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Six subtasks were completed under Task 2. There are:

SECTION· I

INTRODUCTION

NOx emissions evaluation, and

Estimate of particulate emissions.•

• Smelter sulfur balance,

• Limestone scrubber cost estimate,

• Limestone scrubber water use estimate,

• Electrostatic precipitator cost estimate,

These sections are intended as documentation of the work performed. They

do not contain information from other tasks performed for the Regional Copper

Nickel Study and should not be used without the additional supporting infor

mation available to the study.

In the following sections~ the purpose of each of these subtasks is described,

the assumptions made are given, and the results are pres~nted with the

appropriate references.

This report describes ,the engineering work performed ~o support a part

of the Regional Copper-Nickel Study being conducted by the Environmental

Quality Council of the State of Minnesota. The work described and results

presented represent work on Task 2~ "Smelter Model Development." The smelter

model is a series of estimates which allow the emissions from a future

copper/nickel smelter to be predicted. The particular type of smelter is

one which would process ore from the Duluth Gabbro ore body.

II
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• SECTION_ 2

SMELTER SULFUR BALANCE

The basis used for both material balances is as follows:

The quantity and concentration of sulfur in process streams other than the

concentrate and anode copper were based on availalbe literature data, data

provided by smelting companies, and estimates made by the author.

The sulfur materia~ balance estimates presented in this section were

completed so that an atmospheric model could be developed of the expected S02

emissions from a copper/nickel smelter. Two smelter flowsheets were devel

oped which are feasible for processing the copper/nickel concentrates which

are expected to be produced from Duluth Gabbro ore. Figures 1 and 2 are the

flowsheets used for the smelter model. Figure 1 employs a flash smelting

furnace whereas Figure 2 uses a roaster/electric furnace combination. Both

flowsheets represent technically feasible smelting approaches. Neither,

however, are expected to be the exact smelter configuration ultimately used.I

•
I

•

o

•
•
•

635,245 metric tons per year of concentrate assaying

25.9% sulfur (164,341 metric tons S/year),

92% copper recovery,

0.005% sulfur in anode copper, and

55% copper matte produced.

I
I

Tables 1 and 2 present the two smelter sulfur balances and the attached notes

list the assumptions made and appropriate references. It should be empha

sized that Tables 1 and 2 are the best estimates possible using available

smelt.er data. The estimates of fugitive emissions were made based on obser

vations in five primary copper, one primary copper/nickel, and thirteen other

nonferrous smelters. They are, however, estimates. No accurate measurements

2
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of fugitive emissions in copper or nickel smelters have been reported in

the literature.
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Stream
No.

NOTES AND LIST OF ASSUMPTIONS

FOR TABLE 1

Basis for smelter m9del; 635,245 metric tons concentrate per year;
/ .

25.87% sulfur; 164,341 metric tons sulfur per year.

200°F exit gas temperature; sulfur in gas from streams

and ~.

of combustion to dry concentrate from 15% moisture

productsAssume spray drier uses streams + + ~+
to 5% moisture;

~,~,

I

•
I
I
I
I

I

Ventilation gases from slag and matte taps; estimated average flow

of these intermittent gas streams; assume 1.0% of incoming sulfur

is released in slag or matte taps and 0.9% is captured in these

gas streams.

Fugitive emissions from slag and matte taps; 0.1% of incoming sulfur;

estimated.

Sources: HA-373, SH-347; 55% matte; 14% dilution in furnace and

waste heat boiler, 12% dilution in electrostatic precipitator, 24%

dilution prior to acid plant; 10.82% S02 in ga~ to acid plant.

Ventilation gases from secondary converter hoods; estimated average

flow; assume 1.0% of incoming sulfur escapes primary converter

hoods and 0.9% is captured in this gas stream.

Fugitive emissions escaping secondary converter hoods; 0.1% of in

coming sulfur; estimated.

Source: SH-347; 55% matte; 75% hood dilution, 12% dilution in flues

and gas cleaning equipment; 4.85% S02 in g~s to acid plant.
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Stream
No.

o
~

<B>
~

<8>
~

4Y
~

0>
49

Estimated; gas flow is assumed to be 10% of stream ~.

Estimated using other electric furnace data (MO-274).

Estimated; gas f10w is assumed to be 10% of stream ~.

Same as stream ~.

Estimated; average gas flow assumed to be 10% of stream <f5>.

Estimated from data on copper converter (SH-347).

Estimated from data on copper converter (SH-347).

Estimated from data on copper converter (SH-347) .

Estimated; gas flow is assumed to be 10% of stream ~.

Estimated average of this intermittent gas stream from private

conversation with smelting company.

~300 ppm S02 in acid plant tail gas; gas flow ~ay vary with acid

plant design.

97.44% sulfur recovery as acid.

Will vary; assume 2000 ppm S04=' 2500 gpm .

Total of streams 0 <}) 0 <B> <8> and 0·
90% sulfur removal efficiency for scrubber .
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Stream
No.
.-"

24"".'<//

~

~

<iJ>

<&

10% of inlet to water treatment plant; 0.1 x (~ +~ ).

Source: SH- 347; O. 09% of0.
Basis: 0.005% S in anode copper.

8



[ii7/ j• • r. :. [. r.: !. • •
kOASTIN';

I I

SMELTTNl:

I I
COPPEll CONVI,IlTfNl; COI'PEk kEFfNINC!PlllMARY l;AS TR~;A'I'MEN'I' SECUNDARY C:AS 'I'REA'I'l1ENT

I I r II I

----r----
<v

-----·--~L~--TO FlIGf'J'fVE TO WEAK
EMISSfONS SU, ,;AS

6 · J J>--U

I l --.- (

'0

r
SLA'; CJ.EANIN';

I
NICK~:L CllNVEIlTING

0-

~0-

~

14

TU WEAK
Sl1

2
I;AS

TO FUGITrVI'
EMI SSTnNS

..MATTI':/
Al.l.oyr

TO WEAK
SO] CAS

TO 1'11';1 TfVE
EMfSSrnNS

f~

I'll Hft:rTTVE
EMISSfONS

Figure 2. Flowscheme for a copper/nickel smelter using a fluosolids
roaster/electric furnace combination.

7(1- J 1:'9-]



~

TABLE 2. TOTAL SULFUR BALANCE - ELECTRIC SMELTING FURNACE CASE
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Stream

No.

o

NOTES AND LIST OF ASSUMPTIONS

FOR TABLE 2,,-

Sources: MC-S7344, MO-274; gas stream temperature l050°F;

16.2% S02 by volume.

Sources: MC-S-344, MO-274, DA-137; gas stream temperature l150°F;

8.5% S02 by volume.

••••••
I

••

* Same as for Table 1 unless noted.
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SECTION. 3

LIMESTONE SCRUBBER COST ESTIMATE

The turbulent contact 'absorber (TCA) tail gas scrubbe~ shown on Figures

1 and 2 was assumed to be the final gas cleaning device that would be used

in any copper/nickel smelter built in Minnesota. A cost estimate was pre

pared listing the capital and operating costs for a TCA limestone scrubber

with a venturi prescrubber. The basis for the limestone scrubber costs is a

report prepared for TVA by McGlamery (MC-136). The basis for the limestone

scrubber design is a Radian report prepared for EPA (BR-R-440). Costs were

adjusted using the methods presented by Woods (WO-078) as described in

BR-R-440.

The S02 scrubber design is shown in Figure 3. This is the same concep

tual design used for the desulfurization of a steel mill sinter plant

(BR-R-440). Tables 3 through 12 present the estimated capital and operating

costs for the six cases considered. The first four cases assume that the

acid plant tail gas will be scrubbed along with the oth~r weak S02 smelter

gases. Cases 5 and 6 list costs for scrubbing the gases without the acid

plant tail gas. Cases 1 and 3 assume a 90% S02 removal efficiency.

The other cases assume a scrubber exit gas concentration of 650 ppm S02.

This corresponds to new source performance standards (NS2S). The report

Appendix lists the process equipment items included in the cost estimate.

12
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TABLE 3

~STIHATI·:nl·OTAI~. CAP 11·~-:.. INVESTHENT SUHHARY FOR FLUE GAS

OESllLFlll<IZA'l'TON USlNG LIMESTONE SLlIRI{Y SCRUBBING----------_.- ---------------
CASE: ELECTRIC FURNACE--------------------

I--'
+:--

Direct Costs:-------
Process Equipment

Materials Handling
Feed Preparation
Particulate Scrubbing
SO! Scrubbing
Gas Reheating
Gas Handling
Solids Disposal
Services
Particle Recirculation

Subtotal

Equipment Installation
Piping
Structural Steel
Foundations
Insulation and painting
Electrical
Instruments
BL Building and Service*
Excavation and Fill Site

_. Pt-eparation
Auxiliaries
Sludge Ponds (installed)

Particulate Disposal
Calcium Solids Disposal

Subtotal IHrecr Costs

111L1 ire c t Cll S t s :
--~----- ----

Ellginecdng Design and
Supervision

Construction Field Expense
Contractor Fees
Contingency

Subtotal Indirect Costs

TOTAL CAPITAL INVESTHENT

':'ILIILl'ry Lind l

Case I - 90% Scrubber
___EfUcicncy_-_

$ 32.780
92,7S0

269. no
389,550

73,L150
49,640

18L, .050
1 )L. ,730

___3~720

$I ,257, )')0

490,400
377 ,200
62.900

754.400
25,100
88,000
50,300
62,900

U5,700
12,600

/.6, 000
142,000

$ j , LI 9 4 , BI) 0

L.54, JOO
LI 85,800
244,600

_ill, 70Q.

$1,698,400

~2_!.!2.l!.~1Q.

$ 30,600""
82,120

2L.2,63-0
3/17,540
68,8~0

42,330
166,620
134,73/)

27 , 800

Case 2 - NSPS

$1,143,100

445,800
342,900
57,200

685,900
22,900
80,000
45,700
57,200

114,300
11 ,LIOO

37,000
112,000

$3,155,400

410,200
438,600
220,900
L.63 t 800

1,533,500

$4,688,900
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TABLE 4

EST!.!:~l'E~~~~f~~SI.UR~~ROCES~

TOTAL ANNUAL OPERATING COSTS-----------------
(Case 1: Electric Furnace. YO/u Scrubber Efficiency)

Direct Costs

Annual Quantity Uni£ Co~t ,--1
Total Annual

Cost, $

Percent of
Total Annual

Operating Cost

I-'
t..n

De 1 i v~red rm" ma ter ia 1

LiOletitone

Subtotal

Conversion costs

Operating labor and supervision

Utilities

Steam

Pn1cess water

Electricity

Haintenance

Labor and material, .09 x 3,49!I,890

Analyses

Subtotal conversion costs

Subtotal dirt.:ct custs

Indirect Costs._-------
Average capital charges at 14.9%

of rotal capital investment

Overhead

Plant. 20% of conversion costs

Administrative, 10% of operating labor

Subtotal indirect costs

Total annual operating cost

20.7 H mtons

13,500 man-ill'

39,600 M kg

196,200 M liters

12,337,700 kWh

6.60/mton

10.00/man-hr

3.3l/M kg

'0.029 Ii tel'S

0.0~8/kWh

1.36,600 6.58

136,600 6.58

135,000 6."50

131,100 6.31

5,700 .27

345,500 16.63

311.,500 15.14

29,400 1.42

961,200 46.27

1,097,800 52.85

773,800 37.25

192,200 9.25

13! 500 ~

479,500 47.15

2,077.300 100.00

lla::d s:

Life of scruuher, 30 yr.

Stack gas t-eheat to 79.L."C.

On-stream I imc. 7,000 hr/yr.

Ni(!I·Jc::;l plant location, 1978 operating costs.

Tnt"L capital investment, $5,193,290; subtotal direct- investment $],4~)L.,890.
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TABLE 5

EST1NATED LUIESTUNE SLURHY PROCESS-------------_._-----
TOTAl. AtmlJAL OPERATING COSTS----------------

(C~se 2: Electric Furnuce, NSPS)

••••

Direct Costs---.-'--_. ---

nclivered ruw material

Annuul_guunlll'i !!~!:- Ctl~.-i

Total Annual
Cost, $

Percent of
Total Annual

Operating Cost

I-'
0'\

l.ilOestllne

Suhtotul

Conversion costs

Operating labor and supervision

Ut iIi ries

Steum

Process water

Electricity

Naintenance

Labor and muteriul, .09 x 3,155,400

Analyses

SuLJtotal conversion costs

Suhtotal lJirect costs

Indirect Costs
~----~-------

Averilf,e capital charges at 14.9%

lJf tOLal capital investment

Overhead

Plant. 20/0 of conversion costs

Administrative, 10% of operating labor

Subtotal indirect costs

TuLal annual operating cost

22.7 11 mlons

13,500 man-hr

39,600 M kg

173,000 N literti

10,U76,OOO k\Jh

6. 60/11I1 on

10.00/man-hr

3,' 3J /11 kg

0.029 liters

0.028/kl-Jh

149,800 7.77

149,800 7.77

135,000 7.00

131,100 6.80
5,000 .26

304,500 15.79

284,000 ,14.72

29,400 1. 52
889,000 46.09

1,038,800 53.86

698,600 36.22

177,800 9.22

__13,500 .70--
889,900 L.6.14

1,928,700 100.00

BilSis.

Life of serubber, 30 yr.

SILll:l, gas reheat to 79.4°C.

On-:Hl-eal1l tilllC, 7,000 hr/yr.

Hid\-Jest planl locution, 19/8 operating costs.

