefficient nreviouslv

developed. Tnere were a total of 95 useable downwind measurements for




tuo'pond sites, and the estimated and the measured downwind flueride
.concentrations showed aood aareerent. The calculated va]ue'0¢ the
ambient air fluorine concentration downwind nf the oond was found
to be statistically the same as the measured value.

Some emission factofs from the above investicaticn are aiven in
Table 5-3. _Data at other temoeratures mav be found in the oriainal
reference.

Table -3, FLUCRIDE EMISSICE FLZCTORS FOR SELECTED GYPSUM PONDS AT
9N°F: 1hs/acre day.34

4ind velocity
at 16 ft elevation,

m/sec
1 2 4 £
Pond 10 0.8- 1.3 2.3 -
6,400 ppm F
Pond 20 n.8 1.3 2.3 | 3.2

12,000 panm F

a.

For the two plants studied, the emission rates were nearlv
identical. There may be significant'diffefénces if other noncs are
considered, but more measurements would be recuired to establisn this.

The most effective way to reduce fluoride evolution from avo nonds
would be to reduce their fluoride nartial pressure in some wav. The
most effective method now known would he liming, to raise.the nH.
Liming to a pH of €.1 has reduced the nartia]»nressure of flueride 20-

1f01d.3.I

Tne indicated lime c¢const 'wvould be hioh for the case described,
but this cost can le reduced if a method can be found to reduce

niiosphoric acid loss to the avp pend.
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6. CONTROL TECHNIQUES FOR FLUORIDES FROM PHOSPHATE FERTILIZER PROCESSES
6.1 SPRAY-CROSSFLOW PACKED BED SCRUBBER

6.1.1 Description

The spray-crossflow packed bed scrubber has been accepted for
severai years as the most satisfactory fiuoride control device avai1ab]e
for wet-process phosphoric acid p]ants.? Most wet-process acid plants
built since 1967 probably have instalied this scrubber as part of the
original design. During this same time, however, the spray-crossflow
packed bed design has seen less general use in processes other than wet
acid manufacture. The reluctance of the fertilizer industry to fully
adopt the spray-crossflow packed bed scrubber can be traced primarily
toAconcern about its operational dependability when treating effluent
streams with a high solids loading. Such effluent sfreams can be
handled bydgiacing a venturi scrubber in series with and beforexg spray-
crossflow packed bed scrubber; the EPA has tested a numbér of~DAP and GTSP
plants having this dual scrubber arrangement. Also, improvements iﬁ»spfay-
crossflow packed scrubber design have alieviated the initial problem of
plugging and allow a greater solids handiing capacity. The development
of stricter fluoride emission standards should provide i;;;;£{9ewf6f more
widespread use of this scrubber design.

Figure 6-1 is a diagrammatic representation of the spray-crossflow
packed bed scrubber. It consists of two sections - a spray chamber and
a packed bed - separated by a series of irrigatéd baffles. Scrubber
size will depend primarily upon the volume of gas treated. A typical

unit treating the effluent streams from a wet acid plant (20,000 scfm)

is 9 feet wide, 10 feet high, and 30 feet long.>
6-1
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A11 internal parts of the scrubber are constructed of
corrosion resistant plastics or rubber-lined steel. Tefion can bé
used for high temperature service. General maintenance consists
of rep]acement of the packing once or twice a year. Expectng]jfe
of the scrubber is 20 years - |
Both the spray and the packed section is equipped with a qgas
inlet. Effluent streams with relatively high fluoride concentrations -
particularly those rich in silicon tetrafluoride - are treated in the
spray chamber before entering the packing. This preliminary scrubbing
removes silicon tetrafluoride thereby reducing the danger of plugging
the bed. At the same time, it reduces the ioading on the packed stage
and provides some solids handling capacity. Gases iow in silicon tetra-
Fluoride can be Tntroduced directly to the packed section.
Tﬁe spray éection accounts for approximately 40 to 50 percent
of the total length of the scrubber. It consists of a series of
countercurrent spray manifolds with each pair of spray manifolds followed
by a system of irrigated baffles. The irrigated baffles remove pre-
cipitated silica and prevent the formation of scale in the spray chamber.
Packed beds of both cocurrent and crossflow design have been |

tried with the crossflow design proving to be the more dependable.

Y —

through the bed while the scrubbing Tiguid flows vertically through
‘the packing. Solids tend to deposit near the front of the bed where

they can be washed off by a cleaning spray. This design also allows the
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use of a higher irrigation rate at the front of the bed to aid in

solids removal. The back portion of the bed is usually operated dry

to provide mist el inination.

The bed is seldom morémihan 3 or 4 feet in length, but this can
be increased if necessary with 1ittle change in capital or operat%nq(
Several types of ceramic and polyethylene packing are in use with
Tellerettes probably the most common. Pressure loss through the scrul
- ranges from 1 to 8 inches of water with 4 to 6 being aver'age.1’3

Recycled pond water is normally used as the scrubbing Tiquid
in both the sprayband packed sections. Filters are located in the
water lines ahead of the spray nozzles to prevent plugging by suspend:
solids. The ratio of scrubbing liquid to gas ranges from 0.02 to 0.0/
gpm/acfm depending upon the fluoride content - especially the silicon
tetrafluoride content - of the gas stream*3’4 Approximately one-thir
of this water is used in’the spray section while the remaining two-th
is used in the packing.

The packed bed is designed for a scrubbing 1liquid inlet pressur:
of about 4 or 5 pounds-per-square-inch (gauge). Water at this pressu:
is avai]abTe from the pond water recycle system. The spray section
requires an inlet pressure of 20 to 30 pounds-per-square inch (gaugc’
This normally necessitates the use of a booster pump. Spent scrubbh

water is collected in a sump at the bottom of the scrubber and pumpc:

to the gypsum pond.




25N

(—

- 6.1.2 Emission Reduction
The use bf gypsum nond water as the scrubbing solution com-
piicates the task of fluoride removal regardless cf the scrubber
design. ‘Gjpsum pond water can be expected to contain from 0.2 to 1.5

> fluosilicic acid (2000- 1? 500 ppm F) or most often

........... ts

3
(’D
(")
1’D
l""

5000-

o

6000 ppm F. Decomposition of f]uosi]icic acid to silicon tetrafluoride

and hydrogen fluoride results in the formatio id

(_J

N 0F a vapor-liqui
equilibrium that establishes a Tower 1imit Tor the fluoride concentra-
tion of the gas stream leaving the scrubber. This Timit will vary

with the temperature, pressure, and fluosilicic acid concentration of.
the water. Table 6-1 presents equilibrium concentrations (v') calcu-

lated from experimentally obtained vapor pressure data at three

temperatures and several fluosilicic acid. concentrations.

Tab]e 6-1. CALCULATED EQUILIBRIUM CONCENTRATIONS OF FLUORINE IN
: THE VAPOR PHASE QVER AQUEOUE SOLUTIONS OF FLUOSILICIC
ACID

Fluosilicic acid Total fluorine concentration
content of solution (wt %) in_vapor phase {ppm F)

: | 50°C 60°C 70°C

; 0.1C5 2.4 3.8 -

- 0.550 3.8 4.43 10.5°

i 1.000 4.4 7.1 15.4
2.610 , - g.83 20.7%
2.640 5.6 - -
5.050 g.2¢% 14.2° 5412
7.470 12.4° 19.4% 208.5
9.550 13.5 25.6 -
1.715 19.1 34.6 -
14.480 - 83.5 -

o |

Average based on several vapor pressure measurements.
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froviding that the solids loadina of the effluent stream has

been reduced sufficiently to prevent pluaging, the fluoride removal

efficiency of the spray-crossflow packed bed scrubber §s limited
ohly by the amount of packing used and the scrubbine 1iquid. Efficiencies
as high as 98.5 and 99.9 percent have been measured for scrubbers

1,7

installed at separate wet-process acid plants. Table 6-2 1ists the

levels of fluoride control reached by several wet acid plants tested

by the Environmental Protection Agency during the development of
SPNSS. A1l plants used a sprav-packed bed tvpe scrubber to control
the combined emissions from the reactor, the filter, and several
miscellaneous sources and were felt to represent the best controlled
segment of the industry. Gypsum pond water was used as the scrubbinag
_ Tigquid. Emission rates ranged from 0.002 to 0.015 nounds fluoride

(as F) per ton P205 input to the process.

Table 6-2. SCRUBBER PERFORMANCE fN WET-PROCESS PHOSPHORIC ACID

PLANTSS -
- Fluoride emissions®

Plant ‘ Scrubber design (1b F/tOnAPZOS)

A spray-cocurrent packed bed 0.015

B spray-crossflow packed bed 0.006

C spfay-crossf]ow packed bed 0.002, 0.012b

D spray-crossflow packed bed 0.011
aAverage of testing results
bSecond series of tests
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s pave seen only limited service in

Spray-packed bed type scrubb

7 | .
triple superpiosphate nlants and none

_diammonium phosphate and granulgr

. at 211 in runjof-pi?gwﬁyjplgw§g§ewphosnhate nlants. Table 6-3 presents
”performance data, collected during.the development of SRNSS, for
spray-crossflow nacked bed scrubbers treating effluent streams from
diammonium phospﬁate, granular triple superphosphate production, and
granular triple superphosphate storage facilities. In most cases, a
pre]ihinary scrubber (venturi or cyclonic) was used to reduce the

Joading of other pollutants (ammonfa or solids) prior to treatment in
the‘spréy—crossf1ow packed bed scrubber. Gyosum nond water was used as
the écrubbing solution except where indicated. Fluoride emission rates
from diammonium phosphate plants ranged from 0.029 to 0.039 nounds per
ton PZOS input, while emissions from‘granu1ar triple superrhosohate nro-
duction facilities ranged from 0.06 to 0.18 pounds ver ton P205. Granuiar
triple superphosphate storage facility emissions were measured at 0.00036

pounds per hour ner ton of P_O. in storage.

275

6.1:? Retrofit Costs for Spray-Creossflow Packed Bed Scrubbers
JThis section discusses the costs associated with retrofitting snray-
crossflow packed bed scrubbers in wet-process ohesnhoric acid, super-
phosphoric acid, diammonium phosphate, run-of-pile triple superphosphate,
and granular triple superphosphate plants. Two separate approacnes -

retrofit models and retrofit cases - are used to present cost information.

The retrofit model approach is meant to estimate costs for an averaqe or

typical installation. No specific plant is expected to conform exactly
to the description presented in these models. Ulhere nossible, the retrofit

model treatment is supplemented by retrofit cases - descrintions of specific

plants which have added spray-crossflow packed bed scrubbers to ubarade

their original control! systems.
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Table 6-3.

SPRAY-CROSSFLOY PACKED BED SCRURBER PERFNRMANCE
IN DIAMMONIUM PHOSPHATE AND GRANULAR TRIPLE
'SUPERPHOSPHATE PLANTS®

2

Type of
facility

| Sources controlled

Primary controls .

Secondary controls

Fluoride emissinnsa

| {(1b F/ton P,0.)

25

DAP

g4

UAP

GTSP

GTSP

GTSP
storage

reactor, granulator,
drier, and cooler

reactor, granulator,
drier, and cooler

| reactor, granulator,
{drier, and cooler

reactor, granulator,
drier, and cooler

storage building

3 venturi scrubbers
in parallel

3 venturi sgrubbers
in parallel

3 venturi scrubbers
in parallel

procass gases com-
bined and sent to 2
venturi scrubbers in
parallel followed by
a cyclonic scruhber

—

3 spray-crossflow
packed bed scrubbers
in parallel

3 spray-crossflow

packed bed scrubbers

in parallel

| 3 spray-crossflow

packed bed scrubbers
in parallel

spray-crossflow
packed bed scrubber

spray-crossflow

| packed bed scrubber

0.034, n.n29¢
0.039
0.18, 0.06°

0.21

0.00n36%

—

a.'f\verage of testing results.

b

CSecond series of tests.

4
“Ev*ssién raty is in tormg of rour

oo WD

.

Weak phosphoric acid scrubbing solution.

-

ver hour ner ton of Po0L iy storacn.
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Retrofit Models

General Procedure

Each retrofit model provides the following information:

1. A brief description of the process in use,

findhe BRI 4 o -

2. A description of existing fluoride controls an

[
<_:G-
™
wn
(@]
P4

treated,

+he sS4 S TN

3. A description of the retrofit project {including th

—t

in fluoride emissions achieved), and
4. A breakdown of estimated retrofit costs.
Items 1 and 2 are self-explanatory, however, items 3 and 4 will require
some discussion. In the case of item 3, ali retrofit systems are designed
to meet SPNSS emission leveis. A scaTed p?bt p1an.of a model phosphate

fertilizer complex was used to estimate piping, ductwork, pumps, and fan

|
requirements. l
The procedure used for development of costs is a module approach,
starting wfth the purchase cost of an item - such as a pump, scrubber,
fan, efc. - and building up to a field installed cost by using an
appropriate factor to account for ancil?ary'materia1$ and 1abor.10 For '
example, a pump of mild steel construction costing $10,000 is projected
to $17,600 field installed. Tﬁe installation cost index in.this case
is 1.76 and the installation cost is $7,6G0. If the pump were built
of stainless steel, the purchase cost would be $19,300 but the installa-

tion cost would remain at $7,600 since it is calculated for the element

of base construction - mild steel.
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A The'purchase cost of the various items on én equipment specifica-
tion 1ist drawn up for each model plant were derived from literature,
manufacturer's bulletins, telephone quotations from suppliers, and

o 11

Scrubber

appropriate installed cost index. Table 6-4 is a list of the cost indices

assumed for this analysis.

Table 6-4. INSTALLED COST INDICES

Item | | Installed cost index
Pumps 1.76
Piping (except valves) 2.00
Scrubbers 1.20
Centrifugal fan 1.60
Stack o ) 1.50
Ductwork o 1.40

The sum of the field installed equipment cost is the direct
cost billed to a particular project. Other costs such a$ general
engineering, procurement of goods and services, equibmenta] rentals,
field supervision, labor burdens, contractor fees, freights, insurance,
sales taxes, and interest on funds used in construction are included
in the catch-all category of indirect costs. In this study, the indirect

cost is assumed to be 35 percent of the direct cost. In addition, a

6-10
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contingency factor is included in a capital project to account for

J ulnl

unforeseen expenditures. Due to the nature of the type retrofit
projects studied in this document, é factor of 25 percent of direct
costs has been incorporated in the capital estimates. The total
capital requirement of a project therefore is equal to the sum éf
the direct cost, the indirect cost, and the contingency cost, as
indicated in equation 6-1:
I = D+0.35D+0. 25D
| where I = total capital

D = total direct cost

The following assumptions were used in the deveiopment of cost

estimates:

1. The purchase costs of scrubbers were determined from the most
recent manufacturer quotations, users wherever possible,
and the Industrial Gas Cleaning Institute. The purchase
cost of ductwork, stacks, and centrifugal fans were derived
from a manufacturer's published 1ist pr’ices.]2 The costs
are 1974 estimates based, for the most part, on the use of
corrosion resistent fiber reinforced plastics (FRP) as the
material of construction. |
é‘ 2. Installed costs for scrubbers, ductwork, stacks, and centri-
fugal fans (including drivers) were derived by multiplying
the purchase costs by the appropriate cost index from

Table 6-4. An inherent assumption is that FRP is a base




construction material suitable for apolication of the

listed indices. |

Demo]ition costs were estimated from contractor auotations to be
$2500/8-hour day.

Piping costs were derived for a corrosion resistant material
called Permastrand. «

Pumps were assumed to be of stainless steel construction.

Cost estimates were obtained from the 1iterature.]3 These
costs, originally pub]ished in 1968, were increased 54 percent
(7.5% per year) to update to 1974 costs.

Costs for pump motors were obtained from the Titerature and
adjusted for infletion usirg the same procedure described for
pumps.13 -

Special compensatory factors for construction costs were
incorporated into the ROP—TSP and GTSP storage facilities. -

Such factors appear under the headings of "sealing of storage
building", "curing belt hooding", and "structural steel supnorts/
bldg." The costs for these itehs were pro-rated on the basis
of a recent engineering project studv for a fertilizer \producer.]4
Cost for performance tests were based on a telephone survey of

independent contractors.




9. Annualized Costs
a. Capital charges are 16.3 percent of the total capital
outlay. This was derived from the capital recovery

factor eguation,

i (1+ 1)
R = z;-i:—;;ﬁ—ijji p - (6-2)
where: P = capital cutlay {principal),
R = periodic capital charge,
i = annual interest rate (10%), and
n = number of payments (10) |

b. Maintenance and repair charge were assumed to be 3
pefcent of the original investmenf.

c. Taxes, insurance, and administrative costs were assumed
to be 4 percent of the original investment.

d. Operating labor costs were estimated at $2,000 per
year for the simple operation (phoéphoric acid plant

a and GTS storage) $4000 for the mcre difficult operations

(DAP, ROP, and GTSP pr‘ocessing).]5

e. Utilities (electricity only) were based on a rate of

$0.015 per kw-hr and 7,900 hours operation per year.




Wet Process Phosphoric Acid Plant

The model plant uses the Prayon process for the manufacture of
wet process phosphoric acid. Figure 6-2 presents a basic flow dia-
gram of the operation. The reactor is a multicompartment unit (9
compartments) with a designed production rate of 500 tons per day
P205. Temperature control for the reactor is provided by a vacuum
flash cooler. Under normal conditions, the reactor is maintainea
at a temperature of 160-180°F and produces an acid containing 30
percent P205.

Filtering and washing of the by-product gypsum is accomplished
with a Bird-Prayon tilting pan filter. The separated gypsum is re-
moved from the filter, slurried with water, and pumped to a settlin
pond. Product acid from the reactor (30% P205) is stored before
being sent to the concentration system. Three vacuum evaporators i
series are used to concentrate the acid to 54 percent P205. Evapor
off gases are treated in barometric condensers for removal of cond::
sables: a large percentage of the fluorides are also collected.

Retrofit costs for some wet-process phosphoric acid plants
could be substantially greater than those estimated for this plant.
The retrofit model is of moderate complexity and includes all of ti-
activities with which most installations are expected to become
involved; however, increases in the gas volume being treated, addi:
to the scope of work, and space limitations are all factors cababl-
of inflating the project cost above that estimated. Modifications

to the plant drainage system and installation of a ventilation sy<!

