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ECONOMIC AVAILABILITY OF BYPRODUCT FLUORINE
IN THE UNITED STATES

(In Two Sections)

1. Utilization of Byproduct Fluosilicic Acid in the Manufacture
of Aluminum Fluoride

by

Robert C. Johnson' and John W. Sweeney '

ABSTRACT

Domestic byproduct fluorine (in fluosilicic acid) availability at various
price levels of aluminum fluoride were determined and a contingency availabil-
ity curve developed. The supply of byproduct fluosilicic acid is restricted
in amount to certain geographic regions, where plants processing phosphate
rock are located, and the byproduct can be collected. The maximum possible
U.S. annual supply, based on potential plant capacities, is 373,400 tons of
fluosilicic acid containing 295,400 tons of fluorine. Based on inputs of
5, 10, 25, 50, and 100 thousand tons per year, five levels of producing
aluminum fluoride from fluosilicic acid (100 percent) were costed. Based on
a l12~-percent discounted cash flow rate, including the cost of salvaging the
fluosilicic acid, the calculated selling price of aluminum fluoride ranged
from $233 per ton to $448 per ton. At the higher price, 98 percent of the
potential supply of byproduct fluosilicic acid could be used profitably;
at the lower price only 46 percent could be used profitably.

INTRODUCTION

This study is a cost evaluation of the technical processes and costs of
producing aluminum fluoride (Al1F;) from byproduct fluosilicic acid (H;SiFg),
which is usually wasted in the processing of phosphate rock to produce
fertilizers. Five plants with fluosilicic acid input levels ranging from
5 to 100 thousand tons per year were designed and costed.

Studies of the economic availability of U.S. byproduct fluorine were
undertaken by the Bureau of Mines in recent years to determine the possibil-
ity of conserving this potentially valuable resource and to protect the
enviromment. In 1970, 19 percent of the fluorine used in the United States
was from domestic production, nearly all of which was derived from the mineral
fluorite, commonly called fluorspar.

IMining engineer.
Both authors were formerly with the Knoxville Mineral Supply Office,
Bureau of Mines, Knoxville, Tenn.



The largest source of byproduct fluosilicic acid in the United States is
from the processing of phosphate rock. Fluorine occurs principally in the
mineral fluorapatite, which is the principal constituent in the phosphate
rock used to manufacture fertilizers; fluorine constitutes about 3.5 percent
of the fluorapatite in the phosphate rock. Part of the fluorine is volatil-
ized during processing and 1is usually passed into a scrubber where the fluo-
rine reacts to form a dilute aqueous solution of fluosilicic acid. This
solution is usually wasted by neutralization with limestone or lime but may be
concentrated to a 15 to 18 percent solution which is suiltable for use as a raw
material in the manufacture of various fluoride chemicals. Numerous processes
and techniques have been developed relating to the recovery of volatilized
fluorine (1, 3-4, 10-13, 16).%

Although several processes exist for converting fluosilicic acid to
aluminum fluoride (5, 7), the process chosen for costing in this report is
essentially one developed by Austrian Nitrogenworks, Ltd. (Oesterreichischen
Sticksoffwerke AG), and is covered by Austrian patent No, 217008-9 (14-15).

The process was described by Weinrotter (21) in 1964 and later (presum-
ably 1968) in an advertising pamphlet by Buss, Ltd. (2), Basle, Switzerland,
builders of plants to produce aluminum fluoride from fluosilicic acid. Both
publications were used extensively in costing the process. Requirements for
fluosilicic acid, aluminum hydroxide, electric power, heating gas or oil,
steam, cooling water, and compressed air, per unit of product aluminum
fluoride based on practical experience, were reported by Buss, Ltd. These
data which differed slightly from theoretical are used in the present cost
study. The flow sheet presented is basically adapted from both the Weinrotter
and Buss publications, but also contains minor changes introduced by the
authors after consultation with various equipment manufacturers.
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aluminum companies, phosphate companies, equipment manufacturers, and the
Tennessee Valley Authority, who were most helpful in supplying useful informa-
tion for this study. In addition, the assistance of the Staff, Eastern Field
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POTENTIAL SOURCES OF BYPRODUCT FLUORINE

A large potential source of byproduct fluorine exists as waste fluosi-
licic acid (H,;SiF,) generated in processing phosphate rock to produce
fertilizers and other phosphate products.

Practically all commercial deposits of phosphate rock are impure varie-
ties of the mineral fluorapatite, expressed chemically as Calo(PO )eF5 The
workable deposits contain from 18 to 90 percent available trica1c1um phosphate,
Ca, (PO, ),, more generally called bone phosphate of lime (BPL) by the trade.

“Underlined numbers in parentheses refer to items in the references preceding
the appendixes.



Domestic deposits usually average 30 percent BPL; after beneficiating the
largest share marketed contains between 70 and 76 percent BPL. The known
phosphate rock resources in the United States are presented in table 1 and
are estimated to contain an average of about 3.5 percent of fluorine or

2.5 billion tons. The availability of this fluorine, however, depends upon
the quantity of phosphate rock processed annually and the wide percentage
ranges of fluorine evolved and recovered as H, SiF, at different types of
phosphate processing plants.

TABLE 1. - Resources of phosphate rock in the United States (17)
(million short tons)

Source Marketable product
More than 60 percent BPL | 40 to 60 percent BPL
Florida...cececesscescsccascss 2,285 26,152
North Carolinal....c.eeeeveess 2,240 7,760
TennesSSee.ceecssessssnssnsscss 90 6,046
subtotall......'.'l.'..'l 4’615 39,938
otheral‘l.l..'...l..ll...'.... 3,360 22’400
Total--.--oo-oo-n-n-o-oao 7’975 62’358

1Beaufort County,
2Includes Arkansas, Idaho, Montana, Utah, and Wyoming.

Byproduct fluorine may be recovered in fluosilicic acid which is produced
by scrubbing the gases evolved during the manufacture of wet process phos-
phoric acid, normal superphosphate, triple superphosphate, other fertilizers,
nitraphosphates, elemental phosphorus, and stock and poultry feed.

According to English (6), 35 to 50 percent of the fluorine in phosphate
rock is volatilized in the manufacture of wet process phosphoric acid. About
95 percent of the liberated fluorine can be recovered. Personal communica-
tions with phosphate industry personnel tended to support these figures.

From 70 to 120 pounds (average 90 pounds) of recoverable fluorine per ton of
P_0; produced was reported. The average of 90 pounds was used for calcula-
tions in this report and is equivalent to 40 percent volatilization combined
with 92 percent recovery of volatilized fluorine. One ton of fluorine is
contained in 1.264 tons of fluosilicic acid.

In the manufacture of normal superphosphate, 11 to 42 percent of the
fluorine in the phosphate rock is volatilized, the average is 21.4 percent
(20), The average volatilization and a recovery factor of 95 percent were
used in calculations for this report. In the manufacture of triple super-
phosphate an average of 4 percent fluorine is evolved (9). A 95-percent
recovery factor was assumed. In the manufacture of nitraphosphates, a minor
part of the industry, the assumption was made that about 33 percent of the
fluorine in the phosphate rock is volatilized and a recovery of 95 percent
is possible.

Industry sources indicated that in the manufacture of elemental phos-
phorus by the electric furnace method recoverable fluorine is 0.35 percent



of the rock processed.

In the defluorination of phosphate rock for stock and

poultry feed, over 98 percent of the fluorine in the phosphate rock is

volatilized,

Table 2 lists the potential fluorine tonnages recoverable from processing

phosphate rock, by uses in 1968,

TABLE 2, - Potential fluorine recovery from phosphate rock processing

by phosphate uses in the United States--1968 (19)

~ Rock Percent of [Recoverable | Percent
(thousand | phosphate fluorine fluorine
Use short rock (thousand | recovered
tons) recoverable short by use
as fluorine tons)
Phosphoric acid (wet process). 9,532 1.29 123 67.4
Electric furnace phosphorus... 6,117 0.35 21 11.6
Triple superphosphate......... 3,858 0.13 5 2.7
Normal superphosphate......... 3,708 0.712 26 14.3
Nitraphosphate...evivevsceeen. 6 1.1 0 0.6
Stock and poultry feed........ 238 2,70 6 3.3
Other fertilizers......e.eees. 1,324 - - -
Other usesS...evevevererenncnnn 438 - - -
Total.oeieeeeeenenesnnnnn 25,221 - 181 A)

1Does not add to 100 percent because of incomplete data.

The projected domestic demand for phosphate rock through the year 2000
indicates an annual growth rate of 3.0 to 4.8 percent., Assuming that the
phosphate rock use pattern remains the same, the availability of byproduct
fluorine from phosphate rock processing should follow these rates of growth.
The availability of byproduct fluorine in 1968 was 181,000 tons; at the
projected growth rates, there would be from 466,000 to 811,000 tons of fluo-
rine available in the year 2000. Domestic phosphate rock resources are
sufficiently large to supply byproduct fluorine for several hundred years at
the present consumption rate.

In 1968, fluorine consumption (demand) was 646,000 short tons. If the
recoverable byproduct fluorine from phosphate rock processing had been avail-
able for domestic consumption in 1968 it would have supplied 28 percent of the
demand. The maximum potential processing capacity of fluosilicic acid by all
plants in the United States is 373,350 short tons, an amount that would supply
46 percent of the current demand for fluorine (table 3). The actual process-~
ing capacity is shown as 181,000 short tons of fluorine or 228,784 short tons
of fluosilicic acid (table 2). Extending these projections to the year 2000
when U.S. fluorine demand is expected to be 2.4 million tons (18), the avail-
ability of byproduct fluorine from phosphate rock processing (assuming same
recovery factor) could contribute from 19 percent (low phosphate projection)
to 34 percent (high phosphate projection) of the fluorine demand.



TABLE 3, - Potential availability of byproduct fluosilicic acid
(100 percent) in the United States--1968 (8)
(short tons)

Potential annual H, SiF, manufacturing
State Wet process|Concentrated| Elemental
phosphoric super- phosphorus| Total

acid phosphates
Alabama...eeeeveercsscscscneccens - 30 1,390 1,420
ArKansas.sveesevevcersoscssonncnes 2,800 - - 2,800
California.....oeeeeevenocesssonss 5,000 - - 5,000
Delaware..vcieeesssaeissosssasons 2,000 - - 2,000
Floridas....eeeeeossconcosssssasnee 171,100 2,380 2,020 {175,500
Idaho, Utah, Montana, Washington. 23,100 280 10,740 34,120
Illinois, Indiana, Missouri,

Minnesota,sisssssesecssosasscons 36,300 40 - 36,340
Louisiana, Mississippicicevcocees 63,200 190 - 63,390
New YOork.u.eoiveoosessosssssnsnne - - 250 250
North Carolina...cceceecesscccsns 19,500 210 - 19,710
South Carolina...eecececssesscses - - 370 370
TeNNeSSee. tsvessssescsssasacannes - - 10,490 10,490
Texas, Oklahoma..seeeeeesesscecana 21,900 60 - 21,960

Total..ieeseeecssnsancaasons 344,900 3,190 25,260 |373,350

Another source of byproduct fluorine could be from the calcination of
topaz. However, domestic topaz deposits large enough for commercial develop-
ment as a source material for production of high-alumina refractories are
limited and no commercial operations are known. Byproduct fluorine from this
source was not considered in this study.

There are several other minor sources of byproduct fluorine, such as
aluminum and uranium processing plants where fluorine compounds are used and
fluorine evolved. These emissions are usually recovered and reused in the
respective processes and were not considered in this study.

PROCESS DESCRIPTION

The process is based on the reaction of aluminum hydroxide with a precon-
centrated solution of fluosilicic acid to form aluminum fluoride and silicon
dioxide. The overall equation is: 2A1(OH), + H 8iF, = 2A1F, + 510, + 4H,0.

The following description traces the process stream. The numbers immedia-
tely following equipment names refer to the corresponding number shown on the
flow diagram in figure 1. Heavy lines in the flow diagram represent the
process stream; the light lines represent the process effluents.

Byproduct 15 to 18 percent aqueous fluosilicic acid is pumped from a
storage tank (1), containing 7 days supply, to a heating and measuring
tank (3) containing a submerged graphite heat exchanger which is supplied
steam by a steam boiler (2). The fluosilicic acid is heated to 160° F.
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Aluminum hydroxide (A1(OH),) from a storage tank (4) containing a 7-day supply
is moved by a screw conveyor (5) to a measuring tank (6). Fluosilicic acid
and aluminum hydroxide in the weight ratio of 1 to 1.0166, respectively, are
introduced to a reactor (7) where the mixture reacts exothermically while
being stirred. The temperature during reaction rises to 212° F. The com-
pletely reacted mixture mainly contains water, the soluble (alpha) structural
modification of aluminum fluoride trihydrate (A1F3'3H20), and precipitated
hydrated silica (510,-H_0). At this point timing is very important, as the
alpha modification o% AiF3-3H20 very slowly starts passing to the insoluble
beta modification causing its precipitation from the solution along with
silica, Sufficient precipitation of silica must be allowed to insure a final
AlF, product low in silica. The time of reaction is about 15 minutes. After
reaction the products are rapidly emptied into a feed tank (8) which immedi-
ately starts dispensing the entire mixture to a centrifuge (9) which separates
the silica from the aluminum fluoride.

The solution containing AlF,-3H,0 flows to crystallizers (10) where the
alpha modification AlF,.3H,0 passes irreversibly to the beta modification
while being stirred for about 4 hours. Twelve crystallizers (three are shown)
were considered necessary to allow the continuous operation of all equipment.
The feed tank (8) was added to the originally proposed plant scheme for the
same purpose. After crystallization, the beta AlF,-3H,0 is separated from the
mother liquor by centrifuge (11) and moved by screw conveyor (12) to a storage
tank (13). The mother liquor is recycled but occasionally must be rejected if
the phosphate and iron content become too high.

At this point the AlF,-3H,0 contains about 5 percent external moisture
and about 40 percent structural water.

Drying of the product is accomplished in three stages. A screw conveyor
(14) delivers the wet AlF,-3H,0 to a flash dryer (15) operating at 360° F,
where total moisture is reduced to about 17 percent, The product passed via
cyclone unit (16) to a fluid-bed dryer (17), operating at 460° F where the
moisture content is lowered to 6 percent structural water. The AlF,-6 percent
H,0 flows then to a final flash dryer (18) operating at 1,100° F where all
remaining water is removed and a 97- to 98-percent-AlF, product is collected
by a cyclone (19). According to Weinrotter the final drying step is critical,
since the residence time at 1,100° F must be 1 second or less to prevent the
decomposition of AlF, and the loss of fluorine. The dryers are heated by fuel

0oil or natural gas and require a heating unit (20), an air blower (21), and an
air compressor (22).

The dried AlF, then flows to a water-cooled rotary jacketed cooler (23)
where the temperature is dropped to about 150° F. The cooled AlF, is conveyed
by the bucket elevator (24) to a storage tank (25) having a 3-day storage
capacity. A belt feeder (26) delivers the final product to a weighing,
bagging, and sealing unit (27).

All gases generated from the process are exhausted by a blower (28) to
a complete air scrubbing system (29).



CAPITAL INVESTMENT AND PRODUCTION COSTS

Capital investments and operating costs were determined separately for
five hypothetical plants designed to produce aluminum fluoride from byproduct
fluosilicic acid. The plants utilized the same types of equipment and the
same production process but differed in annual capacity to consume fluosilicic
acid. The five plant sizes costed were 5, 10, 25, 50, and 100 thousand tons
per year. Appendixes A through E provide the capital investment and produc-
tion cost details for each of the plants.

SUPPLY COST EVALUATION

Byproduct fluosilicic acid (100 percent) for use in manufacturing aluminum
fluoride is restricted by availability to various geographic localities of the
United States. Table 3
summarizes the maximum
potential U.S. availability
of byproduct fluosilicic
acid from all sources based
on Jan. 1, 1969, data on the
phosphate and phosphorus
~ production capacities in
various States. The total
potential available tonnage
300,000 |- — of fluosilicic acid was
373,400 tons containing
295,400 tons of fluorine.
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Figure 2 graphically
shows the domestic availa-
bility of byproduct fluo-
silicic acid at various
price levels,
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ANNUAL AVAILABILITY, short tons

The price of aluminum
fluoride output for a
5,000~tpy fluosilicic acid
input was estimated to be
$448 per ton (table A-1).
At this price about
366,500 tons of fluosilicic
acid (98 percent of the
potential national supply
1 l | ! ! of byproduct fluorine)
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A plant with an input of 10,000 tpy fluosilicic acid could sell the output
for $353 per ton (table B-1). At this price 361,500 tons of fluosilicic acid
or 96.8 percent of the total potential supply would be available.

A plant with an input of 25,000 tpy fluosilicic acid could sell the output
for $299 per ton (table C-1) which is within the current price range ($260 to
$310 per ton) of technical grade anhydrous aluminum fluoride. At this price
309,350 tons of fluosilicic acid or 82.9 percent of the potential total would
be available,

At the 50,000-tpy input level, the output could be sold for $259 per ton
(table D-1). At a price of $259 per ton 238,890 tons of input or 64 percent
of the potential domestic supply of 373,400 tons is available.

At the 100,000-tpy input level, only Florida would have enough pooled
byproduct fluosilicic acid to support a plant of this size. The output from
this plant would sell for $233 per ton (table E-1), which is well below the
current price range. Economic availability at this price level is about
175,500 tons of input per year or 47 percent of the total 1968 national supply.

Figure 3 indicates the sales price of the aluminum fluoride produced at
five designed plant consumption levels of input fluosilicic acid. The curve
was generated from the selling price data based on the cost evaluations for
five plants. The price of the product at each output level is shown on the
curve, which is represented by Y, = aX’. The price output relationship
along the curve at various production levels should be interpreted with
caution in view of the small number of observations used in generating
the curve.

CONCLUSIONS

The largest potential domestic source of fluorime occurs in the phosphate
rock resources of the United States. The known phosphate rock resources are
estimated to contain an average of about 3.5 percent of fluorine or 2.5 billion
tons. Because it can only be recovered as a byproduct, its availability is
dependent upon the domestic production capacities of phosphate rock processing
plants.

The fluorine is recovered in fluosilicic acid which, as a raw material
costing $96 to $78 per ton, is proposed for use in the manufacture of various
fluoride chemicals. This report concerns the economic availability of
byproduct fluosilicic acid at various prices of aluminum fluoride. At prices
within the current 1971 market range of $260 to $310 per ton, technical
anhydrous AlF, can be produced from phosphate rock, which is competitive
with AlF, produced from other sources.

The maximum possible U.S. annual available supply from phosphate rock
processing, based on current annual phosphate potential processing plant
capacities, is 373,350 tons of H_ SiF; containing 295,372 tons of fluorine.
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FIGURE 3. - Price-Output Curve for AlF 4.

At a price of $448 per ton for aluminum fluoride, 98 percent of the current
maximum possible supply is available; at $353 per ton, 96.8 percent is
available; at $299 per ton, which is within the current 1971 price range

of aluminum fluoride, 82.9 percent is available; at $259 per tomn, 64.0 percent
is available; and at $233 per ton, well below the current price range of
aluminum fluoride, 46 percent of the total amnual U.S. supply is available.
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APPENDIX A.--COST ANALYSIS OF A 5,000-TON-PER-YEAR PLANT

TABLE A-1. - Calculation of selling price of aluminum fluoride

12 percent discounted cash flow rate of return (20 years):
R = 82,642,500/7.469...0cieececassscsncasssnassosessesasassess $353,800
Depreciation.ceeeecereseneeossesenesnsosnnsnncesooceccscososonnnses 118,000
Net profit.ceeeceresecserecseoansoesocsososesoacsonnccnnses 235,800

Federal income tax (50 percent taxable income):
Gross Profifee.ceececseesssesceerosseoncososcononcnsoonesnnses 471,600
Net operating COSt..eceersrsrossosascscosvoosososcsonsscnnssss 1,392,100
SaleS.uuiitsieeinitatniiietatecettritettisrssssassascnceass. 1,863,700

Taxes:
Taxable IMCOME..crruretocesoeocacasaoncnnnsocsonsss sescssseras 471,600
Federal IinCOME £aX.e:uestosoeenosoasenseoonocosossoseoeenennsas 235,800
Net Profit...eceersieecesaosiossoooncesanenossanasesncesnses 235,800

Cash flow:

Net Profit LA L L B IR Y B B B B B B BN B R I RN R R N Y] ® 9 80 00 00 000000 OO PO OEOETS 235 ,800

Depreciation' ® 5 0 0 8 8 0 00 000 P BB S S E B é e b LA B L B BN BN B BN BN IR B BN B I I I N ) [ N ) 118:000

Total.... .......... o & & 8 9 58 0 “.’.‘..........'.....'..I....l 353’800
Sales price per ton AlF, ($1,863,700/4,1631) ... cccveecrcnncnccnas 447,

“Product (AlF;) output, tpy.

n
Note: Formula: P =R _ﬁliEl_

r(l+r)®
where P = total capital requirements,
R = present value of P due in 20 years at 12 percent
compound interest,
r = 12 percent,
n = 20 years,
and R = P/7.469 (present value of $1.00 due in 20 years at

12 percent interest).

13
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TABLE A-2. - Financial analysis

Revenue from saleSe.cceessessecssscesasssnsscsns
Operating coSt.seeeeecocrecreresscssscssacocce
Gross profit (taxable income)..ceeevessscceses
Federal income tax, 50 percent.,c.ceocecessces
Net profit.ceccecececcecocoscsacecosssasscocenns

31,863,700
1,392,100
471,600

235,800
235,800

ANNUAL CASH FLOW

Net .profit'...llnc0!.""'0---.".il..lll.!ll.
Deprec.ia‘tion-.....oo.o--oc.-..-----....-.--.-.
Cash flow..l........'..I.I.'.....l.l.ll-'ll...

235,800
118,000
353,800

TABLE A-3, - Total capital requirements

Unit

Cost

Percent

Reaction secCtioNiseeeesscoscssosscocssssssonsessssscconnss
Crystallization section....cceseeccsssessececscoccoccnns
Drying SectiofN.seeesvereccesceisssssosssssesssosecsncnnns
Bagging section.cceveececcanrsnas Ceasesecesasessssssse s
Scrubbing SeCtioN..ss.eoceeccatessoscassssecossvssocsscensne

SUDBtOtal..eecovavesesncvsssssssscscssssscncancscess

Plant facilitiesl T 0 09 0 0 0 0 9 OO N O P QB b sBS NN o 0 9 020 @0 %08 o0
Plant utilities! ' EEEEEREEREEEREIEIENEEE BRI B NI NN B e 8 0 0 80 0 8 0
Total plant cost (insurance and tax bases)...ceevse

Interest during construction..ssceesesscsccscscscccccnsss
Subtotal for depreciation......ececcieesvacscossone

Working capital-.....-l.'."!...0.'0.l.o.ooocolo.l.lltoo
TOtal investment.......-.c.-....o.-...--.-.-o.-.--.

5420, 800
383,000
849,000

70,000
12,500

15.9
14.5
32.1
2.6

1,735,300

174,800
262,100

5
6

2,172,200

174,800

2,347,000

295,500

2,642,500
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TABLE A-4. - Equipment cost summary, reaction section
Item Cost Total cost
Material Labor

Storage tank (H,SiFg), 1 Ceeececinnas $37,500 $3,700 $41,200
Pump and motor ’ 1 ® 9 8 0 B 02 S 00 0SSP PP NS e s 700 100 800
Steam boller’ 1' a e 0 ¢ 9 00 00 " e s 0 % 0 2 0 0 00 e 6’ 700 700 7’400
Heating and measuring tank 1 . 800 100 900
Heat exchanger, 1............. .......... 700 100 800
Storage tank (AL(OH)5), l.e.ieviieronnsas 16,000 1,600 17,600
Screw conveyor, l.....cieveecececcecenna 900 100 1,000
Measuring and feed bin tank, l.......... 500 100 600
Reactor and agitator, l.....ceevececoens 5,000 500 5,500
Feed storage tank (AlF, + Si0,), 1..... 1,100 100 1,200
Centrifuge, 1' ® 5 & 06 9 20 000 " 0 0SSP EC O S LB O BSOS 59’500 10’500 70,000
Subtotal L O I B K IR N BN BN BN RN BE B B R I R I R Y 129 ’400 17’600 147’ 000
Foundations 8 9 00 2 0 08 0 " e O e s a0p LN} L ] e 8 12’900 16 , 100 29 , 000
SthtureSI. P8 20 0 ° 0200 2P PO SE NGO N PO PFIPBEPOPOEDS TS 9,700 4’900 14’600
Buildings L B L L I B I R I I I I R R I R IR Y e & 0 s 080 25’900 25 ’900 51,800
Ins trumentation. ® 8 8 % 08 PO ¢S SO C OGO S ON GO CEPETS 2’ 600 1 ’300 3’ 900
Electricalli L B R B I B B B B BN B N BN N B B I I IR R R RN 12’900 9’ 700 22’600
Piping...lI'..CI....I'..I.......IIl...‘. 2’600 1’300 3’900
Painting. AL N B I B I B B A B I A I A R A R A B R N R ) * 8 00 600 1’800 2’400
MiscellaneOUSo L L B B N BN B B B R B B R A A B A B A N I I ) [ ] 6,700 6’100 12’800
Subtotal' S 8 & 8 0080 4400 0000 00 0080 B 0 e 73’900 67’100 141,000
Total direct...evvev..... tesesesene . 203,300 84,700 288,000
Field indirectl S 8 8 & 0 & 008 0 9 900 . . . o0 e e ® o ® 00 90 00 . e &0 o o0 43,200
Total construction.... ceecassecnesenn .oe e . 331,200
Engineering......occ0vviiiinnnnnn.. teceenecrasaasaranns ceesnsasae 16,600
Overhead and admlnlstration ctacerscsearans ceceisestevaas .o 16,600
364,400

Contingency ....... e & 8 0 00 * e L ] LN BN IR ] . L ] L ) L] L L - L ] 36 ,400
400,800

Fee'....l..‘....‘C.l.ll.l......l’ll.l.'...C....l..l..........l... 20’000
Total.....vevveneenen. tsscaasnasesanass teesnasaas ceescrecanes 420,800
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TABLE A-5. - Equipment cost summary, crystallization section

Item

Cost

Material

Labor

Total cost

Crystallizers, 12...cc000vcececcavencss
Screw conveyor, l.. cens
Centrifuge, lisiicenesecscscoscacsocnas
Screw conveyor, l.iccsscesencssoavacans

Subtotall.itiil....l...i.‘.I...l..