TuLi.Jl cLlpilUl invl'stment, ?L1 .68H,900; subtotal tJirecl inveslment $J,l~5,!IOO.
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Di rec L Cl)S ts :----
Process Equipment

TABLE 6

ESTHtATED TOTA I. CAP I TAL 1NVESTHEtrr SUHNARY FOR FLUE GAS--------- -
DESULFLJRIZATlON USING J.IHESTONE SLlIIWY SCIWBBING
----- 0-

CASE: FLASH FURNACE---------

Case 3 - 90% Scrubber
Efficiency Case 4 - NSPS

l-i
'-J

Hdtcrials Handling
Feed Preparation
Particulate Scrubbing
S02 Scrubbing
Gas Reheating
Gas Handling
Solids Disposal
Services
Particle Recirculation

Subtotal

E14uiplllent Installation
Piping
Structural Sreel
Foundations
Insulation and painting
~:lectrical

Instruments
HL Building and Service*
Excavation and Fill Site
Prcpara'tion

Auxiliaries
-.Sludge Ponds (installed)

Particulate Disposal
C.llcium Solids Disposal

Subtotal Dit-ec t Costs

I nd I '"e c r Co s l S :
-------~ -------

Engineering Design and
Supcl.-vis ion

CUllstrllction Field Expl!nse
Contractor Fees
Contingency

Sublot'al Indirect Costs

TOTAL CAPITAL I NVESTHENT

:'11:11 [cry !.Iuli t

$ 31.890
89.250

127,050
~96, 5/10
101,650

67.240
169,930
134,730

30, no
$1 ,449 ,'()Of)

565,10')0
43 /,,700

72,500
869,40l)
29,000

101,400
58,000
72,500

1t,4, (lOO
lfl, SOl)

5t"OOO
_.lLI !,! ()0~

4, OO'.l • 1)00

5~ 1, 2011
557, 'j1)O

280,600
_..i!!..~·l/)O

1.9L18,4011

$~!2.~ ?,-~QQ
-----

$ 21,380
11,620,

248,350
375,1.80

81,691) ,
49,690

135.430
134,730

24,660

$1,148.330
441.800
31,4.500
51.400

689.000
23.000
80.400
45,9l)O
57.400

114,9')f)
11.500

32.000
85,000

$3,137,030

407.800
1~36, 000
219.600

_461.100

1,524,500

$4,6612 30
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TAI1LE 7------

LUIESTONE SLlJRRY PROCESS----------~-_._--
TOTAL ANNUAL OPERATl NG COSTS----------------

• •••;

(Case J: Flash Furnace, 901 Scrubber Efficiency)

Direct Costs------

Annual QUi.:lnLiIY !!~~!.!:- Cos~~
Total Annual

Cost, $

Percent of
Total Annual

Operating Cost

~

00

Delivered raw material

Limestone

Subtotal

Conversion cosLs

Operating lahor and supervision

lit i lit ies

Steam

Process \vater

Electricity

Haintenance

Labor and material, .09 x 4,009,O()()

An.llyses

Suhtotal conversion costs

Subtotal direct costs

Indirect Costs
-----_.~----

Avera~e capital charges at 14.9%

of Lotal capital investment

Overhead

Plant, 20% of conversion costs

AJministrative, 101 of operating labor

Subtotal indirect costs

Total annual operating cost

20.7 N mtons

13,5001llall-1Ir

80,L100 1'1 kg

223,OOll M li ters

18, 1 <)fj ,(lOO k\oJh

6.60/IIILon

lO.OO/man-hl'

3. 31/M kg

0.029/1'1 liter

0.02B/kIlh

136,800 5.24
136,800 _ 5.24

135.000 5.17

266,100 10.19
6,600 .25

512,300 19.63

3tiO,800 . 13.82

29,400 1.13
1,311),201) 50.19
I, L.4 7, 000 55.43

887,700 34.00

262,000 10.0/t

13.500 .52
1,163,201) 4 /.. 56

2,610,200 100.00

I\~IB is:

Life of scrubber, 30 yr.

~ailck gas rehear to 79.L."C.

Oil-stream time. 7,000 hr/yr.

Hidwest pLlIlt location, 1978 operating costs,
Tj)I~d capit~ll illve~;tlnent. $5,/)57./.00 subtotal direct investlllellt, $/j ,009,OO/).



TABLE 8----
LINESTONE SLURRY PROCfo:SS

TOTAL ANNUAL OPERATING COSTS--------------
(Case I,: Flash Furnace, NSPS)

Direct Costs

Annual_Quanti ty YEil Co~
Total Annual

Cost, $

Percent of
Total Annual

Operating Cost

I-'
\0

Deli_vereJ raw material

Limestone

Subtotal

Conversion costs

Operating labor and supervision

Utilities

Steam

Process water

Electricity

Haintenance

Lahor and material, .09 x 3,137,030

Analyses

Subtotal conversion costs

Subtotal direct costs

Judi rect Cos ts

25.6 H mtons

13,500 man-hr

80,400 H kg

169,000 M liters

13,562,000 kWh

6.60/llIton

10.00/man-hr

3.3l/M kg

0.029/M liter

0'.028/kWh

159,aoo 7.70
16-9,100 7.70

135, aoo 6.15

266,100 12.13
4,900 .22

379, 7f)1) 17.31

282,3(1) 12.87
29,400 1. 34

1,097,400 '50.02
1,'266,500 57.72

Average capital charges at 14.9%

()f total capital i.nvestment

Overhead

Plant, 20/u of conversion costs

Administrative, 10% of operating labor

Subtotal indirect costs

Tutal annual operating cost

Ba~; is:

Li fe 0 f scruhher, 30 yr.

Stack gas reheat to 79.4°C.

Oll-sl-re<lm time, 7,000 hr/hr.

t-lidwest plant location, 1978 operating costs.
Tolal cilpjud investment, $/~.66I,510 subtotal direcl investment. $·{ ..1l7,'llO.

69/, ,6(1)

219,500
~500

9?7,600

2,IQ4,lOO

31. 66

10.00
.62

42.28

100.00
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TABLE 9

ESTlHATEO TOTAL CAPITAL INVESTHENT SUHHARY FOR FLUE CAS

DESULFIIHIZATION USING LHIESTONE S1.URRY SCRURB INC._------ -

CASE 5: ELECTRiC FUR~ACE

Di n;lC t Cos t s ;

Process Equipment

Case 5 - NSPS
(no acid plant
tail gas)

N
o

I-fated als Handl ing
Feed Preparation
Particulate Scrubbing
SO~ Scrubbing
Cas Reheating
Cas Ilandling
Solids Disposal
Services
Particle Recirculation

Subtutal

Equipn,tmt Installation
Piping
Structural Steel
FOWldatiol\s
Insulation and painting
Electrical
Instruments
B1. Bui lding and Servi ce""
Excavation and fill Site
Preparation

Auxiliaries
Sludge Ptmds (Installed)
Particulate Disposal
Cald um Solids Disposal

Subtotal Oirect Costs

Indirect Costs:

Eng ineecing Des i gn "lilt!
Supervision

Construction field Expense
Contractor Fees
Contillfency

Subtotal Indirect Costs

TOTAL CAPI TAL I NVESTHENT

-'\lIa tt cry Liud t

$ 30,690
88,1.00

157,050
264,240

53,540
113,590
175,040
134,800

__29,420

$1,017,350

396,800
305,200
50,900

610,400
20,300
71,200
40,700
50,900

10 1,700
10,200

6,000
60,700

$2, 7l,2 ,350

$ 356,500
381,200
192 ,000

~),100

$1,132,800

$f. ,075 ,150



• • • • • • • • ,. • • • • • • II • •
TABLE 10

ESTIHATED LHIESTONE SLURRY PROCESS

TOTAL ANNUAl, OPERATING COSTS

(Case 5: Electric Furnace, "SPS, no acid plant tail gas)

Di r<~cl. Costs-_._-------
De 1 i \Ie n:; d r a\I/ mt} t e rial

Annual Quantity ~~ CustJ
Total Annual

COtit, $

Percent of
Total Annl\al

Operating Cost

N
I-'

Limestone

Sub totul

Conversion costs

Operating labor and super-vi-sian

LJtiliti,:s

St e~11lI

Pl"Ol'e;.;s \...at~r

Elect ri city

Haintenunce

Litbut- ilnd material, .09 x 2,742,350

;\nil 1y:;cs

SlI(,tllt<j I couvers ion costs

Subtotal direct cost::>

_. Indi r-ect Costs---------

31.0 H mtons

13,500 mun-hr

18,700Hkg

222,200 II 1iten,

13,970,000 kWh

6.60/lllton

10.00/man-he

3.31/1'1 kg

0.029/H 1iten,

0.028/ldJh

204,400 10.93

204,400 10.93

135,000 7.22

61,900 3.31

6,400 .34

391,200 20.92

246,800 13.,20

29.400 1. 57

870,700 46.57

1,075,100 57.50

Average capital churges at 14.9%

of total capital investment

Dve rhead

Plilut. 20% ot conversion costs

Admitdslralive, ]W~ of operating labor

~;ubt[)tal indi reeL costs

Tutal iJImual operaling cost

Ib~; i~; :

Li ft-, [) r s cruhber, 30 yr.

~j l u Ck g it S n!ll e it L to 79. 4 0 C .

On-stt"ealll time, 7,000 hr/yr-.

ltid\I/t~st pLllll: lllci.lt iOll , IY78 operating costs.

'I'ol:d c:tpilal inVt'SLlllent, $!I,075,l~0 subtotal direct investment ~~2,7tI2,1~O

607,200 32.47

174,100 9.31

13 ,500 .72

794,800 42.50

1,869,900 100.00
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Direce Cose::>:

Process Equipment

TABLE 11

ESTHlATED TOTAL CAP JTAL INVES'lltEifr SUHHARY FOR--------_ .. - -- -~_ .. --- -- _.--- ------. -._------------
FLUE GAS DESlJLFlIlUZATlON lISl W; I.IHESTONE SLURRY----------- _._-- - ---- . ---- ._- ----_. - - - ---- --------------

SClWLWlNG-----
CASE ~--.-!:'LASU F.!.!RNA~~

Case 6 - NSPS

(no acid plant
tail gas)

N
N

Haeerials Handling
Feed Preparation
Particulate Scrubbing
S02 Scrubbine
Cas Reheating
Gas Hand Ling
Solids Dispo::>.;}l
Services
Particle Recirculation

Subtotal

Equipment Installation
Piping
Structural Steel
Foundations
Insulation and painting
Electrical
Instruments
tiL Building Hnd Service*
Excavation and Fill Site

I'n:para tion
Auxiliaries
Sludge Pond::> (In::>talled)
Particulate Di::>p0::>i11
Calcium Solid::> DEqlosdl

Subtotal Direct. Cost::>

lndirect (;osts:- -------_.-

Eneineering Design allu
Supervision

COII::>truction Field Expense
Contractor Fees
Contingency

Subtotal Indirect (;osts

TOTAL CAPJTAL JNVESTHENT

,"B,l t t ery I.i lIli I

$ 28,850
77,410

284,L120
396,980
66,800
46,130

116,630
134,800

--~L.Q~Q.

$1,152,020

449.300
3L.5,600
57,600

691.200
23,000
80.bOO
L16.100
57.600

ll5,200
11,500

16,900
65,600

$:i, 112.220

I.OL.,600
lj32.600
217 ,800
457.500

1,512.500

$4.624,720
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TABLE 12

ESTIHATED L I 1'1ESTONE SLlIRRY PROCESS----_._------------------
TOTAL ANNUAl. OPEI{ATING COSTS

(Case 6: Flw;;h FU1'n<Jcc. nsl's. no i1t:·id pl<Jnt tail gas)

Direct Custs._-------
Dclivered rilw material

AnnuaL..9.ui.\!.:!.!:2.£Y. Unit Cost. $
Total Annual

Cost, $

Percent of
Total Annual

Operating Cost

13,500 lHan-hr 10.00/uwn-hr

43,700 H kg 3. 31/H kg

169,100 N li ten, 0,029/M liter

13,586, 700 k\Jh 0.028/kHh

N
W

Limt:s tOllt:

Sub tota I

Cunversion costs

Open.\tinr: Llbor and supervision

Utili,ties

SteullI

Proce::JS \,Jater

Electrid ty

'·ta i ntenant:e

Labor anti matcri 01. .09 x 3.112,200

Analyses

Sub to ta 1 conve rs ion cus t s

Subtotal tlirect costs

25.7 H II1(OIlS 6.60/mton 169.400. 8.30

169,400 8. )0

135,000 6.61

144,600 7.08

4,900 .24

380,400 18.64

280.100 13.72

29.400 1. 114

974,L100 117.73

1,143,800 56.03

Indirect Costs

Avcl'age capitul charges at 14.9%

of tolal capital investment

OVC dll~ild

I'Lll1t. 20% 0'[ conversion costs

Adlllinistrative. 10°/.. of operating lubor

Subtotal inJi recl' costs

Total annual operating cost

Basis:

Li fe of scruuber. 30 yr.

Slack gas reheat to 79.4°C.

Iln-::.;tl"eUlII limc, 7.000 hr/yr.

Hi,I\'Je~;L plaut location. 1'378 operating costs.