6-14




B Tt

1

EOHISOHd

C3”

~

~

v

_x&l

Fad

Lan

o

O

40 JUALOVIAANYH  "2-9 FUNDI4

PELAS




for the filter are two items which have not been included within

the scope of the model but which could be encountered by some plant-

Costs will be estimated for two effluent stream sizes - 25,000

and 35,000 scfm. The effluent stream from an actual 500 ton per d.

plant could range from about 20,000 to 40,000 scfm depending primar

on the digester design.

Existing Controls (Case A)

Existing controls consist of a cyclonic spray tower used to tr-

the digester and the filter ventilation streams. Gypsum pond wate:
is used as the scrubbing liquid. This scrubber has been in operat
for eight years. Figure 6-3 shows the location of the unit.

Volumetric flow rates and fluoride concentrations associated

with the various emission sources are listed in Table 6-5. The f!..

rates are based on a combination of literature data, source test
information, and control equipment design data. Fluoride removal
efficiency of the cyclonic spray tower is 81 percent. Total emis:.
to the atmosphere from the sources listed in Table 6-5 are 7.3 pou
of fluoride per hour with existing controls. Several miscellaneou-
sources of fluoride such as the flash cooler seal tank, the evapo:
hotwell, the filtrate sump, the filtrate seal tank, and the filter
acid storage tanks are uncontrolled. Emission rates from these

sources are unknown.
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Tehle A-5. - FLOW RATES AND FLUORIGE CONCENTRATIONS OF PPA PLAﬁT
EFFLUENT STRESMS SINT TC EXISTINS CONTRTLS (CASE °)

Emission source Flow rate | Fluoride concentration]q
(SCFE) (ma/SCF) (nom)
Digester vent gas 10,000 25 1n50

Filter vent gas 7,500 5.5 23n

Petrofit Controls; (Case A)

The retrofit consists of the replacement of the cyclonic spray
tower with a Crosstiow packed bed scrubber. Limitations imbqsed
by the arrangement of existing equipment require the new scrubber
to be installed at a site 5C feet from the one previously occunied
by the tower. Gypsum pond water will be used as the scrubbing liquid.
Several miscellaneous sources (flash cooler seal tank, evaporator

~hot well,.filtrate sump, filtrate seal tank, and acid storage tanks)

wijl be vented to the new unit which is designed to meet SPNSS
requirements for wet-process phosohoric acid plants (0.02 pounds
fluoride per ton P205 input), This corresponds to an emission rate

of 0.42 pounds fluoride per hour. Table 6-6 summarizes the vclumetric

flow rates and the fluoride concentrations associated with the

emission sources to be treated.




Table €-5. FLOM RITES AND FLUNRIDE CONCENTRATIONS NF WPPA. PLAN
SEFLUENT STREAMS SENT Tn PETPARITTED £ONTDAI S (CLSE A)

Emissicon source Flow fate, Fluoride concen’cra’cion]4

(SCF) (mg/SCF) (pom)
[bigester vent gas | 10,000 25 1050
Filter vent gas | 7,500 5.5 230
‘HiSce]]aneous | 7,500 0.3 13
P,

Figure 6-4 provides a view of the plant layout following the com-
nletion of the retrofit project. Instailation of the new scrubber
requires the rearrangement of the existing ductwork and the addition
of a new ventilation system to handle the misce}lanecus sources. &
nev fan vill be required for the digester-filter ventilation system
because of the higher pressure drop of the crossflow nacked bed scrub-
bar. Treated gases will be exhausted from a nevly installed 75-foot
tall stack.

4
Scrubbing water will be obtained from existing plant water lines.
A boostér pump is required to provide 40 psig water for the soray
section. Pond water is assumed to have the properties shown in
Table €-7. A1l scrubbing water will be recycled to the gynsum pond in

the existing plant drainage system.
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Table 6-7. POND HATER SPECIF—'ICA‘I’IONS]5

Jesian . Min. Max.
Pond “Yater ¢H 2.0 1.2 2.2
Temp., °F 80.0 55 88
594, wt % N0.15 - -
P2C-'5-_- \i’t % 0-] v - - )
HZSiF6= wt % 0.63 0.25 1.0
Fluoride, wt % 0.5 0.2 0.8

Fajor retrefit items are listed in Table €-8. All ducting, diring,
and motors are specified in terms of the nearest aporonriate standard
size. Table 6-2 presents typical operating conditions for the new
scrubber and the estimated number of transfer units (NTU) necessary
to meet emission requirements. The NTU were calculated
by using equation 6-3.

NTU required = 1n (6-3)

where: Yo = fluoride concentration of gas stream at the
scrubber inlet

¥y © fluoride conzentration of gas stream at the
scrubber outlet

y' = fluoride concentration cf gas stream in
equilibrium with entering liquid stream

Table 6-10 lists the estimated capital and annualized costs of the

project.

€-21




Table 6-8. MAJOR RETROFIT ITEMS FCR MODEL WPPA PLANT (CASE A)

LS -
Lion

o

Ductwork required to connect existing digester-filter ventil
system with retrofit scrubber - 50 feet of 36-inch duct. New

ventilation system connecting miscellaneous sources with control
system. Requirements are - 175 feet of 9-inch duct, 50 feet of.
10-inch duct, 125 feet of 12—inch duct, 75 feet of 16-inch duct,

100 feet of 20-inch duct, and 50 feet of 24-inch duct.

Pipe connecting spray-crossflow packed bed scrutber with existing

plant water iine - 150 feet of 6-inch pipe.

Booster pump for spray section - 190 gpm, 81 feet total dynamic

head (TCH), 7.5 horsepower motor.

Centrifugat! fan for digester - filter ventilation system -
17,500 scfm, 620 feet TDH, 50 horsepower motor. Fan for miscel-

laneous sources - 7,500 scfm, 660 feet TDH, 20 horsencwer motor.

-

RemovaT of cyclonic spray tower and existing stack.

Spray-crossflow packed bed scrutber. Unit will be reauired to
reduce the fluoride concentration to C.13 ma/SCF (5.6 ppm)

when using the pond water specified in Table 6-7 and treatina

the gases listed in Table 6-6.

Stack - 75-foot tall, 4-foot diameter.
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Table 6-9. GPERATING CONDITIONS FOR SPPAY-CRCSSFLOY PACKED
BER SCOUTRER ENP ODEL 'IPPA PLANT, CASE A

Gas to Scrubber
Flow, SCFM
Filow, DSCFM
Flow, ACFM
Temp., °F
Moisture, Vol. %
Fluoride (as F), 1b/hr

Fluoride (as F), ppm

Gas from Scrubber
Flow, SCFH
Flow., DSCFM
Flow, ACFH
Temn., °F
Moisture, Vol. %
Fluoride (as F), 1b/hr
Fluoride (as F), pom
Fluoride Removal, wf %

Estimated v', nom (see
page 6-5)

Estimated NTU required

(500 tons/dav 9?05)

25,000
22,725
27,150
116
9.1
38.7
492

24,400
22,725
25,700
100
6.5
0.42
5.6

99
0.85

4.7




Table 6-10. RETROFIT COSTS FOR MODEL WPPA PLANT, CASE A
- : (500 tons/day P,0z) November 1974

CO~NO O WN

Cost (§)
Direct Items (installed)
Spray-crossflow packed bed scrubber 58,900
Ductwerk 18,600
Piping 2,400
Pumps and motor _ 4,200
Centrifugal fan and motor 14,300
Removal of old equipment , 12,500
Stack 15,800
Performance test 4,000
Total Direct Items 130,700
. Indirect Items :
Engineering construction expense, fee;interest on ’

- loans during construction, sales tax, freight insurance. :
(50% of A) 65,400
Contingency
(25% of A) 32,700
Total Capital Investment 228,800
Annualized Costs
1. Capital gharges 37,300
2. Maintenance 6,200
3. Operating labor 2,000
4. Utilities 6.900
5. Taxes, insurance, administrative - 9,100
Total Annualized Costs - 61,500
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Existing Controis (Case B)

The existing control system is the same as cescribed in case A:
a cyclonic snrav tower is used to treat the digester and filter
ventilation streams.‘ Fluoride collection efficiency of the tower is
81 percent. !inor miscellaneous sources of fluoride are uncontrolled.

Volumetric flow rates and fluoride concentrations of the various
effluent streams being controlied are listed in Table 6-11. Emissions
from the sources listed are currently 11.0 pounds of fluoride per
hour.

Table 6-11. FLOW RATES AND FLUCRIDE CONCENTRATINNS OF WPPA PLANT
SFFLUENT STREAMS SENT TO EXISTING CONTROLS (CASE B)

IEmission Source ’ Flow Rate Fluoride Concentration §
| | (SCFH) | (mg/SCF) (pom)
iDigester vent gas . 20,000 20 840
Filter vent gas 7,500 5.5 230
|

4.

‘Retrofit Controls (Case B)

Details of the fetrofit project remain the same as in the initial
case. The cyc]onic spray tower treating the dicester-filter gases
will be replaced with a spray crossflow packed bed scrubber de-

signed to handle the sources 1istéd in Table &-12.
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Table 6-12. FLOW RATES AND FLUNRIPE CONCENTRATIONS OF WPPA PLANT
EFFLUENT STREANS SZiT T TETROFITTER cONTEOLS (CASE R)

Fmission Source © Flow Rate ; Fluoride Concentration

i (SCF*) i (mg/SCF) (nnm)
Digester vent gas | 20,000 20 240
Filter vent gas © 7,500 . 5.5 230
I'iscellaneous L 7,500 0.3 13

A 1ist of major retrofit items is nresented in Table 6-13 while
operating conditions for the new scrubber are provided in Table 6-14.
Estimated capital and annualized cnsts of the prcgram is listed in
Table 6-15. Increasing the canacity of the system by 17,207 SCFM
has resulted in a 20 percent 1ncreasé in the capital cost cof the

program and a 21 percent increase in the annualized cost.

Table 6-13. MAJOR RETRQFIT ITEMS FOR MODEL WPPA PLANT (CASE D) -

1. Ductwork required to connect existing digester-fi]ter ventilation
systegﬁwith retrofit scrubber - 50 feet of 48-inch duct. Héw
venti1atioﬁ system connecting miscellaneous sources with control
system - 175 feet of 9-inch duct, 50 feet of 10-iﬁch duct. 125
feet of 12-inch duct, 75 feet of 16-inch duct, 10 feet of 2n-

inch duct, and 50 feet of 24-inch duct.

2. DPipe connecting spray-crossflow packed bed scrubber with existinc

plant water line - 150 feet of 8-inch pine.

3. Dooster pump for spray section - 269 apm, 81 feet total dvnamic

head (TDH), 10 horsepower motor.
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(&)

&. Centrifugal fan for digester - filter ventilation system -

27,500 scfr, 604 feet TPH, 75 harsenower motor. Fan for
miscellaneous sources - 7,500 scfm, 660 feet TDH, 20 horsenowver

motor.
Pemoval of cyclonic snray tower and existina stack.

6. Soray-crossflow packed hed scrubber. Unit will be required
to reduce the fluoride concentration to 0.02 mg/scf (3.9 ppm)
when using the pond water specified in Table 6-7 and treating

the gases listed in Table 45-11.
7. Stack - 75 foot tall, 5 foct diameter.

Table 6-14. CPERATING CONPITINNS FOR SPRAY-CROSSFLOW PACKED BED
SCRUBGER FOR 170DEL VPPA PLANT, CASE B

(500 tons/day PZOS)
Gas to Scrubber

Flow, SCFM 35,000
Flow, DSCFM 31,800
Flow, ACFH 37,600

4 Temp., °F 109
Micisture, vol. % 9.
Fluoride (as F), 1b/hr 58.1
Fluoride (as F), pom _ 529

- Gas from Scrubber

Flow, SCFM A 34,000
Flow, DSCFM 31,890
Flow, ACFM - 35,600
Temn., °F a5
hoisture, vol. % 6.5
Fluoride, 1b/hr 0.42
Fluoride, ppm 3.9
Fluoride removal, wt ¢ 99.3
Estimated y', nom ' n.85
Estimated NTU required 5.2
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Table £-15. RETROFIT COSTS FOR MODEL WPPA PLANT, CASE B
' (500 tons/day PZOS) Movember 1974

Direct Items (installed)

Spray-crosslow packed bed scrubber
Ductwork

Piping

Pump and motor

Centrifugal fans and motors
Removal of old equipment

Stack

Performance test

OO~ OY U1 LN =t
e e s s+ e e o

Total Direct Items
Indirect Items

Engineering construction expense, fee, interest on
loans during construction, sales tax, freight insurance.
(50% of A)

Contingency
(25% of A)

Total Capital Investment
Annualized Costs

Capital charges

Maintenance

Operating labor

Utilities

Taxes, insurance, administrative

Y LN —
. . . . -

Total Annualized Costs
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Cost ($

78,800
20,000
3,300
5,300
16,000
12,500
15,800
4,000

155,700

77,900

38,900
272,500

44,400
7,500
2,000
9,300

10,900

74,100




Superphosphoric Acid

Two processes are currently available for the manufacture of
superphosphoric acid - vacuum evaporation and submerged corbustion.
A11 but two of the existing U.S. production facilities use the vacuum
evaporation process and it is be]ievea that new facilities will
favor vacuum evaporation. No retrofit model will be presented for vacuum
evaporation plants because the Tow level of_f1ueride emissions from

these facilities do not require control equipment in order to meet the

emission guidelines.

Existing submerged combustion plants are expected to continue
operation with some expansion in capacity possible. Retrofitted control
equipment may be needed to meet the emission guidelines for this type
of process. A retrofit model is presented for a plant using the
submerged combustion process in order te'estimate the costs of applying

control equipment. The costs are developed based upon control equip-

ment designed to meet the fluoride emission guideline of 0.01 pounds per

ton of PZOS input.

4 .
The model plant uses the Occidental Agricultural Chemicals process

for the production of superphosphoric acid. Desianed production capacity

is 300 tons per day P205. Figure 4-6 is a basic flow diagram of the

process.
Wet- . _ .
t-process acid containing 54 percent 9205 1s fed to the

evaporator and concentrated product acid containina 72 percent P.0
: 2

o 5
is w1thdrawn.} The acid is maintained at its boiling point by intre-

ducing a stream of hot combustion gases into the acid pool. Gasecus
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fiuent from the evaporator is cooled by divect contact with weak

phosphoric acid feed in the evaporator vapor outiet duct, treated for

v

phosphioric acid recovery, given additional cooiing, and treated for fluoride

ramoval,

£xnaust gases Trom the evaporator are itreated for the recovery
oF entrained acid bevore beingy sent to viuoride controis. The phosphoric

acid recovery system consisis of an initial cyclonic separator followed

by a baffled spray duct anc

33

second cyclonic separator. Weak phosophoric

acid {30% PZOS) is used as the scvubbing liguid in the spray duct.
Fiuoride controls consist of 3 spray chambers in se%ies foliowed

by an impingement scrubber. The soray chambers are paffled and each

is foiiowed by an entrainment separator. Pond water is used as the

scrubbing Tigquid in

[aX}

1% cases. Emissions tc the atmosphere are 1.56

oy

pounds of fluorice per hour with exicting controls.

Retrofit Controls

The retroTit cost projeciion is based on replacement of the

f

impingement scrubber with a spray-crossiyiow packed bed scrubber. Since
avaiiable space is usugiiy timited, the new unit is assumed to be

installed &t the site previously cccupied by the impingement scrubber.

Gypsum pond water will be used as ihe scrubbing liguid. Pond water
Characteristics are iisted in Table 5-7. Retrofitied controls are

designed te reduce fiucride emissisns to 0.07 pounds fiuoride/ton PZOS'
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Installation of the spray-crossflow packed bed scrubber will

require moderate alteration of existing ductwork and construction of a

new pipe line conneci
.

ing the scrubber to the existing water supply. No

<

additional fans will be required. Treated cases will be exhausted from
the.existing stack. Scrubbing water is to be recvcied to the avosum pond
in the existing drainage system.

A list of major items required for the retrofit proiject is

ble £-16. Table 6-17 provides operating conditions for

—
©

crossflow packed bed scrubber. Requirements are 100 feet of 30-inch

duct.

2. Line connecting scrubber to main pond water supply system - 150

feet of 4-inch pipe.

3. Centrifugal pump - 130 gpm, 113 feet total dynamic head (TDH), 7.5

horsepower motor.
4. Removal of impingement scrubber.
5. Supports and foundations.

6. Spray-crossflow packed bed scrubber. Unit is required to reduce
the fluoride concentration to 0.09 mg/SCF (4 ppm) when using pond
water specified in Table 6-7 and treating aas stream described in

Table 6-12.




Table 6-17. OPERATING CONDITIONS FOR SPRAY-CROSSFLOW PACKED
- BED SCRUBBER FOR MODEL SPA PLANT
(300 Tons/Daszos)

Gas to Scrubber

Flow, SCFM 9,800
Flow, DSCFM . 9,110
Flow, ACFM _ v 10,600
Temp., °F : 115
Moisture, vol. ¥ 7.0
Fluoride (as F), 1b/hr _ 3.9
Fluoride (as F), ppm . 126
Gas from Scrubber
Flow, SCFM 9,409
Flow, DSCFM 9,110
Flow, ACFM 9,760
Temp., °F 90
Moisture, vol. % - 3.0
Fluoride (as F), 1b/hr 0.12
Fluoride (as F), ppm 4.0
Fluoride removal, wt % ' 9.7
Estimated y', ppm 0.85
, Estimated NTU required 37
6-33




Table 6-18. RETROFIT COSTS FOR MODEL SPA PLANT
(300 tons/day P205) Movember 1974

Direct Items (installed)

Spray-crosstlow packed bed scrubber
Ductwork

Piping

Pump and motor

Removal of old equipment
Performance test

Vo1 WA~
e o v s e .