Foundations. ceescsnsncs
SEYUCtUYESeeescersssvessssssescncsnssscce
Buildings..cevecococceses csessess
Instrumentation..cececeeccasssccosescsas
Electrical..
Pipinge.cceceoscsvcccccne
Painting.esescecesosecs recesesseeces
MiscellaneouS..ceeeeesessess

Subtotal.

Total directieeeveosocss

Field indirect..

Total construction.....s.ccvceecee veeeeens

Engineering...cceceevececescsecorosnsaconnss

Overhead and administration.ceccocecees

Contingency.ciesecesse

$60,000
900
59,000
900

$3,000
100
6,000
100

563,000
1,000
65,000
1,000

120,800

12,100
9,100
24,200
2,400
12,100
2,400
600
6,300

9,200

15,100
4,600
24,200
1,200
9,100
1,200
1,800
5,700

130,000

27,200
13,700
48,400
3,600
21,200
3,600
2,400
12,000

69,200

190,000

62,900

72,100

132,100

2 8¢ 00O OGRS OL OSSO R

ee e s 00 s

[] L I ]
L] 80
[ .

CEC I B RN S B R I B B B R B A B B B A BN R B B S R N

262,100

39,300

301,400

15,100
15,100

331,600

33,200

364,800

18,200

383,000
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TABLE A-6. - Equipment cost summary, drying section
Item Cost Total cost
Material Labor

Storage tank, l....... ceceescnns ceeeene $21,000 $1,000 $22,000
Screw conveyor, l...iecceesessccoecsncons 900 100 1,000
Flash dryer and cyclone, 1l..... recneves 85,000 10,000 95,000
Fluid bed dryer’ 1 * & & 0 0 0 ¢ 85 0O O O E e SO RS 63 ’ OOO 7,000 70’ OOO
Flash dryer and cyclone, l..iieeecoaccns 75,300 7,500 82,800
Heating unit’ ll....l.'.'..’.’.l..'.'. 500 loo 600
Blower’ llol.ll......... & 0 85 0 0 0 8 o e o9 0 1,]—00 100 1’200
Compressor, l.iuieeeessecsesoconossacssas 6,400 600 7,000
Cooler, 1".....'...'...'..... llllll [ ] ] 4,700 500 5,200
Subtotal.iiiesecencersvennscenne 257,900 26,900 284,800
Foundationsil'lll..ll.l."'.. . * 0 e e * 0 26,800 33,500 60’300
SErUCLUYreS. s veaeeerocsnsossosssnsnsnsons 20,100 10,100 30,200
BuildingSlll.llllllll.lll.". LN N B BN LI BN 53’500 53’500 107,000
Instrumentation...oieeeeececenconenanas 5,400 2,700 8,100
Flectrical.viiseeenseseseisseceennascons 26,800 20,100 46,900
Piping ..... & 5 6 85 680 08 868508 0o - L ] * e "0 00 5’400 2’700 8’100
Painting.ljl.l. IIIII e 8 80 8 0 4 8 oo L) . LN L) 1’300 3’900 5,200
MiscellaneouS.seseeesreesacecconnocnns 13,900 12,700 26,600
Subtotal.....ceeeevereccanacncecs 153,200 139,200 292,400
Total direct..... cssecetessencns ceeaes 411,100 166,100 577,200
Field indirectl * 9 ¢ o 9 0 8 0 0 0 00 s 0 e P e e o 0 9 o * 0 [ ] . [ ] * o0 L] . 88 ,400
Total Constructioni * 9 o 00 0000 LN} LN BN ) L] L ] e 80 L] 665’600
Engineering...oeeeeeereroreseecoceesooncesncananas ciesssassesesas 33,900
Overhead and administration......cceeeceeoecocss tesssencacsans 33,900
733,400

Contingency....c.eeus. cesesnen . e .o cesa . creienaas . 74,600
808,000

= Gt eeeesiecaacanereetenns 41,000
Total [ ] e 8 & & s 0 e L I ] .0 L] e e » L] L] 2 e 0 . L 2 . [ ] [ ] * @ 849,000
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TABLE A-7. - Equipment cost summary, bagging section

Item Cost

Material Labor

Total cost

Conveyor, L.iueeseeerovocscesssssoscassns $1,500 $200
Storage tank, l..... sesessssssnsnassonas 6,700 300
Belt feeder, l..eseeesccecscessvccnanaes 1,800 200
Weighing, bagging and sealing unit, 1... 12,000 1,000

$1,700
7,000
2,000
13,000

SUthtalo e 5 58 868 58850808 +008080250008 00 22’000 1,700

FoundationsS.....cceeeecsnesssncassvcsssss 2,200 2,800
StrUCEUTES . cavscsssvsssssssnssscassnsses 1,700 900
BuildingS...eceeesseeesccssseocsnnceasens 4,400 4,400
Instrumentation..ccceeececscascoccccscss 400 200
Electrical...vicecevscccncscasossacsnsans 2,200 1,700
Piping...c.eeeevessocaconssscccsasscanas 400 200
Painting...cceveveviecsrescocccscnnessnas 100 300
MigscellaneousS.s.cecesccososcsassoscssnces 1,100 1,100

23,700

5,000
2,600
8,800
600
3,900
600
400
2,200

Subtotal‘....l.......'.....'.‘.‘.'. 12’500 11’600

Total direct-....---.....--oa.-c-o-.---- 34,500 13,300

24,100

Field indirecto.o--c.-ooo.ovoiooc60.000!‘lcl.l-.n.t-'----.-u--..-D

Total Construction..-...-.-.-o-o-.-o.-aa-.-.--.---o..o--o..oo

Engineering-ao....-..-..--ao..-.-..o--....-.--..--.---o.--o.-.-o..
Overhead and ad‘ministration..‘---o..--..o-.--.-.-----o---.-.--...-

COntingency ----- 0 09 6 600609 8000 EIBE IS TEE TS [ AR I B I A B R R

Feeo....-.-......-..a.--.-.---..Acc1-.. ------- 68 008 0 s s s 08 g0 a0 e

Totalgo.'.'oc.-..Q-l.l.l‘.ol‘l.llll‘llll.l..ll..l.l.....ll...

47,800

7,200

55,000

2,800
2,800

60,600

6,100

66,700

3,300

70,000




TABLE A-8. - Equipment cost summary, scrubbing section
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Item Cost
Material Labor

Total cost

Scrﬁbbing unit including blower, rubber
lined pump, polyvinyl chloride piping,
and Stack 1'..'...!'.'l.l * 80 80 "0 00 00 $3’500 $300

$3,800

Subtotal.ieieeessveiosionocrcnnnens 3,500 300

FoundationS.....ee.c.. e ecesacerecnraes 400 500

StructurES LI R B I IR IR B B I I I Y BN I R A B Y R U R IR I R ) 300 200
Buildings ® & & § & 5 b & P 0 o0 0 s a0 LK LI BN B I BB B BN B R ) 700 700
Instrumentation. .ccoeiecerseoeosscecnae 100 100

Electrical..eesecocessossosoancnnencnans 400 300
PipIng. vieeeriiinecsceiocoecnersenoanns 100 100
Painting...ieveeiciveecnvanccnnsorsonns 100 300
MiscellaneousS.c.oeeecoeosonconenroasens 200 200

3,800

900
500
1,400
200
700
200
400
400

SUthtal.-.-..-. ------ e a8 29 0800 2,300 2’400

4,700

Total direCtee.eseeeevencoosaoasnessnss 5,800 2,700

F]'.EI.d indirect--.-. lllll AL I B A B I N A I I B I BN B R U Y R S R I R R A B N N BN R R Y

8,500
1,300

TOtal constructiononcno.-oo...cl.l.lo.ol.l.l‘.'.....lo..t.ct

Engineeringc.lnl...lt..c-.‘u.‘o.lol.ll.l...U..I.ll.'oc....-.n.l.o
overhead and ad‘ninistration-la.l.all.ll.‘-0..0'..'0'.."0.!.'.0‘.

9,800

500
500

Contingencylu.u.l-0oo.-.-...n-lul.llllc..nooooo-oot-.i.......-..‘

10,800
1,100

Fee.-.‘ ....... LA AN Al N N N N N N R R R RS

11,900
600

TOta]-.I'..I.'...'.......'..I'l‘ll.....l.l..l.........l....‘.

12,500

TABLE A-9. -~ Working capital

Item Cost

Percent

Raw materials and utilities.....euveveecee.q.60 days.. $127,700
Direct labor and supervision.....ees¢-.v.....3 months.. 44,900
Payroll overhead....ecoeceeeieceeoasssesesss.3 months,, 11,200
Operating supplies and spare parts..........3 months.. 33,800
Indirect COStS.eiveiiaeaesercrcesonencerensaorls months.. 40,100
Fixed cost....veve0s...0.5 percent of insurance base.. 10,900
Miscellaneous EXPenSe.c. ceecerevecssscoscccscossnscsess 26,900

Totaloa..l...n....ll.l.......o'....0....'.'....'! 295’500
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TABLE A-10., - Estimated annual operating cost

Item Cost Annual Percent
per ton cost
Direct cost:
Raw materials and utilities:
- $8.48 $35,300 2.5
Power ..... e 3.56 14,800 1.1
Fluosilicic acid (H,SiFg ) ...... cessvessaanne 96.08 400,000 28.7
Aluminum hydroxide (AL(OH)g).eeceveceococcess 75.50 314,300 22.6
Subtotal..ceeveevees creresesenesrrreseaenes - 764,400 54.9
Direct labor and supervision
Labor.....cceveus. cracanan . ceserea cos 21.71 90,400 6.5
SUPErViSiOoN.ieereeervcsrsosscrsossessscsnsssoes 12.97 54,000 3.9
Subtotal....... teteeseersarsscanaa csssacans - 144,400 10.4
Plant maintenance: V
Electrician-mechanic......cicevevevvesncncans 5.04 21,000 1.5
Material (spare parts) (5 percent of
equipment COSES)...ueeveonoerorcenonnoassassoe 26.23 109,300 7.9
Subtotal.......... testertareitacsiasasnas oo - 130,300 9.4
Payroll overhead (25 percent of payroll)....... 10.78 44,900 3.2
Operating supplies (20 percent of plant
maintenance)..... Cececesreresctoseeanrrtresaen 6.26 26,100 1.9
Total direct costsl........ cesesssacs cecees 266,66 | 1,110,100 79.8
Indirect cost (administration and general
overhead): 40 percent labor, maintenance,
and supplies...e.ocun Ceeisececeacesacsasacansns 28.89 120,300 8.6
Fixed cost:
Taxes and insurance (2 percent of plant cost).. 10.49 43,700 3.1
Depreciation and deferred expenses (5 percent
of subtotal for depreciation)...ceeeececcecess 28.34 118,000 8.5
Total annual operating costl......ceeeeeeee 334,40 | 1,392,100 100.0

l1Figures may not add to totals shown because of rounding.
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APPENDIX B.-~-COST ANALYSIS OF A 10,000-TON-FPER-YEAR PLANT

TABLE B-1. ~ Calculation of selling price of aluminum fluoride

12 percent discounted cash flow rate of return (20 years):

R =83,472,400/7.469.. .00t 0eveececerencctsscssasasssscsacscas $464,900

Depreciation...cceeeecereerecsresescssssstosssssssscsosascasacas 151,300
Net profit...cevieivncenenan. eersracens cesesesssascnccsanss 313,600
Federal income tax (50 percent taxable income):
Gross profit...... Gt eceecestereseacecacirrostsss o nasnsnenanns 627,200
Net Operating CoSt...eeeeescosossacesssssssscssssnsscssseaseses 2,315,000
Sales..... I LY A0
Taxes:
Taxable INCOMEe.coeserosversosaassrsessnsccrssssasssssssssosssses 627,200
Federal income ta@X...eeesec-vesssacososscocstosssossssasscsssssne 313,600
Net profit.scecerceeecncerssscocsaccrsorncesscassoosvsossssasansse 313,600

Cash flow:

Net Profit.cieeeeesssssrecerasesscossssacancocsasossossssoonss 313,600
Depreciation. .ce vececertasteccrsessrscencocossrssscavcsssnssnsons 151,300
Total IIIIIIII 9 2 @ 0 €8 0 0 8 O SO PO P TSP OB G S Q9 PP OGO PR e 464’900

Sales price per ton AlF, ($2,942,200/8,3261).....000vvucenniannns
1Product (AlF,) output, tpy.

n

Note: Formula: P = _Slizl-
r(l+x)®

where P = total capital requirements,
R = present value of P due in 20 years at 12 percent
compound interest,

r = 12 percent,

n = 20 years,
and R = P/7.469 (present value of $1.00 due in 20 years at

12 percent interest).

353.37



 TABLE B-2. - Financial analysis

Revenue from sales S 0 000 00 000005 00N OO PSS s
Operating COstc 8 0 000 00 00 P8 s OB S ® S 60 6 00 90 9 0900
Gross profit (taxable Income).eeeescoscceresss

Federal income tax, 50 percent...socoeeececcsse

Net Profitl...l.‘..'l.l...l‘.....‘.....'..l'.'

$2,942,200

| 2,315,000
627,200

313,600

313,600

ANNUAL CASH FLOW

Net ‘profitv.-....lo....l.‘-alo.cO..ol.‘..‘c'l'
DepreciationO G 900 00 PO SO LD BEO NS OB PN LA EIEITBEE YIRS
Cash flow. 00000000 00000000 S 04 00 0000t reree

313,600
151, 300

464,900

TABLE B-3. - Total capital requirements
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Unit

Cost

Percent

Reaction SeCtioN.ceicuseesscececcacssscesosscsonsesesess
Crystallization SectioN.iceeecosescesencescososonsssoses
Drying SeCtion.cccacsssessscecosoonsscscconssnocooenasess
Bagging Section...seisrsareecococnccsesossssscecsosncsess
Scrubbing SeCtiomeeeseeseteeececossonssrsconsesnocsesces

Subtotaln.no.tll.o..c..!.'.ll..‘l..l..l....o'ollo.l

Plant facili ties ® ¢ 9 60 ¢ 06000 00 E NS IOOS ® 0 8 &0 8 2D S a2 b ® % 0 09 00
Plant utilities. @ 6 0 0000 00000 OO OSPOEEECEESIIEES PSS @ 4 8646 8 9090000300000
Total plant cost (insurance and tax bases).........

Interest during conBtruUCtion. e v veeeeenererococennsenns
Subtotal for depreciation.....ceeesecescsosorcoesss

Working capital...-.............III.ICl.l...Il..Oio.....
Total investment..-oll.lon.'.Ollllo..ooc.to.c...tl.

$625, 700
537,900
952,000

89,900
13,800

18.0
15.5
27.4

2.6

2,219,300

224,300
336,200

2,779,800

224,100

3,003,900

468,500

3,472,400
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TABLE B-4. - Equipment cost summary, reaction section

Item

Cost

Material

Labor

Total cost

Storage tank (H,SiFg), leececcccenae.n.s
Pump and motor, l....ccecveasee
Steam boiler, licciocecesnss
Heating and measuring tank, l...........
Heat exchanger, l...cecocecceccns
Storage tank (AL(OH);), leceieaccraennnsn
Screw conveyor, l..... cesetsesaneneenvere
Measuring and feed bin tank, l...cceenss
Reactor and agitator, l....ceccsccecnias
Feed storage tank (AlF, + SiOz), l......
Centrifuge, l...iecscssscocrccesesnscens

362,000
900
8,300
1,100
1,100
24,000
900
600
7,000
1,700
81,000

56,200
100
800
100
100

2,400
100
100
700
200

14,600

$68,200
1,000
9,100
1,200
1,200
26,400
1,000
700
7,700
1,900
95,600

Subtotal.

® 0 5 0 0 80 N OO PSS NSO EI NN SS

FoundationS.ccescecevcocssosssesscassosssas
Structures...
Buildings.. tecesssscascscsenne
InstrumentatioNecececeescccaoscsscossssnsne
Electrical.icecececsoccescsnsoscsscoscnes
Piping.ceecececcsnsecoccscoaceonosncocnas
Painting.ceeeveccesssescscescsccacnnacnce
MiscellaneouS.secsserssecetsosccascssssssone

188,600

19,400
14,500
38,800
3,900
19,400
3,900
1,000
10,900

25,400

24,300
7,300
38,800
2,000
14,600
2,000
3,000
9,200

214,000

43,700
21,800
77,600
5,900
34,000
5,900
4,000
20,100

Subtotal..........l....‘......-..'.

Total direct.eeccoces

e e P e e s s O OCE s

111,800

300,400

101,200

126,600

213,000

Field indirectli.l...'.l.l...l...l

Total construction........ .o

Engineering.ceceeeeve. ceeses
Overhead and administration...ecicececss

Contingency.¢....

Fee.......l...l.iii.l
Total.....

@ 9 6 9 04 90 80 8908 08000080 8Nse e

* 0 00 "0 S et

LI S BN IR I R R I

TR IO B A R R B B B A S R R

LRI BRI ]

I R I SN B N R BRI B

C 0 8 0 PO B9 OO PO PO SO S E0 N 0D

427,000

64,900

491,900

24,900
24,900

541,700

54,200

595,900

29,800

625,700
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TABLE B-5. - Equipment cost summary, crystallization section

Item Cost Total cost
Material Labor

Crystallizers, 12.....c000000. cereene $85,200 $8,500 $93,700
Screw conveyor, l.......... cesesace 900 100 1,000
Centrifuge, l..veveeernnnn tecesaanacene 81,000 8,100 89,100
Screw conveyor, 1l..... ctcaessesesrannes 900 100 1,000
Subtotal.....eievevenneenennas . 168,000 16,800 184,800
Foundations....,. eresssensiesons ceeean 16,800 21,000 37,800
StructuresS.....eeueeense testeentseanes .o 12,600 6,300 18,900
Buildings S & & & % P9 0 P99 e ® & 85 9 0 0 98 0000 . LN ) 33’600 33’600 67,200
Instrumentation..ecveseeeceencans . 3,400 1,700 5,100
Electrical......ccevvununs sesesercne 16,800 12,600 29,400
Pipinglltl.l..'......'.' IIII LN B I ] L] LN ) 3’400 1,700 5’100
Painting.....viviietininreneoceennes .o 800 2,400 3,200
Miscellaneous......... ceeres ceessessaen 8,700 7,900 16,600
Subtotal.......... Ceesiaccrsananes 96,100 87,200 183,300
Total direct..... Crecseraseceas teereaes 264,100 104,000 368,100
Field indirectl o 8 @ 0 o0 008 * 28 0 0 L I ] * L ] L] LI} L] L[] . LN L] 55’ 200
Total consStruction.see.eeeesesaencesneenss ‘e tereceansanse 423,300
Engineering.......... treccescesrarniann .o cescsecanes cerecean 21,200
Overhead and administration............. teceenscsnas cecess 21,200
465,700

Contingency.ceeeeseeeenas cesnans tereaeena ceeerannes ceeene . . 46,600
512,300

Fee ® o & 2 0 s 8 ® 8 & 0o o 00 0 0 L BN ) L] o @ e ® " 0 B8O 00 s 8 . [ X} . L B N B B ) 25’600
Total IIIIII * 0 00 L L ] [ ] LN} 8 &8 588 0 90 0 * e . "0 L ] [ BN BN BN BN BN 537,900
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TABLE B-6. - Equipment cost

summary, drying section

Item

Cost

Material

Labor

Total cost

Storage tank, l.....ccoveccecsccacccccse
Screw conveyor,
Flash dryer and cyclone, l..sccecaccces
Fluid bed dryer, l..cesscocecssccesance
Flash dryer and cyclone, l.scececaccass
Heating unit, l.....cievennnccocecnnnes
Blower, Liceceessscscsssscscanrcasssnes
Compressor, l.ceeescecsosscocscccocaces
Cooler, livieseresscesncecssccssscnnnes

1000-.0-0..-..0.0..-..-

330,000
900
85,000
82,000
75,300
800
3,200
9,000
4,700

$3,000
100
8,500
8,000
7,500
100
300
900
500

$33,000
1,000
93,500
90,000
82,800
900
3,500
9,900
5,200

Subtotal.l.lco..'...o.....o.'l-lno

Foundations...... cecssans
StYUCEULCS.ccsassscsssssosesossscssenssnse
BuildingsS..sseeeesoccvcoccacesoscscasces
InstrumentationN..sccscecscoacscsoscssces
Electrical.ccieccecancone
Piping..ocecevcoceccsoccssacccnccss
Painting...evceceoessvecacersscscsncocs
MiscellaneouS......

290,900

30,100
22,500
60,200
6,000
30,100
6,000
1,500
15,600

28,900

37,600
11,300
60,200
3,000
22,600
3,000
4,500
14,200

319,800

67,700
33,800
120,400
9,000
52,700
9,000
6,000
29,800

SUthtalcoa.-o-..-oo-.-----oc-----

TOtal directcoc.l.o....l

I NN ENENENEEEREED]

172,000

462,900

156,400

185,300

328,400

Field indirect.cceceresesccesacssssssasass

Total construction...

ce s 00O OTLE

Engineeri—ngll....‘.‘.l."..'..'.l.'l..'
Overhead and administration.......

Contingency.....

Fee......

Totalol..n--tlonclolc

[ BN IR AC L A N R

s 9 090 8 o

EREEEEERE NI I I SR R B B BRI

28 s 0o

s 0 s 000000 e

648,200

98,800

747,000

37,900
37,900

822,800

83,400

906,200

45,800

952,000




TABLE B-7. - Equipment cost summary, bagging section
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Item Cost

Material Labor

Total cost

Conveyor, l..ceeeeesereassoossccssoasess $1,500 $200
Storage tank, l..e.ceeeececocosscccnane 12,900 1,300
Belt feeder, l....ccvvvececcncacnnnsnas 1,800 200
Weighing, bagging and sealing unit, 1.. 12,000 1,200

§1,700
14,200

2,000
13,200

SUbtotaloocic.lol...o.no.l.t.'..o. 28,200 2,900

FoundationS...eooeeeeeeeocceccosocsocnnas 2,800 3,500
SETUCEUTeS . casevssoessocseccsconsosnocas 2,100 1,100
BuildingS..eeeeeeeeoiocseoosoveocnacans 5,600 5,600
Instrumentation.ceseseessceccococonsnes 600 300
Electrical,.veeeeevesceranocscncanssons 2,800 2,100
Piping..eveeseceececsacececasocenonsnnnes 600 300
Painting..veeceeeoesesececcoanccesonans 100 300
MisScellaneouS.eeeeeoseesacescnccconasss 1,400 1,300

31,100

6,300
3,200
11,200
900
4,900
900
400
2,700

SUDEOLAL s ernsnnreseocerenrannnns 16,000 14,500

Total directl.....l.'..............‘.‘. 44’200 17,400

30,500

Field indirecto.-....l..‘ct'..l..nInull'....olul...l..o.v!'ltl-l.
TOtal ConstruCtiono.-o.ll.-'.ot-..l.--oouolntololoool.oitntv

Engineering.'III'.lI.’...'ll'...".....-...l.....'...'.I..I.l'..'
Overhead and administration.....c.voeeeeeeeecescocooncenss

Contingency.-.....o-....-................-..---.--...--........--

Fee.n.l..c..lllll...l.c"o..-.'n'ltlot..cl.oll..l..l...c...'ll...

Totalt..o..oo.ouclonalon.ouv.oot..t.!...l.l.OIOIOOOOI'OO'..D

61,600

9,200

70,800

3,500
3,500

77,800

7,800

85,600

4,300

89,900
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TABLE B-8. - Equipment cost summary, scrubbing section

Item Cost

Material Labor

Total cost

Scrubbing unit including blower, rubber
lined pump, polyvinyl chloride piping,
and stack’ 1.............'.I"'l..'..‘ $3’800 $400

$4,200

S'U.btotal.-.-...-.....--.-.--.---.a 3’800 400

FoundationSoo.lill.o.c-cn.oo...o.ul.... 400 500

Structures ® 2 6 & 6 5 8 8 8 0 8 00 08000 0 » 9 ¢ 0 ¢ 8 o2 00 300 200
Buildings o e ® & 8 58 0 900 o 99 ¢ @ 0 0 8 8 00 06 PO [ ] 800 800
Instrumentation..c.secoceccescoscsessccsns 100 100

Electrical...cceecevecscsccsacsnssncoas 400 300
Pipinge.ssevssssesccessssosssoscscccanans 100 100
Painting.eceessecessssssoceccsssccocans 100 300
MiscellaneouS....sveseeoessecacssonscscs 600 200

4,200

900
500
1,600
200
700
200
400
800

SUthtal.....¢--......-.--..--.--o 2,800 2’500

5,300

TOtal direct.il.llll‘..l.lll..l.‘l..‘l. 6,600 2L900

Field indirECt--conncc--o..-o-oo.a-to-ootcoccoo.coo--.o-n..----o

9,500

1,400

TOtB.]. ConSthtion...-o...--.-..---o.---..-.-o.....---o.--.