TCJlal capital iIlVe!;Lment. $L1 ,624,720; subtotal direct investment, $3.,112,220

689,100

19 1.,900

13 ,500

897,500

2,041,300

33.76

9.55

.66

43.97

100.00
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SECTION. 4

LIMESTONE SCRUBBER WATER

CONSUMPTION ESTIMATE

The limestone scrubber design used for the cost estimates in Section 3

(see Figure 3) is a closed-loop system. Water consumption is estimated to

range between 40 and 50 gallons per minute. The actual consumption will vary

depending on the quantity of particulates in the gas stream and the desired

prescrubber particulate removal efficiency. This assumes a constant gas

volume and S02 concentration.

Approximately 95% of the water consumed is expected to be vaporized

as the gas cools and exits in the'stack gases. The remaining 5% will remain

in the settled sludge or evaporate from the settling pond.

24
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SECTION. 5

ELECTROSTATIC PRECIPITATOR CAPITAL

COST ESTIMATES

Electrostatic precipitator costs versus efficiency were estimated using

an article by Caplan in Chemical Engineering, p. 153, April 10, 1978 and

cost figures provided in a private conversation with Leslie E. Sparks of

IERL in North Carolina. Table 13 lists the efficiency, the corresponding ft 2

of collecting surface required per 1000 scfm of gas, and the ft 2 required at

each efficiency relative to 97% removal. Table 14 translates these figures

into installed capital costs for the various smelter offgases considered in

1977 dollars. These cost figures should be regarded as rough estimates to

be used only for economic modelling in the Regional Copper-Nickel Study.

TABLE 13. COLLECTING SURFACE VERSUS EFFICIENCY FOR

METALLURGICAL HOT ELECTROSTATIC PRECIPITATORSt

Ft 2 collecting surface Ft 2 required

Efficiency 1000 SCFM Ft 2 @ 97% eff

90 152 0.655

95 200 0.862

97 232 1.000

98 259 1.116

99 301 1.297

99.5 350 1.509

99.7 381 1.642

99.9 460 1.983

99.95 502 2.164

II

t Sotirce: Caplan, F., Chemical Engineering, p. 153, April 10, 1978.

25
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TABLE 14. ESTIMATED CAPITAL COST INSTALLED FOR REMOVING

PARTICULATES FROM VARIOUS SMELTER GAS STREAMS

Flash Furnace Case Electric Furnace Case

Capital Cost (M$)* Capital Cost (M$)*

Gas Gas Flow
% Efficiency

Gas Flow
% Efficiency

Stream (1000 SCFM) 97 99 99.5 99.9 (1000 SCFM) 97 99 99.5 99.9

Dryer 60.0 417.6 541.8 630.0 828.0

Roaster --- --- --- --- --- 25.2 175.4 227.6 264.6 347.8

Smelting
Furnace 47.0 327.1 424.4 493.5 648.6 12.3 85.6 111.1 129.2 169.7

Copper
tv Converters 49.2 342.4 444.3 516.6 679.0 49.2 342.4 444.3 516.6 679.0
0'

Nickel
Converter 10.6 73.8 95.7 111.3 146.3 10.6 73.8 95.7 111.3 146.3

Weak S02
Gast 178.3 1241.0 1610.0 1872.2 2460.5 109.7 763.5 990.6 1152.0 1513.9
-

tIf particulate removal is not performed. in S02 scrubber.

*@ $30/Ft 2 of collecting surface (installed); M$ = thousands of dollars.
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SECTION 6

NOx EMISSIONS EVALUATION

No literature data" was ~found containing data on NO x emissions from

either copper or nickel smelters. Data provided by a smelting company indi

cated that a Japanese copper smelter measured 4 ppm NOx at the outlet of

their TCA S02 scrubber (~200,000 scfm). The value of 4 ppm seems reasonable

because of the following:

I • No fuel nitrogen of the form R~N is present in the concentrate.

• All NOx present in smelting furnace off gases comes from ther
mal fixation of molecular nitrogen (N2) in the combustion air.

• The smelting reactions occur at temperatures lower than those
needed for significant NO x generation i.e., below 3000°F
(BA-002).

•

•

•

•

Local temperatures on the concentrate particles should be
lower than the temperature on coal particles. First, because
of the lower heat of reaction and second, because the copper
and iron present act as a significant heat sink.

The expected residence time, approximately 20 seconds (KE-162),
and average temperature, approximately 2800°F, are not sufficient
to generate significant NOx concentrations based on reported
reaction rate calculations (BA-002) for the fo+lowing reaction:

+-
th + 02 -+ 2NO

I
I
I
I

•

These qualitative statements can be supported by using the following equation

(BA-002) :

d[NO] -Ef/RT k

dt
A

f
e [N 2] [02] 2

-E /RT k
- A

r [NO]2[02]-2 gemoles/cc/sece·r

27
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where:
d [NO]
dt

A.
l

T

net formation rate for NO x (assumed constant for this

calculation),

Frequency factor,

2500°F for the case with no oxygen enrichment; 2800°F with

300 Nm 3 02/metric ton Cu, and

Forward and reverse reaction activation energies.

I
I

•
I
I
I
I
I

assume: a) N2:02 mole ratio is 0.54:0.46 for oxygen enriched case,

b) Furnace residence time is 20 seconds (KE-162), and

c) Flash furnace shaft is a homogeneous reactor.

These approximations allow the NOx formation rate (moles/sec) and the NOx
concentration (ppm) to be calculated. For the no 02 enrichment case, an NOx

concentration of 3 ppm NO x was calculated. For the case of 300 Nm 3 02/metric

ton Cu, a concentration of 15 ppm NO x was calculated.

These numbers are certainly on the same order of magnitude as the 4 ppm

NOx figure reported by the Japanese smelting company. Of course, the 4 ppm

NOx value includes approximately two 2 volumes of dilution air for everyone

of process gas. The 3 ppm and 15 ppm NOx calculated above do not.

Table 15 presents some information on power plant NOx emisssions which

will place potential smelter NOx emissions in perspective. The power plant

data in Table 15 (FA-154) are for different types of firing mechanisms, i.e.,

different flame temperatures. A typical gas flow from a 500 ~~ coal-fired

power plant should range from 1.0 to 1.25 million scfm depending on the coal

heating value and moisture content. Obviously, the NOx emissions from a

smelter (~200,000 scfm, 4 ppm NOx ) would be insignificant compared to only

one 500 ~ power plant.

28
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TABLE 15. CONCENTRATION RANGES OF NOx FROM

COAL-FIRED POWER PLANTS

Typical NOx
Type of Firing concentration, ppm

Vertical 225 - 310

Horizontally 0ppo$ed 340 - 375
I

Spreader (stoker) 400 - 470

Tangential (corner) 420 - 500

Front wall 390 - 600

Cyclone 800 - 1200

29
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SECTION 7

ESTIMATE OF PARTICULATE EMISSIONS

30

The emission sources listed in Figure 4 are subject to both federal and

state air pollution control regulations. Two types of ·federal regulations

apply to the smelting schemes considered in this report. These are:

The removal efficiencies shown assume normal operating conditions within

the design limitations of the control technology. Particulate emissions

during upset conditions could be significantly higher than those indicated

for normal conditions.

These standards are subject to a certain amount of interpretation with re·

spect to their applicability to primary copper/nickel smelting. It is pre

sumed here that NSPS would apply to the dryer or roaster, smelting furnace,

and converters as stated in EPA 40 CFR 60.160. The entire smelter would be

Standards of Performance for New Stationary Sources (NSPS)t, and

Prevention of Significant Air Quality Deterioration (PSD)tt .
•
•

There is no existing ,data which would enable an exact calculation to

be made of the total partlculates generated by a smelter. As a result, it

was estimated that ten percent of the incoming concentrate would be released

as particulate in the smelter gas streams. This is a conservative estimate,

the actual number is believed to be smaller. The gas streams are then assumed

to be cleaned by the various particulate control devices, each assigned a

particulate removal efficiency consistent with those reported for similar

control applications. This is shown schematically in Figure 4 for the flash

and electric furnace cases. The total particulate emissions estimated were

285 and 0.3 metric tons per year 'for the flash and electric furnace cases

respectively.

I

•

I
I
I
I
I
I
I
I
I
I
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subject to PSD requirements as stated in Part 51, Requirements for Prepara

tion, Adoption, and Submission of Implementation Planstt. In addition, any

surface mine or concentrating facility would also be required to meet PSD

regulations.

31
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285 mton/yr
Particulates

.- .-

W
N

- ------ -- -- - -- -

635.000 mton/yr 63.500 mton/yr ESP* 1,900 mton/yr Venturi 570 mton/yr S02 Scrubber

Dryer (97%)
Prescrubber Spray Tower

Concentrate Particulates Particulates (70%) Particulates (50%)

571 •500 mton/yr 1. 7 mton/yr
"

Concentrate

Other 57,150 mton/yr
ESP 1.714 mton/yr

Smelting (97%)
Processes Particulates

1 Acid Plant
~

(99.9%)
Metal

0.3 rnton/yr
Particulates

--------- ------

_.
635,000 mton/yr Roaster &. Other 63,500 mton/yr ESP 1,900 mton/yr Acid Plant 2 mton/yr Venturi f.

Smelting (97%) (99.9%)
Spray Tower

Concentrate Processes Particulates Particulates Particulates (85%)

Metal

* Numbers in parenthesis indicate particulate removal efficiencies.

Figure I,. Particulate emissions from flash and electric smelting schemes.
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TABLE A-l

CASE 1, ELECTRIC FURJ.'lACE, 90% SCRUBBER EFFICIE~ICY

WORK SHEETS FOR PROCESS EQUIPMENT COSTS

AREA 1 - MATERL~LS HANDLI~TG

Size-Cost:
Scale Factor

Item ~o. Description Factor Source

l. Unloading 1 Capacity .. 30 mJ 0.68 Chem. Engr. 3-24-69,
hopper No. 1 carbon steel Guthrie

2. Limestone 1 5.5 kg/s 0.58 Chem. Engr. 3-24-69
feeder No. 1 Guthrie
(vibrating)

3. Conveyor 1 5.5 kg/s 0.81 Fund. of Cost Engr.
(belt) No. 1 1964

0.65 Chem. Engr. 3-24-69
Guthrie

4. Conveyor 1 5.5 kg/s 0.81 Fund of Cost E:1gr.
(belt) :10. 2 1964

0.65 Chem. Engr. )-24.-69
Guthri.e

<: Honoers 3 Capacity .20 oJ, 0.68 Chem. Engr. 3- 24-69J.

under ?il~ car::,on steel Guthrie

6. Limestone 3 2.6 kg/s 0.58 Chem. Engr. 3-24-69
feeder No. 2
(vibrating)

7. Conveyor 1 2.6 kg/s 0.65 Chem. Engr. 3-24-69
(bel t) ;'!o. 3 Guthrie

0.81 F'J.nd. of Cost Eng-:-.
1964

2,760

1,740

4.,2]0

1,330590

580

"-70 1,410

2,760

2,':'50 :2 ,':"50

5,240 5 ,240

5 .920 5 ,9~8

530 5 SO

1,:'JO 1,100

:; , 63 ;') 2 , :'3'J

':",290

Base
Cost Total
Each Mid-1977

(1977) Cost

580 580

1,120 1,120

580 530

Chern. Engr. 3-24-69

0.80 Chem. Engr. 3-24-69
Guthrie

0.80 Chern. Eng:::,. 3-24-69

0.68 Chern. Eng::-. 3-24-69

0.6-3

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
sizes

0.83 Chern. Engr. 3-24.-69

Railroad trackside
vibrator

Capacity 1~.9 ;n2, carbon
steel

2.6 kg/s

2.3 X 10- 4 ;nJ/s,
carbon steel, neoprene
lining, 163.6 ~att

motor

1

1

1

1 .11 ml/s, inertial
separators, cyclone,
hoppers, fan, and drive

.31 mJ/s, inertial
separators, cyclone,
hoppers. fan, and drive

1 0.83 mJ/s, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damoer.
motor, drive, dust'hoaoer,
fan and motor "

1

SCBTOTAL

8. :''-lnnel
3ump pump

9. Elevator
1'10. 1

10. Bin

11. Car shaker

12. Dust
collecting
system ~lo . 1

13. Dust
collecting
s?stem No. Z

, I 3ag Eilte::-~"'"+.

system

I
I

I
I

I

I
I
I

I

I

I

I
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I TABLE A-1 (Continued)

AREA 2 - FEED PREPARATION

Base
. Size-Cost Cost Total

Scale Factor Each ~id-1977
No. Description Factor Source ll221l Cost

1 0.7 kg/s, carbon steel 0.58 Chem. Engr. 3-24-69 310 3:;"0
Guthrie

1 0.7 kg'/s, carbon steel 0.65 Chem. Engr. 3-24-69 3,750 3,750
Guthrie

1 0.7 kg/s 1. 20 Chem. Engr. 3-24-69 2,190 2,190
Guthrie

1 0.7 kg/s 0.65 Chem. Engr. 3-24-69 1,100 1,100
Guthrie

1 6.9 kg/s 0.65 Chem. Engr. 3-24-69 SO ,740 50,740
Guthrie

1 75,230 lfll mocor 1. 07 Fund. of Cost Engr. 3,610 3,610
1964

1 Capacicy 18.3 m3
, 0.68 Chem. Engr. 3-24-69 5,330 5,330

carbon steel Guchrie

1 5.57 :< 10- 3 m neoprene 4, no :",710

1 1308 W, neoprene 0.50 Chem. Eng:::-. 3-24-69 2,960 2,960
coated Guthrie

0.64 Fund. of Cose Eng::, .
1964

2 6.6 x 10--' m3 Is, carbon Depends on gpm and head re- l,390 3,7S0
steel, neoprene lined quirements resulting i.n

changes of motor and i=rpeller
size

I
I

•
I
I
I

•
I

I
I
I
I
I

Item

1. Bin discharge
feeder

2. toleigh feeder

3. Gyratory
crusher

4. Elevator
No. 2

5. tolet ball
mill

6. Slurry feed
tank

I.ini::g

7. Ag:'tator,
s lurr.,
feed'
::ank

3. Pumps, slurry
feed tank

9. Dust
collecting
system

10. Hoise

11. 3ag fil ter
system

SUBTOTAL

1

1

1

.41 m3 /s, inertial
separator, cyclone,
hoppers, fan, and
drive

1579 kg electric

0.83 m3 /s, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damper,
motor, drive, dust hopper,
fan and motor

37

0.80

0.81

0.68

Chern. Engr. 3-24-69 1,370 1,370
Guthrie

Popper, H. 1.0,270 10,270

Chern. Engr. 3-24-69 2,630 2,630



Jepends on gpm and head re- :6,780 33 ,560
quirements resulting in
changes of motor and irnpelle:!:'
size

0.60 Universal Oil 113,090 118,090
?:::oducts

0.68 Chern. Eng:::. 3-24-69 20,010 30,010
Guthrie

1. 00 TVA 5,050 25,250

Depends on gpm and head ra- 1,910 2,320
quirements resul::ing in
changes of mocor and i.mp ell e:!:'
size

:ABLE A-1 (Continued)
AREA 3 - PARTICULATE SCRUBBING

I
I

•
I
I
I
I
I
I f......