Total Direct Items

Indirect Items

Engineering construction expense, fee, interest on
lToans during construction, sales tax, freight insurance.
(50% of A)

Contingency

‘ (25% of A)

Total Capital Investment

Annualized Costé

1. Capital charges
2. Maintenance

3. Operating labor
4. Utilities

5

. Taxes, jnsurance, administrative

Total Annualized Costs
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Cost ($)

37,500
5,000
1,900
4,200

12,500
4,000

64,300

32,600

16,300
114,000

18,600
3,000
2,000

700
4,400

28,700




Diammonium Phcsphate

This plant uses tne TVA process for the production of diammonium
phosphate. A flow diagram of the operation is provided in Figure 4-9.
The mode1 plant has a designed production capacity of acproximately
1080 tons per day diammonium phosphate (500 T/D PZGS)'

A preneutralization reactor is used for the initial contacting
of the annydrous ammenia and the phosphoric acid. Completion of
the reaction and solidification of the product occurs in the granula-~
tor. Effluent gases from the oreneutralization reactor and the granu-
lator are treated for ammonia recovery and fluoride contro]-before
Eeing vented to the atmosphere.

k gas-fired rotary drier is used to remove excess moisture from
the product. Drier flue gases are vented through dry cyclones for
product recovery before being treated for ammonf& removal. Air
streams vented from accessory cooling and screening equioment are
treated for particulate removal in dry cyclones before being exhausted.

4.
Existing Controls

Exhaust gases from the preneutralization reactor and the granula-
tor are combined and vented to a venturi scrubber for ammonia re-
covery. Yeak phosphoric acid (30% P205) serves as the scrubbing
liquid. Approximately 95 nercent of the ahmonia is recovered and
recycled to the reactor. Fluorides stripped from the phosphoric
acid in the venturi are removed by a cyclonic spray tower using
gypsum pond water as tiie acsorbing solution. Fluoride removal

efficiency is 74 percent.
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The drier flue gases are treated for product recovery before
being sent to additional controls. Collected particulate is re-
cycled to the granulator. A venturi scrubber using veak phosphoric
acid is u§ed for ammonia recovery. Ammonia removal efficiency is
approximatelj 94 percent. No additibnal scrubbing is practiced.

Air streams vented from product coo]%ng and screening equip-
ment are sent through dry cyclones for product recovery, combined,
and treated in a veﬁturi scrubber for particulate removal. Weal
_phosphoric acid serves as the scrubbing solution. Coliected DAP is
" recycled to the reactor. Diammonium phosphate particulate collected
in dry cyclages is recycled to the granu1ator; that collected in the
scrubber is.recycled to the reactor.

Volumetric flow rates and fluoride concentrations associated with
- the three~major emission sources are presented-in Table 6-19. The
values listed are estimates based on source test results and data‘ob-
tained from a recent contract study of control equipment costs (5).
Fluoride concentratiohs presented for the reactof—granu]ator and the
drier gés streams are values at the outlet of the ammonia recovery
‘scrubbers.* Total fluoride emissions from the sources identified in

-Table 6-19 are 4.95 poundé per hour with existing controls.

Table 6-19. FLOW RATES AND FLUORIDE CONCENTRATIONS FOR
DAP PLANT EMISSION SOURCES!7,18

Emission source Flow rate Fluoride concentration
(sCF™) (mg/SCF) (ppm)
Combined reactor-granula-
tor vent gases - 30,000 0.65 27
Drier gases 45,000 0.36 15
{Cooler and screening equip- |
ment vent gases 45,000 .0.36 .15
e e Lo




The retrcfit consists of the vraplacement of the crclonic spray
tover on the reacter-cranulator stream with & soray-crossflow packed
bed scrubber and the addition of‘spray-crossflow packed bad scrudoers
as tail ges units to the dricr and cooler streams. Gypsum 2end
wvater will be used as the scrubbing 1iquiﬂ. Pond water is available
at 80°F with the properties Tisted in Table 6-7. The control system

is designed to conform with the fluoride emission guideline of 0.06

pcunds c¢f fluoride per ten PZCS input - 1.25 counds fluoride per hour.

Existing ccntrels are Tocated as depicted in Figure 6-6. The
arrangement of eguipment is such that the spfay-crossf]bw nacked bed
sCrushzrs can be insta11ed adjacent to the venturi scrubbers after
modarate alteration of the cductwork. A new water line must be in-
stalled to satisfv the increased demand caused by the retrofitied scrub-
bers. A new fan will also be required for both the drier and the cooler
stream to compensaie tor the pressure drop of the secondary scrubber.
Tregfed gases will be exhausted from the existing stack. vSpent scrub-
bing water is to be recycled in the existing drainage system.

Figure 6-7 provides a view of the plant layout after the instai-
lation of new ccontrols. A list of major retrofit items is crovided
in Table 6-20. Table 6-21 presents'operating condgitions for the sarav-
crossflow packed bed scrubbers. Total capital cost and annualized

cost estimates for the project are presented in Table 6-22.
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Table 6-20. MAJOR RETROFIT ITEMS FOR MODEL DAP PLANT

Ductwork - removal of cyclonic spray tower from service and
connection of three spray-crossflow packed bed scrubbers.
Requirements are 100 feet of 60-inch duct and 50 feet of 54-

inch duct.

Water line connecting gypsum pond with spray-crossflow packed
bed scrubbers - 1200 feet of 16-inch pipe with a 200-foot branc

of 14-inch pipe and a 150-foot branch of 6-inch pipe.

Two centrifugal pumps (one spare) - 2550 gpm, 105 feet
total dynamic head (TDH), 125 horsepower motor. Booster pumn

for spray section of both the drier and the cooler stream scru’

345 gpm, 89 feet TDH, 7.5 horsepower motor.

Two centrifugal fans - 45,000 scfm, 285 feet TDH, 50 horsepow:

motor.
Removal of cyclonic spray tower.
Supports and foundations.

Three spray-crossflow packed bed scrubbers. When using spec:”
pond water and treating gases described in Table 6-19, scrubl:

are required to obtain performance indicated in Table 6-21.
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Table 6-21. OPERATING CONDITIONS FOR SPRAY-CROSSFLOW PACKER
BED SCRUBBERS FOR MODEL DAP PLANT
(500 Tons/Day P205)

Reactor- Dryer Cooler
granulator stream stream
stream
Gas to scrubber
Flow, SCFM 30,000 45,000 45,000
Flow, DSCFM 18,000 29,200 43,600
Flow, ACFM 34,000 52,700 49,600
Temp., °F 140 160 125
Moisture, vol. % 40 35 3
F]Qoride (as F), 1b/hr  2.58 2.14 2.14
Fluoride (as F), ppm 27.1 15.0 15.0
Gas from scrubber
Flow, SCFM 19,400 31,500 45,409
Flow, DSCFM | 18,000 29,200 43,600
Flow, ACFM 23,600 38,400 48,000
Temp., °F 100 100 100
Moisture, vol. % 7 7 4
Fluoride (as F), 1b/hr 0.44 0.36 0.45
Fluoride (as F), ppm 5.9 3.0 3.0
Fluoride removal, wt % 83 83.5 79
Estimated y", ppm 1.05 1.25 1.05
Estimated NTU required 1.69 2.06 1.94
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Table 6-22. RETROFIT COSTS FOR MODEL DAP PLANT
(500 tons/day~P205) November 1974

Direct Items (installed)

Spray-crossflow packed bed scrubbers (3)
Ductwork-

Piping

Pumps and motors

Centrifugal fans and motors

Removal of old equipment

Performance test

SNOOY W N~
« o e ® & ° .

Total Direct Items
Indirect Items

Engineering construction expense, fee, interest on
loans during construction, sales tax, fre1ght insurance.
(50% of A)

Contingency
(25% of A)

Total ‘Capital Investment

Cact
\l wJa L

Cpaital charges
Maintenance
Operating labor
- Utilities
Taxes, insupance, administrative

oE
2

W N =
* L]

Total Annualized Costs
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Run-of-Pile Triple Superphosphate

The plant uses the conventional TVA cone process for the pro-
duction of run-of-pile triple superphosphate. Rated production
capacity is approximately 1200 tons of triple superphosphate per day
(550 T/D P205). Actual production averages approximately 800 tons
of triple superphosphate per day.

Figure 4-10 provides a flow diagram of the operation. Ground
phosphate rock is contacted with phosphoric acid (54 percent P205)
in a TVA cone mixer. The resultant slurry is discharged to the den
where solidification of the product occurs. Cutters are used to
break up the product before it is sent to storage. A curing period of
approximately thirty days is required to allow the reaction to go to
completion.

Two initial levels of tdntro] will be assumed for the model RNP
triple superphosphate plant and retrofit costs estimated for each
case. Most actual costs should fall somewhere between the two estimates.
Existing Controls (Case A)

In this case, it is assumed that the plant is in a relatively

good state of repair, that necessary ducting and piping changes are
moderate, and that the existing ventilation system does not require
modification. Replacement of an existing scrubber is assumed to be
the major item in the retrofit program.

Gases vented from the cone mixer and the den are currently treated
in a 20,000 cfm venturi, combined with the storage building ventila-

tion stream, and sent to a spray tower. The storage building ventila-




tion air is sent directly to the spray tower. This control system
nas been in operation for approximately five years.

Gypsum pond water serves as the scrubbing liguid for both the
venturi and the spray tower. Water is available at 80°F with a fluo-
ride content (as F) of 0.5 weight percent. Additional information
regarding the scrubbing liquid is provided in Table &-7.

Venti]étion flow rates and fluoride concentrations fer the
various sources are listed in Table 6-23. The values listed in this
table are estimates based on source test results and control equip-
ment design data. Fluoride removal efficiencies are 86 percent for
the venturi treating the combined cone mixer - den gases and 71 percent
for the spray tcwer. Total fluoride emissions from the production
and storage facilities are 127 pounds per hour.

Table 6-23. FLOW RATES AND FLUORIDE CONCENTRATIONS FOR ROP-TSP
PLANT EMISSION SOURCES19-21

Emission Source Flow Rate Fluoride Concentration
(SCFM) (ma/SCF) (opm)
Cone mixer vent gases 500 0.71 ... 30

Curing belt (den) vent :
. laases 24,500 a5 4000

Storage building vent
gases 125,000 _ 24 ’ - 1000

Retrofit Controls

The proposed retrofit involves the replacement of the spray towrr
with a spray-crossflow packed bed scrubber desicned for 92 narcent

fluoride removal. Installation of the new scrubber will reduce
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fluoride emissions to 4.6 pounds per hour. This emission 1eve1.is
equivalent to the emission guideline of 0.2 pounds fluoride per ton PZOS
input.

Moderate rearrangement of the ductwork will be reauired to
install the new scrubber. Existing controls are located as deoicted
in Figure 6-8. The spray tower will be removed and the spray-cross-
flow packed bed scrubber installed in the vacated area. A new fan
will be required to compensate for the higher pressure drop of the
spray-crossflow packed bed scrubber. Existing water lines and pumos
will be used to supply gypsum pond water at 40 psig to the spray

section. A 16-inch line will be required to supply 2400 gom of water

at 5 psig for the packed bed. Spent scrubbing water is to be re-
cycled to the gypsum pond in the existing drainage system. Treated
gases will be emitted from a newly installed 75 foot stack.

Table 6-24 Jists the major cost items involved in fhe retrofit 
project. Operating conditions for the spray-crossflow packed bed
scrubber are presented in Table 6-25. A breakdown of the estimated

cost of the project is nrovided by Table £-26.

Table 5-24. MAJOP RETPOFIT ITEMS FOP MONEL ROP-TSP PLAMT (CASE A)

1. Rearrangement of ductwork - removal of spray tower from service
and connection of spray-crossflow packed bed scrubber and stack.

Pequirements are 59 feet of 96-inch* duct.

2. Water line connecting gypsum pond with spray-crossflow packed

bed scrubber - 1600 feet of 16-inch pipe.

*Not necessarily circular, but of equivalent cross-sectional area.




3. Two centrifugal pumps (one spare) - 2400 gpm, 76 feet total

dvnamic head (TDH), 100-horsepower motor.
4. PRemoval of spray tower.

5. Centrifugal fan - 150,000 SCFM, 355 feet TDH, 200-horsepower

motor.

6. Soray-crossflow packed bed scrubber. Unit is designed to
handle 158,000 acfm. Using nond water at specified conditions,
‘scrubber must reduce fluoride concentration to 0.23 mg/scf

(9.7 ppm) when treating streams listed in Table 6-23.

7. Stack - 75 f:et tall, 9 feet diameter.

[o 0]

Supports and foundations.

Table 6-25. OPERATING CONDITIONS FOR SPRAY-CPOSSFLOW PACKED
BED SCRUBBER FOP IMNPEL PNP-TSP PLAMT, CBSE B
(550 Tons/Day P205)

V'S
Gas to scrubber

Flow, SCFM 150,000
Flow, DSCFM 145,500
Flow, ACFM 158,000
Temp., °F 190
Moisture, Vol. % 3.0
Fluoride (as F), 1b/hr 439
Fluoride (as F), pom 928
Gas from scrubber
Flow., SCFM 150,000
Flow, DSCFM 145,500
Flow, ACFM 156,000
Terp., °F o0
Moisture, Vol. % 3.0

Fluoride (as F), 1b/hr 4

Fluoride (as F), ppm 2

Fluoride remcval, wt % g9a.n

Estimated y', ppm . 0

fstimated NTU required 4
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)STS FOR MODEL I

C
LAV AN

T
(550 tons/dav P )

Direct Items (installed)

NI WM~

Spray-crossflow packed bed scrubber
Ductwork

Piping

Pumps and motors

Centrifugal fan and motor

Removal of old equipment

Stack _

Performance test

Total Direct Items

Indirect Items.

ROP-TSP PLANT, CASE A
November 1974

Eng1neer1ng construct1on expense, fee yinterest on
loans during construction, sales tax, fre1ght 1nsurance

- (50% of A)

.- Cont1ngency

(25% of A)

Tota]vCapitaI Investment

Annualized Costs

NpPpwn—~
L] ‘e L] . -

Capital charges

Maintenance

Operating labor

Utilities

Taxes, insurance administrative

Total Annualized Costs
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Cost ($)

294,000
9,800
33,300
31,900
28,800
12,500
44,000
4,000

458,300

229,200

114,600

802,100

130,700
21,700
4,000

26,500

214,900




Existing Controls (Case B)

In this case, it is assumed that only the nroduction area is

originally equipped with‘contro1s. £ Doyle scrubber is used to
tréat the combined ventilation streams from the mixing cenz an”
the den. Ventilation flow ratés and fluoride concentrations for
these sources are presented in Table 6;27. Fluoride rémova] efficiency
of the Doyle scrubber is approximately 69 percent. Emissions from the
production area are 25.2 pounds of fluoride rer hour with existing
controls.

The ROP-TSP storage area is currently uncontrolled. Estimated
fluoride emissions'from this source are 198 pounds per hour.

Table 6-27. FLOW PATES AND FLUORIDE CONCENTRATIOHS OF EFFLUENT
STREAMS SENT TO EXISTING CONTROLS.

— N
lEmission Source g Flow Rate: Fluoride Concentration
, f (SCF™) - (mg/scf) (pom)
: ! ' T - ]
k iCone mixer vent gases 509 0.71 | 3n
| iCuring belt vent gases 14,500 g 160 68nn-
1 j :
{ i :

ketrofit Controls (Case B)

The hooding on the curing belt is in a noor state ¢f repair and

will be replaced. A new hooding &rrangement utilizing a flat

stationary air tight top and plastic side curtains will be used.

The ventilation rate for the belt will be increased to 24,500 SCFM.

This higher flow rate will necessitate the replacement of existing
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guctwork and fans. The mixing cone will continue to be ventilated
at a rate of 500 SCFF.

Control of emissions from the storage area requires the
sealing of the building (roof monitor and sides) and the installation
of a venti]atién system designed to handle 125,000 SCFH. A1l
associated fans, pumps, piping, and ductwork must be instailed. The
ventilation stream from the storage area will be combined with the
effluent stream from the production area and sent to controls. Flow
rates and fluoride concentrations associated with the various emission
sources are the sime as listed in Table 6-23.

Fluoride emissions must be reduced to 4.6 pounds per hour in
order to meet the emission guideline of 0.2 pounds fluoride per ton
Péosrinbut. This will be accomplished by removing the Doyle Scrubber
and installing a spray-crossflow packed bed scrubber designed for
99.3 percent fluoride removal. Figure 6-9 1ndicates the placement
of the retrofit scrubber. Treated gases will be emitted from a newly
installed 75-foot stack.

Gypsd% pond water will be used as the scrubbing liquid. Pohd
~ water characteristics are listed in Table 6-7. An 18-inch line will
be installed to supply the required 3450 gpm.of pond water. Snent
scrubbing water is to be recycled to the gypsum pond in an existing
drainage system.

Table 6-23 identifies the major cost items involived in the
retrofit project. Operating conditions for the new scrubter aré

~ listed in Table 6-2° Estimated costs are provided in Table 6-3N.
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Table 6-2¢. FMAJOR RETROFIT ITEMS FOR MODEL ROP-TSP PLANT (CASE B)

1. Cuctwork - replacement of the curing belt ventilation system
and installation of a storage building ventilation system.
Curing belt ventilation system - 175 feet of 42-inch duct
with a 50 foot branch of 6-inch duct connecting the mixing

cone. Storage building ventilation system - 150 feet of 96-

inch duct with two 160-foot brancbes of 66-inch.duct.

~ 2. \Water line connecting gypsum pond with'spray—crodsflow packed

bed scrubber - 1700 feet of 18-inch pipe.

3.. Two centrifugal pumps (onespare) - 3450 gom, 74 feet
total dynamic head (TDH), 125-horsepower motor. Booster pump

for spray section - 1150 gpm, 81-feet TDH; 40-horsepower motor.

4. Centrifugal fan for curing belt ventilation system - 25,000
SCFM, 760 feet TDH, 75-horsepower motor. Fan for storage
building ventilation system - 125,000 SCFM, 725 feet TDH,

350 horsepower motor.

5. Removal of - 1) old hooding system from curing belt and

2) Coyla scrubber.

€. Installation of a new hooding system consisting of a wooden air-

tight top and plastic side curtains on the curing belt.
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10.

Sealing of the storage building - roof monitor and sides of

© building.

Spray-crossflow packed bed scrubber. AUnit is designed to-
handle 158,000 acfm. Using pond water at specified conditions,
scrubber must reduce fluoride concentration to 0.23 mg/scf

(9.7 ppm) when treating streams listed in Table 6-23.
Stack - 75 feet tall, 9 foot diameter.

Supports and foundations.