Engineeringll...l...l.."'Il.'.l".'.‘.llll..l.l.lll‘..‘l'l.l"..
Overhead and administration.....cceececcvcocesscosnssscscarcncose

10,900

500
500

11,900

1,200

Feeloilo-co'c.-n-l.o-lluoll.l-‘l‘ll--0.-tc.a‘l...lc-..lciconct--

13,100

700

Tota].-......-...-------.-oco-c----..oooo.o--.-.--n.......oo

13,800

TABLE B-9. - Working capital

Percent

54.5

Item Cost

Raw materials and utilities...e.occevocacssss60 days.. $255,000
Direct labor and supervision................3 months., 50,000
Payroll overhead.....ceoesesescsecasesceessssd months.. 13,400
Operating supplies and spare parts..........3 months.. 43,600
INAIiTeCt COSt.eeerroneessesosaseessasssasssolt months.. 49,900
Fixed COSt....oveecsssee0.5 percent of insurance base.. 14,000
Miscellaneous EXPENSE....csuvecessessssosscassassssscns 42,600

TOtaAl. . eveoooosnsosososssesssasoososassasasnsscecse 468,500




TABLE B-10.

- Estimated annual operating cost

29

Item Cost Annual Percent
per ton cost
Direct cost:
Raw materials and utilities:
T $8.47 $70,500 3.0
Power....... tesesesessnssasesesensnnans cesnee 3.56 29,500 1.3
Fluosilicic acid (HQSiFs).......... ......... . 96.08 800,000 34.6
Aluminum hydroxide (AL(OH)3)..:eeoevesccesses 75.66 630,000 27.2
Subtotal........ treceecacscnensseanaas crese - 1,530,000 66.1
Direct labor and supervision:
LabOT.escoecsesssroncsoasnosesonsas ceeecaneanns 13.72 114,200 4,9
SUPErVISIiON. s itciesnsacrocnsrsocssssosascncocs 6.49 54,000 2.3
Subtotal..eeeeocecessssasssssssesessocenans - 168,200 7.3
Plant maintenance:
Electrician-mechanic.ceeceeeiiveereniennonsess 3.81 31,700 1.4
Material (spare parts) (5 percent of total
Plant COSE)eeeecenenceacosoasoctcnacsonnness 16.83 140,100 6.0
Subtotal...ieiereereoncssscennrssosscacnsane - 171,800 7.4
Payroll overhead (25 percent of payroll)....... 6.43 53,500 2.3
Operating supplies (20 percent of plant
MaintenanCe) ... crieeressvsecococacacossascsasne 4,13 34,400 1,5
Total direct coStS8 .i.ucveverveeerrenenneaes | 278.04 |1,957,900 84.6
Indirect cost (administration and general
overhead): 40 percent labor, maintenance,
and supplies........... Gepeccrcrccnerrsocrvsenene 17.99 149,800 6.5
Fixed cost:
Taxes and insurance (2 percent of plant cost).. 6.73 56,000 2.4
Depreciation and deferred expenses (5 percent
of subtotal for depreciation)......eeeeeceeese 18.17 151,300 6.5
Total annual operating costl.....c.oieeusen. 278.07 2,315,000 100.0

lFigures may not add to totals shown because of rounding.
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APPENDIX C.--COST ANALYSIS OF A 25,000-TON-PER-YEAR PLANT

TABLE C~1. - Calculation of selling price of aluminum fluoride

12 percent discounted cash flow rate of return (20 years):

R=$6,381’500/7.469...I.'.l..l..llll...'.l-..l.'I'........... $854,

De.preciation!..nu-..olo.l-ol..clll..l.o.t...'i'.!.!l.l.c.l!..l 269

Net prOfit--------.---oooc-o-oa---o-o.-co-----o-o-o'c---o-- 584’

Federal income tax (50 percent taxable income):

GrOSS PrOfit-...--o-.-----...--n....oonooo..--....--.c..--..-. 1,169’

Net operating ccstc.clunoou.0!0o..olc.l...lDl.o.co..lt.o.l.l.l 5059

Sales.o--.o ----- @ 9 © 0060 002080 B SN L0 TP L NNESBGe0peTRETEEeR SN 6,228,

Taxes:

Taxable incomel'...ucn"n--.o.lllccolooooclopo'oul.'.t.ntn...o 1,169’

Federal income tax-.n'.-nlcl-u.llll.lllla-lqcotc-..nl-nl-.a... 584

Net prOfit-o-------.-.--.-.---.oo-o..ocoo-c---.n-.-a.-aa-.- 584’

Cash flow:

Net profitl LA BL A A L N N N N NN N NN N R EEREE ] o s 0000000000000 584,
De'prECiation- ® 4 0005 5008040200880 080600000000 0000000000 ¢80 s 000 FPOOSEDP ST 269
Totall.’.l..'. 8008008060008 ¢ 20000 8000 ¢0rese PP OBNIEOROCOIERRIEBIOBOOIOIOS 854’

Sales price per ton AlF, ($6,228,700/20,815%) . .00uverrnrecccceces
1Product (AlF,;) output, tpy.

(1+r)®

Note: Formula: P =R ;?TI;TE
where P = total capital requirements,
R = present value of P due in 20 years at 12 percent
compound interest,
r = 12 percent,
n = 20 years,
and R = P/7.469 (present value of $1.00 due in 20 years at

12 percent interest).
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TABLE C-2. - Financial analysis

Revenue from SaléS..ceevescsossccscssoscssncee
Operating cOStece.eoercecrscssscnvescsnnncscss
Gross profit (taxable income).e..eeecescscescs
Federal income tax, 50 percent..c..ecocecsccoes
Net profit.c.eceeeccacercossccnnccnsancoacnnee

$6,228,700
5,059,300

1,169,400
584,700

584,700

ANNUAL CASH FLOW

Net prOfit. 0 9 2 S 0 2 2 ¢ 060 4803 8000000006000 8008000 LI
Depreciation. CICEE R IR I O N I B BB A 4 .'. 2 80 00 0000800 08080
CaSh floWl!..lllll.'Olcl.....l...!‘....-.llll.

584,700
269,700

854,400

TABLE C-3., - Total capital requirements

Unit

Cost

Percent

Reaction seCtiONecsecsceccsssssssetsscesancssssssccenane
Crystallization section....vecevsssecsccsescccscnsancnce
Drying sectioN...cceoveveveecrosoccccsssosssssssssssnscs
Bagging sectioN.cceccescccorvresscscsocescscsccscccconcons
Scrubbing sectioN..eeeeccecscovccsossessscccsssocsscccccce

Subtotal.l.-...l....'.'l......D.II..I......I.I....O

Plant facilities. ® 9 6 0 02 0 0 90 0 ° 0O S 9 b d s ® 6 6 5 5 0 5 0 09 00 80 0000
Plant utilities. P EEENENIE R IR B R B B R ] ® 8 08 ¢ 0 0008 P08 o0 0
Total plant cost (insurance and tax bases)..c.eee.e

Interest during construction...ceceesecseccscesscovcones
Subtotal for depreciation,....ceccceceessecenccncscs

Working ca‘pital--....l-clpoocuiloclooolll.lc..ono.....l.
TOtal investmentoolocoocl-00.0.0collol.‘lcoooloa..o

81,354,600
1,091,700
1,407,400

125,000
16,900

21,2
17.1
22.0

3,995,600

399,600
599,300

4,994,500

399,600

5,394,100

987,400

6,381,500
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TABLE C-4. -~ Equipment cost summary, reaction section

Item Cost Total cost
Material Labor

Storage tank (HpSiFg), lieee.vvecvenens $112,000 $11,200 $§123,200
Pump and motor, 1l...... teeteensanns oo 1,300 100 1,400
Steam boiler, 1..... ctessesescesassnnne 18,000 1,800 19,800
Heating and measuring tank, l.....c.... 1,800 200 2,000
Heat exchanger, l......ceereeoesaccnsas 3,700 400 4,100
Storage tank (AL(OH)3), l.veveeernenans 50,000 5,000 55,000
Screw conveyor, l..,.i.eercenscnvonccce 1,300 100 1,400
Measuring and feed bin tank, 1...,...... 1,000 100 1,100
Reactor and agitator, 1....... cressne 9,800 1,000 10,800
Feed storage tank (AlF, + S5iO, ), ceees 3,000 300 3,300
Centrlfuge 3..-..‘..'l...ll.....l'.... 221}000 22’000 243’000
SUbBtOtal.iessacasesvoccenenencnces 422,900 42,200 $465,100
Foundations...seeeeeeeennoerononnocennas 42,300 52,900 95,200
StructuresS...... st e sses et tecenennranane 31,700 15,900 47,600
Buildings...‘. ..... ..‘.“‘...'.....I..' 84’600 84,600 169’200
Instrumentation.ceeceeceeesseconnasoens 8,500 4,300 12,800
Electrical....l.l.l....ll.‘.l.". . e *o 0 42’300 31’700 74,000
Piping..l-.........l...l..l..-.'.I..I.' 8’500 4’300 12’800
Painting.l'l.l.'.!..'.'.....l.l." * 0 00 2’100 6,300 8,400
MiscellaneoUsS.cessevseesconoceonaceness 22,000 20,000 42,000
SUbtotal"."'I.....-........I.... 242,000 220’000 462’000
Total direct...... cterereesnane ceesesas 664,900 262,200 927,100
Field indirect..l... llllll ® ¢ 08 0 0090 029000 * ® 8 & & 6050 50 00 904060004080 139’100
Total construction........ Ceesessracesesnsenae csesacsn. . 1,066,200
Engineeringl-. ........ 4 ® 0 020 00 ° 0000t GO G PLESETPLIOS L] 8 9 000 [ ] L N ) L] 53,300
Overhead and administration......u.eeeeereeeeceeoescesnsconnanss 53,300
1,172,800
ContingEHCy..l..l.....l.....".... L ] L] 5 o9 00 0 L] LN ] L I ) L Y L ) L] 117,300
1,290,100
Fee ® ® 0 ® 0 00 0 0 o 6 & 0 &8 s 08 L] * L] L] ) LN L . L] L e &8 & 0 64’500
Total [ ] * o L] [ B BN BN ] L LR J L] o0 0 0 e & L BN ) L BN BN BN BN ) e ¢ 8 s 0 1,354’600
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TABLE C-5. - Equipment cost summary, crystallization section

Item Cost Total cost
Material Labor
Crystallizers, 12............ cecseecsses $117,600 $11,800 $129,400
Screw conveyor, l...cceiecconroaanencess 1,100 100 1,200
Centrifuge, 3.c.eecccescccnrorssarancsss 221,000 22,100 243,100

Screw conveyor, L..ccieceecocecccsnccnss 1,100 100 1,200
Subtotal....l."..l..l.l.l.l.l.l.. 340,800 34,100 374’900

FoundationS...eeesessesosescsssssscssons 34,100 42,600 76,700
SErUCLUYES.eeervocscsscsssacnssscsceasssns 25,600 12,800 38,400
BuildingsS..e.vesescecssacscassasonssass 68,200 68,200 136,400
Instrumentation...ceeeeesscscecncscsans 6,800 3,400 10,200
Electrical..ccvevcvcesvasarsscacsncnaes 34,100 25,600 59,700
PipiNng..eseesoecosescasosascsanssconcnss 6,800 3,400 10,200
Paintinge.cecesessacessossssscasssssaans 1,700 5,100 6,800
MiscellaneouS..eeoeesacssscscesesnannscse 17,700 16,100 33,800

Subtotal.....cciscavrencecessscnes 195,000 177,200 372,200

Total direct.‘.l.l...ll....lll..'.l.... 535’800 211’300 747’100

Field indirect--.--nc-llno.lnt.lill.....l..l'.-.olllcol.l.n.'cn-- 112,100

Total cons truction. N EREENE RN NN I I B R B A BN N I ® & 6 8 8 68 2 060 0 8 8 082 859 , 200
Engineering‘...l....'....l.l.‘..IIII."I.........‘.....I.l..l.'.- 43,000
Overhead and administration....ceserevsscsscasscecscsscsssassnccss 43,000

945,200

ContingenCYocs.0.-.o.-...o'o."..oo00'!.0...!...0...!.......c...- 94,500
1,039,700

Fee..---.-.-occ---o.----..--..-.-.u-..-.-o-...-..-...-o-c----...- 52,000

Totaln.......-..o--....-....-...-..--..---..--c-.oo.o..-o.-o 1’091,700
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TABLE C-6. - Equipment cost summary, drying section

Item Cost Total cost

Material

Labor

Storage tank, l...cseveaccassracsosnnes
Screw conveyor, l...ciececsccossncsssas
Flash dryer and cyclone, l.icecescccoes
Fluid bed dryer, l.e.cesecsscesocscsaces
Flash dryer and cyclone, l..ceecescases
Heating unit, l...ceicceececaccrcencnns
Blower, l...ecececcccccacscsasccscassnnes
Compressor, licececsss
Cooler, liceeecsose

Subtotal.iviecovereoosesoncscnscoas
FoundationsS...veveecerseoroseccccsacnses
SEruCtUYeS.iveecvvcsererecerecrsnsnnses
Buildings..ceeeeececesronsssscscsccnnes
InstrumentatioNesieecececoesscosonsoccnces
Electrical.veeeeseossasosase
Piping....... secerevenss
Painting.eecescccsecossancocass
Miscellaneous.. cecerenrassananns

SUthtal-.--c..o---.

eos e o bodos o
LA I B B A A A N X ]

s 800 803

Total direct...

Field indirect..ieeeeeeeeeereecccnocoss

$45,000
1,700
180,800
109,000
75,300
1,200
5,900
12,100
8,400

$4,500
200
18,100
11,000
7,500
100
600
1,200
800

$49,500
1,900
198,900
120,000
82,800
1,300
6,500
13,300
9,200

439,400

43,900
33,000
87,900
8,800
43,900
8,800
2,200
22,900

44,000

54,900
16,500
87,900
4,400
32,900
4,400
6,600
20,800

483,400

98,800
49,500
175,800
13,200
76,800
13,200
8,800
43,700

251,400

690,800

228,400

272,400

479,800

TOtal ConStrU.CtiOn.a-...- ----- ® 8080000000058 0s0

Engineering..........‘.‘l‘..l..l
Overhead and administration....

Contingency..ieeeeeaceesocenns

8 % 6068 8000000

e 8 8060 b0 s reoe

963,200

144,500

1,107,700

55,400
55,400

1,218,500

121,900

1,340,400

67,000

1,407,400
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TABLE C-7. - Equipment cost summary, bagging section

Item Cost

Material Labor

Total cost

Conveyor, lic...ess ceecsccccssceccnnnan $1,500 $200
Storage tank, l...ceorosreccaccnccnsnce 23,600 2,400
Belt feeder, l...c.cvtveeecovesncescnnss 1,800 200
Weighing, bagging and sealing unit, 1.. 12,000 1,200

$1,700
26,000

2,000
13,200

Subtotalo..o.'o.'.l.to.c-nc...ll.l 38,900 4’000

FoundationS..eiceeesesrsosscsisscscnncsnse 3,900 4,900
SETUCHULES.cevevsccsvasvscsaaasaosceansne 2,900 1,500
BuildingSe.ecsoeececcocosnsscescsessassancese 7,800 7,800
Instrumentation..ccececcesvcaccscsosscces 800 400
Electrical.icecscseccoceascsaccscessnnne 3,900 2,900
Piping. . veeceocececrsossosssssscscscnsses 800 400
Painting..cecieeesscsosiosesscsvsacecnnes 200 600
MiscellaneouS..eeevececocsnsacssssacnse 2,000 1,900

42,900

8,800
4,400
15,600
1,200
6,800
1,200
800
3,900

Subtotalucoo-c-..ooo.olooOOo.lootl 22’300 20,400

TOtal direct.........4......;...4...:.. 61)&00 24,400

42,700

FiE].d indireCtll.la.l.cll..c.lclllll‘.'ll.cuuu.cc-..l.o.l.lloocll

TOtal constructionl-t-g'.iI‘..l‘.t.ttll!tt.o.c..ol.-.tc.o.'.

Engineeringinttcicoliti.I.oo.c..o.l.-cloo!.c.llOlo.c.'o.c'00.'..0
Overhead and adnlinistrationnco....--.--o---.o-------o-.-o-c.-.-co

COntingency......-...a--..........-.¢...n...-........o-....o....o

Fee..-..............................-..'..o....-........-.........

TOta]. ----- 8 6 8 5. 0 0550 0805280006 S50 BS B8PS0 00LEN LIS SO SRS SEEI S e

85,600

12,800

98,400

4,900
4,900

108,200

10,800

119,000

6,000

125,000




TABLE C-8. - Equipment cost summary, scrubbing section
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Item ; Cost
Material Labor

Total cost

Scrubbing unit, including blower, rubber
lined pump, polyvinyl chloride piping,
and stack 1..-.........‘..III. a s &0 s $5,000 $500

$5,500

SUthtalog...-.-...-----.o.-.-.... 5,000 500

Foundationsﬂt.....l..I.'.. lllll 8 8 808 3 0 500 600

Structures-c.-..o.l..c.o.oll....lol.ool 400 200
Bujnldings.......l.l....l....l.lll..‘... 1’000 1,000
InStruInentation--..-o-..--u-...-.c---oo 100 100

Electricalecieeeescccesessoocsscsnsosses 500 400
Piping.eiceseseccssccsecescocsnnsnsonss 100 100
Painting..ceececeesceesscesesscocscssncs 100 300
MiscellaneouS.escesesovsscecscoccsosoaness 300 300

5,500

1,100
600
2,000
200
900
200
400
600

Subtotalli..l".lll...l.l....l.l.' 3,000 3’000

6,000

Total direct'...ll'liil.. llllll . o 0000 0 81000 3,500

Field indirectoonal.oonc.n..l..a

#0060 0000000505008 08000080800600008

11,500

1,700

Total conStrUCEiON.e isceceessoseraccnsesssasne

Engineering-.-.a...:oo.ol.looo'nlcaol'lccnoocll

13,200

700
700

Overhead and administration...eceseeeesesoesescosessosossossesenss
ContingeHCY-u.o.o-o.. llllllll 4 8 & & s 0 # 6 v @00 &0 o . e o9 * 00 .0 e e @ L ]

14,600

1,500

Fee-..--..--..-.o-....

LA BN I B A B B AR B BN BN BN B R A A N A N N N N N N N N NN NN NN EEEE N

16,100

800

Totalncc--Icvnnlv.'o---. ccccc

16,900

TABLE C-9. - Working capital

Item Cost

Percent

Raw materials and utilitieS..eecssecseeasas. 60 days.. $637,500

Direct labor and supervision......ccee+s....3 months.. 65,000
Payroll overhead.......cevieveeeecessssessess3 months,. 17,500
Operating supplies and spare parts..........3 months., 77,000
Indirect COSt.iueeeeoernasancscssossasasasss.t months.. 75,600
Fixed cost.eeeeeeesss.o0.5 percent of insurance base.. 25,000

MiSCEllaneous ex‘pense..l'C.l..l.lll..ﬂ.-..-.l'.lll.'.' 89,800

64.6
6.6

Tota]......-...--....--.....-.-.

ceretecscnceneasae 987,400
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TABLE C-10. - Estimated annual operating cost

Item Cost Annual Percent
per ton cost
Direct cost:
Raw materials and utilities:
FUEl..veoerreoseosscososssosssossasasncasscsnans $8.47 | $176,300 3.5
Power...... eecensecsessssasessesestenseaeres 3.55 73,800 1.5
Fluosilicic acid (H SiFg).ee.eevrcnansnnesen 96.08 | 2,000,000 39.5
Aluminum hydroxide (AL(OH) ) eveeravorcaceren 75.66 | 1,575,000 3l.1
SUbtOtal...ceoesscaccsocsssscssossarvccosve - 3,825,100 75.6
Direct labor and supervision:
Labor..... casses ceseessseessresans ot 7.86 163,700 3.2
Supervision....... P 2.59 54,000 1.1
Subtotal.e.eveerveranans rereereeasaseean - - 217,700 4,3
Plant maintenance:
Electrician-mechanic....ecveee.e Ceevercecanes 2.03 42,200 0.8
Material (spare parts) (5 percent of
equipment costs)...cecvecen crereacaes o oo 12.00 249,700 4.9
Subtotal.ieeevconracsvens Citetecessaseenane - 291,900 5.7
Payroll overhead (25 percent of payroll)....... - 70,000 1.4
Operating supplies (20 percent of plant
maintenance)...ecsee0 00 coveran veesresseccsses 2.80 58,200 1.2
Total direct costsl....ceivvaoses teceeesass | 214,41 | 4,462,900 88.2
Indirect cost (administration and general
overhead): 40 percent labor, maintenance,
and supplieS..secercerareocasosorasscsocsccocnncs 10,89 226,800 4.5
Fixed cost:
Taxes and insurance (2 percent of plant cost).. 4.80 99,900 2.0
Depreciation and deferred expenses (5 percent
of subtotal for depreciation)......... cressana 12,96 269,700 5.3
Total annual operating costl.......... voves 243,06 | 5,059,300 | 100.0

1Figures may not add to totals shown because of rounding.
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APPENDIX D.~--COST ANALYSIS OF A 50,000-TON-PER-YEAR PLANT

TABLE D-1. - Calculation of selling price of aluminum fluoride

12 percent discounted cash flow rate of return (20 years):
R = $10,365,900/7.469.cc0cicccinccscns teeeesssensessessessess 91,387,900
Depreciation..c.ecseeseesceacccssescearossessecsocceanacocses 410,800
Net Profit.cecececcscecessssssssossssossacsssasnnvasncvscs 977,100

Federal income tax (50 percent taxable income):

GroSs Profit.u.vieeececeecsecasosossssancnsssrssosssaverascs .o 1,954,200
Net operating COSt...eeescesosesossanasoscssonncccsrnnroacccs 8,808,200
SaleS..civeeoonens reenses et revecniasesneneacanacnssessss. 10,762,400

Taxes:
Taxable INCOME ... ecoeecorcesersosssssssosssssasssssosans crenes 1,954,200
Federal income taX...eveoeeeococaosascosns e erereaneas ceeceens 977,100
Net profit.......... cesesne ceseananasese cesevscesaceseenns 977,100

Cash flow:
Net Profiteeeesecscesasercocesosssssssossosncasnnsacsascnsonse 977,100
Depreciation.iseeecseaoseosecssososasosssasatorcsasscnnnncocs 410,800
TOLEAL. o veessescaconsscesasenssessssssssasssanaassnsssses 1,387,900

Sales price per ton AlF, ($10,762,400/41,630% )0 .ieieeenrenennans 258.53
1Product (AlF,) output, tpy.
1+r)®
Note: Formula: P=R ;%TI;%F
where P = total capital requirements,
R = present value of P due in 20 years at 12 percent
compound interest,
r = 12 percent,
n = 20 years,
and R = P/7.469 (present value of $1.00 due in 20 years at

12 percent interest).



TABLE D-2, - Financial analysis

Revenue from S8leS...eeeeeeeececosocencenness.
OpPerating CoOSCessueisasensenanocencosoosensss
Gross profit (taxable income)....e.eeieecoes..
Federal income tax, 50 percent...cececevesoss

$10, 762,400
8,808,200

1,954,200
977,100

Net 'Profitooo.nl.oo...-ooococlol.l-a.uoocc.OI

977,100

ANNUAL CASH FLOW

Net profitolc.000.od'll.l.o..lnl.l.ll0...0.0-
De‘PreCiationl.l‘...'..l..ll...l..........l.l.
CaSh flow...-o-o.--ooo--oo.-..---.-.o---.....

977,100
410,800

1,387,900

TABLE D-3, - Total capital requirements
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Unit

Cost

Percent

Reaction e = e o
Crystallization T o )
Drying SECELON. st tiureoensosnosserasosaossaconsoensess,
Bagging section........................................
Scrubbing o 2

$2,530, 300
1,940,300
1,765,100

176,300
15,900

24.4
18.7
17.0

1.

SUbtotali ® 0 000000 RPD * 068 000 o ¢ ® ® @9 60 00 00908 o0 200 800
Plant facilitieS. ® 6 0000808000 9 02 000000 0000 8200000040 [ ]
Plant utilities' ® 0 ¢ 6 00 s 0 08 ® & & 8 4 4 09 0 0 9 2 8 2 8 ¢ 090 00 000 ® o 0 085 8

Total plant cost (insurance and tax bases)ieceann.

Interest during CONSErUCEION. tuuttrreeenernnosannsonsss

6,427,900

642,800
964,200

7
.2
0

8,034,900

642,800

Subtotal for depreciation...v.ieurneeernrnnennnnn.

working Capital-...--.-.-..---. cccccc ¢ 0 00000 000 s se e
TOtal investment.......-.--..--o..-.---.-.o--....'