I

•
•
I

•
I
I
I

•

Item

1. Tank
particulate
scrubber,
effluent
hold

Lining

2. Agitator,
effluent
hold tank

3. Pumps,
recycle
slur-:-y

4. Venturi
scr'..lobe:!:'

5. Venturi
sump

6. Soot blor,.;e:!:'s

... Bleed pumpI.

SUB70TAL

1

1

1

2

1

1

5

2

Description

Capacity 174.8 m3
,

carbon steel

5.57 X 10- 3 m neoprene

6542 ~~, neoprene
coated

.2.3 ro 3 /s, carbon
steel, neoprene
lined

52.1 ml/s, carbon steel,
neoprene lined

Carbon steel, neoprene
lining

1.4 X 10- 3 m3 /s, carbon
steel, neoprene lined

38

Size-Cost
Scale

Factor

0.68

0.26

0.50

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Fund of Cost Engr.
Guchrie
Chern. Engr. 3-24-69
Guthrie

Base
Cost
Each

(1977)

30,640

22,500

5,850

Total
Mid-1977

Cost

30,640

22,500

5,850



JABLE A-l (Continued)

AREA 4 - S02 SCRUBBI~IG

Base
Size-Cost Cost Total

Scale Factor Each Mid-1977
Item ~ Description Factor Source ll221l Cost

1. Spray tower 1 Gas Flow 52.1 m3 /s, Wes~ern Precipitator 140,040 140,040
scrubber carbon steel, neoprene Div., Joy Mfg. Co.a

2. Spray tower 1 Carbon steel, neoprene 0.68 Chern. Engr. 3-24-69 30 ,010 30,010
sump lined Gu~hrie

3. Tank, 1 Capacity 620.8 m3
, 0.68 Chern. Engr. 3-24-69 43,920 43,920

absorber carbon steel, field Guthrie
effluent erected
hold

Lining 1 5.57 X 10. 3 m neoprene 37,500 37,500

4. Agitator, 1 26,167 TN, neoprene 0.50 Chem. Engr. 3-24-69 1,2,410 12,410
S02 absorber coated Guthrie
hold tank

5. Pumps, S02 J .40 m3 /s, carbon steel, Depends on gpm and head re- ::'5,660 76,980
absorber neoprene lined quirements resulting in
;:oecycle changes of motor and iopel:er

size

6. Pumps, 1 1.1 X 10-] m3 /s, .carbon Depends on gpm and head re- 1,::'30 :,::'30
makeup steel, neoprene lined quirements resulting in
water changes of mocor and impeller

size

7. Soot 5 1. 00 TVA 5,050 25,250
blowers

3. Demiscer 1 Carbon steel, neoprene 13,980 13,930
lined

9. Pump, bleed 2 5.9 x 10-~ ml/s, carbon Depends on gpm and head re- 1,920 3,340
steel, neoprene lined quirements resulting in

changes of :notOl:- and impeller
size

10. Tank, 1 Capacity 1. 66 m3 carbon 0.68 Chern. Engr. 3-24-69 1,340 1.240,
demister steel, neoprene lined Guthrie
wash

11. Pump. ::. 1.1 :< 10 -] m]/s, carbon Depends on gpm and head re- ;.,~OO 2,300
demister steel, neoprene lined quirements resulting in
'Nash changes of motor and impeller

size

SUBTOTAL
A9 ..:..)'5

aIndicates source of spray torNer cost:
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TABLE A-1 (Continued)

AREA 5 - REHE.A..T

Item No. Description

1. Steam 1 1.7 x 10 5 W rating
reheat:er 64.4 m% surface area

2. Soot 5

SUBTOTAL

Size-Cost
Scale
Factor

0.80

1. 00

Factor
Source

Chem. Engr. 3-24-69

TVA

Base
Cost
Each

i.liZ12.
48,200

5,050

Total
~1id-197;

Cost

':"8,200

25,250

AREA 6 - GAS HANDL DIG

I
1.

Item

Fan 1

DescriDtion

1.01 X 10 6 W drive

Size-Cost
Scale
Factor

0.68

Factor
Source

Chern. Engr. 3-24-69

Base
Cost
Each

(1977)

':"9,640

Total
~1id-19;;

Cost

':"9,640

I
I
I
I
I
I
I
I
I

AREA 7 - SOLIDS DISPOSAL

Base
Size-Cost Cost Toca1

Scale 'Factor Each :'fid-197 :-
Item ~lo . Descriotion Factor Source (1977) Cost

l. Clarifier 1 5.1 x 10 3 m3 Is 0.68 PEDCo (PE-146) 164,770 164,770

2. Pumps, pond 2 1.3 x 10- 3 m3 /s, carbon Depends on gpr.1 and head :-e- 1,490 2,980
:aed steel, neoprene lined quiremencs resulting i:1

changes of motor and impeller
size

3. PUI:lp, 2 3.e x 10- 3 m3 Is, carbon Depends on gpm and head re- 3,31.0 .... .... ""')"
'j,O,:,~

clarifier steel, neoprene li~ed quirements resulting in
water :-ecycle changes of motor, and impeEer

size

4. Pumps, 2 3.2 X 10- 3 m3 Is, carbon Depends on gpm and head re- 3.790 7.53')
particulate steel, neoprene lined quirements resulting in
pond ·....ater changes of motor and ir:lpeller
recycle size

5. PUI:lPS, SO< 2 5.1 x 10 -4 m3 Is, carbon 1,050 2,:00
pond ·....ater steel, neoprene lined
recycle

SUBTOTAL
lj'+,J5J

40



I
I
I
I

TABLE A-1 (Continued)
.~~ 8 - UTILITIES

Note: There is no process equipment in t~is area.

I

•
I

•
II
II

Item

1. Pay10ader

2. Plant
vehicles

3. ZVlaint. &
instrument
shop
equipment

~. Service
building
equipmenc

j. Stores
equi?ment

SUBTOTAL

AREA 9 - SERVICES

Size-Cost
Scale
FactorDescriotion

AREA 10 - PARTICLE P..ECIRCL"LATIO~l

Factor
Source

Base
Cost
Each

(1977)

31,280

33,300

~4,150

13,370

Total
Xid-19i~

Cost

31,280

12,630

33,300

44,150

13,370

13"" I ~O

Depends on gpm and head re
quirements resulting in
changes of motor and i~pe11er

size

II

•
II
I
I

Item No. Descriotion

1. Idet ba1:" 1 2.8 x 10 - 4 mJ / s
mill

2. Pump, 2 2.8 x 10- 4 mJ /s,
particle molded polypropylene
recirculation

3. Tank, l Capacicy 1.0 m1 carbon
"article steel, neoprene lined
recirculation
surge

SUBTOTAL

41

Size-Cost
Scale
Factor

0.65

0.68

Factor
Source

~cGlaIiler:,

~icGlamery

Base
Cost
£ach

( 1977)

28,730

480

930

70tal
>lid-19 7

Cost

23,73C

9S0

92:J



42

:;e~v Source Perfor:nance Scandards, 650 pp~ S02 in scrubber ef£l:.l~n:

10. Bin

520

520

3,960

1,040

2,470

1,62J

, ,",,''''..I..,I-..,.I....J

2 J 32C

~, 750

6,920

Total
~'fid-19r

Cost

.J2'J

520

.+30

540

520

:+90

960

l,040

3,960

2,320

!;.,76,J

6,920

2.':'90

Base
Cost
Each

ill1.Zl
Factor
Source

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Fund. of Cos~ Engr.
1964
Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr. 3-24-69
Guchrie

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69
Guchrie

Chern. Engr. 3-24-69
Guthrie -
Fund. of Cost Engr.
1964

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69

Chen. Engr. 3-2':'-69

0.68

0.58

0.81

0.65

0.81

0.65

0.58

0.53

0.31

0.65

Depends on gprn and head re
quire~ents resulcing in
changes of motor and impeller
sizes

0.33

0.68

0.80

0.80

0.68

Size-Cost
Scale
Factor

TABLE A-2

CASE 2, ELECTRIC FURNACE, NSPS*
WORK SHEET FOR PROCESS EQUIPMENT COSTS

AREA 1 - HATERIALS HANDLING

Des crip tion

2.3 kg/s

2.3 ':r..g/s

2.':' :<. 10 - 4 :n 3 / s ,
carbon steel neoorene
lining, 141. 7 ~att motor

Capacity 12.9 m4
, carbon

steel

Capacity .18 mJ ,
carbon steel

Railroad track3ide
vibrator

2.3 ks/s

4.8 kgis

Cap-acicy .26
carbon steel

4.8 kg/s

4.8~g/s

.09 :n 3 /s, inertial
separators, cyclone,
hoppers, fan, and drive

.26 mJ/s, inertial
separators, cyclone,
hoppers, fan, and drive

0.77 mJ/s, automatic
fabric dust collectors,
bag support, shaker sys
cern, isolation damoer,
motor, drive, dust'hopper,
fan and motor

3

1

1

1

2

1

3

1

1

1

1

1

1

1

Item

Unloading
hopper No. 1

Dusc
collecting
S:'S tern :{o. 1

Dust
coHec ting
system :10. 1

Sag filter
system

SU3TOT.';'r...

1.

3. Conveyor
(belt) No.1

4. Conveyor
(belt) ~To. 2

2. Limestone
feeder :-.lo. 1
(vibrating)

5. Hoppers
under 2i1=

3. Tunnel
su"~p pump

7. Convevor
(bel t) :10. 3

9. E:levator
:10. 1

6. Li:nestone
feeder ~o. 2
(vibrating)

l'_4.

11. Car shaker

12.

13.



TABLE A-2 (Continued)
AREA 2 - FEED PREPAR..;"T ION

Base
Size-Cost Cost Total

Scale Factor Each Mid-197:-
Item ~To . Description Factor Source .ill.lli Cost

1. Bin discharge 1 .6 kg/s, carbon steel 0.58 Chem. Engr. 3-24-69 280 280
feeder Guthrie

2. Weigh feeder 1 .6 kg/s, carbon steel 0.65 Chem. Engr. 3-24-69 3,390 3,390
Guthrie

3. Gyratory 1 .6 kg/s 1. 20 Chem. Engr. 3-24-69 ~,820 1,820
'crusher Guthrie

4. Elevator 1 .6 kg/s 0.65 Chern. Engr. 3-24-69 990 990
No. 2 Guthrie

5. ~ole': ball 1 6.0 kgl s 0.65 Chem. Engr. 3-24-69 46, 330 4-6,330
:nill Guthrie

1 65,120 Wmotor 1.07 Fund. of Cost Eng:-. 3,100 3,100
1964

6. Slu:-:-"] feed 1 Capacity 15.8 m3 0.68 Chem. Engr. 3-24-69 ~,830 ~,330,
eank carbon steel Guthrie

Linir.g 1 4.82 x 10- 1 m neoprene 4,060 ~,C60

7. Agi::ator, . 1132 r~, neoprene 0.50 Chem. Engr. 3-24-69 :,760 2,760
slurry coated Guthrie
feed 0.46 Fund. of Cost Engr.
tank 1964

3. ?umps, 2 5.8 x 10 -~ :n 1 Is, carbon Depends on gpm and head :oe- 1,730 1,730
slurry feed steel, neoprene lined quirements resulting in
tank changes of motor and :'mpeller

size

I
I
II
I
I
I
I
I
I
II

II
II

II
I

9. Duse
collecting
system

10. Hoise

11. Bag fil ter
syscem

SUBTOTAL

1

1

1

.36 m3 /s, inertial
separator, cyclone,
hoppers, fan, and
drive

1367 kg electric

0.71 rolls, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damper,
motor, drive, dust hopper,
fan and motor

43

0.80

0.81

0.68

Chem. Engr. 3-24-69
Guthrie

Popper, H.