Table £-29. OPERATING CONDITIONS FOR SPRAY-CROSSFLOW PACKED BEﬁ

SCRUBBER FOR MODEL ROP-TSP PLANT, CASE B
(550 Tons/Day P.0.) '

2°5

Gas to Scrubber :
Flow, SCFM 150,000
Flow, DSCFM 145,500
Flow, ACFM 158,000
Temp., °F 100
Moisture, Vol. % 3.0
Fluoride (as F), 1b/hr 703

« Fluoride (as F), ppm 1490

Gas from Scrubber
Flow, SCFM 150,000
Flow, DSCFM 145,500
Flow, ACFM o 156,000
Temp., °F . 90
Moisture, Vol. % 3.0
Fluoride (as F), 1b/hr 4.6

Fluoride (as F), ppm 9
Fluoride removal, wt % 9
Estimated v', ppm 0.8
Estimated NTU required 5.1
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Table 6-30. RETROFI COSTS FOR MODEL ROP-TSP PLANT, CASE B*
lce

&nnn S Ao

NMAaviambawn

gJ LOIIS / ud D nwuveuiocr
"2 5’

Direct Items (instalied)

Ductwork

Piping

Pumps and motors _
Centrifugal fans and motors
Curing belt hooding

Sealing of storage building
Removal of old equipment

Stack

Performance test

Structural ste=l supports/bldg.

—OWoOSNOTOITP W~

Total Direct Items

Indirect Items

Engineering constiuction expense, fee, interest on
loans during construction, sales tax, freight insurance.

(50% of A)

Contingency
(25% of A)

Total Capital Investment

Annuaiized Costs

1. Capital®charges

2. Maintenance

3. Operating labor

4, Utilities

5. Taxes, insurance, administrative

Total Annualized Costs

Spray-crossflow packed bed scrubber

Cost (%)

294,000
89,200
39,800
48,200
40,800

26,700

OA An~

786,700

393,400

196,700
1,376,800

224,400
37,100
4,000
48,200
55,700

369,400

*In costing this model, extensive use was made of a project report dated

. June 27,

Co., Pocatello, Idaho.
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cranuler Trivle Supershcsnuate 2recuction and Sterace

ant usas the Tori-0liver Jrocess Tor the Sraduction
of cranular triple sunerpiicsshate. Desianed production cesacitv is
< T f b . J , Id -

870 tons of triple susernicsphate cer day (400 T/D ©

v}
.

£-13 orovides a scaematic diagram of the operatio

Ground phosphuate rock and phosphoric acid (39 percent P2£5) are
contacted in a series of reactors. The reaction mixture is then
pumped to the granulator where it is mixed witn recycied material
Trem the cyclone dust celiecicrs and the screening oderations to 2ro-
ducz sroduct sized cranules of triple superphoshhate. & rotary
drier is used to reduce the product moisture content to abcut 3 per-
cent.

Dried triple suparphosphate is coé]ed and screened bafore heing
sent to storage. A curing zeriod of 3 to 5 déys is 2rovided before
tha preduct is considered ready for shipping. Shipping ¢f GTSP
1s on a seascnal basis, therefore, a large storage cabacity is re-
qﬁ%red. The storage facility has a capacity of 25,000 tons of a
triple superphosphate (11,500 tons PZGS). This building is venti-
lated at a rate of 75,000 scfm using & roof monitor.

£xisting Controls

Gases vented from the reactors and the ¢ranulaZor are combined
and treated in a two-stage systen consisting of a vanturi and a
cyclonic spray tower. fyssus pond water serves as the scrubbing

Tiguid in both units. Fond water is available at 89°F with a flus-




ride content of 0.5 percent. Additiona] aroperties ars 1isied in
Tablza 6-7. . Fluoride removal effitiency is 8 percent for ths ven-
turi scrubber and 82 percent for the cyclenic spray tover.

The arier gases are passad through cyclones for nreduct
recovery andbthen treated for fluoride remoVa] by a tuio-stage
scfubbing system (venturi-cycTonic spray_toweﬁ) similar to that de-
scribed for the reactor-granulator cases. Fluoride collection is 85
percent in the ventpri and 86 percent in the cyc]onié scrubber.
Gypsum pond water is used as ithe scrubbing liguid.

Hiscellan20ts gas streams vented from the.product cooling and
screening operations are a third source of emissions from ths GTSP
productionvfacility. These §treamsrare combined and tresated for
product recovery (dry cyclore) and fluoride removal (cyclonic spray
tover). Fluoride collection efficiency of the cyclonic spray towver
is 87 percent. |

Existing controls have been in operation for five years. Flow
rates and_ fluoride concentrations for the various emission sources
are listed in Table‘6—31. A1l values are estimates based on a éom-
bination of source test results and published data. Total fluoride
emissions from the production facilities are 31.0 rounds ner hour.

Ventilation air from the storage building is nresently emitted
uncontrolled. Table 6-31 lists the estimated vclumetric flow rate
and fluoride concentration based on source test data. Fluoride

. emissions from the storage building are 13.2 pounds par hour.
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Table 6-31. FLNOW RATES AND FLUDEZIPE CONCENTRATIONS FOR TSP PLANT
E*ISSIOM SCURCES22-24

tmission source _ Flow rate Fluorige concentration

(SCF:%) (mg/SCF) (pnm)

Peactor-granulator gases 18,000 84 3500

Drier vent gases 48,000 _ 84 3500

Cooler & screening equip- 51.000 16.8 700
ment gases

torage building ventilation 75,000 1.3 54

Rztrofit Controls

The retrofit project for the GTSP produétion facility involves
tha replacement of the cyclenic scray tower on the reactor-granula-
tor strezam and on the drier stream with a sprdy—crossf]ow packed bed
scrubber. A third spray-crossflow packed bed unit will be installec
on the miscellaneous stream to provide secendary scrutbing. The
n;W control system is desicned to reduce fluoride emissions from the
production operation to 3.34 gounds pér hour. This emission rate is
equivalent to the emission guideline of 0.2 pounds fluoride per ton PZCS
input.

Figure 6-10 shows the position of existing controls. PRetrofit
plans call for the removal of the cyclonic spray towers treating the
reactor-granulator and the drier gases and the installation of spray-
crossflow nacked bed scrubbers in}the vacated areas. The soray-
crossflow packed bead scrubber for tha miscellanecus stream will zisc

pe located adjacent to the preliminary scrubber as indicated in

rigure 6-11. 6-5/
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Existing pumps, fans, piping and ductwork will be utilized

wherever possible. The existing piping system will be used to

supply water to the three vreliminary scrubbers and the spray
sections of the secondary (spray-crossflow packed) scrubbers on the
reactor-granulator and the drier streams. Some minor alteration i
the piping arrangement will be required because of chénges in the
scrutber geometry. A 16-inch line wiil be installed to provide 21t
gpm of water at 5 psig for the sprav-crossflow packed bed unit on
miscellaneous stream and the packed sections of the secondary scrui:
bers on the reactor-granulator and the drier streams. Duplicate
pumps, one on stand-by, will be provided for this service. In all
cases, the spent scrubbing Tiquid will be recycled to the gyosum
pond using the existing plant drainage system.

Some alteration of existing ductwork will be required to instu
the retrofit scrubbers. A new fan will be installed on the miscel:
stream to compensate for the pressure loss caused by the secondar:
scrubber.

Control of emissions from the GTSP storage facility requires
the sealing of the roof monitor and the instailation of 350 feet
ventilation ducting. Ventiiation air will be treated in a spray-

cross -fiow packed bed scrubber before being emitted. The unit i-

designed to reduce fiuoride emissions to 1.25 pounds per hour: a '

equivalent to. emission guideline under most conditions. AIl assu

fans, pumps, piping, and ductwork must be installed. The existin:
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drainage svstem will be used to recvcle gvpsun nond vater.

Figure €-11 provides a view of the ecuipment layout.

L11 major retrofit items are tabulated in Table §-372.

Table 6-33 provides a list of operating concitions for the four

retrofitted spray-crossflow packed bed scrubbers. Table 6-34 ore-

sents the ratrofit project costs.

Table 6-32. MAJOR RETROFIT ITEMS FOR MODEL GTSP PLANT

GTSP Production

1.

Rearrangement of ductwork - removal of existing cvcionic scrubbers
on reactor-granulator and drier streams and connection of
replacement spray-crossflow packed bed scrubbers. Installation
of third spray-crossflov packed bed dnit on misce]]aneods

stream. Requirements are 150 feet 6f Go—inch diameter duct and

50 feet of 42-inch duct.

New water 1ine connecting gypsum pond with retrofitted scrubbers -

" 1200 feet of 16-inch pip2 with 200-foot branch of 14-inch pipe

tc scrubbers treating the drier and miscellaneous streams and 150

foot branch of 5-inch pipe to the reactor-granulator scrubber.

[ ]
Two centrifugal pumps, each 2160 gpm, 105 feet total dynamic
head (TDH), 100-Lorsepower motor. Booster pump for spray
section of spray-crossfliow packed bed scrubber on miscellaneous

stream ~ 374 gpm, 89 feet TDH, 1C-horsepover motor.
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Table 6-32. MAJOR RETROFIT ITEMS FOR MODEL GTSP PLANT (cont.)

7.

Centrifugal fan for misceilaneous stream - 51,000 sc

356 feet TDH, 75-horsepower motor.

Removal of cyclonic scrubbers on reactor-granuiator and

miscellaneous streams.

Three spray-crossflow packed bed scrubbers. Design parameter:

able 6-33. Using por

It
J

T

are provided in

conditions, the scrubbers are reauired to meet the indicated

emission levels when treating the gases described in Table 6--

Supports and foundations.

GTSP Storage

i.

Sealing of roof monitor and installation of ducting - 350 fec

7 onnection ¢!

8-inc tion of building and

scrubber.

Water line connecting gypsum pond with spray-crossflow pacic:

bed scrubber - 1700 feet of 12-inch pipe.

Centrifugal pump - 1730 gpm, 81 feet TDH, 60-horsepower Mot
Booster pump for spray section - 580 gpm, 89 feet TDH, 15-

horsepower motor.

Centrifugal fan - 75,000 scfm, 630 feet TDH, 200 horsepower

motor.
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Table 6-32. MAJOR RETROFIT ITEMS FOR MODEL GTSP PLANT (cont).

5.

Spray-crossflow packed bed scrubber. Using specified pond

water, scrubber must reduce fluoride concentration of venti-

lation stream to 0.13 mg/scf (5.1) when treating the gases

described in Table 6-31.
Supports and foundations.

Stack - 50 feet tall, 6 foot diameter.
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Table 6-33. OPERATING CONDITIONS FCP SPRAY-CROSSFLOW
PACKED BED SCRUBRERS FAP PONEL GTSP PLANT
(400 Tons/Day PZQS)
73 to Scrubber : froduction

Peactor Drier Cooler
ricw, SCF¥ 18,000 48,000 51,000
Flow, DSCF™ 1€,560 44 760 48,450
Flovw, RCFY 19,400 52,500 54,900
Tern., °F 110 120 110
Noisture, vol. &% 8.0 8.0 5.0
Fluoride (as F), 1b/hr 28 79.8 14.8
Fluoride (as F), npm ' 490 525 G2

Gas from Scrubber
Flow, SCFH- 16,850 45,050 49,400
Flow, OSCFM 16,560 44 160 48 450
Flow, ACF! 17,500 46,800 51,200
Temp., °F on S0 130
Moisture, vol. % 2.0 2.0 2.0
Fluoride (as F), 1b/hr 1.00 1.7€ 0.€3
Fluoride, (as F), ppm 17.5 11.5% 3.9
Fluoride removal, wt % , 96.5 97.8 9.0
Estimated v', ppm n.-°5 £.9%5 n.85
Estimated NTU required 3.38 3.90 3.39
% ‘ 6-64
]

Storaqs

Vientilation

75,070
74,480
77,100
R7

n.7
13.2
54.1

76,000
74,880
78,100
85

2.0
1.25
5.1
a0.5
n.7

2.4¢




Table 6-34. RETROFIT COSTS FOR MODEL

GTSP PLANT (400 tens/cay PZOS) November 1974 |
Cost ($
A. Direct Items (installed)
1. GTSP Production
a. Spray-crossflow packed bed scrubbers (3) © 261,000
b. Ductwork v 22,800
c. Piping ’ 26,200
d. Pumps and motors 35,900
e. Removal of old equipment 18,000
f. Performance test 4,000
g. Centrifugal fan and motor 14,400
2. GTSP Storage _
a. Cross flow packed scrubber : 150,000
b. Ductwork 56,600
c. Piping ) , 27,800
d. Pumps and motors _ 19,400
e. Centrifugal fan and motor 23,000
f. Structural steel supports/bldg. 50,000
g. Sealing of storage bu11d1ng . 10,000’
h. Performance test . ' , 4,000
Total Direct Items | - 723,100
B. Indirect Items
Engineering construction expense, fee, interest on
loans during construction, sales tax, freight insurance.
(50% of A) » 361,600
C. Contingency ‘- :
(25% of A) » : 180,800
D. Total Capital Investment : 1,265,500
L. Annualized Costs |
1. Capital charges 206,300
2. Maintenance 33,800
3. Operating labor ' 6,000
4. Utilities : _ 40,600
5. Taxes, insurance, adm1n1strat1ve _ 50,500
Total Annualized Costs | - 337,200
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6.1.3.2 Retrofit Case vescriptions

General Procedure
This section describes two actual cases in which control
systems containing spray-crossflow packed bed scrubbers were added to

existing production facilities. Each case description provides the

following information:

1. A descrintion of the process in use,
2. ldentification of the driqina1 fluoride controls and sources
| treated,

3. A des;ription of the retrofit project, and

4, Retrofit costs.

- Case A

Case A involves the rétrbfitfing.of controls to a aranular trip]é
superphbsphate p]aﬁt. This facility was built in 1953 usinq the Dorr-
Oliver slurry granulation process. Annua1 production capacitv was oricinally
100,000 tons triple superphosphaté but improvements in plant desian have
almost dbub1eddthis value. | | |

The production equipment is housed in a Structure which also contains
a second granular triple superphosphate p1ant'and a run-of-pile tripTe |
superphosphate plant. All available space within the buildina is in use and.
any rearrangement of equipment or ducting would require major modifications.

Space limitations also exist in the area immediately surroundina the build- -

ing and would affect any retrofit project.

G-66
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Original Controls

Fluoride control was initially provided by a spray tower instalied
in 1953 55 part of tne oricinal plant desicn. Gypsum pond water was usad
as the scrubbing Tiquid. Ventilation streams from the drier and the
product écréens were sent to the spray tower while beoth reactor and
granulator gases were vented directly to the atmosnhers. The sprav
tower was improved in i964 by the addition of more sprays and a mist

elimination section. Performance data for this system is not availahle.

Retrofit Controls

The spray tower was removed in 1966 as part of a retrofit project
and replaced by a three stage scrubbing system. Gases vented from the drier
(60,000 acfm) and the screens (40,000 acfm) are now treated in separate venturi
scrubbers, combined, passed through a cvclonic scrubber, and finally
treated in a spray—croésf]ow packed bed scrubber. Operating characteristics
f

mitec ar
1Leo ail

these un listed in Table §-35 P

it T 0-20.

4]

0
scrubbing liquid for the entire system. 'Controls for the reactor and the
granulator were not added at this time.

A1l associafed fans, pumps, piping, ductwork, and stacks were installed
as part of the retrofit project. HNew pond water supply and drainage systems
were also required. ‘

Designed fluoride removal efficiency is 99+ percent. Tests

conducted by the Environmental Protection Aaency in June 1972 measured

fluoride removal efficiencies ranging uo to 99.6 percent.
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Table 6-35. OPERATING CHARACTERISTICS OF SCRUBBERS IN RETROFIT CASE A

Scrubber type Scrubbing 1iquid . ' Gas stream

to gas ratio (gal/SCF) pressure drop(in. H,0
Drier venturi , 0.008 12-15
Screen venturi 0.006 | v 8-13
Cyclonic scrubber . 0.007 | 4-6
Spray-crossflow 0.002 2-6
packed bed scrubber :

Retrofit Costs

~ Total 1nsta]1ed cost of the retrofit contr01 equipment was $368,009,
hdwever, this does not include the cost of removing old eouipment or of
adding neﬁlpond water supply and drainage systems. The annual operatina
cost is reported to be $51,000.
Case B
— “

Case B is similar to Case A in most respects. The facility involvad
is a granu]af triple superphosphate plant built in 1953. This plant also
uses the Dorr-Oliver processlfor GTSP, Annua] canacity is approximately
200,000 tons triple superphosphate. Space limitations arc similar to those

- described in Case A.
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Original Controls

Emissions from tne drier and the screesning area were controlled bv
a spray tower whicn had been installed as part of the original plant
design. Fluoride removal efficiency data is not available for this system.

Reactor and granulator gases were vented to the atmosphere without treatment.

Retrofit Controls

The retrofit project consisted of the remOVal of the spray tower and
its replacement by a system similar to that described in Case A. Controls
are in three stages - 3 venturis in parallel followed bv a cyclonic scrubber
and a spray-crossflow packed bed scrubber. Effluent streahs from the drier
and the screens are treated in separate venturis, combined with the gases
from the third venturi, and sent to the remaining controls. The third
venturi treats gases from eitner an adjacent wet acid plant or a nearby
run-of-pile triple superphosphate plant. Designed capacity of the control
system is 115,000 acfm. Gypsum pond water serves as the scrubbing liquid.
Controls for the reactor and the aranulator were not installed as a part of
this proiect.

The retrofit controls were added in 1972. A1l associated fans, pumps,
piping, and ducting were installed as part of this project. Fluoride removal

efficiency of the system is reported to be 99+ percent.

Retrofit Costs

Total installed cost for the retrofit controls was reported to be
3760,000. Table 6-36 lists a breakdown of the cost. Demolition costs
and the cost of adding new pond water supplv and drainace systems ave
not included. 0 operatina costs were provided.

f-€o
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Table 6-36. CASE B RETROFIT PROJECT COSTS

Item

InstalTed Cost
(dollars)
Foundations 81,000
Structural steel 52,000
Blowers and motors 85,000
Wetlscrubbers 218,000
Pumps, sumps and piping 175,000
Ducts and stack 102,000
Electrical and instruments 47,000
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6.2 VEITURI SCRUBBER

6.2.1 Uescription

Venturi scrubbers are primarily particulate collection devices,
~ however, they are also applicable to gas absorntion work and are 1in
widespread use throughout the phosphate fertilizer industry. Theyv are
particularly well suited for treating effluent streams cohﬁaininq large
amounts of solids or silicon tetrafiuoride because of their high solids
nandling capacity and self-cleanina characteristics. Uperationa] reliability
and low maintenance requirements are major reasons for the ponularity of
this scrubber design.