8,677,700

1,688,200

10,365,900
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TABLE D-4. - Equipment cost summary, reaction section

Item Cost Total cost

Material Labor
Storage tank (H,SiFg), Zeceeeveccocesss $224,000 $22,400 $246,400
Pump and motor, l.icseececacecccananacse 1,700 200 1,900
Stem boiler’ 1..-'....'....‘.‘....."l 48’000 4,800 52’800
Heating and measuring tank, l.......... 2,900 300 3,200
Heat exchanger, l...cceeesccccccscsoees 4,900 500 5,400
Storage tank (A1(OH)p;), l.ceceececeocne. 83,000 800 83,800
Screw conveyoT, l.ceeccecccevsessssossnce 1,500 200 1,700
Measuring and feed bin tank, l......... 1,400 100 1,500
Reactor and agitator, l,....ccceovevess 16,400 1,600 18,000
Feed storage tank (AlF; + 510;), l..... 4,500 500 5,000
Centrifuge, 5. A EEEEREENEREREE NI IR I BRI o 80 405’000 40,500 445’500
SUbtotal. FE R R EE N R B R B I s 00 00 793’300 71’900 865,200
Foundations. @ 8 5 0 0 0 20 00 ¢ 0O e 0 bbb DS * 8 0 79’300 99’100 178 ’400
Structures..."l...'..'.'l...‘.l.ID.‘.. 59’500 29’800 89’300
Buildings....l'l.Il..'.'.'.....l..ll.ll 158’700 158’700 317,400
Instrumentation..c.cceeerceccessancscns 15,900 8,000 23,900
ElectriCall....'..."I'I."Ill.. e ¢ 808 79,300 59,500 138’800
Piping.‘.....l.‘.'..I.'.'.’.I'...lll'l. 15,900 8,000 23’900
Paintingl.l...'l.l."""."...‘.lll.l. 4,000 12,000 16’000
MiSCEllaneous 2 9 60 68 08 0000 PP 9O b Bl e 80 8 41,300 37’500 78’800
Subtotal' 'R R EE I R A IR B R B R B A R I 453’900 412’600 866 ,500
Total direct.......... Ceeseisiereesanes 1,247,200 484,500 1,731,700
Field indirect‘ » 2 0 06 0 8 85 68 55 8B G0 P 0B P e e N0 L] L L L] L) . ° " " 0o L) 259’800
Total Cons tructionl > 6 s & 4 o 5 &6 8 8 60 0600 00 000 L] LI ) * o 09 e e 9 [ ] 1’991 ’500
Engineeringlodﬁil."'0...l...l....l lllllll o 09 00 PR I B RN BB B R I I B B B B 99’600
Overhead and aminis tration- e ¢ o 5 80 o e e 800 ® ® &9 0 00 & 00 P [ BN 2N ) 99 ’600
2,190,700
ContingenCy...l...l.l-...l..'.l...........l.'..."..'.....‘.ll.. 219’]—00
2,409,800
Feei llllllll L) s e & 0 . 0 00 L ) ® 0 ¢ & ¢ s 0o 00 L L] [ L] LN L s o LN BN 3 120’500
TOtal [ ] . L B J * 0@ L] ¢ & @ - 2 8 0 LI e o o0 00 o9 000 L] L] * 8 e [ BN BN S 2,530,300
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TABLE D-5. - Equipment cost summary, crystallization section

Item Cost Total cost
Material Labor
Crystallizers, 12....cceeeecoscevosccns $196,800 $19,700 $216,500
Screw conveyor, l..e.cevieceecsenennnnnns 2,000 200 2,200
Centrifuge, S.ievevvrenrionesecennnnnne 405,000 40,500 445,500
Screw conveyor, l.ieieieeecencnrcocaces 2,000 200 2,200

Subtotal..e.ivieererrneenencannonoes 605,800 60,600 666,400

FoundationS.seeeeeoeeeeornsconoresoccees 60,600 75,800 136,400
SErUCEUY S . vt sntiecersosesonconcnosesees 45,400 22,700 68,100
BuildingS..eveeeecsviocecsosocncennnens 121,200 121,200 242,400
Instrumentation....oveeeceerecneercenss 12,100 6,100 19,200
Electrical.c.vueeeeeceecoseonnonroenoess 60,600 45,500 106,100
PAPING . sserrnrresncessosenrnnensnnnnss 12,100 6,100 18,200
Painting.....cv000v.s. csesssbssennnneas 3,000 9,000 12,000
MisScellaneoUS.sseeeeesesesosoroncoonees 31,500 28,600 60,100

Subtotal.seeeeersecocecnoonsscocnnes 346,500 315,000 661,500

Total direct.c.eececeroesesececoocansnns 952,300 375,600 1,327,900

Field indirect.-.o..COIO'O...O'.i..i’.l.oooca-onnl-.l.lcll..lllvi 199,200

TOtal COnSthtion.........--..-n--.---o. lllll ® 00040 s 0000000 1’527’100
Engineering.‘ooctooccc'vo.ll-..lao.,lo..no.ol...ll.o.."-.olo.l... 76’400
overhead and administration--.l.....'.ioolocl.00-0..00-..'..'...0 76,400

1,679,900

Contingency...cooeevivcorerecennenns tetreses et e iatsesattennnrnn 168,000
1,847,900

Feel".notnnlcll.-l.ulolllllol.--.'.cn...ll.'.n'...'ilc.c..llull. 92,400

Total.--.--.....o-...o---..o--o-.---.....-...'-.--.-.-.--..- 1’940,300
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TABLE D-6. - Equipment cost summary, drying section

Item

Cost

Material

Labor

Total cost

Storage tank, l...sccscoscerrocnscocacse
Screw CONVeyor, l...ccoceesocecsoccnsnne
Flash dryer and cyclone, liceveecoceess
Fluid bed dryer, licceceecccassecssnans
Flash dryer and cyclone, l.cccieecccress
Heating unit, l...ccccecevcecrccncascse
Blower, lecececocsonscoccsoscosescsasons
Compressor, 1. cesessssenes
Cooler, liiiveesssosscocsscacsannas

SUthtalg-.-o-o..o--.--

e eso0 s

FoundationS.:.eseevseecsetsnssssonsscsces
StructuUreS.ieccecessvssccoscccsoscssncencoce
BuildingS..eccecsesovsssccoccecscsnscene
InstrumentatioNecceccesccacesosssossecs
Electrical.cececocsncnsecensescsoacsscs
Piping.eccececscoccccccesccancsncrcrnvas
Paintingeccccescecsscccssrssossncococes
MiscellaneoUSececesessscecvsssacsococasss

Subtotal......noocl.‘..l..ll.c.'.'
Total directlul.lolc.n..lclll..ul....l.

Field indirect...

Total construction...eeveeve-

Engineering....
Overhead and administration.

contingency.cQn...IO'.."OQ-C!....D.I.l.l.lo.........

Fee'.....
Totalo.ou.

9 00 000 SO S OSSO CEBEEPRPOETN

$65,000
2,000
275,000
136,400
75,300
1,500
8,500
19,800
17,400

$6,500
200
27,500
13,600
7,500
200
900
2,000
1,700

$71,500
2,200
302,500
150,000
82,800
1,700
9,400
21,800
19,100

600,900

60,100
45,100
120,000
12,000
60,100
12,000
3,000
31,300

60,100

75,100
22,500
120,000
6,000
45,000
6,000
9,000
28,400

661,000

135,200
67,600
240,000
18,000
105,100
18,000
12,000
59,700

343,600

944,500

312,000

372,100

655,600

@4 o9 8008880850080

IR B A B B B BE A S B A BB A AL R A

" EEEEEEEEEFNE N I I EE A N A SN BRI L NI A AL B B A B A 4

¢ 8 060 9000000000

""'l'..'."..l..C..l‘lIll...I'.I......................

0 00 00O 0SSO RS CISO OSSR O PRSEDSSEIDS

1,316,600

145,900

1,462,500

55,900
55,900

1,574,300

123,100

1,697,400

67,700

1,765,100




TABLE D-7. - Equipment cost summary, bagging section

45

Item Cost Total cost
Material Labor

Conveyor’ 1. LA B I I TR I I B AT R IR R T I R R R B ) e o e $1’500 $200 $1’700
Storage tank, l......eveeiernncaneccens 37,500 3,800 41,300
Belt feeder, l..c..v.vruececans ceessaca 2,000 200 2,200
Weighing, bagging and sealing unit, 1.. 12,000 1,200 13,200
Subtotal...cievernrenseoencncnnnne 53,000 5,400 58,400
Foundations...e.eeeeeuus tesssetecarsnne 5,300 6,600 11,900
Structures..... . 4,000 2,000 6,000
BUildingS.esieeororeeoncsonsconcneaseons 14,600 10,600 25,200
Instrumentation. e 0 0 ¢80 0 068 800 L I ) * o e 1’100 600 1’700
Electrical.. ® e &0 0 2 LK B B B I ] LN B N * 0 ] 5’300 4,000 9’300
Pi‘ping.........--. e s s ce0 e 1,100 600 1,700
Paintingl e 9 % 00 00 % 0 s 8 s LI BN B A ) L} * LN ] * e 300 900 1’200
MiscellaneousS. .veeeeesveossncosanes ceee 2,800 2,500 5,300
Subtotal.......... tresessesnaas . 34,500 27,800 62,300
Total direct....vveereenrennaroneeas eee 87,500 33,200 120,700
Fie].d indirECt.......-....--.. . . . . *eser 00 s0sesesa 18"100
Total construction........ ceseias . ‘oo teeaveres 138,800
Engineeringe...coee... et e cees st st et e nnaneny s veoe ceeerene 6,900
Overhead and administration.......... .o . cesrans cesessaee 6,900
152,600

Contingency.. Cherraenerans Ctedeeatt ettt et annnaa creacnena . 15,300
167,900

Fee ® 8 8 8 60 6000 * 09 * 8 L . o * * 00 LN J ¢ 0 o0 00 00 0 * S 0000 S & 9 e 00 e 8’400
Total * - L] . L L) * L] ® 8 % 00 0 ¢ 0 0 LN } [ ] 176’300
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TABLE D-8. - Equipment cost summary, scrubbing section
Item Cost Total cost
Material Labor
Scrubbing unit, including blower, rubber
lined pump, polyv1ny1 chloride piping,
and stack 1 L] * o o 6 & 8 s 0 L] L o 8o 0o 0 v 0 s 0 $4’500 $500 $5 ’000
Subtotal‘ ® o 9 ¢ 680 80 80 08 0200 * [ B BN ) 4’500 500 5 ’000
Foundations....... .o crassanses cee 500 600 1,100
Structures. ® ® s @ ® & o s & 40 o 9 ®© 6 5 0 0 0 @ % 00 oD * 300 200 500
Buildings...'.'l‘l.l"‘l..l.'. e 9 8P 80 00 1’000 1,000 2’000
InstrumentatioN..s.escecescnsoscscecsns 100 100 200
Electrical e 9 @ ® &8 0 8 88 800000 b0 @9 0 0 00 & 0 0 500 400 900
Piping. P e s o 080 0 b b s L] [ ] . L [ L] L L] L ] 100 100 200
Painting' @ 9 ® o & & 5 5 8880 0 ® 0 8 0 09 0 08 s 0 08 100 300 400
MiscellaneouS....cvoevesocssscesasasanece 300 300 600
Subtotaleseseeceeeveovens cesene 2,900 3,000 5,900
Total directeecesessss frecssresnsssens 7,400 3,500 10,900
Field indirectl...ll..l... llllll L) [N ) L N ] " EEEEEENRNEEINE I E S B A B A B B 1’600
Total construction. ......... ® 2 B 8t @ ° QP O 9 9 B S eesse e 9 08 80 a9 12’500
Engineering.......... ceeacaenne cetiisaasans tevecectesasaesrsasnas 600
Overhead and administration......cceevesecocssccscscssscsscsoncs 600
13,700
Contlngency. L] .9 e e 0 L 2 3N BN 1 L] * . s o0 0000 000 [ ] * s 0 0 * e 1,400
15,100
Fee. L I BN . L] » - 9 ¢ &6 0 8 2 9 0 0 L] o 9 &9 L] L] * . . * e 8 0 08 800
Total ..... Ll L . * e @ L] * * e . L] [ B N BN ] L I ) o . o 15 ’900
TABLE D-9. - Working capital

Item Cost Percent

Raw matorials and ULLLitieS...oeoeeecessasss.060 days..| $1,180,600 69.9
Direct labor and supervision................3 months.. 76,700 4.5
Payroll overhead..... Weeeeeesssesssesessseasd months.. 20,900 1.2
Operating supplies and spare parts..........3 months.. 115,800 6.9
TNAITECE COSE.veevavanssoserasassssconssessslt months.. 102,700 6.1
Fixed costeee .vceeaes ..0.5 percent of insurance base.. 38,000 2.3
Miscellaneous ex‘pensel 2 0 0 ¢ 0 20 009 ¢ 6B 08 sSSP ® 06 5 0 5 5 080 09 0 153,500 9. 1
Totall.‘.."...l.lllll."..l.l'.‘....l.l'.'Il..l. 1,688’200 100'0




TABLE D-10. - Estimated annual operating cost
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Item Cost Annual Percent
per ton cost
Direct cost:
Raw materials and utilities:
T $8.47 | $352,500 4.0
POWEY e v veesssneeersasacessssrsosecasasansnssas 3.54 147,500 1.7
Fluosilicic acid (HESiFe).................... 84.07 | 3,500,000 39.7
Aluminum hydroxide (Al(OH)a) ..... ceestsasesves 74.07 | 3,083,700 35.0
SUbtotal.sieeiiverssrossorosevoassonosoccas - 7,083,700 80.4
Direct labor and supervision:
LabOTYeseeessseensorocareacrscasossansnnnsnsas 4,55 189,300 2.1
SUPEYVIiSiOoN.sseresrorererresvacorsrcnscevencs 1.30 54,000 0.7
Subtotal.icssescecesavesesososssssssessessae - 243,300 2.8
Plant maintenance:
Electrician-mechanic.....ccevevecsossvesans vee 1.52 63,400 0.7
Material (spare parts) (5 percent of
equipment COSES).v.veeoooreoossooosonsonones 9.02 375,400 4.3
SUDLOtAliseeooconorsesaovoccssoossosvrocnson - 438,800 5.0
Payroll overhead (25 percent of payroll)....... 2,01 83,700 1.0
Operating supplies (20 percent of plant
maintenance)...ceceeecesscorocecoserosacssoonss 2.11 87,800 1.0
Total direct cOStESl.iveiueeenoeorrooroonces 190.66 | 7,937,300 90.2
Indirect cost (administration and general
overhead): 40 percent labor, maintenance,
and suppliesS.....eevessesevcnsancevsessssssccasnna 7.40 308,000 3.5
Fixed cost:
Taxes and insurance (2 percent of plant cost)., 3.65 152,100 1.7
Depreciation and deferred expenses (5 percent
of subtotal for depreciation)....eeceececeseses 9.87 410,800 4,6
Total annual operating costl.........o..... | 211.58 | 8,808,200 | 100.0

“Figures may not add to totals shown because of rounding.
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APPENDIX E.--COST ANALYSIS OF A 100,000-TON-PER-YEAR PLANT

TABLE E-1. - Calculation of selling price of aluminum fluoride

49

12 percent discounted cash flow rate of return (20 years):

R=$18’340’300/7.469lll.l.lI..ll..l...'.Oll'll.............l. $2’
763,700
Net ‘Profit..lﬂlililtlll...ll‘l'.0.......‘.0."."...'0...'. 1,

De.preciation-t.o..l.l....o.lol.....Qc....l.ou..ll‘..'.ao-...ol

Federal income tax (50 percent taxable income):

455,200

691,500

GrOSS prOfit...-...--..a.-.o-cn-.a---....-....;--.---oa-.-...- 3’383’000

Net Operating COstllll'.ll..ll.'l.....'lll."..l‘lll'l.ll..'.. 16:0373000

Sales'.'.ll.-.l.....lll'.l...l.l.ll.ll.'I"...‘..Illl....l. 19’420’000

Taxes:

Taxable income..... chsecssencas W eeeseevesecssescesssessssssanss 3,383,000

Federal income taX.....escossseoscsessoscsssassvoscsscscssasncs 1,691,500

Net profit...--.-.a-.---.-o..-.---.-c--o.-.---.a-oo.o..-.-o 1’691’500

Cash flow:
Net Profit....lll.l‘..l.ll..lll....'..."'0..‘.!...'.......... 1’691,500

De'preciationl.loco.....-..lcno.....'lo..o....0.0.0....0.'..... 763:700

Totaloc..olola.ol-l.l..oo.o..o.C...n0..'-00..!0.0....!...0. 2,455,200

Sales price per ton AlF, ($19,420,000/83,2601)...................

TProduct (AlF;) output, tpy.

Note:

. 1 P (1+r)*
ormula: = (17 0)"
where P = total capital requirements,
R = present value of P due in 20 years at 12 percent
compound interest,
r = 12 percent,

n = 20 years,

P/7.469 (present value of $1.00 due in 20 years at
12 percent interest).

and R

233.

25
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TABLE E-2. - Financial analysis

Revenue from sales..eeeececccsssccccersnevess | $19,420,000
Operating coSt.....veveernnveeecnnnnnannnneas | 16,037,000
Gross profit (taxable income)......eeeecosees 3,383,000
Federal income tax, 50 perceNt....cceeeeeses. 1,691,500
Net Profit...c.veesisesvevececennrecconrnnnes 1,691,500

ANNUAL CASH FLOW
Net Profit..ceeeseeeecocesceesosonscncococnss 1,691,500

Depreciation.'l..l..'...l....'..l..‘.l"..... 763,700
Cash floW.Ill...l...lI.‘Il.ll‘.'..'...'..‘... 2’455,200

TABLE E-3., - Total capital requirements

Unit Cost Percent
Reaction SeCtion...uuiveecerooecncansenoncooessssnosonos. $5,031,800 27.4
Crystallization SECEION. e ittt eanceceorneersnncncennans 3,574,600 19.5
Drying SeCtion..eeuisesrieerrerrecunneenoracoenncnnnnnns 2,383,200 12,9
Bagging section. . s.cvveeereennneen. Ceecessssesieennnans 324,700 1.8
Scrubbing SECE oM serttreteanercaceronnnseococcennanns 17,200 .1
SUDEOLAL ettt tnssnenerecenenenconsonecanonennnns, 11,331,500 61.7

Plant facilitiesl S & &0 060 0 ¢ 00 00 8000 ® ® @0 80 008805800800 "9 00 0 1,133’ 200 6 2
Plant utilities. 48 40009908000 ® S ® 0 09 00 008 s e s L I I I I ) 1’699,700 9.3
Total plant cost (insurance and tax bases)...s4... 14,164,400 77.2

Interest during CONSETUCEION. sttt teeeerecencoonsosoens. 1,133,200 6.
Subtotal for depreciation......veeeeeeeeenncennnn. 15,297,600 83

Working Capital---.--c.o..-.--...-------.-.o--...-..... 3,042,700 16.6
TOtal invesment‘...'l..l.I.’l.D-......I.l.li.ll'l. 18’340,300 100-0




TABLE E-4. - Equipment cost summary, reaction section
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Item Cost Total cost
Material Labor

Storage tank (H,SiF,), heeisennensocnns $448,000 $44,800 $492,800
Pump and motor, l.c.eecececcccacsocccns 2,600 300 2,900
Stemn boi]—er’ 2..I.l...........'......l 96,000 9’600 105,600
Heating and measuring tank, l....e.e.e. 4,000 400 4,400
Heat exchanger’ 1..’...............'... 9’200 900 10,100
Storage tank (AL(OH)z); 2.ceccasscecsss 166,000 16,600 182,600
Screw conveyor, l..sececesscsocosccssscce | 2,100 200 2,300
Measuring and feed bin tank, l..esece.ee 2,300 200 2,500
Reactor and agitator, l.ceceeecoscoeecss 25,100 2,500 27,600
Feed storage tank (AlF, + $i05), l..... 6,000 600 16,600
Centrifuge, 10..sacecsesccccscccacoccss 810,000 81,000 891,000
Subtotall..'.....l....l........l.. 1’571,300 157’100 1’728,400
Foundations. ..ceecesecsoscscsercosoncsns 157,100 196,400 353,500
Structures.ll.l.l.lIl.l.l'I.I...l.l.l.. 117’800 58’900 176’700
Buildingsll.......l.ll..l.ll'.l.‘l..... 314’300 314’300 628,600
InstrumentationN.ceesesescocssssecsaceccs 31,400 15,700 47,100
Electrical.......l.'......l............ 157,100 117,800 274’900
Pi.pingl...l.....O..l.l..‘.......‘I.I... 31’400 15,700 47’100
Painting.l........'......'.'....l...... 7’900 23’700 31,600
MiscellaneouUS.escesssssacessvovscoaccss 81,700 74,300 156,000
Subtotall..II.'.C...."II.I....... 898,700 816’800 1’715’500
Total direCt.cecccscssasssssssccscccsce 2,470,000 973,900 3,443,900
Fi-eld indirect'........Qll.....‘............l.........‘.....'.. 516’600
Total constructionl..ll.l..l.......................'.....l 3’960’500
Engineering!.....D.ll’.....‘........'l.lll.l......l.‘l..'.l.l.. 198,000
Overhead and administratioNecececeecerssorscscccccescrcscocscnse 198,000
4,356,500

Contingency.’....l...'...I....."."...l......lll.....l‘....... 435’700
4,792,200

Fee..ilo..l‘.....'.l.l-.t..'...“...l....ll..ll..'......!...... 239’600

Totall....ll.l'.I‘O.....'....'.l.‘l.’.........l.........ll

5,031,800
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TABLE E-5. - Equipment cost summary, crystallization section

Item Cost Total cost
Material Labor
Crystallizers, 12......0000000.. ceeens $301,200 $30,100 $331,300
Screw conveyor, l.eu.eieeeseecennennnns 2,500 300 2,800
Centrifuge, 10.ueieuieeninncecennennaas 810,000 81,000 891,000
Screw Cconveyor, l..ieieeieeeeeeooevanss 2,500 300 2,800

Subtotal.-'.l..l.l..'ll.ll‘..l...l 1’116,200 111’700 1,227’900

FoundationsS..eieeeuereeeerenscconcocses 111,600 139,500 251,100
Structures..........................., 83,700 41,900 125,600
BULldingS.. . et eieoenncencencosnnnss 223,200 223,200 446,400
Instrumentation.eeeeeeeeceseocoscoseas 22,300 11,200 33,500
Electrical.ivueeeeereeeaenonenonnnsnss 111,600 83,700 195,300
PIping. i iieiiereneeeenceennreconnnenns 22,300 11,200 33,500
Painting...vveeeeeeeencsnononnconnsnes 5,600 16,800 22,400
Miscellaneous.ceeeeeeceoennnooesennsss 58,000 52,800 110,800

Subtotal...eevernereeenrnarsnnans 638,300 580,300 1,218,600

Total direct......eeeevunn., ceececanns 1,754,500 692,000 2,446,500

Field indirect-ocnuco-oocno--op-o-ooo---oco-o.-o--onln-c-cooooanl 367,000

TOtal ConStrU.Ction-.-.-.-...-o-.o.oc-oo--.-....---.-.---..-. 2’813,500
Engineeringliﬂlttol..C..ll".l.vllioolI'..'O...II.I.........I...I. 140,700
overhead and administration-.--lcooioco..o-.--n.o..u...o-.u.n..-. 140’700

3,094,900

Contingencyl...'..t...ll....l.ll.lllll....l..'.l.II..I.C..‘...... 309’500
3,404,400

Fee.l.l..'l.ll.l....'."...I...'..II.I..l‘......'.'.l..l...l..... 170,200

TOtal-. ooooo oono-no'oocloll.o--o..-‘-0---..000.|.11¢O.-.--.0 3,574,600
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TABLE E-6., - Equipment cost summary, drying section

Item Cost Total cost

Material Labor
Storage tank, leseececscocacsscnccccccns $93,000 $9,300 $102,300
Screw COnNVeyOoTr, l.....coeasseencocacons 2,400 200 2,600
Flash dryer and cyclone, l..ceeccccsnns 307,000 30,700 337,700
Fluid bed dryer, l..ccevececascocecnans 207,500 20,700 228,200
Flash dryer and cyclone, l....... .o 75,300 7,500 82,800
Heating unit, l....cc.ievevcoaccencnsones 2,000 200 2,200
Blower’ 1".'l..'.'l...‘l.....". [ ] L ] 16,000 1’600 17,600
Compressor, leceasessse teessisessnns 24,200 2,400 26,600
Cooler, liveieeecnoseoncoses cesace .o 27,000 2,700 29,700
Subtotal ® 4 & 5 6 & 0 8 8 0 80 &0 [ I B B ” 8900 754 ,400 75 ’300 829 ’ 700
Foundations a8 ® e @ &6 8 0 80 s 8 8 80 L LJ ¢ e 0 0 73’900 92’400 166 ’300
Structures.l.....l‘l.ll'.llll..l. o 8 2 @ 55’400 27,700 83,100
Buildings- o » @ 0 o 0 & @ e & 8 0 00 0 @ L ] LN L e e 147 ,800 147,800 295 ’600
Instrumentation..eeeecoecececcceoscsnse 14,800 7,400 22,200
Electrical.veeeceeooscaans cesesesssanes 73,900 55,400 129,300
Pi‘pingﬂﬂ..l'... lllllllll ® o 00 & 8 8 00 . [ ] 14’800 7’400 22’200
Painting ....... & 4 8 &6 6 9 0 09 2 6 9 0 5 0 8 0B @ 3’700 11,100 14’800
Miscellaneous a® &8 000 L] [ I [ N ] e 9 e * 00 0® 38 ,400 34’900 73 93 300
Subtotal.e.cecaveooes cectsssenses 422,700 384,100 806,800
Total direct..... esessesenersnsancsnnee 1,177,100 459,400 1,636,500
Field indirect. ® &6 9 ® 0 5 5 0 8 0 @ e e 0 b s 4 6 8 8 0 a2 L] oo @8 0 08 00 [ ] . * LN ) L) 242’900
Total constructioN..seeseecccoacase I X 1,879,400
Engineering ---------- o 8 9 0 000 @000 . L] L . L L] o 00 [N ] 93 9 100
Overhead and administration....... veeee cesecassesesnesensen 93,100
2,065,600
Contingency llllllllllll ® o 2 8 s 8 0 2 9 ¢ o ¢ 085 & s 0 L[] L A .0 [ L] LR BRI B BN 204 ’900
2,270,500
Feel. L] . .0 . L) L o & b & s . L] L] . . ® 9 08 2 6 0 ¢ 0 B e [ [ ] 112,700
Total ................... L ] ® 8 8 6 0 P 0 S B s e s s * 80 L] [ » . [ ] 2,383’200
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TABLE E-7. - Equipment cost summary, bagging section

Item Cost Total cost
Material Labor

Conveyor, l.i.eeiececenoanane ceenen cectaae $1,500 $200 $1,700
Storage tank, l......... Setesecncsnnans 64,300 6,400 70,700
Belt feeder, 1......... ceatsseassssecas 2,700 300 3,000
Weighing, bagging and sealing unit, 2.. 24,000 2,400 26,400

Subtotal..eeeiiesecns. cieceereaces 92,500 9,300 101,800
FoundationS..e.eceveesees ceetssseaseenn 9,300 11,600 20,900
Structures.l.'.....'.l....’l......l'..' 6’900 3,500 10,400
Buildings.'..l.. ....... ® & 0 00 %5 08 6B sa 18’600 18,600 37’200
Instrumentation.seeeeeeeceesenenenncasas 1,900 9,500 11,400
EleCtrica1'I ® 6 ¢ @ 5 060 0 00 00 se ¢ 8 8 5 8 50 ¢ 0 9’300 6’900 16’200
Piping.o...vven cesssasanaas cesceniaans 1,900 9,500 11,400
Painting llll ® 8 8 0 00 2 00 08 9L AR P e SNBSS LN ] 500 1,500 2’000
MiscellaneouS...eeeees. ctecessessesnnes 4,800 6,100 10,900

SuUbtotaleeeiu nreanecnsnnannnannes 53,200 67,200 120,400
Total direct..... ceeaaas crererenas ceees 145,700 76,500 222,200
Field indirectl ® 8 645 20 8084008 00 0902000008 ® @ 5 0 0 00 08 PO OO SO N PLEBS IO N e & o » 33’300

TOtal COnStrllCtion...-...--.....a-..-.-..-..-....--...--....