Chem. Engr. 3-24-69

1,240

9,130

2,~60

1.240

9,130

2,36,]



3. Pumps, 2 .~O m' /s, carbon steel,
recycle neoprene lined
slurry

4. 'lenc'.lri 1 41.1 mJ /s, carbon steel,
sCr'.lbber neoprene lined

5. Venturi - Carbon steel, ~eoprene

SUITtp lining

6. Soot blowers

7. Sleed pump 2 1.2 x 10-3 :nJ /s, carbon
steel, neoprene lined

SCBTOTAL

:ABLE A-2 (Continued)
AREA 3 - PARTICUL~TE SCRU38ING

20,340 20,340

O. Z'6 Fund. of Cost Engr. 5,630 5,630
1964

0.50 Chem. Engr. 3-24-69
Guthrie

Depends on gpm and head re- 15,220 30,44C
quirements resulting in
changes of :no tor and impeller
size

0.60 Universal Oil 102,430 102,430
Products

0.68 Chem. Engr. 3-24-69 :':',230 ") ~ ., ?r.
- J J _.JV

Guthrie

1. 00 T7A 5,050 25,25C

Depends on gpm and head re- :',720 3,!...4iJ
quirements resulting in
changes of motor and irq:>el.ler
size

2~21S3C

I
II
I
I
I
I
I
I
II
II
II
I

I
I
I
I
II

Item

1. Tank
particulate
scrubber,
effluent
hold

Lining

2. Agitator
effluent,
hold tank

1

1

1

Desc::-iption

Capacity 1~2.1 m3
,

carbon steel

4.32 X 10-3 m neoprene

5662 W, neoprene
coated

44

Size-Cost
Scale
Factor

0.68

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Base
Cost
Each

.illZ.Zl
27,870

Total
~id-19r

Cosc

27,870



I
I
II
I
II
I
I
I
I
II
II
I

II
I
I
II
II

:ABLE .\-2 (Continued)

AREA 4 - SO~ SCRrBBING

Base
Size-Cost Cost Total

Scale Factor Each ~1id-197~
Item No. Descriotion Factor Source ill.Zl2. Cost

1. Spray tower 1 Gas Flow 41.1 m3 Is, Western Precipitator 118,620 118,620
scrubber carbon steel, neoprene Div. , Joy Xfg. Co. a

2. Spray tower 1 Carbon steel, neoprene 0.68 Chern. Engr. 3-24-69 27,230 27,230
sump lined " Guthrie

3. Tank, 1 Capacity 537.4m 3
, carbon 0.68 Chern. Engr. 3-24-69 39,810 39,810

absorber steel, field erected Guthrie
effluent
hold

Lining 1 4.82 x 10- 3 m neoprene 34,000 34,000

4. Agitator, SO, 1 22,650 \{ , neoprene 0.50 Chern. Engr. 3-24-69 12,100 12,100
absorber coated Guthrie
hold tank

5. Pumps, SO, 3 .35 mJ/s, carbon steel, Depends on gpm and head re- 23,370 70 ,:10
absoroer neoprene lined quiremencs resulting in
recycle changes of motor and impeller

size

6. Pumps. 1 9.2 x lO-~ mJ/s, carbon Depends on gpm and head :oe- 1; 300 1,300
makeup steel, neoprene lined quirements resulting b.
'Nater changes of motor and impeller

size

7. Sooc blowers 5 1.00 TVA 5,050 25,250

8. Demister 1 Carbon steel, neoprene 11,840 11,840
lined

9. P1.lInp, bleed 2 5.1 :<;: 10-" mJIs, caroon :)epends on gpm and head re- 1,730 3,~6G
steel, neoprene lined q1.lirements !"esulting in

changes of motor and i::lpe11e!"
size

10. Tank, 1 Capacity 1.43m J
, carbon 0.68 Chem. Eng!". 3-24-69 1,220 1,220

demister 'Nash steel, neoprene lined Guthrie

11. Pu:np, 2 9.9 x 10-" m3 !s, carbon Depends on gpm and head =12- 1,300 2,600
de!:lister 'Nash steel, neoprene lined quirements resulting in

changes of mocor and i:npelle!"
size

SUBTOTAL

347,5':'2

alndicates source of spray cower cost
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TABLE .:\-2 (Continued)
ARE.';' 5 - REHEAT

Item No. Description

1. Steam 1 1.5 x lOS Wrating
reheater 55.7 m surface area

2. Soot 5

SUBTOTAL

Base
Size-Cost: Cost Total

Scale Factor Each Mid-197-:-
Factor Source i121.Z.2.. Cost

0.80 Chern. Engr. 3-24-69 43,580 43,580

1.00 TVA 5,050 25,250

bB:83O

AREA 6 - GAS HANDLING

Ieen

1. Fa.n 1

Descriotion

7.99 x lOS W drive

Size-Cost
Scale
Fa.ctor

0.68

Factor
Source

Chern. Engr. 3-24-69
Guthrie

Base
Cost
Each

(1977)

42,330

Total
~lid-197-:

Cost

42,330

AREA 7 - SOLI~S DISPOSAL

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

I

Item

1. Clarifier

2. ?umps, ?ond
feed

3. Pump,
clarifie!:'
'.vater
recy.:le

1

2

2

Descrio cion

1.1 X 10- 3 ml/s, carbon
steel, neoprene lined

3.4 X 10- 3 ml/s, carbon
steel, neoprene lined

Size-Cost
Scale
Factor

0.68

Factor
Source

PEDCd (PE-146)

Ease
Cost
Ea.ch

(1977)

149,040

1,330

3,060

Total
Mid-19r

Cost:

149,J40

2,66C

I
I
I
II

4. Pumps,
?articulate
I)ond ,;,;ater
rec:,cle

5 . Pu:::p s, SO 2

Dond water
r-ecycle

SL'BTOTAL'

2

2

2.8 X 10- 3 ml/s, carbon
steel, neoprene lined

4.4 x 10-~ mlls, carbon
steel, neoprene lined

46

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

3,450

930

6,90e)

~QO,~__
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TABLE A-2 (Concinued)

ARL~ 8 - L~ILITIES

~;ote: There is no process equipment in this area.

1. Payloader

AREA 9 - SERVICES
I
I
I
I
I
I
II

3.

4.

5.

Item

Plant
vehicles

Haint. &
instrument
shop
equipment

Service
building
equipment

Stores
equipment

SUBTOTAL

Description

Size-Cost
Scale
Factor

Factor
Source

Base
Cost
Each

(1977)

31,280

33,300

44,150

13,370

Total
Mid-1977

Cost

31,280

12,630

33,300

44,150

13.370

13-., 730

I AREA 10 - PARTICLE RECIRCDLATION

I<;em No. Description

1. Wet ball 1 2.4 x 10-" m3
/ s

mill

"l Pump, 2 2.4 x 10-" m3 /s,...
particle molded polypropylene
recirculation

0.68 McGlamery

Depends on gpm and head re
Quirements resulting in
changes of motor and impeller
size

I

I

I
I
I

3. Tank,
particle
recirculation
surge

SUB:'OTAL

1 Capacity 0.9 m3 , carbon
steel, neoprene lined

Size-Cost
Scale
Factor

0.65

Factor
Source

McGlamery

Base
Cost
Each

(1977)

26,030

430

9lJ

7ota1
:lid-1977

Cost

26,030

860

I
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TABLE A-3
CASE 3. FLASH FUR~ACE, 90% SCRUBBER EFFICIE~CY

WORK SHEET FOR PROCESS EQUIPME~ COSTS
AREA 1 - MATERIALS HANDLING

Base
Size-Cost Cost Total

Scale Faccor Each Xid-19r
Item No. Descriotion Factor Source (1977) Cost

l. Unloading 1 Capacity .27 m3
, carbon 0.68 Chern. Engr. 3-24-69 540 540

hopper No. 1 steel" Guthrie

2. Limestone 1 5.0 kgl s 0.58 Chern. Engr. 3-24-69 1,060 1,060
feeder No. 1 Guthrie
(vibrating)

3. Con'Teyor 1 5.0 kgl s 0.81 Fund. of Cost Engr. 540 540
(belt) No. 1 1964

0.65 Chern. Engr. 3-24-69
Guthrie

4. Conveyor 1 5.0 kg/s 0.31 Fund. of Cosc Engr. 2,550 2,550
(bel t) ~IO . 2 1964

0.65 Chern. Engr. 3-24-69
Guthrie

5. Hoppers Capacit:r .13 mJ car!Jon 0.68 Chern. Engr. 3-24-61 450 1,350
under pile steel Guchrie

5. Limestone 3 2.':'- kg/s 0.58 Chern. Engr. 3-24-69 5~O : . .,2~
feeder ~lo . 2 Guchrie
(vibrat:ing)

7. Convevor 1 2.4 kg/s 0.65 Che!:!. Engr. 3-24-69 ':",iJ~O .:.. ,:2::
(belt) ~lo . 3 Guchrie

0.81 Fund. of Cost Engr.
1964

3. Tunnel :. 2.3 x 10 -" mJ /s, carbon Depends on gpm and head :'e- ~9n l. 33(1
sump ?ump steel, neoprene lining, quiremenc:s resulting in

267.4 rNatt motor changes of motor and impelle:'
size

9. Elevator l 2.4 kg/s 0.83 Chern. Engr. 3-24-69 2,360 2.3S!
~10 . 1

10. 3i:1 1 Capaci::y 13. ') mJ , carbon 0.68 Chem. Engr. 3-2'--69 ~. J9,1 .:.. J j?('
steel

E. Car shaker 1 Railroad tracks ide S.33il 3 < 1.,~

vibracor

12. Dust 1 .10 m3 Is inertial 0.80 Chern. Engr. 3-24-69 5':",) 5.:...~

collecting separator, cyclone, Guthrie
system No. 1 hoppers. fan. and

drive

13. Dust 1 .29 m3 Is inertial 0.80 Chem. Engr. 3-24-69 1. il4'; '1' ,
.L., . .....

collecting separator, cyclone,
system No. Z hoppers, fan, and

drive

14. Sal;'; :il:er 1 .76 ' I automatic 0.58 C~em. £n5r. 3-24-69 2 ) ~ ~,J '1 I - ...:n IS, _,-,
s:,stem fabric dust collectors,

bag support, shaker sys-
tem, isolation dampe:"
motor, drive, dust ho?per,
fan and mocor

S'.JB70V.L

3: . 3'? "
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I
II TABLE A-3 (Continued)

~; 2 - FEED PREPARATION

6. Slurry feed
tank

Item

l. Bin discharge
feeder

1. Heigh feeder

3. Gyratory
crusher

4. Elevator
~o. 2

5. Wet ball
mill

Base
Size-Cost Cost Total

Scale Factor Each ~1id-1977
No. Des cri-o tion Factor Source .lliill. Cost

1 , 7 kg/s, carbon steel 0.58 Chern. Engr. 3-24-69 310 310
Guthrie

1 .7 kg/s, carbon sc:eel 0.65 CheI'l. Engr. 3-24-69 3,750 3,750
/ Guthrie

1 . 7 kg/s 1. 20 Chern. Engr . 3-24-69 2,190 2,190
Guthrie

1 .7 kg/s 0.65 CheITl. Engr. 3-24-69 1, :00 1,100
Guthrie

1 6.4 kg/s 0.65 Chern. Engr. 3-24-69 48,200 4S,200
Guthrie

1 68,260 T,{ moc:or 1. 07 Fund. of Cost Engr. 3,250 3,260
1964

1 Capacity 13.1 m3 carbon 0.68 Chern. Engr. 3-24-69 5,2']0 ),200,
steel Guthrie

1 5. 53 '{ 10 -3 m neoprene 4,590 £..,590

1 1300 !' neoprene coated 0.50 Chem. Engr. 3-24-69 2,960 2,:160I'f,

Guchrie
0.'+6 Fund. of Cost :::ngr.

1964

Depends on gpm and head re- :',391i 3,730
quirements resulting in
changes of motor and impeller
size

0.80 Chern. Engr. 3-24-69 :',240 L,2L:;
Guchrie

0.81 Popper, H. 10,20') lO,2tJ r:

0.63 Chem. Engr. 3-24-69 " :..70 2 t ~ 7'-"

1,568 kg electric

. 76 ~~/s, auc:omatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damoer,
motor, drive, dust' hopper,
fan and mocor

.36 m3 /s, inertial
separator, cyclone,
hoppers, fan, and drive

6.'J x 10-· ~3/S, carbon
steel, neoprene lined

2

1

1

15ag £i lter
system

~usc

coll~c1;ing

system

Agitator,
slurry
feed
tank

Hoist

Lining

I.

9.

3.

l.O.

11.