A venturi provides a high degree of gas-1iquid mixing but the
relatively short contact time and the cocurrent flow of the scrubbing
liquid tend to 1imit its absorption capabiTities. When treating effluent
streams requiring a high degree of fluoride removal, venturis are often
used as the initial component in a multiple-scrubber system.

Two types of venturi scrubbers, agas actuated and water actuated, are
in general use. In both cases, the necessary gas-liguid contacting is
obtained from velocity differences between the two phases and turbulence
in the venturi throat. Both types a]so.require the use of a mist elimination
section for renoval of entrained scrubbing liquid. The majcr <difference
between the designs is the scurce of motive power for operatina the scrubber.
In the casc of the gas actuated venturi, the ve]ocity.of the gas stream
provides the enerogy required for gas-liauid contactina. The scrubbing

Tiquid is introduced into the gas stream at the throat of the venturi




and is broken into fire droplets by the acceleratina cas

stream. Pressure drop across the scrubber is generally high - from
8 to 20 inches of water. A fan is required to compensata for this
loss in gas stream pressure. Figure 6-12 provides a schematic
diagram of a gas actuated venturi.

A water acutated venturi is pictufed in Fiaure 6-13. In this
case, the scrubbing liquid is introduced at a high velocity through
a nozzle located upstream of the venturi throat. The velocitv of the
water streams is used to pump the effluent gases through the venturi.
Drafts of up tu 8 inches of water can be developed at hich liauid
flow rates.25

The removal of the fan from the system makes the water actuated
venturi mechanically simpler, mdre reliable, and less costly
than,the gas actuated type. An additional advantaae is its relative
insensitivity to variations in the gas stream flow rate?6 Gas
actuated venturis rely upon the gas stream velocity for the enerqgy
for gas-liquid contacting, therefore, variations in the cas flow can
gfeatly affect scrubber efficiency. The performance of the water-
actuated venturi depends mainly on the liquid strear velocity.

Water actuated venturis find application princioally as aas
absorption units?5 Their use is usually linited, however, to small
gas streams with moderate scrubbing requirements. The water-actuated
venturi is seldom used for gas flows greater than 5,000 acfm because

of the large water requirements.26

{9
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6.2.2 Emission Reduction

No wet-acid plant using a venturi scrubber was tested by the

Environmental Protection Agency, however, fluoride abscrption efficiency

ranging from 84 to 96 percent have been reported for water-actuated

27
venturis treating wet-acid plant effluent gases.

Performance data was

obtained for venturi scrubbers instailed in superphosphoric acid and

diammonium phosphate plants.

This information is presented in Table 6-37.

Several additional plants (DAP, GTSP, ROP-TSP) were tested at which venturi

scrubbers were used as the preliminary scrubber in a two or three stage

system.

6-3 and 6-40.

Table £-37.

Performance data for the overall systems are presented in Tables

VENTURI SCRUBBER PERFORWANCL IN SUPERPHOSPHORIC ACID AND

DIAMMONIUM PHOSPHATE PLANTS 2
T (‘T
| Control Scrubbing {Fluoride emission’
Type of plant Sources controlled |[system liquid (1b F/ton P205)
Vacuum evapora- | barometric conden- lwater pond 0.0009
tion SPA ser, hotwell, and lactuated |water
P product cooling tanKyentuyri
DAP reactor, Qr&nu]a- 3 gas weak acid 0.129
tor, drier, and actuated | (20-22%
cooler venturis P205)
in para-
el

qaverage of testing results
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£.2.3 Retrofit Costs for Venturi Scrubhers
This section evaluates the cos=s jrvelvad with retrofitiine
venturi scrubbers in a diammonium chosnhate plant. Venturis

mignt i

5e used to provide fluoride contrel for this source vecause
of their hign solids hand]ihg canadilitv. @Onlv the re’rofi’ model
aporoach will be used to provide cests.

The model plant is the same as descriped in section 6.1.3.1.
To avoid repetition, only a summary of retrcfit controls, a list
of major retrofit items. and a breakdown of costs =111 he nrasented
nere.

The general asnects of the retrofit project are the same as
described in Section 6.1.3.1. Gas-actuated venturis will e used
as fluoride scrubbers on tne reactor-cranulator, the drier, and
the cooler streams. Pumping and fan requirements differ from those
oresented in section 6.1.3.1. An existing line will be used to
supoly part of the water reguirement. Table £-38 provides a 1ist
o%vmajor retrofit items required. Costs are presentec in Tanle

6-39.
Table 6-38. MAJCR RETRCFIT ITEHS FOR MODEL DAP PLAXT

1. Ductwork - removal of cyclonic spray tower from service and
connection of tnree gas-actuated venturi scrubbers. rReavire-

ments are 100 feet of 60-inch duct and 50 feet of 54-inch duct.

2. ‘ater line connecting eypsum nond with venturi scrubbers -

1200 feet of 16-inch pipe with 200-foot oranch oF 14-inch
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pipe and 150-foot branch of 6-inch cine.

Two centrifugal pumns (one spare) - 2550 gpm, 195

feet total dynamic head (TDH), 150 horsenover motor.

Three centrifugal fans: one for the reactor-aranulator
stream? one for the driar stieam, and cne for the cocler
stream. Reactor-granulator fan - 30,000 scfm, 713 feet TDH,
75 horsepower motor. Drier stream fan and cooler stream

fan - 45,990 scfm, 713 feet TDH, 125 horsepower ruotor.
Removal of cyclonic spray tower.

Three venturi scrubbers equipped with mist eliminator

sections. When using specified pond water and treatinc

gases described in Table 6-19, scrubbers are recuired to obtain

performance indicated in Table 6-21.

Suppqyts and foundations.
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Direct Items (installed)

Venturi scrubbers (3)
Ductwork

Piping

Pumps and motors
Centrifugal fans and motors
Removal of old equipment
Performance test

Total Direct Items

Indirect Items

Engineering construction expense,
fee, interest on loans during
construction, sales tax. freight
insurance (50% of A.)

Contingency (25% of A.)

. Total Capital Investment

Annualized Costs

Capital charges

Maintenance

Operating labor

Utilities

Taxes, insurance, administrative

s~

Total Annualized Costs

6&-77

558,800

'

Cost (%)

181,700

17,000
26,500
39,200
38,400
12,500

4,000

319,300

159,700
79,800

91,100
15,000

4,000
31,000
22,400

163,500




5.3 SPREY TOWER SCRUBBER

6.3.1 Descrigtion
Snray towers provide the interpiiase contacting necessary for

gas absorption by dispersing the scrubbing Tiouid in the gas nhase

in tane form ¢f a fine sprav. Several tvpes of sprav towers are in
general dse. Tne simplest consists of an emoty tower equﬁpped with
liquid sprays at the top and a cas inlet at the bottom. Scrubbing
liguid is sprayed into the gas stream and droplets fall by ravity
through a upward flow of gas. This design has the advantages of a
very low pressure drop and an inexpensive construction cost but it can

29 Entrainment of

provide only about on2 transfer unit for absorntion.
scrubbing liquid is also a problem.

Cyclonic spray towers eliminate the excessi?e entrainment cf
scrubbing liquid by ut111z1ng centr1fuga1 force to remove entrained

'\V o

droolets.. F1aure 6 14 is a, schemat1c diagram of a tvo1ca1 desion.

In this cﬂse, a tange1t1a1 1n1°t 1< used to 1mpart tne spinning .

motion to tae gas stream water sprays are d1rected parallel to the
gas flow providing crossflow contacting of the gas and liocuid streams.
Pressure drops across tne scrubber ranoces from 2 to 8 inches of water.
Solids nandling capacity is nigh, however, alsorsticn canacitv is

limited to about two transfer un1‘ts.29’30

6.3.2 Emission Reduction
Fluoride removal efficiencies ranaging from 84 to 95 nercent have

T,

baen renortec for cyclonic spray towers treating wet acid nlant
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effluent nases.3]

Table 6-40 presents nerformance data ohtained hv

the Environmental Protection Aaencv for cvclonic sprav towers installed
in wet-process nhosphoric acid, diammonium phosnhate, and fun—o‘-ni]e
trip1@ superphosphate plants. In most cases, the control svstem con-
sisted of a primary venturi scrubber or cvclonic snrav tower followed

by a secondary cvclonic spray tower. Gypsum pond water was used as

the scrubbina solution except where indicatec.

€.3.3 Retrofit Costs for Cvclonic Sorav Towers

This section will use the retrofit mndel anoroach tn estimate
the costs involved with the installation of cvclonic snrav towers in
a "OP.TSP nlant. Control svstems utilizinn cvclnnic snrav towers are
canable of orovidina the collection efficiency necessarv tn reet
the emission guideline of 0.2 pounds fluoride per ton P205 input.
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Table 6-40. CYCLONIC SPRAY TOWER PERFCRMANCE IN WET-PROCESS PHOSPHORIC ACID, 32
DIAMMONIUM PHOSPHATE, AND RUN-OF-PILE TRIPLE SUPERPHOSHATE PLANTS

Type of plant

Sources controlled

Primary controls

a

Secondary controls

Fluoride emissions®
(1b F/ton.PZOS)

WPPA

DAP

ROP-TSP

ROP-TSP

reactor, filter, and
miscellaneous sources

reactor, granulator,
drier, and cooler

mixing cone, den,
transfer conveyor,
and storage pile

mixing cone, den,
and storage pile

two-stage cyclonic |

spray tower

3 cyclonic spray
tower scrubbers in
parallel. Scrub-

bers treating re- .

actor-granular
and drier gases
use weak (28-30%
P205) acid

venturi scrubber .

2 cyclonic spray.

tower scrubbers
in parallel

2 cyclonic spray
tower scrubbers in

parallel treating

reactor-granulator
and drier gases

cyclonic spray tower
scrubber with packed
bed section

2 cyclonic spray tower

scrubbers in parallel

0.056

0.380

0.194, 0.211"

0125

aAverage of testing results

bSecond series of tests




- e moazl plant is the sare as described in section £.1.2.7
(Case 7). Flow rates and fluoride ébhcentrations of the various
effluent streams are listed in Table 6-23. fases vented from the
cone mixer and den are presently treated in a 20,000 cfm venturi,
combined with the storade buildine ventilation stream and sent to a
soray tower. The storaae buildine ventilation air is sent directly
to the spray tower. Total fluoride emissions are 127 nounds ver
nour with existine controls.

Tne retrofit project involves the removal of the existinn scfubbers
and the installation of a new control svstem consistina of oreliminarv
cycTonic spray towers on the ventilation streams from the nroductinn
and storage areas followed by a secondary cvclonic sprav tower treatino
the combined effluent streams. This svstem will reduce fluoride
enissions to 4.6 pounds ver hour which is equivalent to the emission
guideline.

fetrofit controls will be lecated as shown in Ficure 6-15. “od-
erate rearrangement of the ductwork is necéssary to install the
cyclonic sprav towers. Two new fans will be required hecause o? the
higher oressure drop associated with the retrofit svstem. Existina
water lines and pumps will be use” to supply the prelirinarv scrubbers.
A 14-inch Tine will be installed to nrovide 1725 qgom nf nond water
for the secondary scrudber. Srcent scrutbino water will be recvcled
to the ayosum nond in the existina drainane svstem. Treated cases

will be emitted frem a newly installed 75 foot stack.
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Table 6-41 1ists the major cost items involved in this retrofit

project. Operating conditions for the three cvclonic spray towers are

provided in Table 6-42. Retrofit costs are estimated in Table 6-43.

Table 6-41. MAJOR RETROFIT ITEMS FOR MODEL ROP-TSP PLANT

1. Rearrangement of ductwork - removal of venturi and spray tower
from service and connection of three cyclonic spray towers and
stack. Requirements are 50 feet of 42-inch duct and 125 feet
of 96-inch duct.

2. Water line connecting gypsum pond with cyclonic spray tower
treating the combined effluent streams from the production and

the storage area - 1600 feet of 14-inch pipe.

3. Centrifugal pump - 1725 apm, 167 feet total dynamic head (TDH),

125-horsepower motor.
4. Removal of venturi and spray tower.

5. Centrifugal fan for the storage building ventilation system -
125,000 SCFM, 514 feet TDH, 250 horsepower motor. Cehtrifuqa]
fan for the combined effluent streams - 150,000 SCFM, 461 feet

TDH, 175 horsepower motor.

6. Three cyclonic spray tower scrubbers. When usina pond water

specified in Table 6-7 and treating the effluent streams described

in Table 6-23, scrubbers are required to obtain the performance

indicated in Table 6-42.
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7.
8.

Téb]e 6-42. OPERATING‘CONDITIONS FOR CYCLONIC SPRAY TOWER SCRUBBERS
FOR MODEL ROP-TSP PLANT
(550 Tons/Dav P205)

Stack - 75 feet tall, 9 feet diameter.

Supports and foundations.

Gas to scrubber

Flow, SCFM

Flow, DSCFM
Flow, ACFM
Temp., °F
Moisture, Vol. %

~Fluoride (as F), 1b/hr

Fluoridé (as F), ppm

Gas from scrubber

Flow, SCFM

Flow, DSCFM

Flow, ACFM

Temp., °F

Moisture, vol. %
Fluoride (as F), 1b/hr
Fluoride (as F), ppm
Fluoride removal, wt %
Estimated y", ppm
Estimated NTU required

- Mixing cone and den
ventilation stream

6-84

Storage building ,
ventilation stream stress

125,000
122,590
128,200
85

2

396
1,000

126,000
122,500
128,500
80

3

30

76

9

N OMN
00 O

150,
148,
154,

150 098
148

153
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Table 6-43. RETROFIT COSTS FOR MODEL ROP-TSP PLANT
(550 Tons/Dav P205) November 1974

Cost ($)

Direct Items (installed)

1. Centrifugal spray tower scrubbers (3) 300,000
2. Ductwork 25,000
3. Piping 29,100
4. Pump and motor 22,200
5. Centrifugal fans and motors 54,400
6. Removal of old equipment 12,500
7. Stack 44,000
8. Performance test 4,000
Total Direct Items 491,200

Indirect Items

Engineering construction expense,
fee, interest on loans during
construction, sales tax, freight

insurance (50% of A.) 245,600
Contingency (25% of A.) 122,800
Total Capital Investment 859,600

Annualized Costs

1. Capital charges 140,108

2. Maintenance 23,40¢C

3. Operating labor 6,000

4, Utilities 48,600

5. Taxes, insurance, administrative 34,500

Total Annualized Costs 252,600
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6.4 IMPINGEMENT SCRUBBER

Impingement scrubbers are primarily pafticu]ate collection
devices but they also possess éome absorﬁtion capabi]ity.and have
been used with Timited success to treat effluent streams from wet-
process acid and diammonium phosphate plants. The Doyle scrubber
pictured in Figure 6-16 is the type most commonly used by the

fertilizer industry.
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FIGURE 6-16. DOYLE SCRUBBER.

Effluent gases are introduced into the scrubber as shown in
Figure ~¥§. The Tower section of the inlet duct is equipped with a
axially located cope that causes an increase in gas stream veiocity
prior to its impingement on the surface of the pond. The effluent
gases contact the pool of scrubbing Tiquid at a hich velocity:and unce:
go a reversal in direction. Solids impinge on the Tiquid surface and
are retained while absorption of gaseous fluorides is promoted by the

Solids handling capacity is
33

interphase mixing generated by impact.

high, however, absorption capability is very limited.
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6.5 SUMMARY OF CONTROL OPTIONS

Sections 6.1 through 6.4 have examined'thé operational charac-
teristics of several scrubber designs commonly used in thevphosphate
fertilizer industry. Only the spray-crossflow packed bed scrubber is
capable of providing the degree of fluoride control required to meet
SPNSS emission levels in all cases. In certain cases, cyclonic spray
tower scrubbers will meet the standards, but only at a higher cost as the
ROP-FSP retrofit example illustrates (Table 6-44). Although retrofit
costs for installing venturi scrubbers in a DAP plant were lower than
those for spray-crossflow packed bed scrubbers, there is no data
available which substantiates that a venturi scrubber alone can achieve
SPNSS emission levels. The primary value of venturi scrubbers in
fluoride control is their higher solids handling capacity. This feature
is exploited in several spray-crossflow packed bed scrubber designs
which incorporate a preliminary venturi scrubber.
Table 6-44. ESTIMATED TOTAL CAPITAL INVESTMENT AND ANNUALIZED COST

FOR DAP AND ROP-TSP RETROFIT MODELS USING SPRAY-CROSS-

FLOW PACKED BED AND ALTERNATIVE SCRUBBERS.
November 1974.

Facility Type of Scrubber Capacity Total Capital Annualized
(tons/day Investment Cost
DAP Spray-crossflow: 500 $733,100 5194,100
packed bed
DAP Venturi 500 558,800 163,500
ROP-TSP Spray-crossflow 550 6u2,100 214,50
packed bed
ROP-TSP Cyclonic spray 550 859,600 252,600
tower }
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6.6 DESiGN, INSTALLATION, AND STARTUP TIMES

This section discusses the time required to procure and install
a wet scrubber on a phosphate fertilizer operation. Actual time
requirements can vary tremendously depending upon such factors as
space limitations, weather conditions, lack of available utilities,
and lack of engineering data. The
information presented in this section,-has to a limited extent,
factors into considération= Since these
estimates are general, however, they should be used primarily as a guid:

1line and may be modified as dictated by specific circumstances.