Engineering llllllllllll ® 0 2 02 68 89 0 e 8 & & & 5 8 8 & 4 0 9 0 9 e o0 e *® 8 00 08 009090 00
Overhead and administration.........ce.... Ssaiebereveracsecsccsacse
Contingency lllllll ® 8 & 4 8 0 v o0 00 QOO ® * 8 F 00 500 %00 0 ¢ o9 a0 ® % 0 0 0 2 &8 s e s e
Fee' * 0 0 ¢ &8 Q00" P S S GO SO TS ® 8 9 @ 8 0 0 8 & 8N B A s ® *o 9 e 99 0 ® ¢ @ & 0 060 0OV OO BRSO > o 90

Total - ® ° & " 0 3 0 8¢ 0 s ¢ ¢ a0 0 L] ® @5 0o 5 80 » 85 89 s & & o @ LN ) * *® 0 & 0 e 8 0

255,500

12,800
12,800

281,100

28,100

309,200

15,500

324,700




TABLE E-8. - Equipment cost summary, scrubbing section
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Ttem Cost
Material Labor

Total cost

Scrubbing unit, including blower, rubber
lined pump, polyvinyl chloride piping,
and stack’ 1.......ll.l......lll...l-. $5’200 $500

$5,700

SUthtalag--..o-c.----..--.-o.---. 5,200 500

FoundationS...cesccescscesosssssossscssnsons 500 600
SEYUCEUTES . v evvosvesssssasasassssnssncas 400 200
BuildingS.eeeceseococsscccocsasscssaces 1,000 1,000
InstrumentatioN..cececessesce tesrecssnsne 100 100

Electrical.ciiceececerenascscsacaccnssass 500 400
Piping....e.eoevevevcsncceosessconcancs 100 100
Painting...ceeevececsceccrcsssocassanss 100 300
MiscellaneoUS.seeecccsascccssccossasnsons 300 300

5,700

1,100
600
2,000
200
900
200
400
600

SUthtalc..o-.---..-o.o--o...a..-c 3,000 3,000

6,000

TOtal direct-...s.----.-...-.--......-- 8,200 3’500

Field indirect-..-----.--a--o.o.-.-..--.-..-o-o-o--....-o---...--

11,700

1,800

TOta]. COnStructionn--nao-.-.-o' --------- 4 6 068 09 0000 e PO SO N

Engineeringlctocnc.l'ooil-lll.o.n!.n'oo..ll.oo..-.ol.c.cl--o..l-.
Overhead and adminiStrationl.'.'.'.l"..’..ll..OCCOIIOOIIOQII..I.

13,500

700
700

COntingenQy--.-.----------.o'-.---oo--.--.---.oo...-..-.o-.--o-oc

14,900

1,500

FeECnlllnooﬂolccc..ollnu.lnl!!oool.o..-“.ll'.l..n...n'li.l..ln..

16,400

800

TOtal.-......--..o-.---.o.-....-.---o.-o.-.-o.'--.--....-o.o

17,200

TABLE E-9. - Working capital

Item Cost

Percent

Raw materials and utilities'.......l.lll....l60 days.. $2,187’700
Direct labor and supervisiofN.sse.eceesseesss3 months.. 97,900

71.9
3.2

Payroll overhead.....coeveveveosscocssasasass3 months.. 27,800 .9
Operating supplies and spare parts..........3 months.. 215,300 7.1
Indirect coSteceacecoeces teeeseevessssesssesls months.. 166,900 5.5
Fixed cost.......vu. ...0.5 percent of insurance base.. 70,700 2.3
Miscellaneous eXpense.ssecescsssorssssssssosercavsoocsans 276,400 9.1

TOLAL . s s eoesooosesosesssssssssosnsnssosssosesosaosoas 3,042,700 100.0
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TABLE E-10. - Estimated annual operating cost

Item Cost Annual Percent
per ton cost
Direct cost:
Raw materials and utilities:
T $8.47 $705,000 4.4
POWEY . it srerervesacrsnsensossessseccnnonosasse 3.54 295,000 1.8
Fluosilicic acid (H,SiFg)eceveseoesconnccnna 78.07 | 6,500,000 40.5
Aluminum hydroxide (AL(OH)z)evvevviacenssss 67.58 | 5,626,400 35.1
Subtotal.s.iuieiisennrerceseraceconsnoannss - 13,126,400 81.8
Direct labor and supervision:
Labor..evesevioneencann, teseccrsccresssarsae 3.28 273,300 1.7
SUPErViSiON. et ereteonecercnrsosnscsssossses .65 54,000 .3
Subtotal...ieeiieeseereseseccseconnnnanens - 327,300 2.0
Plant maintenance:
Electrician-mechanicC...veveeesneoesosnncosos .76 63,400 0.4
Material (spare parts) (5 percent of
equipment COSES)ieeererorrovesseeocoocscess 8.49 707,200 L.h
SUDbtOtalitieeteresererecocncsancnnconcncse - 770,600 4.8
Payroll overhead (25 percent of payroll)...... 1,34 111,200 0.7
Operating supplies (20 percent of plant
MAINtenancCe) .ceeecesesecesecacosesococecsesss 1.85 154,100 1,0
Total direct costs siiueeveaverecesnsnns.. | 174,03 |14.489,600 90.3
Indirect cost (administration and general
overhead): 40 percent labor, maintenance,
and SUPPLieS.ueueerereooreveansssoocecennnsesas 6.01 500,800 3.1
Fixed cost:
Taxes and insurance (2 percent of plant cost). 3.40 282,900 1.8
Depreciation and deferred expenses (5 percent
of subtotal for depreciation).....eeeeeecoeoss. 9.17 763,700 4.8
Total annual operating costl......e.e..v.. | 192.61 (16,037,000 100.0

1Figures may not add to totals shown because of rounding,
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ECONOMIC AVAILABILITY OF BYPRODUCT FLUORINE
IN THE UNITED STATES

(In Two Sections)

2. Utilization of Byproduct Fluosilicic Acid in the Manufacture
of Calcium Fluoride

by

Walter C. Lorenz!

ABSTRACT

Estimated cost studies are made for five different size plants that
produce acid-grade calcium fluoride from waste fluosilicic acid recovered from
wet process phosphoric acid and superphosphate fertilizer manufacture. Plant
capacities are designed to use 5, 10, 25, 50, and 100 thousand tons of waste
material annually, and the calculated selling price per ton for acid-grade
calcium fluoride required to realize a cash flow of 12 percent from each plant
was $408, $247, $133, $98, and $74, respectively. Plants with annual capaci-
ties of 100 thousand tons or more can be operated to produce a product that
could be sold at current price levels. The cost of salvaging the byproduct
fluosilicic acid is not included in this cost analysis.

INTRODUCTION

The purpose of this study is to make an economic and techmical evaluation
of a chemical process for the production of acid-grade calcium fluoride (CaF,)
from waste fluosilicic acid (HQSiFe), which is a byproduct in the manufacture
of wet process phosphoric acid and superphosphate fertilizer. Evaluations are
made for five different size plants, which are designed to compare the required
per-ton-product selling price on the basis of plant size. The required selling
price is calculated to yield a 12-percent rate of return on investment. Since
the availability of fluorine as byproduct H,SiF; in the United States is dis-
cussed in detail in Section 1, it will not be repeated in Section 2.

The process used as a basis for design in this study was developed in a
laboratory investigation by Metallurgy Research Center of the Bureau of Mines
in Albany, Oreg.?

Each plant is assumed to be located as an integrated addition adjacent
to one or more wet process phosphoric acid or superphosphate fertilizer manu-
facturing plants. It is assumed that the waste byproduct H,SiF, will be

1Chemical engineer, Eastern Field Operation Center, Pittsburgh, Pa.

®Blake, H. E., Jr., W. C. Thomas, K. W. Moser, J. L. Reuss, and H. Dolezal.
Utilization of Waste Fluosilicic Acid (In Two Sections). Section 1.
Laboratory Investigations. Section 2. Cost Evaluations. BuMines Rept.
of Inv. 7502, 1971, 60 pp.
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obtained directly from the manufacturing plant without cost, which includes
scrubbing and salvaging of the H,SiF,. Liquid anhydrous ammonia (NH, ) will be
purchased and delivered in tank cars. High purity calcium oxide (Ca0) will be
purchased and delivered in carload lots. These three chemicals are the raw
materials for CaF, production,

PROCESS DESCRIPTION

A flowsheet for the production of acid-grade CaF, is shown in figure 4.
The flowsheet represents five different size plants with an input of 5, 10,
25, 50, and 100 thousand tons per year of a l5-percent aqueous solution of

H_SiF,.

The process for making CaF, from H SiF, is based on (1) the removal of
silica (Sioa) by precipitation with NH,; and, (2) the subsequent precipitation

of CaF, from ammonium fluoride (NH4F) using calcium hydroxide (Ca(OH)_). The
reaction for the two operations are as follows:

pH 9
HaSiFs + 61\TH.,3 + 21-]20 ——- ONH, F -+ S]'.O2 (1)
(liquid) (gas) (liquid) (liquid) (solid)
6NH, F + 3Ca(OH)2 + 3H20 ————— 3C3.F2 + 9H20 + 6NH..3 (2)
(liquid) (liquid) (liquid) (solid) (liquid) (gas)
—
WAS
FLUOSILI(‘:.II;:EACID ANHYDR(?“UHS:;MMON'A NH,F LIME SLAKER QUICKL IME
(:TZOSF;:G"; STORAGE 4 FEED TANK Ca (OH) s#gaﬁgés
y p
HaSiFg R NH3 p _
FEED TANK " i) Gas D REACTOR
CaFz+NHg
REACTOR
NHgF+5i0p | 4
Filter CaFy
cake DRYER
SiOz
DRYER 4
ROTARY N Filtrate ROTARY
Filter FILTER al FILTER >
cake
‘ ) Filtrate
$i02 Bags to
BAGGING | SiOj storage Bags to CaFz
To drain CaFp storage BAGGING

FIGURE 4. - Process Flow Diagram for Calciuvm Flucride.
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The 15 percent aqueous solution of H,SiF, is neutralized with NH, and
raised to pH 9 to precipitate all Si0O, from the solution, forming soluble
NH,F. The reaction is carried out in a stainless steel reactor, equipped
with an agitator. The reaction temperature is controlled at about 100° F to
hold NH, in solution. The reaction mixture is filtered to remove the solid
$i0,, which is dried, bagged, and stored until sold; the filtrate NH,F is
pumped to a feed tank above a second reactor.

The NH,F filtrate is reacted with Ca(OH); to produce CaF, and NH,. The
reaction is controlled at about 160° F with constant agitation. When the
reaction is completed, the mixture is filtered to remove the CaF,, which is
dried, bagged, and stored until shipped. The NH, evolved from the reaction
is returned to the process for the additional production of NH.F and SiO,.

CAPITAL COSTS

Estimated capital investments are summarized in tables F-3, G-3, H-3,
I-3, and J-3 for plant sizes 5, 10, 25, 50, and 100 thousand tons per year of
input H,SiFg, respectively. Capital investments include process equipment,
facilities, utilities, piping, construction costs, and other direct and
indirect costs (appendixes F through J).

OPERATING COSTS

Annual operating costs for the five plants are given in tables F-9, G-9,
H-9, I-9, and J-9. Raw materials and utilities costs are based on current
1971 quotations. Labor was calculated on the basis of $3.75 per hour and
maintenance at $3.80 per man-hour. Other costs include overhead, plant
supplies, indirect costs, maintenance supplies, taxes, insurance, and
depreciation (tables F-3, G-3, H-3, I-3, and J-3). Credit was taken for the
Si0, production, as well as for NH, released from the reaction of Ca(OH;)
and NH.F.

The working capital shown in tables F-8, G-8, H-8, I-8, and J-8 include
a 60-day supply of raw materials, a 3-month payroll, overhead, supplies,
maintenance material, and indirect, fixed, and miscellaneous costs.

The comparative sales prices are calculated for each plant (tables F-1,
G-I, H-1, I-1, and J-1). Figure 5 shows the selling price of acid-grade
calcium fluoride at five production design levels. The curve was generated
from the selling price data based on the cost evaluations for the five plants.
The price of the product at each output level is shown on the curve, which
is represented by Y, = aX®’. The price-output relationship along the curve
at various design production levels should be interpreted with caution in
view of the small number of observations used in generating the curve.
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FIGURE 5. - Price-Output Curve for Calcium Fluoride.

CONCLUSIONS

This report indicates that, at various design production levels, profits
of 12 percent are possible at the indicated price levels for output. The
plants are designed to produce a profitable product at the prices indicated
per ton of output; however, the selling prices for plants less than 100 thou-
sand tons are far in excess of current 1971 domestic market prices ($67 to
$81 per ton in carload lots in bags). Therefore, at these computed figures
and designed operating levels, these plants do not produce a competitive
product at current domestic prices. However, the price per ton of $74 for
the 100 thousand ton plant is within the range of the current market price.



APPENDIX F.--COST ANALYSIS OF A 5,000-TON-PER-YEAR PLANT

TABLE F-1. - Selling price of calcium fluoride

12 percent discounted cash flow rate of return (11 years):
R = $648,200/5.938.c00c0cecescsecrsascsscscssosccccnnannansasres $109,
Depreciation..ceeceecesscsssscssosccasnssccsccsceccacacaccecons 50
Net Profitececescerecearaarocesocosscaresossoscsnaccancscecse 58,

Federal income tax (50 percent of taxable income):
Gross VprOfitl..Oll....l...'...li.‘lll..ll'.'......... """ [ I I ] 117,
Net operating CoSt..ceeceeveseccscascocscsscsrcncoccsrosocsnnss 383

Sales.l.‘......l..l. lllll '.l“l.I.l..lO...I"ll'.l....".l.. 501’
Taxes:
Taxable income- s 9 0 8 8 8 ¢ 0 8 8 "0 0 o @ @ & 4 05 80 e 8 2 9 ¢ 0 & 04 000 e 0 8 90 0 0 ® 0 . e 117’
Federal income tax. ' EEEEENEIN I B A B R B o8 6 6 0 0 0 0 9 08 0 88 8 0 > 0 9 00 09 ° 09 58
Net profit. 2 8 % 0 6 0 &8 05 8 ¢ 8 9 9 Qo & 4 680 58 56 88 00 0800 00 00 e e 06 00t 00 0D 58’

Cash flow:
Net profitll e & ¢ 0 "0 " 080 600 20 P8 OO0 " 9 &8s 5 9 9 &8 ¢ 0 0 08 00 88 0 e 9 60 9 08 58’
Depreciation' e 6 O 0 0 8 0 08 00 s 2 0 8 00 0O s 88 e & 0 80 006 080 08090 0 e 0 060 0 0080 80 50

Total:...c.tl.o.-a...'o'.'lill‘.l'c.-l...ldooolCC..OQOCIIQQO 109’

Sales price per ton CaF2($501,200/1,2271)........................
TProduct (CaF,) output, tpy.

(+n)"°

Note: Formula: P =R £ (lr)?

where P = total capital requirements,

=
(]

present value of P due in 11 years at 12 percent
compound interest,

[
]

12 percent,

=}
i

11 years,

and R

P/5.938 (present value of $1.00 due in 11 years at
12 percent interest).
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400
700
700

700
500
200

408.48
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TABLE F-2, - Financial analysis

Revenue from saleS.....cvcecene.
Operating cost...isus.... ceenssccenna

Credit.loo--.no.'.olc..lo.lln-u'nl"llllonl.c.

Gross profit (taxable income)......
Federal income tax, 50 percent...
Net profit....

880858006400

s 0068089800000

$ 00200000 00000000 NO SO EOLE SIS TES

$501, 200

| 388,100

113,100

4,300
117,400

28,700

58,700

ANNUAL CASH FLOW

Net profit.. .o
De.Preciation' LA B A A A R I A B B A A I I A AN I N o 8 0 0 @
Cash flow..

08,700

20,500

109,200

TABLE F-3. - Total capital requirements

Unit

Cost

Percent

Reaction section (NH F)eieiienononsononn
Drying and bagging sectlon (si0y)....
Reaction section (CaFi).eeveucreceernonasas
Drying and bagging section (CaF ).

5 0060000000800
@ o0 0000000000000
L B BN B N B RN BN BN BN N B I )

& 000 0000000000000 8s8as

$231,000
38,000
155,800
37,400

35.6
5.9

Subtotal.

.-I.l.l.ll.l.l000.....0".'.........‘.....

Plant facilities..........
Plant utilities. Cecccncnsenas

0o 0r0 0000000000000 000

462,200

34,700
46,200

Total plant cost (1nsurance and tax bases). caee

Interest during CONSETUCEION. s erieseerenereannacncennnnn

543,100

11,600

Subtotal for depreciation..............

Working ca‘pital.o.-n-c-.l‘cco.col.a'-

554,700

93,500

Total investment........o.v.....

648,200
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TABLE F-4. - Equipment cost summary for ammonia reactor section

Item

Cost

Material

Labor

Total cost

Storage tank (H SiFg), l.......0vvven.. $31,000
Pump and motor (H,SiFg), l...ceeevcn.n.. 2,400
Storage tank (NH;), Lle.cecevoernccennns 15,100
Feed tank (HoSiFg ), leceveevuvoncncnsns 4,000
Reactor and agitator (NH,F), l......... 13,800
Filter, vacuum rotary drum (SiOg), 1... 5,200

$3,100
600
1,500
400
1,400
500

834,100
3,000
16,600
4,400
15,200
5,700

SUthtal.-..--.-.-.--..-o-.---..-. 71,500

Foundations....... Ceccsescesisiescenans 3,600
SETUCLUTeS e esesoccscscsrascssssassrsoss 4,300
BuildingS..eecececcececesanarosnccacses 2,900
Instrumentation.c.eeeececacscccassoraree 5,000
Electrical..cceccecocsosssacannsssssnss 5,000

Pilpingll....l...l..I....l.l'.....'...'. 25,000

Painting.c--.-ooo....-.-..uu-n--c--oco.

MiscellaneouS.ceeecrerevacossoasossenocs 3,600

400

7,500

4,800
2,200
2,900
2,000
3,800

13,000
1,200
2,900

79,000

8,400
6,500
5,800
7,000
8,800
38,000
1,600
6,500

SUthtal.---.-....-.-o.-....-...n. 49,800

TOtal direct..-.---.-o----o-.-o-oo-.--- 121’300

32,800

40,300

83,600

Field indirect..c-o.-oo-'---ootool.llaonn.o.c..

TOtal Construction.....--.........-.--.-..o---.-aoo.----oo-

Engineering...'ll..'ll...I'I'.l.......l.l.l.l.‘
Overhead and administration..ceceeccceecssansses

ContingenCyloooonno.l'o‘o'.-‘.o-l.ll.o.u.......

Fee...--.-....----.-.--.........ocoo---u.----ao

Totalt.Qctoco.v--..co..l.l.ol.cl.clni........O'..i..ll.....