I
I

I

I
I
I

I
I

I

I
SUSTO':'AL

I
I
II
I

49



TABLE A-3 (Continued)

AREA 3 - PARTICULATE SCRUBBI~TG

I
I

Item

1. Tank,
particulate
scrubber,
effluent
hold

Lining

2. Agitator,
effluent
hold tank

1

1

1

Descriotion

Capacity 151.7 m3
, carbon

steel

5.53 X 10- 3 m neoprene

6.500 W, neoprene coated

. Size-Cost
Scale

Factor

0.68

0.26

0.50

Factor
Source

Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr. 3-24-69
Guthrie

Base
Cost
Each

(1977)

27,300

20,500

5,830

Total
~!id-1977

Cost

27,800

20,51)n

5,830

0.60 Universal Oil 1.57,~(\O 157,40,}
Products

0.68 Chern. Engr. 3-24-69 ',,, ~ ~Ii 42, OSS!)- ... , v_'

Guthrie

1. 00 TVA 5, i)50 25,250

Depends on gpm and head re- 1.,860 3.720
quiremenr:s resulting in
changes of motor and impeller
size

I

II
I
II

I

•
I
I
I
II

3. Pumps, 2 .4 mJ /s, carbon steel,
recycle neoprene lined
slurry

'-!-. Venturi 1 84.1 mJ /s, car:,on steel,
scrubber neoprene lined

5. Venturi 1 Carbon steel, neoprene
sump lining

6. Soar: 5
b Im.;ers

7. Bleed rump 2 1.6x 10 - J mJ /s, carl;,on
steel, neoprene lined

SUBTOTAL

50

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

21,,}50 4'3,900

327,050
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I

•
I
I

I
I
I
I

I
I
I
I
I
I

TABLE A-3 (Continued)

AREA 4 - S02 SCRUBBI~G

Base
Size-Cost Cost Total

Scale Factor Each Mid-197-
Icem No. Descriotion Factor Source (1977) Cost

1. Spray tower 1 Gas flow 84.1 m~/s, Western Precipitation 225,400 225,400
scrubber carbon steel, neoprene Div. Joy Mfr. Co. a

2. Spray tower 1 Carbon steel, neoprene 0.68 Chern. Engr. 3-24-69 41,970 41,970
sump lined Guthrie

3. Tank 1 Ca,pacity 462.6 m~ , carbon 0.68 Chern. Engr. 3-24-69 35,960 35,961)
absorber steel, field erected Guthrie
effluent
hold

Lining 1 5.53 :< 10- 3 m neoprene 3n,680 30,680

4. Agitator, 1 19501 W, neoprene 0.50 Chern. Engr. 3-24-69 12,090 12,090
S02 coated Guthrie
absorber
hold tank

5. Pumps, S02 3 .54 m'/s, carbon steel. Depends on gpm and head re- 3:,030 93,090
absorber neoprene lined quirernents resulting in
recvcle changes of motor and impeller
slurry size

6. Pumps, 1 9.7 ;( 10- • m3 Is, carbon Depends on gpm and head re- 1,':'40 1, ~'::"C'
makeup steel, neoprene lined quiremen,:s resulcing in
'",acer changes of motor and impeller

size

7. Soot: 5 1. 00 TVA 5,050 25,2Y,
blowers

8. Demister 1 Car!:Ion steel, neoprene 22,5':"0 22,5 L '::
lined

9. ?ump. bleed 2 5.3 ;( 10- 4 m3 /s, carbon Depends on gpm and head re- 1,9110 3.3':C
steel, neoprene lined quiremenc:s resulting in

changes of motqr and impeller
size

10. Tank. 1 Capaci ty 1.65 In 3 1 carbon 0.68 Chern. Engr. 3-24-69 :',3 4 0 1.., 3~0
demister 'Nash steel, neoprene lined Guthrie

11. Purnp, :2 1.2 X 10-' m3 /s, carbon Depends on gpm and head re- l,~:l~ 2,°3"
demister wash steel, neoprene lined quirements resulting in

changes of mocor and impeller
size

SUBTOTAL
496,54;;

a1n<1icates source of spray tower cos t
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I
I

••
I

Item

1. Sceam
reheater

2. Soot
blowers

SUBTOTAL

TABLE A-3 (Continued)

AREA 5 - REHEAT

Base
Size-Cost Cos t Total

Scale Factor Each Mid-1977
~o. Descriotion Factor Source (1977) Cost

1 3.5 :t 10' W rating 0.80 Chem. Engr. 3-24-69 76,4111) 76,40')
127.5 m2 surface area Guthrie

5 1. 00 TVA 5,050 25,250

101,650

AREA 6 - GAS ~~DLING

I
I

Iter::

1. Fan

~Io .

1

!:lescriotion

1.37 x 10· W motor drive

Size-Cos t
Scale
?actor

0.68

?actor
Source

Chern. Engr. 3-2~-69

Base
Cost
Each

(197i)

67,240

Total
:fid-197:

Cost

67,240

I AREA 7 - SOLIDS DISPOSAL

I
leem ~10 . Cescrio tion

Size-Cost
Scale
Faccor

?accor
Source

3ase
Cost
Each

(1977)

:'otal
~fid-197

Cost

3. Pump, 2 3.6 x 10-' ml
/ s, carbon

clarifie:: steel, neoprene lined
water
recycle

4. Pumps, 2 2.8 X 10-' m1/s, carbon
?articulate steel, neoprene lined
Dond '/later
recycle

5. Pumps, S02 :2 5.0 x 10-' m'/s, carbon
Dond '/later steel. neoprene lined
rec:,cle

SCBT07.-\L

I
I
I

I
I
I
I

1. Clarifier

2. Pumps, pond
:eed

1

2 1.2 X 10- ' mJ/s, car~on

sceel, neoprene lined

S2

PEnco '(PE-l~6

Depends on gpm and head re
q~irements resulting in
changes of motor and impeller
size

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

Depends en gpm and head re
qui::ements resulting in
changes of motor and impeller
size

:53,39')

1.,490

:2 ,39 r)

1, ".:.')

2,9g~

2.69, q~-



Note:

TABLE A-3 (Continued)

AREA 8 - L~ILITIES

There is no process equipment in this area.

•
AREA 9 - SERVICES

Base
Cost Total
Each Xid-197

(1977) Cost

31,280 31,28C

12,630

33,300 33,300I
I
I

Item

1. Payloader

2. Plant
vehicles

3. Maint. &
instrument
shop
equipment

4. Service
building
equipment

5. Stores
equipment

Description

Size-Cost
Scale
Factor

Factor
Source

44,150

13,370

4L..,15C

13,370

II
SUBTOTAL

.l...J ... , / J'-,

• AREA 10 - PARTICLE RECIRCu"L..\TIO~1

Item ~lo . Description

l. l..Jet ball 1 2.8 x 10-" m) /s
mill

2. Punp, 2 2.8 x 10-~ m' / s
iJarticle molded polypropylane
recirculation

0.68 McGlamery

0.65 McGlamery

Depends on gpm and head re
quirements resulting in
changes of motor and ~mpeller

sizes

Tota:"
~'iid-19;

Cost

Base
Cost
Each

(1977)

23,730

Factor
Sou,=,ce

Size-Cost
Scale
Factor

Capacity 1.0 m~, carbon
steel, neoprene lined

SUBTOTAL

3. Tank,
particle
recirculation
surge

I

I

I

I

I
I
I
I 53

-~-~
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TABLE A-4
CASE 4, FLASH FURNACE, NSPS*

WORK SHEET FOR PROCESS EQUIPMENT COSTS
AREA 1 - MATERIALS HANDLING

I
I
I
I
I

II

Item

1. Unloading
hopper No. 1

2. Limestone
feeder No. 1
(vibrating)

3. Conveyor
(belt) No. 1

4. Conveyor
(belt) No. 2

5. Hoppers
under pile

6. Limestone
feeder ;10. 2
(vibrating)

,'. Convevor
(belt) ;10. 3

1

1.

1

1

3

3

1.

Descriotion

Capacity .20 m3 • carbon
steel

3.7 kg/s

3.7 kg/ s

3, 7 kg/ s

Capacity 0.14 w 3
• carbon

steel

1. 3 kgl s

1..3 kgl s

Size-Cose
Scale

Factor

0.63

0.58

0.81

0.65

0.81

0.65

0.63

0.58

0.65

0.81

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr, 3-24-69
Guthrie

Chem. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Chem. Engr. 3-24-69
Guthrie
Fund. of Cos: Engr.
196L..

Base
Cost
Each

(1977)

440

890

420

2,.0!)n

3.3~0

Total
Mid-197-:

Cost

440

890

42<:

2,nI'JO

l,ll~

l,41J

3, 3'3 C'

I
3. Tunnel

sump pump
2.0 .• 10·-ml/s carbon
steel, neoprene lining.
118.4 '",att ::10 tor

Depends on gpm and head re
quirements resulting in
changes of motor and i::1pel:'er
size

540 1, J~r

I
I
I

•
I

9. Elevator

La. Bin

1:'. Car shaker

12. Dust
collec':ing
system ;1"0. 1

13. Dust
collecting
system ;10. 2

14. Bag til ter
syscem

SL~TOTAL

1

1

1

1

1. 9 kg! s

Capacity 9.? ::1
3

, carbon
steel

Railroad tracks ide
vibrator

0.08 m3 js inertial
separator, cyclone,
hoppers, fan, and
drive

0.21 m3 js inertial
seoarator, cyclone
hoppers, fan~ and
drive

0.55 m 3 js, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damper,
motor, drive, dust hopper,
fan and motor

0.83

0.68

0.80

0.80

0.68

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69

?,2?0 3,29('

I
I
II

;':::e',.; Source Performance Standards, 65G ppm SO~ in scrubber e~fll..lent.
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TABLE A-4 (Continued)
AREA 2 - FEED PREPARATION

1 0.5 kg/s

Depends on gpm and head re
quiremencs resulting in
changes of ~otor and impeller
size

Size-Cost
Scale Factor

Factor Source

0.58 Chern. Engr. 3-24-69
Guthrie

0.65 Chern. Engr. 3-2la.-69
Guthrie

1. 20 Chern. Engr. 3-24-69
Guthrie

0.65 Chern. Engr. 3-24-69
Guthrie

0.65 Chern. Engr. 3-24-69
Guthrie

1. 07 Fund. of Cost Engr.
1964

0.68 Chern. Engr. 3-24-69
Guthrie

I
I

•
I
I

•

Item

1. Bin discharge

2. Weigh feeder

3. Gyratory
crusher

4. Elevator
No. 2

5. Wet ball
mill

6. Slurry feed
tank

Linir.g

7. Agitator,
slurry
~eed .
cank

3, ?Ur:1.pS, slurry
feed tank

1

1

1

1

1

1

1

1

Descrincion

0.5 kg/s, carbon
steel

0.5 kg/s, carbon
steel

0.5 kg/s

4.7 kg/s

49703 'vi motor

Capaci::y 13. 2m: ,
carbon steel

4.03 x 10-1 m neoprene

947 ~, neoprene coated

4.4 :< lO-4 m!/s,
carbon sceel, neoprene
lined

0.50

0.46

Chern. Sngr. 3-24-69
Guchrie
Fund. of Cost Engr.
1964

Base
Cost Total
Each Hid-197:-

(1977) Cost

2Sf) 26C'

3,010 3,01'J

1,460 1,46 il

.ggf) 8g0

39,440 39,4M)

2,320 2,32n

4,190 4,19:')

J,,,8() 3,68 0

2,52'1 2.520

1,510

I

I
I
I
I
II
I

-:I, :Jus c
collacting
system

10. noist

!. 1. Bag f i 1 t er
system

SUBTOTAL

1

1

0.26 m3 is, inertial
separator. cyclone
hoppers, fan and drive

:'142 kg electric

0.55 m3 /s, automatic
faoric dust colleccors
bag support, shaker sys
tem, isolation damper,
motor. drive, dust hopper,
fan and motor

55

0.80

8.81

0.68

Chern. Engr. 3-24-69
Guthrie -

Popper, H.

Cheo. 'Engr. 3-24-69

9 5")

:,'390

1,?'30

950

"1., ?aC
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TABLE A-4 (Continued)

AREA 3 - PARTICLLATE SCRUBBI~G

1 4.03 X 10- 3 m neoprene

1 4734 ~v, neoprene
coated

2 .2 m3
/ s, carbon steel,

neoprene lined

1 49.5 m3 /s, carbon steel,
neoprene lined

1 Carbon steel, neoprene
lining

Depends on gpm and head re- 13,510 :2 7,1)2 ,-
quirements resulting in
changes of motor and i:npeller
size

0.60 Gniversal Oil 114,320 114,S2~

Products

0.68 Chern. E:ngr. 3-24-69 34,350 34,35'-
Guchrie

1. 00 rIA 5,050 75,25'

Depends on gpm and head re- 1,52'1 3, 'J4:
quiremencs resulting in
changes of mocor and impeller
si::e

I
I
I
I
I
I
I

I
I
I

I

I
I

Item

1. Tank
particulace
scrubber,
affluent
hold

Lining

2. Agitator,
effluent
hold tank

3. Pumps,
recycle
slurry

I Vencuri....
scrubber

5 Vencuri
sump

6. Soo':
blowers

7. Bleed
imm?

SUBTOTAL

~

1

2

Descrio tion

Capacity 110.5 m3 ,

carbon steel

1.2 A 10-' rn'/s carbon
steel, neoprene lined

56

Size-Cos t
Scale

- Factor

0.68

0,26

0.50

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chem. Engr. 3-24-69
Guthrie

Base
Cost
Each

(1977 )

22,430

16,360

5,330

Total
Hid-l97

Cost

22,4Y

16,36:

S,39 r
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I
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TABLE A-4 (Continued)

AREA 4 - SO! SCRUBBI~G

Base
Size-Cose Cose Total
Scale Factor Each Hid-19T:"

Item No. Description Factor Source (1977) Cose

l. Spray tower 1 Gas flow 49.5 m3
/ s, Western Precipita£ion US ,550 155,500

scrubber carbon stael, neoprene Div. Joy Mfr, Co.