Figure 6-17 identifies the various steps involved in the procuremc:
1nsta1]ation of a wet scrubber on a wet-process phosphoric acid plant.
also provides an estimate of the total time requirement of the project.
estimating this time requirement, it was assumed that those activities
up to the finalization of control eauipment plans and specifications h.
completed prior to the initiation of the retrofit project. The individ.

steps shown in Figure 6-17 are explained in more detail in Table 6-45.
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FIGURE g_y7. TIME SCHEDULE FOR THE INSTALLATION OF A WET_SCRUBBER ON A WET-PROCESS
PHOSPHORIC ACID PLANT34

) | D = Milestones /Q

— = Activity ond duration in weeks

MILESTONES A ELAPSED TIME MEEKS)/’/
. 7/
1 Date of submittal of final control plan to oppropriate agency . &
2 ‘Date of award of control device contract, 2.6 :
3 Date of initiation of on-site construction or Instollation of emlssion control equipment. s2
?\ 4 Date by which on=site construction or Installation of emission control equipment is completod., : Z 2
o0
O ! 5 Date by which final complionce is ochieved, 74
' ACTIVITIES
Designation Designation
A-C Preliminary investigation J-K Review and approval of assembly drawings
A-B Source tests K-L Vendor prepares fabrication drawings
c-D Evaluate control alternatives L-M Fobricate control device
D-E Commit funds for total program K-N Prepare engineering drawings
E-F Prepare preliminary control plan and compliance N-0 Procure construction bids
schedule for agency
0-P Evaluate construction bids
F-G Agency review o ! upproval
P-3 Award construction contract
G-\ Finalize plans ond specifications
: 3-M On-site construction
1-4 Procure control device bids
: M-Q Install control device
H- I Fvel ie control device bids
0-4 Complete construction (system tie-in)
I"? Avird coor ol g vive contract
o 4-5 Startup, shakedown, preliminory tource test
Y ey unembly drawings
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Table §-45. DESCRIPTION OF INDIVIDUAL ACTIVITIES TVOLVED IN THE PROCUREMENT, INSTALLATION, AND
STARTUP OF CONTROL EOUIPMENT.3®

ACTIVITY ACTIVITY '
CODE DESCRIPTION DETAILS OF ACTIVITY AND ESTIMATED TIME REQUIREMENT

G-1 Finalize plans and specification The control system is specified in suffient detail for
control eauipment suppliers and contractors to prepare
bids. A final control plan summarizina this information
is also prepared for submittal to the appropriate acency.
Two to six weeks are allocated for this activitv. The
variation is dependent on the magnitude and complexitv
of the project.

1-H Procure control device bids Transmittal of specifications for the control device and
reauest for bids from suppliers.
A minimum time of four weeks is required to nrocure b1ds
on small jobs. A maximum of twelve weeks should be allowed
for large non-standard units. Initial vendor quotations
freauently do not match bid specifications, thereby requirinc
further contacts with each bidder.

06-9

H-1 Evaluate control device bids The bids are evaluated and suppliers are selected.
Two to five weeks are reguired for evaluatinag control device
bids. Small, orivately owned firms will require little time,
whereas in large corporations, the bid evaluation procedure
-often involves several departments thereby increasina the
time reauirements.

I-2 Award control device contract The successful bidder is notified and a contract is sianed.
A minimum of two weeks should be allocated for preparinc
the final contract papers and awardina contracts for the
control device and other major comnonents. This activity
will take Tonger in larae corporations where examination and
approval of the contract bv several demartrents is reauired.
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Table 6-48""(continued).

ACTIVITY
CODE

DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE PROCUREMENT,

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT.35

ACTIVITY
DESCRIPTION

DETAILS OF ACTIVITY AND ESTIMATED TIME REQUIREMENT

2-4

J-K

K-L

Vendor prepares shop drawings

Review and approval of
assembly drawings

Vendor prepares fabrication
drawings

The vendor prepares the assembly drawings for the

control device. For the smaller and more common types of
control equipment, standard shop drawings which applv to
several control equipment size ranges may be used with the
appropriate dimensions underlined or otherwise indicated.
For larger devices, it may be necessary to prepare drawings
specifically for the project at hand. The drawings are
mailed to the client for his approval prior to initiating
fabrication drawings. Depending on the complexity and
originality of the design, the time required by the vendor
to submit assembly drawings could vary from few weeks to
few months. Two to six weeks are estimated for this activity.

The client reviews the assembly drawings and gives approval

to begin fabrication drawings. The client also uses the
assembly drawings to prepare the necessary engineering drawings
One to two weeks are sufficient for review and anproval of
assembly drawings. The longer time is required for any delay
in approval as a result of revisions and modifications.

Upon receipt of approval from client to proceed with con-
struction of the control device, the vendor prepares fah-
rication or shop drawings which will be used in the manu-
facturing and assembling of the control equipment. Three
to eight weeks are normally required for this task.
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Table 6-45(continued).

ACTIVITY
CODE

ACTIVITY

DESCRIPTION

DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE PROCUREMENT,
INSTALLATION, AND STARTUP QF CONTROL EOUIPMENT.

35

DETAILS OF ACTIVITY AND ESTIMATED TIME REQUIREMENT

0-P

P-3

3-M

M-Q

Evaluate construction bids

Award construction contract

On-site construction

Install control device

Constructioﬁ bids are evaluated and the successful
bidder selected. Two weeks are estimated for this
activity.

Construction contract is prepared. In larae corporations,
it is reviewed and aoproved bv several departments prior
to its submission to the successful contractor. Two

weeks are allowed for this activity.

This consists of site clearance, pouring of the foundation,
erecting structural members, ductwork, and installation of

auxiliary equipment. Twelve weeks were estimated for this

activity.

This activity is essentially an extension of the preceding
construction work. The time is primarily allocated for
installation of a shop assembled (or modular) control device.
In case of field erected unit, it represents the time which i
required to complete the installation of the remaining com-
ponents as they arrive on site., The installation time for
this case is estimated to be six weeks.
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source test

Table 6-45 (continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE3EROCUREMENT,
INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT.

ACTIVITY ACTIVITY

_COBE DESCRIPTION DETAILS OF ACTIVITY AND ESTIMATED TIME REQUIREMENT

Q-4 Complete construction Tying the control device into the process requires that

(system tie-in) the process be shut down. This shut down is usually

scheduled so that it will have the least impact on the
operation. The contractors responsibility usually. ends
at this point when the client and the vendors representativ
accept the construction as being complete. Two to six week
are allocated for tie-in. In large installations where the
process cannot be conveniently shut down at the end of
construction phase, longer times may be reauired.

4-5 Start up, shakedown, The process is brought back on-1ine and any unforeseen

problems with the control system are resolved during this
time. Source testing may be performed to determine if
performance of the system is acceptable. Depending on the
type of control device installed, start un, shake down, and
preliminary source testina would require from two weeks for
small and simple installation to about eiaht weeks for a 12
and complicated system.
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7. ECONOMIC IMPACT

7.1 INTRODUCTION

This section describes the economic impact of adopting regulations
that require control of fluoride emissions from existing wet-process
phosphoric acid, superphosphoric acid, diammonium phosphate, run-of-pile
triple superphosphate, and granular triple superphosphate facilities.
- The costs shown in Table 7-1 are based upon the installation and
operation of control equipment described in chapter 6.1.3. Installation
of other, less efficient control equipment is not expected to result
in any significant reduction in the economic impact incurred. The
capital costs and annualized costs of installing control equipment
represent expenditures needed to achieve the emission guidelines shown
in Table 1-2, but would also apply to the adoption of less stringent
fluoride emission regulations.

The economic impacts have been developed on a nfocéégLBQQbrdceSS
basis since the national or industry-wide impact will be dependent
upon the collective actions of the states. To provide a perspective
on the significance of the costs incurred by adopting fluoride
emission regulations, they are related to unit production and product
sales price (Table 7-1). Additional insight on potential impacts
related to costs are given by a discussion on potential plant closures.
Criteria are presented that describe circumstances that could result
in plant closures, and the number of closures within the industry
that would result if all states adopted fluoride emission requlations
is estimated.

The information presented in this chapter is intended to assist
states in deciding on the advisability of adopting fluoride regulations.

7-1




It is not expected that these emission guidelines would be

appropriate for all existing facilities.

7.2 IMPACT ON MODEL PLANTS

The total capita] investment and annualized control cost ob-
tained from section 6.1.3.1 for each of the model facilities is
presented in Tab]e,7-]vbn a plant basis, on a unit product basis, and
~as a percentage of the product sales price. For purposes of this
analysis, it is assumed that the wet-process acid plant sells all
acid production at prevai]iﬁg merchant acid prices. The estimated
control costs for superphosphoric acid, diammonium phosphate, and
triple superphosphate p1ants reflect the retrofit requirements of
both the individual production faci]ityband an associated wet-process
acid plant which produces the required intermediate phosphoric acid.
The captive acid plants are assumed to be sufficiently sized to

supply the needs of the various production units. For example, the

SPA plant is associated with a 300 ton P205/day acid plant while the
DAP plant requires a 500 ton/day unit. Control costs for the captive :
units were obtained by prorating the costs developed for the model acid
plants.

A more detailed analysis of the potential financial effeéts of
control costs upon the phosphate industry could be obtained by cal-
culating the changes in profits and cash incomes for all plants or
firms in the industry if the necessary information were available.
Diammonium phosphate and granular triple superphosphate are the more
popular products sold and their processing will incur the higher
control costs on a unit basis. Industry statistics, representative
of 1973 performance, indicate that after-tax profit margins ranged
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TABLE 7-1

SUMMARY OF RETROFIT CONTROL COST REQUIREMENTS FOR VARIOUS PHOSPHATE FERTILIZER MANUFACTURING PROCESSES

Super-
Phosphoric | Phosphoric ROP-TSP ROP-TSP
End Product Acid Acid DAP (Case A) (Case B) GTSP
Design Rate, TPD 500 300 500 550 550 400
(PZOS Basis)
Control Capital, §| 229,000 264,000 984,000 968,000 1,542,000 1,386,000
272,000
Sales Price 105 152 145 126 126 130
($ per ton
product)
Annualized Costs
a. Total, $ 62,000 69,000 262,000 260,000 414,020 370,700
74,000
b. Unit Basis 20 - .52 .73 .66 1.05 1.29
($ per ton .24
product)
c. As a % of 0.2 0.3 0.5 0.5 .8 1.0

Sales Price

S orce of Price Quotations - Chemical Marketing Renorter, November 4, 1974.




from 5 to 6 percent of sales and approximately doubled these pei-

centages in 1974. Against this level of profitability, control costs

as shown in Table 7-1 appear to have minimal impact on a plant typical .

of this profit performance. As long as product prices are unrestricted
(the Cost bf Living Council removed price ceilings on domestic ferti-
lizers on October 25, 1973) and plant utilization remains at the cur-
rent level of approximately 90 percent, control costs could be ab-
sorbed by the industry without any price increases. On the other hand,
price increases to pay for the costs would be minimal.

An objective of this analysis is to highlight where the implemen-
tation of the emission guidelines might impose an economic
burden upon plants. A scenario for possible plant closures eould be
presented in this fashion: overcapacity in spite of growing demand
develops in a particular segment of the industry resu]ting in under-
utf]izatidn at rates near 75 and 80 percent of capacity. Prices
and profits subsequently decline. In such a situation, plants
would probably close; however, the question is to what extent would
the impact of retrofit controls be responsible for plant closures.
In section 7.3, criteria are presented which can be used to pinpofnt

the extent of plant closures.

7.3 CRITERIA FOR PLANT CLOSURES

Reasons for closing a facility are usually traced to the absence
of profitability for a specific site or facility. Managers of existing
plants faced with increased capital requirements for continuity of
operations wi]i have to decide whether the incremental investment will
"save" future cash income thét otherwise would be Tost by ceasing
operations. Plant managers will have the following options in such a
situatian:
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1. Undergo increased capital expenditures on the existing plant.

2. Shut down the plant and discontinue business.

3. Shut down the plant and replace it with a new plant.
The selection of an option is based on an interest or opportunity
cost for employing the required capital. There is usually a minimum
return that a plant manager will accept for employing funds--interest
cost for borrowing money or the interest cost of investing in short
term obligations. Since there is a risk with employment of capital,
businesses will require a higher rate of return for investing of

funds. A familiar tool for analyzing investments involves the deter-

mination of the sum of all future cash flow (income) streams over a
projected time span discounted (with the appropriate interest rate) to
the present. If the sum of these discounted residuals exceeds intended
cash outlay for investment, resulting in a positive term for net
present value, than the investment will be a good choice. Conversely,
if the discounted present value of projected cash flow streams results
in a negative value, then the proposed investment will be rejected.
The managerial tool of discounted cash flow analysis can be
applied to the retrofitting of control equipment to existing plants
in this manner. If the existing operations can only be continued in
the future by meeting a standard, then the investing of the control
capital has to be evaluated on the basis of the value of the future
income derived from continuing the operation of the present plant.
The merit of continuing operations after retrofitting a plant must be

evaluated in retrospect with the alternatives of discontinuing operations

and building a new plant.

7-5




Guidelines for pinpointing piants as candidates for ciosure are
presented as follows. First, new plants to replace existing niants
of %he comparable model size described in Table 7-1 vould require som:
$10 to $20 million. In no instance could the construction of a new
p]aht be a better alternative than retrofitting controls requiring
the magnitude of capital, or even twice the vaiues, shown in Table 7-1
On the other hand, plants that have small or negative cash incomes
prior to retrofitting would certainly close. Plants that have smail «

negative profits (after deducting depreciation charges) would eventui:|

become candidétes for closure upon termination of their depreéiation
schedules and subsequent increased tax liability.
-The type of p]ants‘that would most likely face these circum-
stances are the following:
1. Small plants which generally suffer from the usual economic
of scale of production--less than 170,000 tons-per-year cap-
acity.]

2. 40]d p]énts which generally have ouilived their useful or
'economic lives--twenty years or more.

3. Plants isolated from raw materials--particularly diammoniun
phosphaté plants that purchase merchant phosphoric acid and
ammonia.

4. Plants 1ike]y to suffer from a shift in the overall market
structure as a result of external forces.

Financial data on an individual plant basis necessary to evalu.i.

the impact of retrofit controls are unfortunately unavailable. Henc. .

plant closures can be estimated only from a categorical approach, whi -
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classifies plants that possess characteristics of the nature of those
ciscussed above. Any estimate of plant closures has to be presented

with the usual qualifications.

7.4 IMPACT ON THE INDUSTRY

At the present time, the

condition of the fertilizer indu
healthy. Prices and profits in 1974 were the highest they have been
in years. The U.S. industry has become a leader in

L1104

technology and benefits from world trade in both rock and concentrated

phosphates. This position became more pronounced recently, in spite
of the fracture in the international monetary structure and con-
current high inflation. When the Cost of Living Council 1ifted
price ceilings on October 25, 1973, domestic prices heretofore con-
strained by CLC immediately arose 60 percent on the average refiecting
the foreign demand for domestic phosphate products. Demand for
fertilizers to increase agricultural production and yields has hbeen
strong and will continue to be so, in spite of fluctuating international
currency values. Projected long-term demand for phosphate nutrients
is expected to grow at an annual rate of 5-6 pércent.2

Historica]jy, the fertilizer industry has experienced cyclic
patterns of overexpansion followed by plant shutdowns and product price
cutting. New phosphoric acid plant expansion scheduled to come on
stream in 1975-1976 may result in short term price declines until in-
creases in consumer demand restores equilibrium with capacitv. In
anticipation of overexpansion, producers will probably curtail con-
struction activity in the period beginning in 1976-1977. However,

during this slack period, retrofitting of existing plants for
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controls will be required in accordance with implementation plans.
Therefaore, these retrofit projects shouid not hinder new construction.
Rather than resulting in plant closures, requirements for retro-
fitting fluoride emission control systems will probabiy encourage some

imnrovements of marginal plants.

The nature of the impact of the 111(d) regulations for the
fertilizer industry will be geographical in scdpe. The state of
Florida, where most of the industry is located, has adopted regula-
tions for the existing industry that are equivaient in most instances
to the emission guidelines. iMost of the remaining states with nhos-
phate process facilities have no emission standards.

The greatest control cost - on a unit basis - for any process
subject to standards is for the combination bf processing anc storage
of granular tr{ple superphosphate. However, 75 percent of the induétry
capability in GTSP production will be required to meet the

emission guideline by July 1975 regardiess of Federal action. Since

a large portion of the production facilities will not require addition.!
retrofit controls, the impact upon the industry doesn't appear severe.
For run-of-pile triple superphosphate, the conclusion would be similar
to the GTSP as some 60 percent of the industry will be adequately con-
trolled because of state standards.

The one segment of the industry where a wide-scale effort in

retrofitting would be required is for diammonium phosphate plants.

Some 60 percent of industry capaticy would be expected to retrofit as o

result of Federal regulations. Control costs for this process,
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however, would amount to only 0.5 percent of sales. These costs alone

are not sufficient to close any plants.
Diammonium phosphate plants which incur water abatement costs as
great or greater than fluoride emission control costs would be likely

3

candidates for plant closures.” There is no specific information

concerning plants which may fall into this category. The only
definitive statement that can be made is that those affected will
be outside the state of Florida and may amount to 3 to 5

plants, or approximately 10 percent of the total DAP manufacturing
capacity. '

With regard to triple superphosphate plants, 1 to 3 plants (out-
side Florida) may close as a result of implementing the recommended emission
guidelines for control of aaseous fluaride. This is Tikely to occur
in a geographical region where there is an oversupply of phosphate
processihg capacity. An abundant supply of low-cost sulfuric acid
derived from non-ferrous smelters in the Rocky Mountains area could be
an incentive for construction of new phosphate facilities, ultimately
resulting in oversupply and price-cutting. Triple superphosphate capacity
does appear to be expanding rapidly in this area with a new 340,000
ton-per-year plant coming on-stream in 1975-1976.

Most of the control costs associated with a TSP complex are for
the solids manufacture and storage. Therefore, the closure of a TSP
facility as implied above does not mean that the entire complex
will be shut down. The plant manager has several options--(1) sell
merchant acid, (2) convert to mixed fertilizers, or (3) produce
diammonium phosphate. However, if the same plant manager is faced
with installing water abatement facilities, the overall abatement costs
will affect the entire facility.
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7.5 IMPACT ON EMPLOYMENT AND COMMUNITIES
The fertilizer industry is generally recognized as a capital

intensive industry; in other words, labor requirements for production

work and plant supervision are small, relative to plant sales.
Usually, those plants that may be affected by implementation of the
emission guidelines are widely dispersed throughout the

United States. Only in central Florida does the fertilizer industry
represenf a substantial portion of overall community economic activit:
and employment.

For purposes of illustrating the effects of plant closures on
employment, the shutdown of 1 to 3 triple superphosphate plants cite:d
in Section 7.4 might result in the loss of 10 to 50 jobs.4 Onlv tho..
jobs directly associated with the triple superphosphate plants would
be affected. Employment in supporting activities such as rock minina,
phosphoric acid production, and transportation services would remain

unaffected.

7.6 SUMMARY

An optimistic outlook for the phosphate fertilizer industry in
the next few years has been presented, but such an appraisal must be
cautionary after reviewing the historical chronic cyvclic patterns
of product shortages and oversupply. Assuming that oversupplv con-
ditions may occur in the next few years, some estimates of plant
closures have been made. In the triple superphosphate sector of

the industry, as many as three plants could close as a direct result

of the states adopting the emission guidelines. In the diammonium ni- +

a combination of expenditures for retrofitting both fluoride emissio.
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controls and water effluenc controls may result in as many as five
plant closures, or 10 percent of industry capacity.