161,600

20,200

181,800

9,100
9,100

200,000

20,000

220,000

11,000

231,000
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TABLE F-5. - Equipment cost summary for silica
drying and bagging section

Item Cost Total cost
Material Labor

Belt conveyor and motor, l...e.eoecoeo.s. $1,900 $200 $2,100
Bucket elevator and motor, 1.......... 1,500 200 1,700
Rotary dryer and burner, 1............ 3,000 300 3,300
Exhaust fan and motor, l.ee.eeeceosee.s 600 200 800
Screw conveyor and motor, l.....cecee. 400 100 500
Bucket elevator and motor, l.......... 1,500 200 1,700
Bagging machine and motor, l.......... 1,000 100 1,100
Bag storage area, l.iveiveveesecerocoss 1,800 200 2,000
Fork lift truck, l..iceeerevrenreoccnas 4,100 400 4,500
Subtotal.iseesieieerenrenenonncnas 15,800 1,900 17,700
FoundationS..eieeeeseveeenenancocecess 800 1,100 1,900
SErUCEUreS. e ioeneosseevreocenncensncoss 600 300 900
BuildingS.eeeceneceoeseosnnnennnconess 800 800 1,600
Instrumentation.seseeieeenseenenencess 300 100 400
Electrical.uerieeceieenennnooncecocsnse 900 700 1,600
L 2 - 800 400 1,200
Painting.ceueeesesoeceannoceososannses 100 300 400
MiscellaneouS.isueeeeeenennnonoceonnenes 600 500 1,100
Subtotal...iseinieninnrenneonnees 4,900 4,200 9,100
Total directiiieeeeeeneeennnnn cesecans 20,700 6,100 26,800
Field indirect.................................................. 3,100
Total CONSErUCTION. et vereneosnreneeennsnnnsnss creancas ceea 29,900
Engineering....... et reeeecene S r et e s cesesecetratacssetosenncanas 1,500
Overhead and administration........ T 1,500
32,900

Contingencysseiveeeeensas tcrsecenrernesnos teesercerecescnananenana 3,300
36,200

Fee............................................................. 1,800

38,000




TABLE F-6. - Equipment cost summary for calcium fluoride

reactor section with lime slaker
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Item Cost Total cost
Material Labor

Storage silo (Ca0), liseeievceccscoccen $1,000 $100 $1,100
Screw conveyor and motor, l....cecee... 500 100 600
Bucket elevator and motor, l.cceceeceens 1,500 200 1,700
Feed hopper (Ca0), l.iosiscocoanaccerss 2,000 200 2,200
Water feed tank, l.cceeecssssoocccoccce 2,900 300 3,200
Lime slaker (Ca(OH),), Ll.ceececececccccs. 7,600 800 8,400
Pump and motor (NH,F), l..cceeeeccccces 2,400 600 3,000
Feed tank (NH4F), Llieeoessasscacsossans 4,000 400 4,400
Reactor and agitator (CaFa), loceosanes 19,600 2,000 21,600
Filter, vacuum rotary drum (CaF,), l... 6,100 600 6,700
Agitator for filter tank, l.scececcones 700 100 800
SUDLOLEAl.cceeevssessassssacosccsse 48,300 5,400 53,700
FoundationNS.e.oeesesceccssasassecsccsccns 2,400 3,200 5,600
GETUCEUYES eessoasonssossssssssssosscssnse 2,900 1,500 4,400
BULldiNgS.eeeasoacsscasccsassscsasssans 1,900 1,900 3,800
Instrumentation...eeeceasss cesescssenes 3,400 1,400 4,800
ElectriCal.cecececscsssssosssasssansesrs 3,400 2,600 6,000
Piping.cecscacocossossocossssosancsones 16,900 8,500 25,400
Painting.eececesecsssssscsscsacasanescs 200 600 800
MiscellaneoUuS.ceesveacesssssnsssvasonsss 2,400 1,900 4,300
SUDEOLAl.veeereocoascsasnonsansoscse 33,500 21,600 55,100
Total direcCt.eeeceoesscovescsssscssnsas 81,800 27,000 108,800
Field indirecCte.ceecesssssecocessscrosssssssscscsccscarsscscsocss 13,500
Total coNStrUCtiON.cecsececcccsccsrocroscccccccncossncssecs: 122,300
Engineering..... cecs-acass W s icececensnsescecsrssrsscenssasass s 6,100
Overhead and administratioN...ceesseseseseccscoscoccccsescnoncacss 6,100
134,900

CONEITEENCY e e savoesorossrasssosesssassssencssssssasonsornncascsns 13,500
148,400

Fee.eewesansnae R X R TR R R 7,400
TOtal.eeeeessssscasasons Weesesseseccecsssassessavessoe ey 155,800
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TABLE F-7. - Equipment cost summary for calcium fluoride

drying and bagging section

Item Cost Total cost
Material Labor
Belt conveyor and motor, l......c00.... $1,900 $200 $2,100
Bucket elevator and motor, l,.......... 1,500 200 1,700
Rotary dryer and burner, 1..,...... . 5,600 600 6,200
Exhaust fan and motor, l.....vieveenne. 1,400 400 1,800
Screw conveyor and motor, l.......eoc.. 500 100 600
Bucket elevator and motor, l........... 1,500 200 1,700
Bagging machine and motor, 1.,.......... 1,000 100 1,100
Bag storage area, l......ve0eeeeccecens 1,800 200 2,000
Subtotal....... . ceeenas ceee 15,200 2,000 17,200
Foundations.seeieeeeinnneroneoceononnes 800 1,100 1,900
StructureS.ieeeeeeccneenns. Cerrsscatase 600 300 900
BuildingsS..ee i eeoeenrenreuonnconnss 800 800 1,600
Instrumentation.s.iee.seseeceooneensess 300 100 400
Electrical.iuiieeeeneennnsonennnns ceoae 900 700 1,600
L o - 800 400 1,200
Painting...vevevevennnn. cesessnas ces 100 300 400
MiscellaneousSe e e e s ensenonnnennconnns 600 500 1,100
Subtotal...veeeenncnneess ccosne 4,900 4,200 9,100
Total direct....... teeeccreratsscsasanns 20,100 6,200 26,300
Field indirect................................................... 3,100
Total COMS L UCE 0N 4t seeoenauasooeeenosocsoaococsosensosss.. 29,400
Engineering...................................................... 1,500
Overhead and administration...................................... 1,500
32,400
Contingency...................................................... 3,200
35,600
Feeeoviveieiennnnn, T 1,800
Total....................................................... 37,400
TABLE F-8, - Working capital
Item Capital Pexcent
Raw materials and utilities.............. vs0..60 days.. $5,000 5.3
Direct labor and supervision.......e.eeee....3 months.. 43,800 46,8
Payroll overhead--25 percent,...ccc000c0e00e..3 months., 11,000 11.8
Operating supplieS....civeevrevescecaseeeeso.3 months.. 1,200 1.3
Maintenance materialsS.....ceeeeeceoeconcesenss3 months.. 500 0.5
Indirect COSt.uuiserevrennosnoocscnconnnesnns s months., 24,300 26.0
Fixed cost.........ss...0.5 percent of insurance base,, 2,700 2.9
Miscellaneous EXPeNBC.uce.sservcocceossnsosssessnscasses 5,000 5.4
T0tal . e osoueensuoneososesoaouoesooasoancosssnnnns 93,500 100.0
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TABLE F-9. - Estimated annual operating cost
Item Cost Unit Total Per-
per ton Cost cent
Direct cost:
Raw materials and utilities:
Fuel (43 gpd x 330 dpy X $0.1022/gal).......| $1.14 $1,400 - 0.4
Power (21 kw x 7,920 hpy x $0.03084/kwh).... 4,16 5,100 - 1.3
NH, (2.43 tpd X 330 dpy X $68.00/ton) sesevee 44,42} 54,500 - 14.0
Ca0 (2.66 tpd x 330 dpy x $17.50/tomn)....... 12.55| 15,400 - 4.0
Credit recycle NH; (2.07 tpd x 330 dpy
x $68.00/ton)lll“.l'. ------ . se 0 s e s a0 000 -37082 -46,4‘00 30,000 -12.0
Direct labor and supervision:
Labor (96 man-hour day X $3.75 X 365 dpy)...| 107.09 131,400 - 33.8
Supervision (15 percent of labor)..... cene 16.06| 19,7004151,100f 5.1
Plant maintenance:
Maintenance labor (two men at $3.80/man-hour)| 16.30| 20,000 - 5.2
Supervision (20 percent of maintenance labor) 3.26 4,000 - 1.0
Maintenance material.cececececcsscsvercccenses 1.63 2,000 26,000 0.5
Payroll overhead (25 percent of payroll)...... 35.70| 43,800} 43,800} 11.3
Operating supplies (20 percent of maintenance) 3.91| 4,800| 4,800| 1.2
Total direct coSt....ces- cetissneniece s .o - - 255,700 65.9
Indirect cost: Administration and general over-
head (40 percent labor, maintenance, and
Sup‘plies)......'."...l....ll. * ® & 4 8 &2 8 ° s 2 [ ] 59.33 72,800 72L800 18.8
Fixed cost:
Taxes and insurance (2 percent of plant cost). 7.50| 9,200 - -
Depreciation (9.1 percent of subtotal for
depreciation)..eo.eveas eeveseanas . .o . 41,16 | 50,500| 59,700} 15.3
Subtotal operating.........-.. . . «. | 316.39 - 388,200 {100.0
Credits (Si0, bagged, 325 tons at $13.50/ton).... -3.59 - =4 ,400 -
Total annual operating coSt.eee.cvensaarenes 312,80 - 383,800 -
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APPENDIX G.--COST ANALYSIS OF A 10,000-TON-PER-YEAR PLANT

TABLE G-1. - Selling price of calcium fluoride

12 percent discounted cash flow rate of return (11 years):
R = $938,500/5.938.c00cvevvennn. Teesrecteccecrssnrssanssnessnses $158,000
Depreciation.  cuieieiitesiaertoneonesenrosoccseconoecsoscennas 76,300
L B e 3 81,700

Federal income tax (50 percent of taxable income):
GroSS Profit. iueeeieneieneenroesenreuoeensnsencnocennnancasnnns 163,400
Net Operating COSt.uueunestnenuoesenesannnsoocoonasseennennness 443,600
S8l St aaiatneeuierecessesnasocsocsasennssscocacoseseesnness 607,000

Taxes:
Taxable I COME. ittt e vnennonessesenneosnssacassosoonansnansnas 163,400
Federal income L8 5. 81,700
Net profit......... et esecsrtase e nas Cececsescetarsesraaen 81,700

Cash flow:

Net .profitccoo.'-la. ------ S0 ss00s0rr 0000 LesLI IR0 R0LELGIESR S 81,700
DepreCiation-.-.-..-..-......---.-.-co---oo--..-.-o-n---o-.---c 76 300
Total......-.--...--.-..----.n-..-c---.--.-..-.. ----- e e s 000 158,000

Sales price per ton CaF, ($607,000/2,4540 ) 00 iueninnnecnnnnnnnns 247.35

1Product (CaFa) output, tpy.

1+r)®
Note: Formula: P=R F(1ro)F
where P = Total capital requirements,

=
]

present value of P due in 11 years at 12 percent
compound interest,

=
]

12 percent,

=]
1]

11 years,

and R

P/5.938 (present value of $1.00 due in 11 years at
12 percent interest).



TABLE G-2. - Financial analysis

Revenue from saleS...ceeceescsevecessnacsannce $607,000
Operating coSt.eeesesecsecens ceeeracancena . 452,200

154,800
Credit..eoereereceeenserscecserroscenoscsnsens 8,600
Gross profit (taxable income).......eevevnenes 163,400
Federal income tax, 50 percent ......... cevrann 81,700
Net profit......o00eeeeee... oo sasecienacnnans 81,700

ANNUAL CASH FLOW

Net profit..ciececencernescosensonsonsscans 81,700

Deipreciation-.ol.oo-u..c-.-.. -------- e s s pe e srye

| 76,300

71

Cash Elow-.-.l..".-.....III...I....'.- .o a8 L] 158’000
TABLE G-3, - Total capital requirements

Unit Cost Percent

Reaction Section (NH4F) 0 86 6 060 &9 65 08 5P S 9 e S OO E OSSO E S O eSS $376 ,700 40' 1
Drying and bagging section (S8i0,)......... csecteccransans 53,200 5.7
Reaction section (CaFe) cesecne ceeesesascasesssasnns 205,300 21.9
Drying and bagglng section (CaF )....................... 56,200 6.0
Subtotal * B & 0 ¢ 0 8 8 ¥ O BT PSS S OB S AP eSS ER D e 691,400 73‘7
Plant facilities..... lllll 4 8 08 & ¢ &0 00 SO0 ¢SSP OSSP e e NS 51’900 5.5
Plant utilities.eoeavans ceecsececnennnane ceeerenens ceses 74,300 7.9
Total plant cost (insurance and tax bases)..eeesese 817,600 87.1
Interest during consStructioN.cceseccececascassessoasacass 20,400 2.2
Subtotal for depreciation.....ec.... cecessesacesans 838,000 89.3
working capitallll‘.‘.'...ll..- ® ® & 5906 0004085808088 Ss 000N 100)500 10.7
Total investmentl. o o0 &0 0 ® 8 0 6 5 8 98 00 &80 508008 000 a0 938’500 10000
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TABLE G-4. - Equipment cost summary for ammonia reactor section

Item Cost Total cost
Material Labor

Storage tank (H,SiFg), l........... ceeee $43,300 $4,300 $47,600
Pump and motor (H,SiFg), l............. . 2,400 600 3,000
Storage tank (NHs), leveeeoeiecenaneanes 23,100 2,300 25,400
Feed tank (HESiFs), L. ieeieennnsconanens 5,800 600 6,400
Reactor and agitator (NH,F), l.......... 19,600 2,000 21,600
Cooling tower for water, l....ccceoceeess 12,600 1,300 13,900
Filter, vacuum rotary drum (SiOa), l.... 8,100 800 8,900
Subtotal.......... ceececececsenenans 114,900 11,900 126,800
FoundationS' L L I B N B O BN B I I R I I I N R R R R R RN 5’700 7’600 13,300
StruUCtUreS.vresvenrenerocnnenes craesenns 6,900 3,500 10,400
BuildingSGI‘.'.l ...... ® 9 0 50 0000 s s e b 4,600 4’600 9,200
Instrumentation........ cesencsesescnrnns 8,000 3,200 11,200
Electrical. L L B B B B R I I B B B B B B B B R NN IR R ) L Y ) 8,000 6,000 14,000
Piping'..'l".lil....l. L] * e 8 0 O 08 s 20 40,200 20’100 60,300
Painting lllll ® % 6 % 0 0 0 5 0 6000 OO O NS DS S ECO I OO 600 1’800 2’400
Miscellaneous. @ 9 9 & ¢ 9 5 0 s R SO QO B ® 2 0 5 0 5 0 2 8 5,700 4’600 10’ 300
Subtota1. ® © 0 9 9 8 60 90 SO0 O " S s e ® 8 & 8 8 79,700 51 ,400 131,100
Total direct.eeeeeceeeereoenanseas ceseas 194,600 63,300 257,900
Field indirect' @ & 0 9 0 8 02 2 00 9 S e s s e s S o & & 5 & o 0 0o L] L] LI B AN J - . 38, 700
Total construction.......... Checeitsrecteseeaett0eassenen 296,600
Engineeringllll.ll.'l..-..'.‘.l... lllllll * 2 9 000 4 & 9 0 8 4 08 00 ¢ 0 8> 14’800
Overhead and administration....ueieeeseeeeeeooeccoceossoosssesss 14,800
326,200

Contingencyl .l.ll.lll....‘....'O'...I..'...'l...l....l.l.....‘.l 32’600
358,800

Fee'.......‘l.ll..ﬂl..l.'.'ll'. llllll 2 8 ¢ ¢ v ¢85 000 . L N BN . L 17,900

Total...uo..llot-

LA LA N B I R K I BN B B B IR B B A I B A I )

376,700




TABLE G-5. - Equipment cost summary for silica drying

and bagging section
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Item Cost Total cost
Material Labor

Belt conveyor and motor, l.e..ieececeess $1,900 $200 $2,100
Bucket elevator and motor, l....... 1,500 200 1,700
Rotary dryer and burner, l......... .o 4,300 400 4,700
Exhaust fan and motor, l..eeecsscocanse 1,300 300 1,600
Screw conveyor and motor, l....ccceeees 400 100 500
Bucket elevator and motor, l.....ceceeee 1,500 200 1,700
Bagging machine and motor, l.....ceccee 2,500 300 2,800
Storage hopper above baggar, l.....cc.. 1,600 200 1,800
Bag Storage area’ 1. ® 8 8 00 0 8 PO O FO RSO L 2,100 200 2’300
Fork 1ift truck, l.iceeceosososecccescns 4,100 400 4,500
Subtotal.. @ 9 P O 0 0 0O 09 08 D OO S0P O 21,200 2’500 23’700
Foundations ® 8 0 80 &0 60" s S OPE o8 L] L] LN L] 1 ] 100 1 ’500 2’ 600
StructurES S @ ¢ 8 0 % 0 0O 6 0 8 S OO0 OSSP S SN SIS 900 500 1 ’400
Buildings...... ® 9 0 & © 0 O 5 0 05 OO RO BSOS PSS P*S 1’100 1’100 2’200
InS trumentation. ® 0 9 0 9 0 0 00 0P S0 S SO0 P e Y 400 200 600
Electrical‘ ® ¢ 0 2 0 9 68 0 0 0 ¢ 8P OO BSOS SO SO SO P e 1’300 1’000 2,300
Pi‘Ping.l...l........l..'...l.l..'."..' 1’100 600 1,700
Paintingl ® 9 0 0 8 & ¢ 58 8 O 0 P " 0SS 9 S 0O PO PO eSS N 100 300 400
Mis Cellaneous ® % @ 0 00 0 08 06 5 00 S0P E PSSO 0P eDN 900 700 1’600
Subtotall " 9 ¢ 0 ¢ 9 O 0 E SO 8N 0 . 9 0 90 * 0 6’900 5,900 12’800
Total directl. * 0 v O O O 0" @& O " e 000 ERPe e e e o 0 28’100 8,400 36’500
Field indirect' ® 8 0 0 9 60 00 08 "SR e L N * L] L . L L . L 5,400
Total constructionN..ecceeeccocscsnsass cesessaees cesecene 41,900
Engineeringl ® & 0 8 8 8 8 % 0 2 8 0 9PN S S SO PO v e 00 L] L] L] L B BN ] . [ ] 2, 100
overhead and aleliniS tration " 8 0 &9 0O s e 20 ¢ o0 L] ae ¢t 0 LN LN ] 2 Ll 00
46,100

Contingency. e 9 0 % 05 8 4 0 ¢ 8 80 e e @ L ] L) * e e s - o 8 2 8 s 0 [ ] L] 4J 600
50,700

Fee.....l.ll. llllll * ¢ ¢ % 0 00 09 O 9 e ® s o9 * & 6 & 5 0 & s @ & 8 4 50 & 088 008 2’500

TOtal..........oo-.-..--..-.-

53,200
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TABLE G-6. - Equipment cost summary for calcium fluoride

reactor section with lime slaker

Item Cost Total cost
Material Labor
Storage silo (Ca0), liceeeerossvocencs $1,500 $200 $1,700
Screw conveyor and motor, l.....cce0s. 700 100 800
Bucket elevator and motor, l....ccevee 1,500 200 1,700
Feed hopper (Ca0), l..cceeeccccccccses 1,800 200 2,000
Water feed tank, l..eeecerescscaosnoss 4,300 400 4,700

Lime slaker (Ca(OH),), l.vevevecoenrns 10,700 1,100
Pump and motor (NH,F), l...eececeneass 2,400 600
Feed tank (NH,F), l...eeveueenscnrnens 5,800 600
Reactor and agitator (CaF,), l........ 24,200 2,400
Filter, vacuum rotary drum (CaF,), 1.. 9,500 1,000

11,800
3,000
6,400

26,600

10,500

SUthtal.......-..-.n--........-. 62’400 6,800

FoundationS.eee.veesseocscvsrensracns 3,100 4,100
StrUCtUYES. v eesiovcosoccacsscnssvennann 3,700 1,900
BuildingS.veeeeeseesvornesnenosaneassns 2,500 2,500
Instrumentation..seeeececensecooroonsse 4,400 1,800

Electrical.iviveeeaesseonnevesscsonrone 4,400 3,300
Piping.csecesececssaossscvecoronsncnons 21,800 10,900
Painting.eseeesesssciceoscccancoonnoss 300 900
MiscellaneouS.ceeeseososoncenorsnnaens 3,100 2,500

69,200

7,200
5,600
5,000
6,200
7,700
32,700
1,200
5,600

SUthtalo.--o---.coo.-.-.-.---.-- 4‘3’300 27,900

71,200

Total direct-..ll-.l..t.l.llu-uu...-ou 105,700 34’700

Field indirect-....l..l.llolooll..00oo.-.i...o'D.c....n.."......

140,400

21,100

TOtal conSthtion'.l.'"'.'l.llIlI!..I'.ll‘.'..'l....l.l‘ll

Engineering.-..-..'-o-----oo-.-.---...'.n.-.o--..--..-o-o-o-.--.-
OVErhead and admj.nistration...-..o-.a-o..-..-..-..-c-...--o----..

161,500

8,100
8,100

Contingency-.-o--.--o-.----oc---.-..-.---------.-..-----.-...----

177,700

17,800

Feeonoc.nc....oo'!'...'l.-.t..o!l0-c.l.oltto'llno..c-a.-lo.'l.llb

195,500

9,800

TOtal.----.....--...o. ------ (AL BRI BERE BRI L N BRI BE BRI B BE BN BE K I B B A A I

205,300
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TABLE G-7. - Equipment cost summary for calcium fluoride
drying and bagging section
Item Cost Total cost
Material Labor

51,900
1,500
8,600
2,100

700
1,500
2,500
1,600
2,100

$200
200
900
500
100
200
300
200
200

Belt conveyor and motor, l.....
Bucket elevator and motor, 1..
Rotary dryer and burner, 1....
Exhaust fan and motor, l....ceveeeceres
Screw conveyor and motor, l....ceeceees
Bucket elevator and motor, leeeccecaces
Bagging machine and motor, l....veveee.
Storage hopper above bagger, l........
Bag storage area, l......

32,100
1,700
9,500
2,600

800
1,700
2,800
1,800
2,300

Subtotal........ 22,500 2,800

FoundationS......eeeenes
StructureS.e.ecees.
Buildings..eceeaen
Instrumentation.cceeceeecosoccsccasosess
Electrical.iieeeecnesenens
Piping.ceeeeeerieeeinesnsesscsssscsenns
Painting...eeecesncsncscasns
Miscellaneous.......eoceevoae.

1,100
900
1,100
500
1,400
1,100
100
900

1,500
500
1,100
200
1,100
600
300
700

o8 0000800000000

25,300

2,600
1,400
2,200

700
2,500
1,700

400
1,600

Subtotal....iviiiieiineeianennnnsns 7,100 6,000

13,100

Total direct.......... 29,700 8,800

* 5 88 8 0808000800808

Field indirect........

38,400
5,800

TOtal COI'lStrU.Ction...-.--..-.-...--.-..-.-.....c---..--.-..-

Engineering..cceveeceeeeconcnns
Overhead and administration.

LR N IR B B R B IR AR B R O B B B B Y B R R R R Y B

L B B BT N A BTN BERE 20 BN RE U NN BN B B B R B N B B Y BN R B RN R Y]

L 200

2,200
2,200

Contingency.....s..

(AR B N S DR N DR R B A B I I I Y B B I A B I B R R I B Y I R I A I I I I S Y

48,600
4,900

Fee--...--.-.....'uovotitti.ltc"Ivl'.Ql'..'ll..l.n..llll.l.-ll.'

53,500
2,700

Totaluo.oloc.cllcltl..lc"'.‘-lti'ooO.oooc.c.nliﬂco.n.."n'-

56,200

TABLE G-8. ~- Working capital

Item Capital

Percent

Raw materials and utilities..........0c.00....60 days..

$9,900

Direct labor and supervision.........ee+.....3 months.. 43,800
Payroll overhead--25 percent.................3 months.. 11,000
Operating supplies......... esessvsssracassessd months.. 1,200
Maintenance materials........evccvveveeess...3 months.. 800
Indirect cost.viviiiecenn.. eeeaanssecaissses 4 months.. 24,400

Fixed cost..
Miscellaneous expense....,
Total.es.voeoeuuun.. .

6 46004 09 e
LRI BRI BRI I I IR B B B A B
[N N NN

..+0.5 percent of insurance base..

4,100
5,300

= P~
Y=

e e e
Y=}

100,500

[\
ol P PrPOHrOW
Ofw O W oM OO

=
o




76

TABLE G-9. - Estimated annual operating cost
Item Cost Unit Total Per-
per ton cost cent
Direct cost:
Raw materials and utilities:
Fuel (85 gpd X 330 dpy x $0.1022/gal)..... $1.18 $2,900 - 0.6
Power (41 kw X 7,920 hpy X $0.03084/kwh).. 4,07 10,000 - 2.1
NH, (4.85 tpd X 330 dpy X $65.00/ton)..... 42,36 | 104,000 - 23.0
Ca0 (5.32 tpd x 330 dpy X $17.50/ton)..... 12,63 31,000 - 7.0
Credit recycle NH;(4.12 tpd X 330 dpy
X $65.00/t0n)........-.....-.....-...-... -36101 -88’400 559!500 -19.5
Direct labor and supervision:
Labor (96 man-hour/day x $3.75 X 365 dpy). 53.52 ] 131,400 - 29.0
Supervision (15 percent of labor)....... .o 8.02 19,700 (151,100 4.4
Plant maintenance:
Maintenance labor (two men at $3.80/man-
hour) lllll LR ) ® 9 6 0 0 0 9O 6O SO SO P S OO SO SE PSS e 8‘15 20,000 - 4'4
Supervision (20 percent of maintenance
1abor)l..l.‘.lI...ll....'..l.lII.......'I 1.63 4’000 - 0.9
Maintenance material......... cesescssrnnns 1.26 3,100 27,100 0.7
Payroll overhead (25 percent of payroll).... 17.84 | 43,800]| 43,800 9.7
Operating supplies (20 percent of maintenance) 1.96 4,800} 4,800 1.0
Total direCt COSt IIIII 2 ® 8 & 0 & 2 05 9" 0D S e e S s - - 286,300 63.3
Indirect cost: Administration and general
overhead (40 percent of labor, maintenance,
and Sup‘plies)‘.. ...... ® 8 0 0 08 00 o 6 &0 80 % 808G 0 e 29.82 73,200 73,200 16!2
Fixed cost:
Taxes and insurance (2 percent of plant cost) . 6.68 | 16,400 - 3.6
Depreciation (9.1 percent of subtotal for
depreciation)eeecsissccccsssescsoscsccsannass 31.08 76,300 | 92,700 16.9
Subtotal Operating'...l.......’..lll...l‘. 184-19 - 452’200 100.0
Credits (Si0, bagged, 637 tons at
$13.50/t0n).. ----- 98 08 0005000600880 008 06806008800 -3042 - -81600 -
Total annual operating coSt....eeeovesees. 180.77 - 443,600 -
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APPENDIX H.--COST ANALYSIS OF A 25,000-TON-PER-YEAR PLANT

TABLE H-1. - Selling price of calcium fluoride

12 percent discounted cash flow rate of return (l1l years):
R=$1,444’800/5l938.l.‘..l....l....l...‘.'.I.l.....'..'....... $243’300

Depreciation....v.ceveeceniecacernas teeecseseresecssrsvenenecas 120,600
Net profit.s.iieiessncoessesnsensonnnanns e teissestansernnaas 122,700
Federal income tax (50 percent of taxable income):
Gross profitllll..llll.'..lllll...ll..‘ll..‘-.l‘.... ......... L 3 3 245’400
Net operating cost...... ceresaaas et eseasiieisirteteanaanaeas - 571,800
SaleS.ieiveinesnnsnsncnns S et essesecastsansaaresans ereasanane 817,200
Taxes:
Taxable income...... et e e et et ceeseseteneas e cererearareons 245,400
Federal income taxX.......... C e e esenecmaseast et ta0ceneasanaaas 122,700
Net profit....coviiiniiininennnnnnn. Paseierscensarserssnaran 122,700
Cash flow:
Net profit..l.‘l.llll.‘lll..‘ ......... ® 0 8 & 0 2 8 9P 2P PR EO e TY P S 122,700
DepreciationN.e. e escueeernenss Ceecaseeanan Peeseessseesrecesones 120,600
TOta]—.I..l‘.l.l‘l‘l‘..... .......... ® 0 9 0 9 800 0 0 "0 B ¢ P TR ey 243’300
Sales price per ton CaFy ($817,200/6,1361) ... cveuucuerecncnnenss 133.18

*Product (CaF,) output, tpy.

n
Note: Formula: P =R _(14r)®

r(l+r)n

+J
n

where total capital requirements,

=<}
Il

present value of P due in 11 years at 12 percent
compound interest,

=
i

12 percent,

=]
I

11 years,

and R

P/5.938 (present value of $1.00 due in 11 years at
12 percent interest),
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TABLE H-2. - Financial analysis

Revenue from Sales.‘lll....‘llll.lll.l.’lll...
Operating cost...... Ceseitecsssessancsnasensens

Credit.eeeeseesocosonsscsasacenascsas sesesecnn
Gross profit (taxable income)......ececeeencoes
Federal income tax, 50 percent....... eareeans
Net profit.ceecececsvesasocecescsososroceccnas

5817, 200
593,300
223,900

245,400
| 122,700

122,700

ANNUAL CASH FLOW

Net profit....coceveen

122,700

21,500

DepreciationN.eseecescevrecencsoscconoconns ceses 120,600
Cash flowl.'-'.-"l.."..'."."‘I"..'. IIIII L] 243’300
TABLE H-3. - Total capital requirements
Unit Cost Percent
Reaction section (NHaF).eveeveoooonsooconas Ceeeevevevens $568,300 39.3

Drying and bagging section (Si0,)....cocevencecenncnnens
Reaction section (Can).... csesesssscan
Drying and bagging section (CaF )........0ee.cuuninanennn

Subtotal.....

e e 00 s s o000 e P s e s

LR A R AR SR B B B R R R NI A LR B I b a0 s s s s 8

Plant facilitieS.e.veeerecavresorcoroosnsncsoans cesessse
Plant utilities...... cessnn
Total plant cost (insurance and tax basesS)......ses

LI B IN N BRI BRI BB B I e e e s s oo

Interest during construction...eseeescocaecsosscess
Subtotal for depreciation........