2. Spray towe::- 1 Carbon stael, neoprene 0.68 Chern. Engr. 3-24-69 33,310 33,310
sump lined Guthrie

3. Tank 1 Capacity 336.9 m3
, car- 0.68 Chern. Eng::-. 3-24-69 23,99'J 28,990

absorber bon seeel, field erected Guthrie
effluent
hold

Lining 1 4.03 x 10- 3 m neoprene 24,590 24,590

4. Agitaeor, 1 14201 W, neoprene 0.50 Chern. Engr. 3-24-69 10,32'J 10,3::'0
Sal coated Guthrie
absorber
hold tank

"'. Pumps, 50 2 3 .39 m" / s, carbon steel, Depends on gpm and head re- 2L...720 7':".160

absorber neoprene lined quiremenes resulcing in
recvcle changes of motor and ::"mpeller
s lurr:' size

6. Pumps, 1 7.0 x 10-~ m" / s, carbon Cepends on gpm and head re- :',:'50 1,:'50
makeup steel, neoprene lined quiremenes result:'ng in
'",atar changes of motor and :'::lpel1 e::-

size

I. Soot 5 1. 00 T~lA 5.050 25,230
blowers

8. Jemisee::- 1 Carbon 3teel, neoprene 15,550 15 ,550
lined

9. P'J.O? • 2 4. 3 x 10-" m" / s, carbon Depends on gpm and head re- 1,540 3,J80
'::lleed seeel. neoprene lined quiremencs ::-es~l!:ing in

changes of mocor and i:npeller
size

10. Tank, l Capacity 1. 2'J m' , carbon 0.68 Cher:t. Engr. 3-24-69 1.0,30 1, ClSO

demis ter ,,,ash steel, neoprene lined Guthrie

P'.1mp, 2 3.3 .< 10- " m' /s, carbon Depends on gpm and head re- 1,130 2. J8')
<ieois:er wash steel, neoprene lined quirer:tencs result::"ng in
~·Tash changes of moter and Lnpeller

size

S:':S!OTAL
37:J . 7:,~'

arndicates source of spra:r cower cost
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TABLE A-4 (Continued)

AREA 5 - REHEAT

I
I
I

I
I

Item

1. Steam
reheater

Soot
blowers

SUBTOTAL

1

5

Description

2.6 x lOs W rating
92.8 ml surface area

Size-Cosc
Scale
Facto=

0.80

1. 00

Factor
Source

Chern. Sngr. 3-24-69
Guchrie

TVA

Base
Cost:
Each

(1977)

60,240

4,290

Total
Mid-l9T

Cost

60,24C

21,4%

I AREA 6 - GAS HA~mLING

I
I

Item

1. Fan

~o.

1

Descrincion

8.09 x lOs ;.[ motor dri'le

Size-Cost
Scale
Factor

0.68

Faccor
Source

Chern. Engr. 3-24-69
Guthrie

Base
Cost
Each

(1977)

43,690

Total
~1id-197

Cost:

48,690

I AREA 7 - SOLIDS DISPOSAL

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

I
:te~ ~.yo . Descri::lc:'on

l. Clarifier 1 3.5 X 10-] m'l s

2. Pumps, pond 2 3.3 x 10 -, m'/s, car-
feed bon steel, neoprene

lined

Size-Cost
Scale
Factor

?actor
Source

PEDCQ. (PE-146)

Base
Cost
Each

(1977)

122,970

1,150

Total
~'!id-l9;

Cost:

122, 97~

2.30'

I
I
I
I
I

3 Purr.?
clarifier
'.vacer
=ecycle

4. Pumps,
parciculate
oond '.vater
recycle

5. P"JI:lPS, SOl
pond ',yater
recycle

SU"3TOTAL

2

2

2

:.3 x 10-] m] Is, car
bon steel, neoprene
lined

2.0 x 10 -] m11 s, carbon
steel, neoprene lined

3. 7 xlO-, m3 Is, carbon
steel, neoprene lined

58

Depends on gpm and head re
quirements resu~:ing in
changes of motor and i=peller
size

Depends on gpm and head re
quirements resulting in
changes of motor and i~peller

size

Depends on gp~ and head re
quirements resulting in
changes of motor and impeller
size

2,::"L.O

1,300

8~O

3 ,60'~

1,~S



TABLE .\-4 (Continued)

AREA 8 - L7ILITIES

Note: There is no process equipment in this area.

Base
Cost Total
Each Mid-l97-

iill.Zl Cost

31,280 31,280

12,630

33,300 33,300

I
I
I
I

I

Item

1. Payloader

2. Plant
vehicles

3. Maint. &
instrument
shop
equipment:

~. Service
building
equipment

J. Stores
equipment

SuBTOTAL

Descriotion

AREA 9 - SERVICES

Size-Cost
Scale
Factor

Factor
Source

41.,150

13,370

44,150

13,370

AREA 10 - PARTIC:..E RECIRCr.:LATION

1. ivet ball
mill

1

Descrip tion

Size-Cos t
Scale
Fac':or

0.65

Factor
Source

McGlamery

Base
Cost
Each

(1977)

23,130

Tota:
Xid-19

Cost

23,lY

I
I
I
I
II
II

2. Pump,
particle
recirculation

3. Tank,
particle
recirc'.lla tion
surge

SUBTOTAL

2

1

2.0 x 10-" m3 /s,
molded polypropy1ane

Capacity .70 m3
• carbon

steel, neoprene lined

59

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
sizes

0.68 McGlamery

380

no / .



Item

1. Unloading
hopper No. 1

2. Limestone
feeder No. 1
(vibrating)

560

260

2,650

1,090

1,350

Total
Mid-1977

Cost

2,550

560

1,090

Base
Cost
Each

(1977)

260

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Chem. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chern. Engr. 3-2~-69

Guthrie

0.58

0.68

0.81

0.65

0.68

0.81

0.65

Size-Cost
Scale
FactorDescription

TABLE A-5

CASE 5, ELECTRIC FU&~ACE, NSPS*

WORK SHEET FOR PROCESS EQUIPME~ COSTS
AREA 1 - MATERIALS HANDLI~G

5.2 kg/s

5.2 kg/s

Capacity 0.28 m3
,

carbon steel

5.2 kg/s

Capacity 0.19 m3 ,

carbon sceel
3

1

1

1

Hoppers
under pile

Conveyor
(belt) No. 2

Conveyor
(belt) No.1

5.

3.

L..

I
I

10. Bin

1.1. Car shaker

12. Dus t
co11ecr:ing
sys tern ~10. 1

13. Dus t
co llecting
system No. 2

14. Bag fil ter
sysr:em

540

900

2.5 JC

1,710

6.928

2.490

5,OiO

4.130

570

450

5.070

"',:30

2,530

6,920

Chern. 'Engr. 3-24 -69

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69

Chern. Engr. 3-24-69

0.58 Chem. Engr. 3-2u-69

Depends on gpm and head re
quirements resul~ing in
changes of motor and impeller
sizes

0.65 Chem. Engr. 3-24-69
Guthrie

0.81 Fund. of Cost Engr.
1964

0.83 Chern. Engr. 3-24-69

0.80

0.68

0.30

0.68

Railroad tracks ide
vibrator

2.5 kg/s

2.5 kg/s

2.5 kg/s

2.7 x 10-~ m3 /s, carbon
steel, neoprene lining,
241. a watt mo tor

Caoacitv 14 m2 , carbon
steel •

0.10 m3 /s, inertial
separators, cyclone,
hoppers, fan and drive

0.29 m3 /s, inertial
separators, cyclone,
hoppers, fan and drive

0.78 m3 /s, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damper,
motor, drive, dust hopper,
fan and motor

3

1

1

1

1

1

1

1

Elevator

Tunnel
Stl.7.p pump

Limestone
feeder ~10. 2
(vibrating)

Convevor
(b el t) ~10. 3

6.

8.

9

•
I

I

I

I

I
I

SCBTOTAL

;'(~lew Source Performance Standards, 650 ppm S02 in scrubber effluent,
acid ?Ianc tail gas not treated.
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TABLE A-S (Continued)
AREA 2 - FEED PREPARATION

I
I
I
I
I

Ir:em

1. Bin discharge
feeder

2. Weigh feeder

3. Gyratory
crusher

4. Elevator
~o. 2

5. Wet ball
mill

6. Slurry feed
tank

Lining

7. Agir:ator,
slurry
feed'
tank

1

1

1

1

1

1

1

1

1

Descriotion

0.7 kg/s, carbon steel

0.7 kg/s, carbon steel

0.7 kg/ s

0.7 kg/s

0.62 kg/ s

71,333 Wmotor

Capaci ':.y 17.4 m3, carbon
steel

0.53 x: 10- 2 m neoprene

1240 W, neoprene coar:ed

Size-Cost
Scale
Factor

0.58

0.65

1. 20

0.65

0.65

1.07

0.50

0.46

Factor
Source

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Chem. Engr. 3-24-69
Guthrie

Chem. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie
Fund. of Cost Engr.
1964

Chern. Engr. 3-24-69
Guchrie

Chern. Engr. 3-24-69
Guthrie
Fund. of Cost Engr.
1964

Bas.e
Cost
Each

.ill.Z1l
300

3,630

2,070

1,060

49,130

3,420

5, l50

2,390

Total
Mid-1977

Cost

300

3,630

2,070

1,060

49,130

5 .. 150

4,540

2,890

8. Pumps, slurry 2 0.6 x 10-i mils, carbon
sceel, neoprene lined

Depends on gpm and head re
quirements resulting in
changes of ffiotor and impeller
size

1,2.60 2,520

I

I
I
I
I
I

9. Dust
collecti.ng
system

10. Hoist

11. Bag fil ter
system

SCBTOTAL

1

1

1

0.39 mils, inertial
separator, cyclone,
hoppers, fan, and
drive

1496 kg electric

0.78 mils, automatic
fabric dust collectors,
bag support, shaker sys
tem, isolation damper,
motor, drive, dust hopper,
f an and mo tor

61

0.80

0.81

0.68

Chem. Engr. 3-24-69
Guthrie

Popper:, H.

Chern. Engr. 3-24-69

1,330

9,830

~,530

1,330

9,830

2,530

::3,:"'...,u



TABLE A-5 (Continued)

AREA 3 - PARTICULATE SCRUBBING

3. Pumps, 2 .22 m3 ls, carbon steel,
recycle neoprene lined
slurry

4. Venturi 1 6.8 m~ 1s , carbon s tee 1,
scrubber neoprene lined

5. Venturi 1 Carbon steel, neoprene
S1..lI:1p lining

6. Soot blowers 5

7. Bleed pU.TI1? 2 1.3:< 10-' r:t 31 s , carbon
steel, neoprene lined

SL1BTOTAL

1.00 TVA

5,760

21,700

29,560

21,940

Total
Mid-1977

Cost

75,130 75,130

69,370 69,370

1,240 6,~OO

1,260 .., ".~ I"'
'"-1 ....... 0

21,700

5,760

10,970

Base
Cost
Each

(1977)

29,560

Factor
Source

Chem. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964
Chem. Engr. 3-24-69
Guthrie

0.68

0.50

0.26

Depends on gpm and head re
quirements resulting in
changes of motor and i~pel1er

size

0.60 Universal Oil
Produc,:s

0.68 Chem. Engr. 3-24-69
Guthrie

Depends on gpm and head re
quirements resulting in
changes of ~otcr and impeller
size

Size-Cost
Scale
FactorDescri~tion

Capacity 165.8 m3
, carbon

steel

0.53 X 10- 2 m neoprene

6,203 W, neoprene
coated

1

1

1

Lining

Item

1. Tank
particulate
scrubber,
effluent
hold

2. Agitator,
effluent
hold tank

I
I

I
I
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TABLE A-S (Continued)
AREA 4 - S02 SCRUBBING

Item

1. Spray tower
scrubber

2. Spray tower
sump

3. Tank,
absorber
effluent
hold

1

1

1

Description

Gas flow 24.5 m3 /s,
carbon steel, neoprene

Carbon steel, neoprene
lined

Capacity 588.6 m3
,

carbon steel, field
erected

Size-Cost
Scale
Factor

0.68

0.68

Base
Cost Total

Factor Each Mid-1977
Source (1977) Cost

Western Precipitator 82,620 82,620
Div. , Joy Mfg. Co. a

Chern. Engr. 3-24-69 69,370 69,370
Guthrie

Chern. Engr. 3-24-69 42,380 t:..2,380
Guthrie

I
Lining

4. Agitator,
S02
absorber
hold tank

1

1

0.53 X 10- 2 m neoprene

24811 T,v, neoprene
coated

0.50 Chem. Engr. 3-24-69
Guthrie

21,690

12,670

21,690

12,670

I
5. Pumps, S02

absor!:ler
recycle

3 0.38 m~/s, carbon
steel, neoprene lined

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

16,980 16,980

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
size

Depends on gpm and head re
quirements resulting in
changes of mocor and impeller
size

•
I

6. ?umps,
makeup
'Hater

7. Soot
::lowers

8. ::lemiscer

9. ?ump, bleed

1

5

1

2

1.0 x 10-; m~/s, carbon
steel, neoprene lined

Carbon sceel, neoprene
li:led

0.6 X 10-; m3 /s, carbon
steel, neoprene lined

1. 00 TVA

940

1,240

5,700

1,250

940

6,200

5, i'CO

2,50)

I

•
10. Tank, , Capacity 1.57m3

, carbon.1.

demister 'oJash sceel, neoprene lined

ll. Pump, 2 1.1:< 10- 3 m3 /s, carbon
demister "Hash steel, neoprene li:lec

SUBTOTAL

0.68 Chern. ,Engr. 3-24-69
Guthrie

Depends on gpm and head re
quirements resu1cing in
changes of motor and i~pe11er

size

:,290

950

1,290

:,9CO

I
I
I
I
I
I

aIndicate~ source of spray tower cost
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TABLE A-5 (Continued)

AREA 5 - REHEAT

Base
Size-Cost Cost Tocal

Scale Factor Each ~.i.d-1977
Factor Source (1977) Cost

0.80 Chern. Engr. 3-24-69 47,340 47,340

Item tl£.:.. Description

l. Steam 1 1. 66 x 10' W rating
reheater 61. a m1 surface area

2. Soot 5

SlJBTOTAL

1. 00 TVA 1,240 6,200

AREA 6 - GAS HANDLI~G

I
1.