However, fluoride emission controls alone would not cause these
closures. Associated costs for fluoride emission controls for wet-
process phosphoric acid plants that do not have attendant DAP or TSP
processes will not warrant plant closures. Similarly, costs for
superphosphoric acid plants do not present any apparent problems.

The number of predicted closures reflects the adoption of the
emission guidelines by all states; therefore, it reflects the maximum

number of closures that may occur,
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8. EMISSION GUIDELINES FOR EXISTING
PHOSPHATE FERTILIZER PLANTS
8.1 GENERAL RATIONALE

These emission guidelines represent the same degree of control
as is required by the standards of performance promulgated for new
plants [wet-process phosphoric acid, superphosphoric acid, diammonium
phosphate, run-of-pile triple superphosphate (production and'storaqe),
and granular triple superphosphate (production and storage)]. The
emission guidelines were developed after consideration of the
following factors:

1. The degree of emission reduction achievable through the
application of the best adquate]y d;monstrated svstem of
emission reduction (considering cost).

2. The technical and economic feasibility of applying the
best demonstrated technology to existing sources.

3. The impact of adopting the emission quidelines on annual
U. S. fluoride emissions.

4. The environmental, energy and economic costs of the
emission guidelines.

Identification of the best demonstrated control technology was
accomplished first. During the development of standards of
performance for new facilities in the phosphate fertilizer industry,
the spray-crossflow packed bed scrubber was found to represent the
best demonstrated control for total fluoride emissions. Historically,
the spray-crossflow packed bed scrubber was developed to control

fluoride emissions from the phosphate fertilizer industry. From this
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viewpoint, it is not unusual that this scrubber design is the best
demonstrated control technology. Many of the spray-crossflow packed
bed scrubbers tested by EPA were retrofitted. For this reason,
spray-crossflow packed bed scrubbers are recognized as the best

demonstrated control technology for both new and existing plants.

Alternative fluoride control technologies, such as the venturi
and cyclonic spray tower scrubbers, can only provide approximately
two transfer units for fluoride absorption unless two or more are used
in series, at multiplied costs. Spray-crossflow packed bed scrubbers
are not limited by the number of transfer units which they can provide;
in practice, five to nine transfer units pér scrubber are provided. Con
trol of gas streams with high particulate loadings has caused a pluggin:
problem for spray-crossfiow packed bed scrubbers in the past. However,
use of a built-in venturi scrubber and other improvements in spray-
crossflow packed bed scrubber design have eliminated this problem. In
addition, all current fluoride control technologies involve some type o
scrubbing system, and consequently, they share any plugging tendencies,
as well as similar costs and energy requirements. With these considers
tions in mind, it is not unreasonable to base fluoride emission guide-
lines on the one clearly superior scrubbing technology.

Evaluation of the problems and costs associated with a retrofit
project is complicated by the lack of actual data. Some of the

facilities equipped with spray-crossflow packed bed scrubbers installc:
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the units as part of the original plant design. Retrofit information

that is .available is usually incomplete because of changes in plant

management and lack of cost breakdowns. Retrofit models were fherefore
developed to evaluate the technical and economic feasibility of in-
stalling spray-crossflow packed bed scrubbers on existing WPPA, SPA,
DAP, ROP-TSP, GTSP processing, and GTSP storage facilities. The retro-
fit model approach was meant to estimate costs for an average plant and
to c]drify the technical prob]ems involved in a typical retrofit pro-
ject. No technical problems, other than space limitations, were
foreseen for the avefage plant. In all cases, the maanitude of the
estimated retrofit costs is minimal as is discussed in Section 7.
Table 9-1 indicates the impact of the emission auidelines
on annual U.S. fluoride emissions. Adoption of the emission quidelines
would result in emission reductions ranging from 50 percent for RTSP
storage facilities to 90 percent for ROP-TSP p]ants.‘ Overall emissions
from the affected facilities would be reauced by 75 percent.
Environmental and energy costs associated with the
emission guidelines are minimal. With current spray—crosz]oW’packed
bed scrubber designs, gypsum pohd water can be used as the scrubbing
medium to meet the emission quidelines in practicallv all cases.
In the rare case where the partial pressure of fluoride out of pond water
is high, the emission guidelines can still be met. The aliquot of water
sent to the final section of scrubber packing may be fresh or limed water.

This aliquot will only be a small fraction of the total water to the scrubber




and will contain only a smail frachtion of the total fluoride absorbed
in the scrUbber. This implies that no additional effluent need be
created. Any solids generated by fluoride scrubbing (e.g., in the WPPA
process) would go to the gypsum pond and cause no more than a 0.06
percent increase in the amount of solids normally produced.

The estimated total annual incremental electrical energy demand
which would be created by fluoride control to méet the
emission guidelines is only 38,7 X 106 KWH/yr. This is equivalent

to the amount of energy required to operate only one 300 tons/day

P205 SPA plant by the submerged combustion process 115 days/yr.
8.2 EVALUATION OF INDIVIDUAL- EMISSION GUIDELINES

8.2.1 Wet-Process Phosphoric Acid Plants

F]uoride Emission Guideline

0.01 grams of fluoride (as F') per kilogram of P,0¢ input to the
process.

7.
Discussion »

O

The emission guideline is equal to the standard of performance
for new plants. Control to the level of the guideline would require
removal of 99 percent of the fluorides evolved from the wet-acid
process. A spray-crossflow packed bed scrubber is capable of providing

this collection efficiency.
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Rationale

The economic impact of the emission auideline on the
industry is negligible. Approximately 53 percent of the
existing wet process acid plants, accountine for 74 percent of the
production capacity, are zither sufficiently controlled at present
to meet an emission level of 0.0 grams: F/kilogram P205 or will be
required to attain that level of control regardiess of the proposed
emission guideline. This estimate is based on the assumption that
all wet-process acid plants built since 1967 have installed controls
capable of meeting an emission level of 0,01 grams of fluoride
per Wilogram P,l, input as pare of tae criginal plant design,

The retrofit costs for those plants that are affected, approkimaté1y
$230,000 for a 500 ton P205/day facility, can be successfully absorbed
within the existing cost structure. Annualized control costs for an
average sized plant, including capital charges, amount to approximately

0.2 percent of sales.
a.

Relaxation of the guideline to allow emission increases of 50 to
100 percent would not aldew additional control options or appreciably
reduce retrofit cosfs for the following reasons:
a. Only a packed bed scrubber is capable of providing the re-
quired fluoride removal efficiency = 99 percent. A tenfold

increase in the emission guideline would be required
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to allow the use of other commonly used scrubber designs -
venturis, cyclonic spray towers, etc. with 85-90 percent

collection efficiency.

b. Packed bed scrubber cost will not vary significantly with
moderate changes in backing‘depth. The cost of additional
packing to increase scrubber efficiency is minor compared

to overall control costs.
Estimated impact of the emission guideline on annual fluoride

emissions is significant - 73 percent reduction.

8.2.2 Superphosphoric Acid Plants

Fluoride Emission Guideline

‘0.005 grams of fluoride (as F~) per kilogram of P205 input to the
process.
Discussion

The emission guideline for existing SPA plants is equal to the
standard of performance for new facilities. Control to the level of
the guideline wou]d.require removal of approximately 90 percent of the
fluorides now being eﬁitted from SPA plants using the submerged
combustion process. A spray-crossflow packed bed scrubber is capable
of providing this performance. Three designers of control equipment
have submitted proposals to one operator for control to the level of
the emission guideline; venturi and other designs were quoted,
including the spray-crossflow packed bed scrubber (1). Plants using
the vacuum evaporation process (79 percent of the SPA industry) will

require no additional control.
8-6
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Rationale

Impact on the industry is negiigible. The two existing plants
using the submerged combustion process could be required to add
retrofit controls.

.Existing submerged combustion plants are capable of meeting
the emission guideline by treating the exhaust stream from controls
with a spray-crossflow packed bed scrubber. This scrubber can be
added to any existing mist separators, baffles, and spray chambers,
as was assumed in the SPA retrofit model, Figure 6-5.

Retrofit costs ére expected to be acceptable ($114,000 for a 300
ton per day plant). Annualized control costs,binc1uding capital
charges, amount to only 0.3 percent of sales.

Relaxing the emission guideline to allow a three-fold increase
in emissions (0.015 grams F/kilogram P205) would be required to
accommodate the use of venturis and cyclonic spray towers, if the

retrofit costs are to remain about the same.

8.2.3 Diammonium Phosphate Plants

Fluoride Emission Guideline

0.03 grams of fluoride (as F~) per kilogram of P05 input to the
process.,
Discussion

The emission guideline for existing DAP plants is equal to the
standard of performance for new facilities. Control to the level
of the guideline would require removal of approximately 85 percent
of the fluorides evolved from the DAP process. Spray-crossflow

packed bed scrubbers, added to any existing venturis, are capable of
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providing the required collection efficiency. As pointed out in section
8.1, new designs for these scrubbers are available and are expected to

overcome probiems formerly associated with plugging by excessive particu-

lates (2).

Rationale
Relaxing the emission guideline to allow the use of alternative
scrubber technologies would increase fluoride emissions to the atmosphere

by 49 tons per year, a 50 percent increase.

Retrofit costs (733,000 for a 500 ton P,0c/day plant) are not
considered excessive. Annualized cost, including capital charges,

would amount to 0.5 percent of sales.

Impact of applying the emission guideline on fluoride emissions
from U. S. DAP plants is significant - a 65 percent reduction (160

tons/year.
8.2.4 Run-of-Pile Triple Superphosphate Production and Storage Facilities

Fluoride Emission Guideline

0.1 gram of fluoride (as F~) per kilogram of P205 input to the process.

Discussion
The emission guideline is equal to the standard of performance for
new facilities. Only 40 percent of the industry is directly affected by

the emission guideline.




Compliance with a 0.1 gram F:per kilogram P205 emission level
would require collection of about 99.2 percent of the fluorides evolved
from the process. This efficiency can be obtained by a two stage
system using venturis and a spray-crossflow packed bed scrubber.
Rationale

Economic impact on the industry is moderate. Only 40 percent
of the industry is directly affected by the emission guideline.

The remaining 60 percent will be required to meet more stringent

State regulations.

No additional control options would be made available by relaxing
the emission guideline by 50 to 100 percent. It would be necessary to
triple the emission guideline to allow the use of a venturi or cyclonic

spray tower as the secondary scrubber.

Retrofit costs ($800,000 for a typical 550 ton P205/day plant
to $1,371,000 for the extreme case) are not considered excessive.
Annualized control costs, including capital charges, amount to 0.50
to 0.80 percent of sales. Although these costs are more severe
than retrofit costs for most other sources, they are expected to be

manageable.

The emission guideline would reduce annual fluoride emissions

from existing ROP-TSP plants by 88 percent.

8.2.5 Granular Triple Superphosphate Production Facilities

Fluoride Emission Guideline

0.1 gram fluoride (as F~) per kilogram of P205 input to the process.
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Discussion
The fluoride emission guideline is equal to the standard of performance

for new facilities. Compliance with the emission guideline would require

collection of about 99.6 percent of the fluoride evolved from the GTSP
production process. This efficiency can be obtained by a two-stage system
consisting of a venturi and a spray-crossflow packed bed scrubber.
Rationale

Economic impact of the emission guideline is moderate. Only 25
percent of the industry is directly affected by the emission guideline.
The remaining 75 percent will be required to meet more stringent State
regulations.

Relaxing the emission guideline by 50 percent would provide greater
flexibility with regard to the development of a control strategy,
however, it would also allow the emission of an additional 66 tons of
fluoride per year. A five-fold increase in the emission guideline would
be necesgary to allow the use of a venturi or a cyclonic spray tower as
the secondary scrubber in all effluent streams.

The estimated retrofit costs ($666,000 for a 400 ton P205/day
plant) are not considered excessive. Annualized control costs amount
to 0.52 percent of sales.

The emission guideline would reduce annnual fluoride emissions from

GTSP production facilities by 51 percent.
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8.2.6 Granular Triple Superphosphate Storage Facilities

Fluoride Emission Guideline

2.5 x 107% gram fluoride (as F~) per hour per kilogram of P,0s in

storage.

Discussion

The fluoride emission guideline for ekistinq granular triple
superphosphate storage facilities is équa] to the SPNSS. In order
to meet this emission level, a typical facility would be required to
remove approximately 90 percent of the fluorides evolved. Only 25
to 35 percent of the industry currently has this degree of control.
Twenty-five percent of the existing facilities are presently uncon-

trolled.

Rationale
It is estimated that 50 percent of the industry would still be
required to add retrbfit scrubbers even if the allowable emissions

were increased by 50 percent.

The cost of retrofitting uncontrolled facilities would not vary
significantly with moderate (50 percent) relaxation of the emission
guideline. The major portion of the costs is associated with
refurbishing the building and is exclusive of the control devicé

itself.




3. Retrofit costs fof uncontrolled facilities ($596,000 for a 25,000
ton storage building) are not considered to be excessive. Such a

facility would accompany a 400 ton P205/day GTSP production facility.
Annualized control costs, including capital charges, would equal 0.4

percent of sales.

4. The enission guideline would reduce annual fluoride emissions

from GTSP storage faciTities by 67 percent.
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9. ENVIRONMENTAL ASSESSMENT

9.1 ENVIRONMENTAL ASSESSMENT OF THE EMISSION GUIDELINES

9.1.1 Air
Installation of retrofit controls similar to those described
in section 6.1.3.1 cod]d reduce fluoride emissions from existing sources
by the amounts indicated in Table 9-1. Emission reductions range
from 50 percent for granular triple éuperphosphate production facilities
to 88 percent for run-of-pile triple superphosphate plants. A1l estimates
are based on information presented in chapters 3, 5, and 6 of this study.
The following procedure was used to arrive at the estimates listed
in Tables 9-1 and 9-2. The percentage of existing facilities (or capacity)
attaining emission levels equivalent to SPNSS was estimated in Chapter.5.
The remainder of the existing facilities were assumed to emit at a rate
midway between the SPNSS level and a level characteristic of a poorly
controlled plant. The retrofit models were used as a source of
information regarding poorly controlied plants.
Total emissions following the installation of retrofit controls
were estimated by applying the SPNSS level to the entire industry
which is identical to the 111(d)‘emission guidelines contained herein.

A1l estimates assume a 90 percent utilization of pwroduction capacity.

This general approach was altered in certain instances (SPA, DAP,
GISP storgge) either to make use of additional information or to com-

pensate for the lack of necessary data.
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Table 9.7, ANNUAL U.S. FLUORIDE EMISSION REDUCTION DUE TO INSTALLATION
OF RETROFIT CONTROLS CAPABLE OF MEETING EMISSION GUIDELINES

Segment of Industry Estimated 1974 Estimated Emissions Following Fluoride Fmission
Emissions (Tons F/Yr) Installation of Retrofit Con- Reduction
trols (Tons F/Yr) (% 1974 level)

WPPA 217- 58 73
SPA 7.7 3.5 55
DAP ' 251 N 89 65
ROP-TSP 599 70 88
GTSP .

Production 268 | 131 51

Storage 119 39 67

Overall 1,462 390 73




Table 9-2. TYPICAL 1974 FLUORIDE EMISSIONS SOURCE STRENGTHS BEFORE AND AFTER INSTALLATTON OF
RETROFIT EONTROLS®CTAPABLE OF MEETING 'BMISSION GUIDELINES

Type of Plant Capacity - Emissions Before Retrofit* Emissions After Retrofit
(Tons/Day PZOS) (Lb F/hr) (Lb F/hr)
WPPA 500 4.8 .42
SPA
(Submerged combustion v
© process) 300 .75 2
w
DAP 500 5.0 1.25
ROP-TSP - 550 89 A 4.6
GTSP
Production 400 17.2 . - 3.34
Storage 2000** , 4 2

* Based upon those sources that have mediocre control.

** Tons GTSP stored for 5 days.




As indicated in Table 9-1, an overall fluoride emission reduction of nelri;
75 percent can be achieved by installation of retrofit controls capable of

meeting the emission guidelines. The corresponding reduction in
" typical fluoride emission source strengths is illustrated by Table 9-2.

9.1.1.1 Atmospheric Dispersion of Fluoride Emissions

A dispersion analysis was made to compare ground-level fluoride
concentrations downwind ofia phosphate fertilizer complex, before and
after retrofit of controls. The diffusion estimates were based on 30-
day average fluoride éOnceﬁtrations and extended to distances from the
plant where fluoride concentrations were less than 0.5 ug/m3. A 30-
day aVerage.ground-leve1 fiuoride concentration of 0.5 ug/m3 causes an
acqumu]ation of more than 40 ppm fluoride in cattle forage, and this
concentration in their feea is a damage threshold for cattle.

The fertilizer complex being investigated represents no actual plant,
but contains all of the units discussed in Section 6.1.3.1 - Retrofit
Models - exéepi the submerbed combustion-shperphosphoric acid plant.
The model used to calculate emissions from an existing complex after
retrofit was assumed to contain an additional new and well-controlled
WPPA plant. A railroad spur and WPPA storage facilities were also
assumed with which acid coh]d be shipped in or out of the complex.
Emissions from this comp]ek are not necéssari]y typical of the
emissions used in the retrbfit models of section 6, nor are they the
same as the source strengfhs listed in Table 9-2. tHowever, these emis-

sions fall within the rande of emissions from actual plants. Specific
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Table ¢-3.