LN RN Y B B R BN I R

Working capital.i.ceseccecsscens
Total investment..

65,900
368,900
90,500

4.6
25.5
6.3

1,093,600

82,000
117,600

75'7

1,293,200

32,300

5
8.
9.

8

Ui g

1,325,500

119,300

1,444,800

[] [¥%)
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TABLE H-4. - Equipment cost summary for ammonia reactor section

Item Cost Total cost
Material Labor

Storage tank (H,SiFg), l...eceunacennn. $52,000 $5,200 $57,200
Pump and motor (M, SiFg), 2...ecceensnn . 4,800 1,200 6,000
Storage tank (NHa ’ 2. 2 9 8 6 0 00 8 0 085S &8s 40’200 4’000 44’ 200
Compressor=--2 stage (NH;), l........... 15,000 4,000 19,000
Feed tank (HeSiFe) ’ 2 ® 0 0 00 00 00 &S00S eN 0D 7 3] 000 700 7 L] 700
Reactor and agitator (NH,F), 2......... 27,600 2,800 30,400
Cooling tower for water, l.....oeeccece 12,600 1,300 13,900
Filter, vacuum rotary drum (SiOE), 1... 12,900 1,300 14,200
Subtotal...ll'.l. ...... . 9 0 0 8 e 0 & 00 172’100 20’500 192,600
Foundations‘. * 0 9 0 8 0 0 0 5 8 O O G H O S e 2 P s e 8’600 11,400 20,000
StIrUCLUTES.eeceosecssscaasossasassssssres 10,300 5,200 15,500
Buildings ....... ® 6 0 8 0 & 0 & 0 0 0 %O ¢ OS8O SE S s 6’800 6’800 13,600
InstrumentatioN.eceseceeecasoscocansess 12,000 4,800 16,800
Electricall..-ll..l...l...'............ 12,000 9’000 21’000
Pipingl-l.'Illl-l....l..l.....I....-... 60’200 30’100 90,300
Painting......".'..'.'............‘..l 900 2’700 3’600
Miscellaneous ® 0 & " 8O 6 O 00 ¢ O O PSP 6O O S PP OB 8’600 6 ,900 15 ’500
Subtotal.l ® 9 00 s 0680 ¢ 9 P e S0 PE GO e S e 119,400 76’900 196’300
Total directl 8 & % 8 8 &0 60 50O GO GO 000 00 291,500 97’400 388’900
Field indirect lllll ® ® 80 0 ¢ 900 D E B P OO OO B ce L *r e L[] o9 e L L) * 58,300
Total constructioni *® 8 4 80 6 5 5 80 & 5 S BB B S0 S BB 0O e e 00 L] 477,200
Engineering..".....0...ll.l...l...l...‘l....'..-l..l....... L N ) 22’400
Overhead and adminis trat ionl S & & &5 60 &5 888800 . L N ] L I B BN 2 e @& 00 22,400
492,000

Contingency....ece. cecereceas creeresacnsasasans ceasases csese 49,200
541,200

Fee...l.l--..l.'.........'.....'....-".'....-'.'.'........‘.... 27’100

Total

568, 200
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TABLE H-5. - Equipment cost summary for silica
drying and bagging section

Item Cost Total cost
Material Labor

Belt conveyor and motor, l.............. $2,200 $200 $2,400
Bucket elevator and motor, l............ 1,500 200 1,700
Rotary dryer and burner, 1l........... .o 7,400 700 8,100
Exhaust fan and motor, 1....... et reanas 1,900 500 2,400
Screw conveyor and motor, l............. 600 100 700
Bucket elevator and motor, l......ce.u.. 1,500 200 1,700
Bagging machine and motor, l............ 2,500 300 2,800
Storage hopper above bagger, 1l.......... 1,600 200 1,800
Bag storage area, l....viiecieiecereraas 3,000 300 3,300
Fork 1lift truck, l................ S eeens 4,500 500 5,000
Subtotal.seiieesieeionerencansonanes 26,700 3,200 29,900
Foundations....eiveeveceeecaanns teesonss 1,300 1,700 3,000
SETUCEUYES . ueusrasoscsceretosoncsanssans 1,100 600 1,700
BuildingsS...ieeenseecasacesosoneaasnsnas 1,300 1,300 2,600
Instrumentation........vcevvenveess N 500 200 700
Electrical.iviviiessesricenecennnnn ceerenn 1,600 1,200 2,800
Pipingececeaessnssoscecesonnconns esecnen 1,300 700 2,000
Painting....evinveeeeneiannnnns cevacues 100 300 400
MiscellaneoUusS.ieeeeseeesrocesancosacnons 1,100 900 2,000
Subtotal....iveeicinnvecenn.. et 8,300 6,900 15,200
Total direct....ciiieirnnncvannenanans. | 35,000 10,100 45,100
Fie]—d indireCt-.-I. .............. ® * & 5 0 5 S PR S A PPN rE NS ECS FE T ES S 6,800
Total cOnSErUCELON: vttt siaencsaoseascncsssosonssaceonnnssss 51,900
Engineeringiiﬂi..".....lI'.ll.l’ll.......'.I'.....I...‘......'.. 2,600
Overhead and administration'."...‘ ® 9 @0 0 SO PO PO E S LB O T S0P N E O ONES 2,600
57,100

Contingency.I......ll".....‘..l'..ll.l.i.-l.ll....l..l...l.ll.l. 5,100
62,800

Feel.l-..l..'.'......l...'.....!....l’...".l.....l..'..l...l..ll 3’100

Total.---.----...--.-.....-o-..-...-----oo.--.o-.--.-.-..-o-

65,900




TABLE H-6. - Equipment cost summary for calcium fluoride

reactor section with lime slaker
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Item Cost Total cost
Material Labor

Storage silo (Ca0), l...ieeenononnacasns $2,500 $300 $2,800
Screw conveyor and motor, l....ceveuies.s 1,000 100 1,100
Bucket elevator and motor, l.ceceeecsans 1,500 200 1,700
Feed hopper (Ca0), le.e.iieiennacieinnans 1,800 200 2,000
Water feed tank, l.......0..... ceeisenaes 4,300 400 4,700
Lime slaker (Ca(OH),), l..ivsvecececnnsn 34,600 3,500 38,100
Pump and motor (NH,F), l.....eueenennns. 2,400 600 3,000
Feed tank (NH,F), 2....cevececncccnnases 8,800 900 9,700
Reactor and agitator (CaF,), 2.......... 39,200 3,900 43,100
Filter, vacuum rotary drum (CaF,), l.... 16,200 1,600 17,800
Subtotal..eeeceecsceesoscnasecsassnne 112,300 11,700 124,000
Foundations..'..‘l‘.‘.l.‘l‘l‘l.....l.‘.I 5,600 7,400 13,000
StructurESI.....ll..l'."l.ll.l..l.lll.l 6’700 3,400 10,100
Buildings....‘..ll‘....l‘l".l..l.‘ll..l 4’500 4’500 9’000
Instrumentation...c.veeavevenssvacenaas 7,900 3,200 11,100
Electrical.oveeeeeeeseseissssosssnssansas 7,900 5,900 13,800
Piping'.......'l.....'I..l......."...“ 39,300 19,700 59,000
Painting.l...l....-' IIIIIIIII *® o & & & & & & s 600 1’800 2’400
MiscellaneouS...seeeeeeees ccecrsiesnnass 5,600 4,500 10,100
Subtotal-.........‘...l.....ll...ll 78’100 50’400 128,500
Total direct.....c.... trescacanaes ceieas 190,400 62,100 252,500
Field indirect..."...l. ® 4 & & 2 0 9 " % 00 0 8 o0 & & & & 4 0 5 8 4 BN B N8 S S S S E s e 37,900
Total construction........ ceeees Geesssssesssnensenaannsansns 290,400
Engineering‘.I.'I.i"'.'l'..'l.....‘..I..O...l.l.l....‘l‘.'.'.lll 14’500
Overhead and administratioN..eeeeesecsecscescsosssasossssasasssoss 14,500
319,400

CONEINGENCY e e e vetososssssasnsassostossnsnsssassnssarssosscossonsas 31,900
351,300

Fee.ll...'..l L] LN L] LN L B L ] L J ® % 8 ¢ 0 % P S S B S P e e p e 17,600
Total ........ [} ® & s % & & 8 & 8 s 9 ® 8 6 5 8 8 4 8 5 0 88 8 80 80 00 NS O PP SN e 368,900
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TABLE H-7. - Equipment cost

summary for calcium fluoride

drying and bagging section

Item Cost Total cost
Material Labor

Belt conveyor and motor, l.eeeseeeceoes $2,200 $200 $2,400
Bucket elevator and motor, l.....veeee» 1,500 200 1,700
Rotary dryer and burner, l....eeeeceoes 16,000 1,600 17,600
Exhaust fan and motor, l...c.eeeevncees 3,000 800 3,800
Screw conveyor and motor, l......cee.. .. 700 100 800
Bucket elevator and motor, 1.....0c0.0. 1,500 200 1,700
Bagging machine and motor, l......000.. 3,700 400 4,100
Storage hopper above bagger, l......... 1,600 200 1,800
Bag storage area, l....evveeecececannnes 6,500 700 7,200
Subtotal........ ceereessacerasasaas 36,700 4,400 41,100
Foundations..... tetererecanssonas ceeens 1,800 2,400 4,200
SErUCEUYeS .. it vrnensssoresercosanaases 1,500 800 2,300
Buildings.e.iovvvevens seresereranassaas 1,800 1,800 3,600
Instrumentation...eeeecesos crerererans . 700 300 1,000
Electrical...ieeveeeenensss cescssetsenses 2,200 1,700 3,900
Piping....oivevvvveenes cresacas ceesasas 1,800 900 2,700
Painting....eeceveeee teteeastacennie . 100 300 400
MiscellaneoUS.veveeoceseasase cetecaeoons 1,500 1,200 2,700
Subtotal...e.veven ceecsssenctane cee 11,400 9,400 20,800
Total directivieeeeess Cebersesssaann cons 48,100 13,800 61,900
Field indirect...veeveeeen. . ceeeae .o cesasass cesencns 9,300
Total construction...... .o st eesrsesrana seesencsna cesennen 71,200
Engineering...... ceesusrenaan e ececsseesess st essscanenoens N 3,600
Overhead and administratioN....e.eecescess cene ceereene 3,600
78,400

CoOnNtingenCy..v.icivneeeeensencnnes ceveena crseisesacoce cevessennas . 7,800
86,200

=Y < tse et esnssenasosens ceesens Cresrasrasnssensanas 4,300
Total ceetiocncaan cteecsanns cvesessanaan Cestesecatacans . 90,500

TABLE H-8. - Working capital
Item Capital Percent

Raw materials and utilities....... ciererennen .60 days.. $§24,700 20.7
Direct labor and supervision.......e.eeeiieen.. 3 months.. 43,800 36.7
Payroll overhead--25 percent..... teesessesaas 3 months,. 11,000 9.2
Operating suppliesS...eivecevennrenns essesessesl months.. 1,200 1.0
Maintenance materials.......... ceeseacas eesss3 months.. 1,200 1.0
Indirect costiveiecnenncecnne Geesevanasncnsaas 4 months.. 24,600 20.6
Fixed cOSt:verntnosecons 0.5 percent of insurance base.. 6,500 5.5
Miscellaneous eXpeNnSe....seceseooss sececsecrase ceresees 6,300 5.3
Total.oueseeesoeoeoenenona s o e ecesaceesenens . . 119,300 100.0
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TABLE H-9. - Estimated annual operating cost
Item Cost Unit Total Per-
per ton cost cent
Direct cost:
Raw materials and utilities:
Fuel (214 gpd X 330 dpy x $0.1022/gal)....| $1.17| $7,200 - 1.3
Power (104 kw X 7,920 hpy x $0.03084/kwh). 4,141 25,400 - 4.3
NH, (12.12 tpd x 330 dpy X $65.00/ton).... 42.37| 260,000 - 43.8
Ca0 (13.3 tpd x 330 dpy x $17.50/ton).... 12.52 76,800 - 12,8
Credit recycle NH; (10.3 tpd X 330 dpy
X $65.00/ton)..c.viieincenns ceesenens . -36.02]-221,00015148,000 [-37.2
Direct labor and supervision:
Labor (96 man~hour day X $3.75 x 365 dpy). 21.41( 131,400 - 22,1
Supervision (15 percent of labor)......... 3.21 19,7004{ 151,100] 3.3
Plant maintenance:
Maintenance labor (two men at $3.80/man-
970105 <) 1P AU N tecenansss 3.26| 20,000 - 3.4
Supervision (20 percent of maintenance
1abor)eeeeiororeereasanens tosens s easns 0.65 4,000 - 0.7
Maintenance material........ . terenens . 0.78 4,800 28,800] 0.8
Payroll overhead (25 percent of payroll).... 7.14 1 43,800 43,800 7.4
Operating supplies (20 percent of maintenance) 0.78 4,800 4,800 0.8
Total direct cost......... ceesesenciecanns - - 376,900 | 63.5
Indirect cost: Administration and general
overhead (40 percent of labor, maintenance,
and supplies)..eeeersorercacoacss ceecocaaaas . 12.04| 73,900 73,900| 12.5
Fixed cost:
Taxes and insurance (2 percent of plant cost).. 3.57 21,900 - 3.7
Depreciation (9.1 percent of subtotal for
depreciation)..... cese cesesens . oo 19.98| 120,600} 142,500 20.3
Subtotal operatingu..evcecececcsaecs ceeens . 97.00 - 593,300 (100.0
Credits (Si0, bagged, 1,591 tons at
$13.50/t0n)-4 cccccccccccc te 00000 s 00000000 co e 3.81 - 21,500 -
Total annual operating cost.......... . 93.19 - 571,800 -
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APPENDIX I.--COST ANALYSIS OF A 50,000-TON-PER~YEAR PLANT

TABLE I-1. - Selling price of calcium fluoride

12 percent discounted cash flow rate of return (11 years):

R.= $2’166’000/5l938 (AL NS Sl R R I RN B A Y A B B BRI B B R R B N ) $364,800
Deprec:i.ation-..o...-o-o.-..-.-.--o---oa-......---.-- ----- s s e e 181!700
Net vprof:i.‘tclo...ooao..ooO..'ooonclicoc-c.!n.l'n'.-.-c.n.l..- 183,100

Federal income tax (50 percent of taxable income):

GrOSS .Profi.tnno'l.oollcocccllccoocaoocoool.nltlI..ll.l.-l-!..-. 366’200
Net Operating COSt.llliull.lll...O.."'."..'.l...'."‘l....... 837!100
Sales.cct-o.o.ol...oolllooll.olco‘-0..0-...'-oc.l.o..c.lo.-- 1,203’300

Taxes:
Taxable income. 5 5 5 00 8 4 88 s b e L I I I I T T N I I I I N R Y ® 0 0 @ 0 00 s 000 s oo 366 ’ 200
Federal income taxl 4 2 0 8 4 0 0 9 49 00 9 09 s e e e RN ® 0 8 0 4 8 0 80 98 S e GO S PE SISO 183 : 100
Net profit. @ 0 0 0 8 8 & 0 B 4 O S L 40D b e e s e e s *® 0 9 P8 " P QO F e SO BBEe ® % ¢ & 90 00 9o e 183’100
Cash flow:
Net profitl ® 8 0 0 & 0 48 4 s B S e e e s 00 ® % @ 9 & 02 90 O E S S G 0 @ & & & 00 8 000 80 183’ 100
Depreciationl ® & 0 & O b 4 e ® % @0 5 9P 0 0 P9 02 QO PN Qe se 0 ® 8 ¢ ¢ ¢ 8 8 ¢ P 0 00 0 S P P*OeOP 181 z 700
Total." lll.l.ll.'l............l. ..... ® * @ & & & 2 08 "9 0O ¢SSP OO LN 3 364’800
Sales price per ton CaF, ($1,203,300/12,273)......... tesssareans 98.04

1Product (CaF,) output, tpy.

(1+r)n

r(l+r)®

Note: Formula: P

where P = total capital requirements,

=
]

present value of P due in 11 years at 12 percent
compound interest,

N
il

12 percent,

=]
I

11 years,

~~]
]

and P/5.938 (present value of $1.00 due in 11 years at

12 percent interest).



TABLE I-2. - Financial analysis

Revenue from SaleS.....eeceecoevccscsveosansss | $
Olperating Cost lllll .l.l.l.l".l...'.ll....ll'-

1,203,300
879,600

Credita.llll.ll..l'......I...l......l.....l' L

323,700
42,500

Gross profit (taxable income)..ceeeceessoves o
Federal income tax, 50 percenteccecesecsesces -

366,200
183,100

Net v[)rof]‘.t...-c.o.ol...l...i'.‘.l.l.n....'.-l'

183,100

ANNUAL CASH FLOW

Net 'Profit.u-.aﬁ-.-..--.....-o.c-no.-.:-....OO
Deipreciationo-l..-..00-'..0!.0".0.....-...’o.

183,100
181,700

CaSh f].OW--o-------.-.-.--.-..---..-'---..c-o-

364,800

TABLE I-3, - Total capital requirements
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Unit

Cost

Percent

Reaction section (NHS)..................................
Drying and bagging section (§i0,).. tecscaessaracanas
Reaction section (CaF )......... sessestecsssnseasbo s
Drying and bagging sectlon (CaFz)ieveressessssccssoavens

$948,900
92,800
474,400
131,400

43.8
4.3
2

SUthtal DRI IR AR B R NCEE S R B S I B B R BN BE R NI A B R I B I IR B A B

P]-ant facilitiesn...lI.I..‘......I........l....'l.....'.
Plant utilities.:-.l-...loll.'..0..l-c'lo'l.c.'t.!!votil

1,647,500

123,600
177,100

ooy m
L] [ ] -
[ (ST

7

Total plant cost (insurance and tax bases).........

Interest during constructionN.cceesecceccerocecsecceroseans

1,948,200

48,700

O
Ol U
. ]
OoOIN N

Subtotal for depreciatioN.s.ccccccoccceesvsssssssone

working Capital.--.-.—-.---.-.o---ooo---.-o-o...o.-a-‘.-

1,996,900

169,100

NN
.
NN

TOtal investmentoco-locl0O.olo..lo-v..o!.‘lt.cl.c.‘

2,166,000

oo
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TABLE I-4. - Equipment cost summary for ammonia reactor section

Item Cost Total cost
Material Labor

Storage tank (H,SiFg), 2....c0000veenns $104,000 $10,400 $114,400
Pump and motor (H SiF ), 2.....v0c000s. 4,800 1,200 6,000
Storage tank (NH;), 4.cevesveccncocsnes 80,000 8,000 88,000
Compressor--z Stage (NHE)’ 1..-0-.-...- 15,000 4,000 19,000
Feed tank (%SiFG) , 3- 2 0 0 8 000 0 0% 800 % e P 10,500 1,100 11,600
Reactor and agitator (NH,F), 3......... 41,400 4,100 45,500
Cooling tower for water, l...c.ceeceeees 13,200 1,300 14,500
Filter, vacuum rotary drum (Si0,), l... 19,400 1,900 21,300
Subtotal. ® 6 0 8 8 802 0 9 00 P S e B0 0O 8O SRS 288’300 32,000 320’300
Foundations. ® 0 0 0 0 00 8 0 a0 PP PO IO SO0 00 14,400 19, 200 33’600
Structuresll.....Ol...l.'.'l......l"l. ]—7’300 8,700 26’000
Buildingsl....l........-....C.I..'....' 11,500 11,500 23’000
InS trumentation. ® 0 @ & 0 08 09 00 0O PSS O sSSP 20,200 8’ 100 28,300
Electrical...I.....l....l.l.l'.'I.l.l.. 20’200 15’200 35,400
Pi‘Ping...'.......I'..........I......... 100’900 50,500 151,400
Paintingl....l..D....-..llllll.l'.l.... 1,400 4’200 5’600
MiscellaneousS.scecesesencoocovensscsoss 14,400 11,500 25,900
Subtotal. ® & % 3 0 V0 S0P SO 0PSO S L TE S eS8 s 200’300 128’900 329,200
Total direct. ® 0 0 8 9 0 0 0 3 5P PSS LB LD e e 488’600 160,900 649’500
Field indirect.....'.l..l.ll....lll.l.‘......'..."I...III....... 97)400
Total CONSETUCEION. .y vseerrrsvereoonronrannnennnncsnees . 746,900
Engineeringllll lllll ® o & @ - * ” @ 09 * 0 e L ] ® * 0. ¢ 8 60 00 000 [N ) L N J . 37,300
Overhead and administration..e.eceoe... ceserececanas .o cesa 37,300
821,500

Contingency........ creens . e ceresenue ctesessasrsasnas . 82,200
903,700

Fee.'l'l.l.l..'."l..l......l.."I....-.'.....l.........lll.‘.‘.. ASLZOO

Total.....