EXISTING CONTROLS AND EMISSIONS

FOR MODEL PHOSPHATE FERTILIZER COMPLEX*

lator, drier,
cooler-screen

Product I tems Gas Flow, Fluoride, Stack _
Controlled SCFM 1bs/hr height, temp. , aas velocity,
ft. °F ft/sec g
WPPA digester, filter, 21,500 10.8 60 100 30
flash cooler seal i
|tank, evaporator §
hotwell :
DAP reactor-granulator, | 110,000 3.3 85 100 30
drier, cooler-
screen L
TSP cone mixer, den, 182,000 26.7 60 90 . 30
storage bldg
GTSP - 75,000 from 13.2 hldg. 85 -
*uncontrolled louvers
storage bldg @ 45 ft
reactor-granu- 112,000 22.6 85 90 - 30

* Based on complex not presently meeting guideline emissions.
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Table BB,  RETROFIT CONTROLS AND EMISSIONS

FOR.MODEL PHOSPHATE FERTILIZER COMPLEX

Product Items Gas Flow, Fluoride, Stack

Controlled SCFM 1bs/hr height, temperature, gas velocity
1 ’ ft °F ft/sec

WPPA Table 9-3, 25,000 0.42 85 100 40
plus filtrate
sump and seal
tank, plus
acid storage

DAP same as Table 96,000 1.25 85 100 30
9-3

1=

TSP same as Table 182,000 4,54 70 90 30
9-3

GTSP storage build- 76,000 2.00 70 85 40
ing
same as 111,000 3.34 85 90 40
Table 9-3




fertilizer manufacturing units are pictured in Figures 6.3, 6.4, and
elsewhere. All of these units were assembled to scale on a plot plan

of the entire complex. From this plot plan the meteorologist could
measure the distance relationships of sources and of interferences such
as buildings and phosphate rock piles. The heights of these inter~
ferences were a]so}tabu]ated. Additional information used is shown in
Tables 9-3 and 9-4. The former table indicates emissions from the
fertilizer complex having existing mediocre emission controls. The
latter table shows the emissions from the same sources after installation
of good controls. Since the new WPPA facility of the retrofitted complex
was considered to meet the emission guidelines, its effect is ignored

in Table 9-4.

The source data indicated that aerodynamic downwash was a problem
at the facility modeled, particularly for wind speeds in excess of 3 or
4 meters per second. At lower wind speeds, plume rise from some of the
stacks could be significant. Plume rise factors were consequentiv
developed, which accounted for the plume rise at low wind speeds and
downwash at higher speeds. Those factors were then incorporated into thé
dispersion estimates.

The dispersion estimates were made through application of the
Climatological Dispersion Model (CDM). The CDM provides estimates of
long-term pollutant concentrations at selected ground-level receptors.
The model uses average emission rates from point and area sources and a

joint frequency distribution of wind direction, wind speed, and stability.
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One year of monthly stability-wind data from Orlando, Florida were
utilized in the CDM dispersion estimates. The climatology of that lo-
cation is representative of that at facilfties of concern in this docu-
ment. The CDM eStimates are typical high 30-day average ambient fluo-
ride concentrations. The results of the analysis are presented in
Table 9-5. A iwore general review of 5-year summaries of monthly stability-
wind data from the same location verified that the values presented in
Table 9-5 are representative of fypica1 high 30-day average concentrations

for any given year.

Table 9-5 shows that the best technology retrofit controls made a larqe
reduction in the around-level fluoride concentrations which had existed when
the mediocre controls were used on the four sources shown. At dfstances

greater than about 1-1/2 mile, the concentrations do not exceed 0.5 vg/m3,

even in the most unfavorable months when the emissidn guidelines herein are
applied.

Table 9-5. ESTIMATED 30-DAY AVERAGE AMBIENT FLUORIDE CONCENTRATIONS
DOWNWIND OF A PHOSPHATE FERTILIZER COMPLEX

Fluoride Sources ‘ Estimated 30-Day Average 3
o Fluoride Concentration (ug/m”)
Existing Controls After Retrofit ] 2 3 5 10 15 km
WPPA DAP TSP GTSP 6 4 3 1.91 1.0 0.5

WPPA DAP TSP GTSP | 0.8/ 0.6 0.4} 0.3] 0.1 0.1
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9.1.1.2 Emission Guidelines vs. a Typical Standard

Ten states presentlv have requlatinone -~
- YR W s r'l “w\-!lv‘l" 1A ¥ \» lv: U w IV ~ \»

from fertilizer plants in particular and fluoride emissions in

general. Two states, Iowa and Mississippi, 1imit emissions to 0,4# F/ton
P205 with Montana setting a 0.3# F/ton P,05 limit. lowa also has a

100 # F/day maximum emission rate. Virginia and North
variable rates based upon production levels. Four states have regula-
tions based upon ambient concentrations and best control technelo

Florida, the state having the most plants, also has the most thorough

standard. Table 9-6 gives a comparison of the emission guidelines

:Wwiph”thng19ri9§ standards. In all cases, the typical standard is as

strict or more so than the emission guidelines,

9.1.2 Water Pollution
Increased or decreased control of gaseous water-soluble fluorides

will n
[

iauid waste aenerated bv the phosphate
Wi C was it ganeraled 2y ¢ pnospPiiale

e amount of liquid w nev he. phosph
industry. Most control systems now in use uti1ize recycled bro;eSs
(gypsum pond) water as the scrubbing medium thereby e]iminatfﬁg the
creation of additional effluent. Phosphate fertilizer plants do not need
to discharge gypsum pond water continuously. The pond water is re-used in

the process, and a discharge is needed only when there is rainfall in excess
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Table 9-6. COMPARISON OF EMISSION GUIDELINES AND A STATE STANDARD

Process Source of Percent of Florida Standard
Fluorides Plants Probably for Emission
.Affected by State duly 1, 1975 Gyidelines

Guidelines Standard 1bs/ton P205 input

Wet Process

Phosphoric Acid 26 0.02 0.02
0 Superphosphoric
= Acid 21 Best Avail- 0.01

able Technology

Diammonium
Phosphate 60 0.06 0.06

Tripde Super- _
phosphate (ROP) 40 Belt & Den 0.05 0.2
Storage 0.12

Granular Tripde

Superphosphate 25 0.15 0.2
Granular Triple

Superphosphate _4*
Storage 70 0.05** 5x 10

*Jnits are 1bs F/hr/ton of P205 stored.
**nits are 1bs F/hr/ton of P,0. input to bldg.

2
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of evaporation.] For this reason, the volume of effluent from phosphate
fertilizer plants is almost exclusively a function of rainfall conditions.
EPA effluent Timitations guidelines require that any gypsum pond water
discharged to navigable waters when rainfall exceeds evaporation meet

v -
I

P R . iy
T Lavions in

PR R odion adamn T3min umiidiae
e A LwO-=5tdye 1ime

combined with settling is sufficient control to meet these Timitations.

Table 9-7. EPA EFFLUENT LIMITATIONS GUIDELINES FOR GYPSUM POND WATER]

Aqueous Maximum Daily Maximum Average of Daily
Waste Concentration Values for Periods of
Constituent (mg/1) “Dischar§g4Covering,30
Consecutive Days
(mg/1)
Phosphorus as (P) , 105 ' 35
Fluoride as (F) 75 ' 25
Total Suspended ‘
nonfilterable solids 150 50

The pH of the water discharged shall be within the range of 8.0 to 9.5
at all times.

The phosphate industry has voiced concern that the partial pressure
of fluoride out of pond watervmakes it infeasible in some cases to reach
SPNSS fluoride limitations with a scrubber using pond iater. An equili-
brium fluoride concentration between 5000-6000 ppm seems to be estab-
lished in gypsum ponds - possibly because of a slow reaction between

2,3,4

gypsum and soluble fluosilicates. Even-a pond with an apparent fluo-

ride concentration of 12,500 ppm has fallen within this equilibrium range

5

when the water was passed through a millipore filter.” The excess fluoride

“can be attributed to syspended solids. Pond water containing about 6000
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ppm of fluoride has a low enough partial pressure of fluoride to
allow scrubber vendors to design to meet emission guidelines, In all

cases, emissinn guidelines can be achieved with pond water

if a well-designed spray-crossflow packed bed scrubber is used as the

control device.5

9.1.3 Solid Waste Disposal
Any solid waste generated by scrubbing fluorides would be in the
form of CaF2 or similar precipitates in the gypsum ponds. The amount
of precipitate formed is negligible in comparison to the amount of
gypsum generated in producing wet process phosphoric acid, a required
intermediate throughout the phosphate fertilizer industry. An example
- of the relative amounts of each of the solids produced in normal processing
with scrubbers which meet emission guide]ires for a 500
tons/day PZOS WPPA plant.is presented below:
Assumptions:
1. 6427# phosphate rock = 1 ton P205.
2. Phosphate rock is 35 weight percent Ca.
3. Uncontrolled emissions of 58.1 #F/hr are reduced to 0.42 #F/hr
by a scrubber. (See retrofit model WPPA plant, case B).
4. A1l of the F absorbed by the scrubber precipitates in the
gypsum pond as CaF,. (See Section 5.2.1, page 5-6).

5. The plant capacity is 500 tons/day P205.




3Ca]0 (P04)6 F2 + 30H2804 + S1'02 + 58H20 -+ 30 CaSO4 . 2H20‘

+ 18H3P04 + H251F6.

This reaction implies: 40#Ca > 172# gypsum.

500 x 6427 x 0.35 x 172
gypsum produced = ' = 201,510
# gypsum/hr

24 x 40

From assumptions 3 and 4:

F absorbed in scrubber = 58.1 - 0.42 # F/hr

= 57.68 # F/hr
catt + 2F » CaF, + , (5-1)
CaF, + = 57.68 x 78 = 118.4 # CaF./hr |
2 2/.08 X /o 2
S 38 :
% increase in solids = 118.4 x 100 = 0.06

201,510
This example illustrates that the increase in solids due only to
scrubbing fluorides is negligible (0.06%). The disposal of the
large volume of gypsum is by depositing in mined-out areas, and by
lagooning, followed by drying and piling techniques. Such piles are

as much as 100 feet above gradé in some areas.

9.1.4 Energy

Changes in fluoride control electrical power requirements for the
spray-crossflow packed bed scrubber retrofit models in Section 6 are
presented in Table 9-8. Existing fluoride control power requirements

were estimated from the pump and fan requirements for the assumed existing
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Table 9-8. INCREMENTAL POWER REQUIREMENTS FOR FLUORIDE CONTROL DUE TO INSTALLATION OF RETROFIT
CONTROLS TO MEET ¥MISSION GUIDELINES.

- Power Requirements

. Power Requirements for Retrofit Controls :
Capacity for Existing Controls  to Meet State Guide-  APower A Energy

Type of Plant (Ton/Day P205) (HP) lines  (HP) (HP) (KWH/Ton P205)
WPPA 500 ‘90 140 50 1.8

f SPA 300 75 82.5 7.5 0.4

S
DAP 500 565 800 235 8.4
ROP-TSP 550 300 500 200 ‘ 6.5
(Case A)
GTSP 400 540 1100 560 25

—————



3Ca.|0 (P04)6 F2 + 30H2504 + 5102 + 58H20 -+ 30 CaSO4 . 2H20 (4-1)

+ ]8H3P04 + H251F6.

This reaction implies: 40#Ca ~ 1724 gypsum.

500 x 6427 x 0.35 x 172
gypsum produced = = 201,510
# gypsum/hr

24 x 40
From assumptions 3 and 4:

58.1 - 0.42 # F/hr

F absorbed in scrubber

= 57.68 # F/hr
catt + 2F o CaF,y + (5-1)
CaF, + = 57.68 x 78 = 118.4 # CaF,/hr
2 e ot 2
.- :
% increase in solids = 118.4 x 100 = 0.06

201,510
This example illustrates that the increase in solids due only to
scrubbing fluorides is negligible (0.06%). The disposal of the
~-1arge volume of gypsum is by depositing in mined-out areas, and by
lagooning, followed by drying and piling techmiques. Such piles are

as much as 100 feet above grade in some areas.

9.1.4 Energy

Changes in fluoride control electrical power requirements for the
spray-crossflow packed bed scrubber retrofit models in Section 6 are
presented in Table 9-8. Existing fluoride control power requirements

were estimated from the pump and fan requirements for the assumed existing
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Table 9-8. INCREMENTAL POWER REQUIREMENTS FOR FLUQORIDE CONTROL DUE TO INSTALLATION OF RETROFIT
CONTROLS TO MEET "¥MISSION GUIDELINES.

Power Requirements

e ot pine (1B T P Conrots (e St e g o b
WPPA - 500 ‘90 140 | 50 1.8
SPA 300 75 82.5 7.5 0.4
DAP 500 565 800 235 8.4
ROP-TSP 550 300 500 200 6.5

(Case A)
GTSP 400 540 1100 560 25




controls in the retrofit models. Power requirements for the retrofit

controls were obtained by adding the power ratings of the specified
retrofit fans and pumps to the existing power requiremnents and sub-
tracting the power for any fans or pumps removed in retrofitting.

The largest incremental power requirement for f]uoride control
is for GTSP. This can be attributed to installing a spray-crossflow
packed bed scrubber for GTSP storage, a previously uncontrolled source
in the retrofit model which generates a very large vo]ﬁme of air having
a small concentration of fluoride. Raising the standard to allow larger
emissions from GTSP storage would not greatly reduce these power require-
ments. It would only allow the use of a scrubber with a fewer number of
transfer units. A less efficient scrubber would not reduce the volume
}of gas to be scrubbed nor would it greatly reduce the amount of pond
water required for scrubbing. Only the pressure drop through the scrubber
would be reduced by raising the standard. In other words, raising the
GTSP storage standard by a factor of two would not reduce the powér require-
ments proportionately. '

Incremental increases in phosphate fertilizer processing energy
requirements are giveh in Table 9-9; such increases will vary from
plant to plant. Volumetric f10w rates of fluoride-contaminated air
sent to the scrubbers can vary by a factor of two or three for the same
~ size and type of plant. Existing control schemes will also influence
incremental power requirements by the extent to which their pumping
and fan systems can be adapted. Therefore, the numbers presented in

Tables 9-8 and 9-9 should be considered approximate.
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Fertilizer processing energy requirements presentéd in Table 9-9
are primarily based upon material in reference (6). The types of
energy utilized by the various processes vary. vFor exémp]e, approximately
50 percent of the energy required in GTSP processing can be attributed to
the 3 gallons of fuel o0il used per ton P205 processed while nearly all
the energy used in the submerged combustion process for SPA comes from
natural gas. A1l processing energy requirements listed in Table 9-9
include electrical power required for rock crushing and pumping.

Table 9-9. : INCREASE IN PHOSPHATE INDUSTRY ENERGY REQUIREMENTS RESULTING
FROM INSTALLATION OF RETROFIT CONTROLS TO MEET EMISSION GUIDELINES

Fertilizer process Existing energy Fluoride control | Percent
requirements incremental increase in
(KWH/Ton ons) energy require- energy re-
_ ments quirements

(KWH/Ton P205)

WPPA 225 1.8 0.8

DAP* 236 8.4 3.6
SPA* | 782 0.4 0.05
ROP-TSP* 152 6.5 4.3

- GTSP* 305 25 8.2

*Existing energy requirements figures jnclude’ energy needed to process WPPA
feed for process.

Annual incremental electrical energy demand for fluoride control is
presented in Table 9-10. These figures are based upon Tables 9-6 and

9-8 along with production statistics in section 3. The total incremental
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OF RETROFIT CONTROLS

1973 Production

% of Production Capacity
Affected by State

Table 9-10. INCREASED ELECTRICAL ENERGY DEMAND BY THE PHOSPHATE INDUSTRY AS A RESULT OF INSTALLATION

* K
Incremental Electrical
Energy Demand (Million

Fertilizer Process (Thousand Tons P205) Guidelines Standard - KWH/yr)
WPPA 6,293 26 2.9
DAP 3,312 60 16.7

O

L

~ SPA 783 21 0.06
ROP-TSP 783 __ 40 2.0
GTSP 1,460 47% 17.0

*This is a fictitious average based upon a weighted average of GTSP production and storage

statistics (see Table 9-6).

**Total Incremental Electrical Energy Demand = 38.7 x‘106 KWH/yT (<4 megawatts).




electrical energy demand resulting from installation of retrofit con-
trols to meet emissian ayidelines s eautyalent to the energy required to
operate one 300 ton/day P205 SPA plant 115 days/yr. - It should be em-
phasized that these numbers can be only approximations. As mentioned

in the discussion of Tables 9-8 and 9-9, individual plant fluoride control
energy and power requirements will vary. This variability necessarily

constrains the accuracy of projections based upon single retrofit models.

9.1.5 Other'EnvironmentaI Concerns

Due to the proposed method of fluoride control, namely, utilization
of a spray-crossflow packed bed scrubber with pond water as the scrubbing
medium, no other environmental concerns are anticipated. Scrubbing
fluorides with gypsum pond water produces a closed system effect for

phosphate fertilizer complexes. Although radioaetive materials have been

detected in the wastewater at fertilizer complexes, recycling of the pond

water to the scrubber is not expected to contribute to this potential problem.}

9.2 ENVIRONMENTAL IMPACT UNDER ALTERNATIVE EMISSION CONTROL SYSTEMS
AnaIys1s of the data tase on which the emission guidelines are based
indicates that only the spray-crossflow packed bed scrubber can meet

emission guideTines in all cases. ROP-TSP plants can use cyclonic

spray tower scrubbers to meet the emission guidelines, but at a higher

cost than for a spray-crossflow packed bed scrubber (Table 6-44).

Tables 6-37 and 6-40 show that the ROP-TSP standard is the only one
substantiated by data which allows use of an aTternative scrubber design.
Use of either scrubber design for controlling ROP-TSP plants would result
in similar environmental impacts. Except for ROP-TSP plants, raising
the emission guidelines to aIpr use of alternative scrubber desians
would result in a 50 percent to 1000 percent increase in fluoride

emissions without causing any beneficial environmental impacts.

TS




9.3 SOCIO-ECONOMIC IMPACTS
The phosphate fertilizer incustry is generally recognized as &
capital intensive industry; labor reguirements for production work and
plant supervision are smail, compéred to plant sa1e§. Usually, those
fertilizer facilities which may be affected by the emission
guidelines are widely dispersed throughout the United States. : Only in
central Florida does the fertilizer industry represent a substantial
portion of overall community economic activity andvémployment,‘and
Florida enacted emission standards effective duly 1, 1975 which are
at least as strict as the eniSsion guidelines. Therefbre,‘any potential
plant closures as a result of the implementation 0f>]11(d) regulations
will produce minimal community effects in terms of job losses and sales
~ revenues. |
Retrofitting existing p]anfs for cont}01s should not impede néw

plant construction programs. During the years 1973 through 1974, the
phosphate industry entered an expansionary pi:ase with the consiruction

of several new fertilizer maﬁufacturinglcomp]exes. The consfruction
| rate i¢ expected to decrease.after 1976.as these new plants come on-
stream. Installation of retrofit controls will consequently occur during
a period of slack construction activity and should not interrupt the

long-term availability of phosphate fertilizers.
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