9 4 0 506000 0000080080800 8Be s

948,900




TABLE I-5. - Equipment cost summary for silica
drying and bagging section
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Item Cost Total cost
Material Labor

Belt conveyor and motor, l.i.eceescssonces $2,200 $200 $2,400
Bucket elevator and motor, l.ceeiecescne 1,500 200 1,700
Rotary dryer and burner, l...cceveececse 14,000 1,400 15,400
Exhaust fan and motor, l..c.ccecesecocss 1,900 500 2,400
Screw conveyor and motor, l...ecescececess 600 100 700
Bucket elevator and motor, l...cceeceeee 1,500 200 1,700
Bagging machine and motor, l.....cceees. 2,500 300 2,800
Storage hopper above bagger, l.......... 3,100 300 3,400
Bag storage area, l...eececesrrsoacacaess 5,000 500 5,500
Fork lift truck, 1l..... P 5,300 600 5,900
SUBLtOtal...cecosesvessnraccssosonans 37,600 4,300 41,900
FoundationS,.eesesoasesasossocssconsssss 1,900 2,500 4,400
StrUCtUTeSesevsassssocnas cesecsasscanann 1,500 800 2,300
BUildingSeesecossssoeosssaasosncscscscoss 1,900 1,900 3,800
InstrumentatioN.ceeceseccces cececses 800 300 1,100
Electrical...veeeseocecsasosse cesens 2,300 1,700 4,000
Pipingeseeeeeesaosaiocesanssocenss ces 1,900 1,000 2,900
PAintinge..veeecesesevcossssasssosccacsns 100 300 400
MiscellaneouS...eoeosseces teeeesesesrans 1,500 1,200 2,700
Subtotal.e.eesecacsessccscscsscnne 11,900 9,700 21,600
Total direct.icieeesersesncascssossecssasas 49,500 14,000 63,500
Field indirect...c.cecsccasssoessssasascasssssssocsossccscsossosncs 9,500
Total conStructioNiceivsseesoacscoaas weeseasestsessssracene 73,000
Engineering.scececeecscososesosesasasoonsosanssascscssesvovososcss 3,700
Overhead and administration........ eesescssecssnastesssenensissas 3,700
80,400

Contingency.. cressracssscssees cesens creave cerecencas sees 8,000
88,400

Fee..... e vesvecscosasessossasessacsssossscsssrssassisesnrsrarse 4,400

06 00860 0 8600 06000860 6¢6¢e0 e 4020090 sssssrsassnrsse

92,800
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TABLE I-6. ~ Equipment cost summary for calcium fluoride
reactor section with lime slaker

Item Cost Total cost
Material Labox

Storage silo (Ca0), 2...e.vevevovoccses $5,000 $500 $5,500
Screw conveyor and mOtor, 2.....c000000 2,000 200 2,200
Bucket elevator and motor, l........... 1,500 200 1,700
Feed hop.PEr (Cao)’ 1.. * 0 00 90 000 s 000000 1’800 200 2’ OOO
Water feed tank, l......ve0vevcececnens 4,300 400 4,700
Lime Slaker (Ca(OH)E)’ 1. ? 20 v 02080 [ ) 34’600 3,500 38, 100
Pump and motor (NH F), l.e.v.eeeveceoone 2,400 200 2,600
Feed tank (NmF) ’ 3. ¢ & 2 00 0 ¢ e PR 0o [ I B B B ) 13, 200 1’300 14’500
Reactor and agitator (CaF;), 3......... 58,800 5,900 64,700
Filter, vacuum rotary drum (CaF,), 1... 21,300 2,100 23,400
Subtotal.. ® & 00 & s 09 00 0000 ® & 0 8 %0 00 0 0 144’900 14,500 159,400
FoundationsllOl..0....."......‘....'.. 7’200 9,600 16,800
Structuresl.lll.l‘...l......'l.l.l....- 8’700 4’400 13,100
Buildingsl..IQI.I.I'..'.I..'.‘.....I... 5’800 5’800 11’600
Instrumentation....cocevuirennrenneecesss 10,100 4,000 14,100
Electricall'.‘.lll-...’...I.‘.C....l... 10’100 7’600 17’700
Piping..l...ll....l'.I.....l.....'..... 50’700 25,400 76’100
Painting..Illl.ll‘l.'.....-'..ll....‘ll 700 2,100 2’800
Miscellaneousll......'..'-..ll...-...l. 7’200 5’800 13,000
SUbtotal..vuerrerrnrerenoncannnens 100,500 64,700 165,200
Total directl ® 49 58 0 00 0 e e ® 00 000 000000 oe 245’400 79’200 324’600
Field indirect.l‘.l‘...'..‘.l.l........ll..ll.."'ll...l..ll.ll.. 48’700
Total COnstruction' ® & 8 9090 40060 000040 e * 8 0% 00 0000000 ® s 29 00 373,300
Engineering'.'l'....l.l....l..l.l‘..l...'l..l'l...........ll....' ]-_8’700
overhead and adIninistration. ® 5 808008 06990900 ® 0 00 80000000 e 8 6 5 8 8 9 0 g e 18, 700
410,700

ContingeHCY....l..-..‘l....l.l‘...".l.'..l.....I.'...ll-.l...'.. 41,100
451,800

Fee.llc.tlﬂﬂ.ll.......'l-...l..I.I'I..‘l...Cl...’l........'...... 22,600
Total.lb'O...l.l...l'l.l....‘.'.l...'...l...I........'.....I 474,400




TABLE I-7. - Equipment cost summary for calcium fluoride

drying and bagging section
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Item Cost Total cost
Material Labor
Belt conveyor and motor, l.e.essecccssee $2,200 $200 $2,400
Bucket elevator and motor, l...e.ceease. 1,500 200 1,700
Rotary dryer and burner, l.....cccecvee 25,000 2,500 27,500
Exhaust fan and motor, l.c.ceeeeaececee 4,000 1,000 5,000
Screw conveyor and motor, l..ceescscens 400 100 500
Bucket elevator and motor, l.c.ceeees.s 1,500 200 1,700
Bagging machine and motor, l........... 3,700 400 4,100
Storage hopper above bagger, l......... 1,600 200 1,800
Bag storage area, liieseccecccoocccanns 13,100 1,300 14,400
SUbtotaleeesscereeasasssosncssanse 53,000 6,100 59,100
FoundationS...cececessscoscscsssscsoans 2,700 3,600 6,300
StrUCtUYES.veeessococssasssssssasesnsas 2,100 1,100 3,200
BUuildingS.seeeveseoccesossososssssocoannces 2,700 2,700 5,400
InstrumentationN...eecssssessscsssscsses 1,100 400 1,500
Electrical.eceeeereccscocosccscssansanses 3,200 2,400 5,600
Pipingecececeersoossccssssssosaccscvcas 2,700 1,400 4,100
Painting.eeeceesecavecosocasannss cecese 200 600 800
MiscellaneouS..scoveeccososccssssnansnns 2,100 1,700 3,800
Subtotal,.eeosesssscscoccasarsones 16,800 13,900 30,700
Total direcCteeeceessscesscssosasnsncnne 69,800 20,000 89,800
Field indirect.ceeceececososesosssenceasssasososcosssssecssssasscss 13,500
Total CONStYUCEION..vsceceacacsnossssssssosacsrssssasssncaasse 103,300
Engineering...ceoceesee sesesceseesssarsesestossesessstaranacansa 5,200
Overhead and administratioN....eccececseccccocosecocrsrccsvescass 5,200
113,700
COntingency.eseecosecrrovosscnonsss Ceetesasscncsanns ceessenee 11,400
125,100
Fee,c.c..s Wesesesesesevesasansosnesessesanes cecevvesoserscsssonsn 6,300
TOtaAl.eeeeeoeososossnosascersnssasssesscssesoscsoscssssssossnsasse 131,400
TABLE I-8. - Working capital
Item Capital Percent
Raw materials and utilitieS....e:veceeeress...060 days.. $44,600 26.4
Direct labor and supervision......s.se.es....3 months.. 56,200 33.2
Payroll overhead--25 percent....eeevoesess.0..3 months., 14,100 8.3
Operating SUPPlieS..eccveecessossecserseessss3 months.. 1,800 1.1
Maintenance materialS....coecesescssesscsss..3 months.. 1,800 1.1
Indirect cOStevesecacsss teeessesesesssensess4 months., 31,900 18.9
Fixed cost....... ceesens 0.5 percent of insurance base.. 9,700 3.7
Miscellaneous eXpPenS€...ececsocosecssnsnsoss veosessaene 9,000 5.3
TOtAlseeuoeoeooeossosaasososssooseososucaacgssoasssse 169,100 100.0
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TABLE I-9. - Estimated annual operating cost

Item Cost Unit Total Per-
per ton cost cent
Direct cost:
Raw materials and utilities:
Fuel (331 gpd x 330 dpy X $0.1022/gal).... $0.91| $11,200 - 1.3
Power (104 kw X 7,920 hpy x $0.03084/kwh). 2,07 25,400 - 2.9
NH, (24.2 tpd X 330 dpy X $65,00/ton).... 42,30 519,100 - 59.0
Ca0 (26.6 tpd X 330 dpy X $17.50/ton).... 12.76| 153,600 - 17.5
Credit recycle NH; (20.6 tpd X 330 dpy
X $65.0o/ton)no-.0.-l.ol-u.ol..o..'o.-l.c -36000 -441,800 $267,500 -50.3
Direct labor and supervision:
Labor (120 man-hour day x $3.75 X 365 dpy)| 13.39] 164,300 - 18,7
Supervision (15 percent of 1abor)..eeec... 2,00 24,600| 188,900 2.8
Plant maintenance:
Maintenance labor (two men at $3.80/man-
hour)'lQ.......'l....'l'.l.......’......l 2'44 30,000 - 3.4
Supervigsion (20 percent of maintenance
labor)-.I....‘Il'.'l.‘.‘....'....ll...l.. 0.49 6,000 - 007
Maintenance material...e.ceeeeoeeeoseeonsss 0.59 7,300 43,300 0.8
Payroll overhead (25 percent of payroll).... 4.58| 56,200| 56,200| 6.4
Operating supplies (20 percent of maintenance) 0.59 7,200 7,200 0,8
Total direct COStIQOQ'l.'.....l...'.."..' - 563,100 64-0
Indirect cost: Administration and general
overhead (40 percent of labor, maintenance,
and Sup‘plies).....QIl.'l.l.'...ll..'..l...l.l 7.81 95,800 95’800 10.9
Fixed cost:
Taxes and insurance (2 percent of plant cost) .. 3.18 39,000 - 4.4
Depreciation (9.1 percent of subtotal for
depreCiation)..'.....'.'.Il.l.l...........l 14.80 181’700 220,700 20.7
S'llbtota]. operatingtloltnoo'tlooloc-.-..--. 71.91 - 879,600 100.0
Credits (Si0, bagged, 3,150 tons at
$13.50/t0n)......-.-.... ooooo . * ecs 900000000 3.70 - 42,500 -
Total annual operating CoSt.seeeceveens... 68.21 - 837,100 -
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APPENDIX J.--COST ANALYSIS OF A 100,000-TON-PER-YEAR PLANT

TABLE J-1. - Selling price of calcium fluoride

12 percent discounted cash flow rate of return (11 years):
R = $3’370’900/5l938......l.l....'...........‘...............l.
De‘preciation..l.l.l'.'..l.....‘.‘.......l0‘..'.................

Net .Profitlll.ll.l..........’.'0.l.‘......l...‘.......l.....

Federal income tax (50 percent of taxable income):
Gross .prOfitl s 58 4 8 600600000088 000 RN N I S 0006000 08900 @ 060 068 00 80 8 e L ]
Net o.perating COSt. e 8 00 8000 8 000 2 6 0 00800800080 0O ¢ 0 0 0O 0000 S e * o

Sales-.l..l.‘l.I.l..l'.l.l'.l'..l...l‘l..l.........ll.-.....

Taxes:
Taxable income..ceesoeose sessceseanesceistsssrssacssasessase s
Federal income £aX..eeeeeeoocessocsssccsssscsssssssccacossccnce
Net profit....cicececevsoasescascncocsesscssccccsssnvsccccsen

Cash flow:

Net Iprofit-..'...l........‘.....‘....."'.‘............‘..‘....
Depreciation.....................-..........................-..

Totalnoqc.u.a.n-o".llaoooocl..t-OI-.0.0!.!!!.‘0..0.'00'.0..

Sales price per tom CaF, ($1,827,300/24,5151)...................
IProduct (CaF,) output, tpy.

}+3
Note: Formula: P =R _Sliilr
r(l+r)

where P = total capital requirements,

-
]

compound interest,

La ]
]

12 percent,

n = 11 years,

=
n

and
12 percent interest).

$567,700
284,400
283, 300

566,600

1,260,700

1,827,300

566,600
283,300
283,300

283,300
284,400
567,700

74.45

present value of P due in 11 years at 12 percent

P/5.938 (present value of $1.00 due in 11 years at
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TABLE J-2. - Financial analysis

Revenue from SaleS....eveveveeeesenccasorenns,
Operating COStI'l.l....‘.....I'l..'l'.........

0 =T
Gross profit (taxable income)..eveseececesss.
Federal income tax, 50 Percent...ccicecveceses
Net profit......iieeiriecinenenrenenocannnnns

$1,827,300
1,346,600

480,700
85,900

566,600
283,300

283,300

ANNUAL CASH FLOW

Net .profitoo..l'l...“'.'.o..-.-......-.-llcll
Depreciation-ll..'....'.........‘..........D..

CaSh flOW......---oo--...--.-.o-.-.-.-.--...u

283,300
284,400

567,700

TABLE J-3. - Total capital requirements

Unit

Cost

Percent

ReaCtion SECtion (NI.I4F) 8000 sasss00000000 000000000800

Drying and bagging section (S102) e iiiuneereronennnnnnns
Reaction section (CaF ) ettt ettt it etrenenreeceeenenas

Drying and bagging sectlon (CaF,).. teecececssnncanse
Subtotal.....'l.l.l.......l..‘..'..I..l.-l.....l.l

P].ant facilities-......-..-0.000.0001-o-naoc...'
Plant utilities ....lI....lllllIQI..I..I'I.I...‘."'...

Total plant cost (insurance and tax bases).ieeva.,

Interest during construction.......... creersscenes

s 0000090

3

Subtotal for depreciation....eeeeeeeeenrcocnnnnss.

working Ca‘pitalioll..l.......ll.".....'..Cll..l..'ll.
Total investment....oeevo..,..

$1,633,900
118,700
650,000
176,300

48.5
3.5

2,578,900

193,400
277,200

3,049,500

76,200

3,125,700

245,200

3,370,900
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TABLE J-4. - Equipment cost summary for ammonia reactor section

Ltem Cost Total cost

Material Labor
Storage tank (H,SiFg), &.vccevvnrnsn ceee $208,000 $20,800 $228,800
Pump and motor (H,SiF ), 2........ cesas 6,400 1,400 7,800
Storage tank (Nl{s)’ 8' 2 2 @ ¢ 0 F O O OO C e b s bl 160’000 16,000 176 ’OOO
Compressor--2 stage (NH;), l.cocesess.. 15,000 4,000 19,000
Feed tank (HESiFs), b ieeeeearocssesans 14,000 1,400 15,400
Reactor and agitator (NH.F), 4......... 55,200 5,500 60,700
Cooling tower for water, l....ivieessess 13,200 1,300 14,500
Filter, vacuum rotary drum (Si0,), 1l... 25,800 2,600 28,400
Subtotal.l...ll.'....'.'..l..'.‘.. 497’600 53’000 550’600
Foundations"."'.....I..'.....l......l 24,900 33’100 58’000
StructureS'-ononcnocoo..c.o‘ov'o".l..n 29,900 15,000 44,900
BuildingSIDQOQCOOl..l..ll'.'l...‘...... 19’900 19,900 39’800
Instrumentation. 2 0 0 00 OO P 9O PO PO T PR P e 34’800 13,900 48, 700
Electricalll..l'l'l..I....."'..'.."'I 34’800 26,100 60,900
Piping.l..l."'.'.'....'..'........'OI. 174’200 87’100 261,300
Painting".lI'...I...".'I'....U.'.'... 2’500 7’500 10’000
MiscellaneouS. L I I I B I B N R BB B I I BN B B BN RN BN 24L900 19’200 44,100
SUBLtOtAal.e. e corevroreresorssnranes 345,900 221,800 567,700
Total direct.seesesciscerrraconcnsossnes 843,500 274,800 1,118,300
Field indirect..l.ll..-......l..l...ll.I...l‘.'.".l............ 167,700
Total construction. ® 9 0 8 & 0 F O 0D S OO O 6PN AL 00 0 " e e 0 . v 0 e e 1’286,000
Engineeringl.OIIl.l.'...'...........'......'.I'...I.l....l.--.-. 64’300
Overhead and administrationl ® 0 0 0 &6 8 0 9 0 08 O 8 0B OO OO OO TSP O S e SR 64’ 300
1,414,600
Contingency.’.-l.....'...'...l.l.'I.'....'..........‘...l.l.l... 141,500
1,556,100
Feel..l......l.C..ll.-.'..’l.ll‘..l..lI.'l.'l.l....'.l..l..l.ll. 774800

TOtal..--.....--.---..---.--.o------

1,633,900
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TABLE J-5. - Equipment cost summary for silica
drying and bagging section

Item Cost Total cost
Material Labor

Belt conveyor and motor, l...coeesacasss $2,600 $300 $2,900
Bucket elevator and motor, l..eeeeseess 1,500 200 1,700
Rotary dryer and burner, l....ceeeeeces 17,000 1,700 18,700
Exhaust fan and motor, l....eeveceseoss 3,000 800 3,800
Screw conveyor and motor, l....eeecesee 600 100 700
Bucket elevator and motor, l...e.eees.. 1,500 200 1,700
Bagging machine and motor, l.....veeve. 2,500 300 2,800
Storage hopper above bagger, l......... 3,100 300 3,400
Bag storage area, l..v.ievecesecoccacens 10,000 1,000 11,000
Fork 1lift truck, leceeoccceosoccecennnss 6,500 700 7,200
Subtotal..eeevererorocesoocacanans 48,300 5,600 53,900
FoundationsS...oveeeetsrseeeensscesseannsa 2,400 3,200 5,600
StructuresS.,.ceseeeiecetoonsccococsanens 1,900 1,000 2,900
Buildings..... e eresessateneseressateeas 2,400 2,400 4,800
Instrumentation...veeeeectocercocnocnsss 1,000 400 1,400
Electrical.vieececeneeccocenoaennannesns 2,900 2,200 5,100
Piping..cuseeereesrsroceacannoenancnnsone 2,400 1,200 3,600
Painting...ieeeieeeecerceneesoeosonnnns 100 300 400
MiscellaneouS..ieeeeceoeosnrascacanconss 1,900 1,500 3,400
Subtotal...iiieercenesrencsnoonnans 15,000 12,200 27,200
Total direct.siieeerereneennssosannnnss 63,300 17,800 81,100
Field indirecteeeeeeeeaans Peerseressaccstocnans ceretessarscsssenne 12,200
Total consStruCtion...veeseseecececnsoscees tevessvacssssas 93,300
Engineering.cicesceecesescoees teecrsssecacensns Cedcecraassssssssaces 4,700
Overhead and administration. ..c.eue.eeeeeeeeesosocoscceescessnsnsss 4,700
102,700

Contingency..oevovivereenncenns S et eseseneecaassasresecenessoaneens 10, 300
113,000

R 5,700

118,700




TABLE J-6. - Equipment cost summary for calcium fluoride

reactor section with lime slaker
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Item Cost Total cost
Material Labor

Storage silo (Ca0), d.veieeeresacocscone $10,000 $1,000 $11,000
Screw conveyor and motor, 4....eeeese.. 4,000 400 4,400
Bucket elevator and motor, l.ececesesces 1,500 200 1,700
Feed hopper (Ca0), l..vieeeecescecocens 1,800 200 2,000
Water feed tank, l.csieceosoveccocncans 4,300 400 4,700
Lime slaker (Ca(OH)5;), l....eeee.... cees 34,600 3,500 38,100
Pump and motor (NH4F), l.u.vececuncnans 3,200 800 4,000
Feed tank (NH4F), l"l ® 0 ¢ & 0 0 9 80 0 s o0 ” & 8 0 0 00 17,600 1’800 19,400
Reactor and agitator (CaFy), 4...... .o 78,400 7,800 86,200
Filter, vacuum rotary drum (CaF;), 1l... 29,100 2,900 32,000
Subtotal..eiecesrsssecoscesccannns 184,500 19,000 203,500
Foundationsl....l..ll.....l.'.l."....' 9,200 12,200 21’400
Structures....-...'.".'I...l-.l'...... 11,100 5’500 16’600
Buildings'. S & 0 @ 08 00 0 0 S S S O S BV O S BEG S S PSS s e 7’400 7’400 14’800
Instrumentationll'.l'.l..-l......l.‘..l 12,900 5,200 18,100
Electrical v ieivecesesenscacscnscssonnnee 12,900 9,700 22,600
Pi‘pingﬂi....'I.'..l..l.l..llll.‘..-.l.. 64,600 32,300 96,900
Painting...l.lllllll.I.‘..l.'l...l...l.. 900 2’700 3’600
MiscellaneoUS.i.icesecsecessncsovsascscnsos 9,200 7,400 16,600
Subtotal..... ..... S 6 8 8 06 0 0 8 00 28 0 0 00 128’200 82’400 210’600
Total direct..l'.l.....l....ll'...l‘l‘. 312’700 101,400 414’100
Field indirect.c.ieeeeceeas teecessascanssas cevseiess eerenveas oo 62,100
Total CONStrUCtION..esesessrorcvsesoserosscasssonsessssssess 476,200
Engineering....‘.'.."..."...'.."...l......l...'.'......'...... 23’800
Overhead and administratioN....eseeesoecsocosessessoscssosssccssss 23,800
523,800

Contingencyl...liit.l'.' lllll ® 0 90 0 0 0 0 0 0 08 G0 K P O OO O QOB e 0 e SO NS e e 52,400
576,200

Fee.l.!..l‘......I‘....IIII....'...'...'...'l......l.'..l..l....l 28,800
Total.......l.‘l".".'l'.."'..'.'..'...'I................. 605’000
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TABLE J-7. - Equipment cost

summary for calcium fluoride

drying and bagging section
Item Cost Total cost
Material Labor

Belt conveyor and motor, l....... cararae $2,600 $300 $2,900
Bucket elevator and motor, l......c.ccv.. 1,500 200 1,700
Rotary dryer and burner, l......c.0.000s 30,000 3,000 33,000
Exhaust fan and motor, l.....eeeececeee. 5,000 1,300 6,300
Screw conveyor and motor, l.i.seeceseocase 700 100 800
Bucket elevator and motor, leeeeececeos- 1,500 200 1,700
Bagging machine and motor, l.....eceee.. 3,700 400 4,100
Storage hopper above bagger, l.......... 1,600 200 1,800
Bag storage area, l.i.eeececsocsecsenecns 25,000 2,500 27,500
Subtotal............-.............. 71,600 8,200 79’800
Foundations......'.'I....'CII"I...I.." 3,600 4’800 8’400
StructureSl......'.'.'...'..'l.'."ll'l. 2’900 1,500 4’400
BuildingS.Ol....‘."l'....l..l.'l....'l. 3’600 3’600 7’200
Instrumentation.l ® 9 &0 8 0 0 0 0 O 0P 00 SR PN SO DN 1’400 600 2,000
Electricaltll........'..'.....'...I..... 4,300 3’200 7,500
Pilping‘...'....'.C'..'.I'.'.l'........l. 3’600 1’800 5’400
Painting.'..CCOU"".l'..l.'.l'.’......l 200 600 800
MiscellaneouSl.'...'.'C"."...I..ll...‘ 2,900 2,300 5’_200
Subtotalll.'l.'.'....'.-l..I.'l'... 22,500 18,400 40,900
Total directl'dl..‘l..'.l.’.'.‘..'..'.. 94,100 26’600 120,700
Field indirect..."CC...l...llll....l.l....l.'l.l..l‘l..l... lllll 18’100
Total constructionl.. ® 0 0 8 0 &8 5 P BB B P B SHESNS s s ® & o [ ] L] 138’800
Engineering"l‘..l‘.'.!.'l..'l'!'.l'!.l.ll.."...I....l'.. L I 6’900
Overhead and administration......eeceveecoscnsoncess ceresssns 6,900
152,600

Contingency'...l..ll...l'..ll.ll....-.‘-.-I...l‘ll.ll.ll'.. L] L] 15,300
167,900

Feel.l.llll.‘l. IIIIIIIII LI N N L I B B BN I B RN DY BN B I I N B I I I I R R R RN I 0 0 0 . 8’400
Total .......... LN I DN Y DL I BN DN B BN BN IR DN N RN DY R BN N RN DN BN B B BN BN BN BN BN BN NN BN N AN L L B LN 176’300

TABLE J-8. - Working capital
Item Capital Percent

Raw materials and utilities.......ecv000ese...60 days.. $86,400 35.2
Direct labor and supervision......eveeee-....3 months., 68,700 28.0
Payroll overhead--25 percent....e.ceveeee.e..3 months.. 17,200 7.0
Operating supplieS.....eecevevececcceccecesese3 months,. 2,400 1.0
Maintenance materialS...ceeeececccevessceaceso3 months., 2,900 1.2
Indirect cost...."...l'.'l.'I..'....-I.... ..4 months.l 39’400 l6l1
Fixed cost......+v00....0.5 percent of insurance base.. 15,200 6.2
Miscellaneous eXPenSe...cvceeeerererooconrosososcannsos 13,000 5.3
TOtall.".' llllll @ 8 0 & 5 06000 0 B 00 8O 9B S0 40 PO 0O PSS 0O O 245,200 100.0
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TABLE J-9. - Estimated annual operating cost

Item Cost Unit Total Per-
per ton cost cent

Direct cost:
Raw materials and utilities:

Fuel (855 gpd x 330 dpy x $0.1022/gal).. $1.17| 628,800 - 2.1
Power (115kw X 7,920 hpy X $0.03084/kwh). 1.14 28,100 - 2.1
NH, (48.41 tpd x 330 dpy X $65.00/ton).. 42,3111,038,400 - 77.1
Ca0 (53.2 tpd x 330 dpy x $17.50/ton).. 12,52 307,200 - 22.8

Credit recycle NH; (41.15 tpd x 330 dpy
X $65.00/t0n).....-....-.-............. -36‘02 -884,000 $518,500 -65.6

Direct labor and supervision:
Labor (144 man-hour day x $3.75Xx 365 dpy). 8.03] 197,000 -
Supervision (15 percent of labor)....... 1,21 29,600 226,700 .

Plant maintenance:
Maintenance labor (two men at $3.80/man-
1T 1 ol R 1.63 40,000 - 3.0
Supervision (20 percent of maintenance
1abor)eeeeencessestsieseeavcasocnoences 0.33 8,000 - 0
Maintenance material.s.eeseeseseooscsese 0.46 11,400 59,400 0.

Payroll overhead (25 percent of payroll).. 2,80 68,700 68,700 5.1

Operating supplies (20 percent of
maintenance).....lI..I...l.......'...'.ﬁ. 0.39 9,600 9,600 0.7

Total direct COSt.veeesccossccscsscnsnen - - 882,900 65.5

Indirect cost: Administration and general
overhead (40 percent of labor, maintenance,
and supplies)-..l.."'....l..'..l..l..‘.... 4'82 1182300 118’300 8.8

Fixed cost:
Taxes and insurance (2 percent of plant cost). 2.49 61,000 - 4.5
Depreciation (9.1 percent of subtotal for

depreciation).ciceccsecesscocescesvconnes 11.59 284,400 345,400) 21.2

Subtotal Operating...-.--....-....-..... 54-87 - 1,346’600 100-0
Credits (Si0, bagged, 6,364 tons at
$13.50/t0n)-.--c-o-culoo.o-looouoco-tooa.ll 3.51 - 85,900 -
TOtal annual Operating COSt....-........ 51-36 - 1,260,700 -

¥ U.S. GOVERNMENT PRINTING OFFICE: 1873 O—402-916