Item

Fan 1

Descrintion

3.41 x 10· W drive

Size-Case
Scale
Factor'

0.68

Factor
Source

Chern. E~gr. 3-24-69
Guchrie

Base
Cost
Each

(1977)

1.13 ,590

Total
~'rid-1977

Cos t

l!.3,590

~~A 7 - SOLIJS DISPOSAL

Depends on gpm and head re
ouirements resulting i~

changes of motor and impeller
size

Icem

1. Clarifier

2. Pumps, ?ond
feed

)Io.

1

2

Descrio cion

4.8 X 10 3 ;n Is

6.0 X 10. ' m'/s, carbon
steel, neoprene li~ed

Size-Cose
Scale
Factor

0.68

Faceor
Source

PEDCO (PE-146)

Base
Cose
Each

(1977)

158,400

2,960

:Ooeal
~'{id-19 77

Cost

158,400

5,920

I

I

3. ?ump,
clarifier
'Hater
recycle

4. Pumps,
:Jarciculace
pond water
recycle

5. Pumps, SOl
pond wate-:
recycle

SC3T07AL

2 0.4 X 10- 2 m3 /s, carbon
steel, neoprene lined

0.3 X 10-: ml ls, carbon
seeel, neoprene lined

0.5 X 10- 3 m'ls, carbon
steel, neoprene lined

64

Depends on gpm and head re
quirements resulting in
changes of motor and impeller
si::e

Depends on gpm and head re
quiremenes resulting in
changes of motor and impeller
size

2,:SO

2,500

630

::',260

5,000

1,360



No.

Payloader

2. Plant
vehicles

3. Nain~. &
instrument
shop-
equipment

4. Sen'ice
building-
equipment

5. Stores-
equipment

SUBTOTAL

Note: There is no process equipment i~ this area.

44,170

920

600

13,380

31,300

12,630

33,320

27,900

Total
Hid-1977

Cost

.u"',doo

Total
~~id-1977

Cost

300

no

Base
Cost
Each

.illill.
31,300

33,320

13,380

44,170

Sase
Cost
Each

(1977)

27,90C

Factor
Source

Factor
~ Source

~-!cGlarnery

~lcGlamery0.63

0.65

Depends on gpm and head re
quirements resulti.ng in
changes of motor and i~pel1ar
size

Size-Cost
Scale
Factor

Size-Cost
Scale
Factor

AREA 9 - SERVICES

TABLE A-S (Continued)

AREA 8 - UTILITIES

APEA 10 - PARTICLE RECIRCULATICN

Description

Descriotion

2.7 x 10-~ m1 Is,
molded polypropylene

Capacity 0.9 m J, car~on
steel, neoprene lined

1

1

~lo .

seBTOTAL

Iten

2. PU.'no,
particle
recirculation

1. \-let ball
mill

3. 'I'ank,
particle
recirculation
surge

I
I
I
I
II
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TABLE A-6

CASE 6, FLASH FU~~ACE, ~SPS*

WO~~ SHEET FOR PROCESS EQUIPMENT COSTS
AREA 1 - MATERIALS H.o\NDLI~lG

Base
Cost Total
Each Mid-1977

(1977) Cost

470 470

960 960

470 470

1,5,]0

2,230

3,600

. 1.200

500

400

2,230

3,600

Factor
Source

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie

Fund. of Cost Engr.
1964

Fund. of Cost Engr.
1964
Chern. Engr. 3-24-69
Guthrie

Chern. Sngr. 3-24-69
Guthrie

Chern. Engt'. 3-24-69
Guthrie

Chern. Engr. 3-24-69
Guthrie
Fund. of Cost Engr.
1964

0.68

0.58

0.65

0.81

0.81

0.63

0.65

0.53

0.65

0.81

Size-Cost
Scale

FactorItem No. Description

1. Unloading 1 Capacity .22 m' carbonI

hopper ~o. 1 steel

2. Limestone 1 4.2 kg/s
feeder No. 1
(vibrating)

3. Conveyor 1 4.2 kg/s
(belt) No. 1

4. Conveyor 1 .' ., kg/s4._

(be 1 t) :-lo. 2

5. Honners 3 Capacity 0.15 m3 , carbon
under pile steel

5. Li~estone 3 2.0 kgis
feeder i'1o.

,.,

('librating)
,., Conveyor I 2.0 :<.gl sI.

(oe it) ~ro . eI

1 Railroad r:rackside
vibrator

2.3 x 10-~~J/s, carbon
steel, neoprene lining,
311. a '.-latt motor

0.09 ~ Is inertial
separator, cyclone,
hoppers, fan I and
drive

0.24 m'/s inertial
separar:or, cyclone,
hoppers, fan, and
drive

S30

920

2,:'60

330

460

2,060 2, :)60

3,j90 3,590

3,330 8,320

L80 ':'30

3-24-69Chern. Engr.

Chern. ::ngr. 3-2~-69

Chern. ~ngr. 3-24-69

Ch em. En gr . 3- 24- 69
Guthrie

Chern. Engr. 3-24-69

0.033

0.6 A

0.30

0.80

0.68

Depends on g'?m and, head re
quirements resulting in
changes of motor and impeller
size

carbon
,

m. ~ f

2.0 :<.g/5

Capaci r:y 11.2
steel

.626 ~ )/s, automatic
fabric dust collecr:ors,
bag support, shaker S;lS
tern, isolation damper,
motor, drive, dust hopper,
:an and :notor

2

1

1

1

1

3. Tunnel
sump pu,-,p

9 Slevator
~lo . I

l.:] . 3in

11. Car shaker

12. Dust
collecting
S:/St em ~io . 1

1 .... Dust. ..) .
co llecting
system ~jo . 2

14. Sag filter
systemI

I

I

I

I .J":;E::1'11 Suurce '?t21:"=rJr':-:lance Standards, ~SQ ;?::1 ::0- L:1 '3::=~;~b~:- -=f::t:e::t,
~ci~ ?lant ~~il ga3 not tr~~t~j.

I
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TABLE A-6 (Conti:lued)
.~EA 2 - FEED PREPARATION

Base
Size-Cost Cost Total
Scale Factor Each Mid-l97:"Item No. Des cri!:l tion Factor Source (1977) Cost

Bin discharge 1 0.6 kg/s, carbon steel 0.58 Chern. Engr. 3-24-69 270 270
feeder Guthrie

i-leigh feeder 1 0.6 kg/s. carbon stael 0.64 Chern. Engr. 3-24-69 3,280 3,280
Guthrie

3. Gyratory 1 0.6 kg/s 1. 20 Chern. Engr. 3-24-69 1,680 1,680
crusher Guthrie

Elevator 1 0.6 kg/s 0.65 Chern. Engr. 3-24-69 950 950
~ro. 2 Guthrie

tolet ball 1 5.3 kg/s 0.65 Chern. Engr. 3-24-69 42,730 L2, 730mill Guthri.e
1 56,400 W mocor 1. 07 Fund. of Cost Engr. 2,060 2,660

1964

6. 31:.1rr:/ feed 1 Capacity 15.0 :n J , 0.68 Chem. Engr. 3-24-69 4.580 4,580
tank carbon steel Guthrie

Lining 0.45 :< 10-'m neoprene 4,000 4,000
~ Agitator, 1 1075 T" neoprene coated 0.50 Chern. E:lgr. 3-24-69 2,690 2,090tI,

sl:.1rry Guthrie
feed 'J.46 Ftmd. of Cost Engr.tank 1964

3. PU::lPS, slur-:-y 2 0.50 :< llr':nJ/s, carbon ::lepends on gpm and head re- :',290 2,580feed tank steel, neoprene lined quirements =esulting i.n

I changes of ::lotor and i:r.peller
size

9. Dust 2- G.30 mJ Is, inertial 0.80 Chern. Engr. 3-24-69 1,080 :. ,nocollecting separator, cyclone. Guthrie

I
system hoppers. fan and drive

:'J. Hoist 1 1296 kg electric 0.81 Popper. H. 8,750 8, i50

l1. 3as fHeer 1 0.63.:n 3 /s, automatic 0.68 Chem. p.:1gr. 3-24-6 0 2,150 2.l60

I
system fabric dust collectors,

bag support, shaker svs-
tern, isolation damper',
motor, drive, dust hopper,
fan and motor

srJ3TOTAL
77,~.J..u

I
I
I

•
•
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2. Agitator,
effluent
hold tank

3. ?umps,
recycle
slurry

.:... ?enturi
scrubber

~ . Venturi
su-np

6. Soot
blowers

7. 3leed
?u.mp

St.:'BTOTAL

1 0.45 X 10- 2 m neoprene 17,780 17,780

1 5373 \01, neoprene 0.26 Fund. of Cost Engr. 5,560 5,560
coated 1964

0.50 Chern. Engl:". 3-24-69
Guthrie

2 0.3 m3
/ s, carbon steel, Depends on gpm and head re- 14,J40 23,080

neoprene lined quirements resulting in
changes of ""otor and impeller
size

1 45.3 :n! / s , carbon scee1, 0.60 Universal Oil 109,350 109,350
neoprene lined Products

1 Carbon steel, neoprene 0.68 Chern. Engr. 3-24-69 35,200 85 ,200
lining Guthrie

5 1. 00 TVA 2,280 E,LO:)

:2 1.':' l': 10- 3 :n J / s , carbon Depends on gpm and head re- 1, :;00 2,600
ste~l, neoprene lir.ed quirements result:ing in

changes of motor and impeller
size

284,!';'2·j

Total
Mid-1977

Cost

24,450

Base
Cost
Each

(1977)

24,450

Factor
Source

Chern. Engr. 3-24-69
Guthrie

0.68

Size-Cost
Scale
Factor

TABLE A-6 (Continued)

AREA 3 - P&~TICULATE SCRUBBI~G

Description

Capacit:y 125.4
carbon steel

1

Item

Lining

Tank,
particulate
scrubber,
effluent
hold

1.

•
I

•
•
I
I
I
I 68



TABLE A-6 (Continued)

AREA 4 - S02 SCRUBB!~G

Base
Size-Cost Cost Total
Scale Factor Each ~1id-1977

Item No. Descriotion Factor Source (1977) Cost

... Spray tower 1 Gas flow 45.8 m3 /s, Western Precipitation 147,400 147,400
scrubber carbon steel, neoprene Div. Joy Mfr. Co.a

2. Spray tower 1 Carbon steel, neoprene 0.68 Chern. Engr. 3-:4-69 83,850 83,850
sump lined Guthrie

3. Tank 1 Capacity 382.4 m3
, carbon 0.68 Chern. Engr. 3-24-69 31,610 31,610

absorber steel, field erected Guchrie
effluent
hold

Lining 1 1. 05 X 10- 2 m neoprene 26,720 26,720

..... Agitator, 1 37314 ~1 , neoprene 0.50 Chern. Engr. 3-~4-69 11 ,000 1:,000
S02 coated Guchrie
absor::,er
hold tank

5. Pumps, S02 0.45 crt
l /s, carbon steel, Depends on gpm and head re- 21,080 63,2':"0

absorber neoprene lined ouirements resulting in
recycle changes of motor and impeller
slurry size

6. Pumps, 1 0.8 x: 10- 3
:::t

l Is, car::,on Depends on gpm and head ra- 1,000 1,000
::!aKeup steel, neoprene lined quiraments resulting in
·....ater changes of motor and i:npeller

size

7. Soot 1. 00 TVA 2,280 :1,400
b lo~vers

8. Demister 1 Carbon steel, neoprene 13,900 :3.900
lined

9. PU::lp. 2 0.5 X 10- 3 :n 3 /s, carbon Depends on gpm and head re- 1,2.80 2.,5L.G
bleed steel, neoprene lined quirements result:ing in

changes of motor and iUlpeller
size

10. Ta:lk 1 Capacity 1. 36
,

carbon 0.68 Chem. Eng-::. 3-24-69 :',180 :2 ,3oS0~ .. ,
Demister steel, neoprene lined Guthrie
;-iash

I
1:. PHonp, 2 1.0 X 10- 3 rn 1 / s , carbon Depends on gpm and head re- 930 1,960

Demister steel, neoprene lined quiraments resulting in
\-lash changes of motor and impeller

size

SUET07AL
390, '1 ~o

aIndicaces source of s?ray tOT....er cost

I
I
I
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AREA 6 - GAS R~NDLI~G

TABLE A-6 (Continued)
AREA 5 - REHEAT

Item No. Descriotion

l. Steam 1 2.9 x lOs Wrating
reheater 105.4 m2 surfac.e area

2. Soot 5
blowers

SUBTOTAL

Size-Cost
Scale
Factor

0.80

1. 00

Factor
Source

Chem. Engr. 3-24-69
Guthrie

TVA

Base
Cost
Each

(1977)

65,660

2,280

Total
~id-1977

Cost

65,660

11,400

Item

Fan

:To. Descri';)tion

7.47 x 10; Wmotor drive

Size-Cost
Scale
Factor

0.68

Factor
Source

Chern. 2ngr. 3-24-69
Guthrie

Base
Cost
Each

(1977)

46,130

Total
~1i d-19 77

Cost

46,130

I

I

I

I

AR~~ 7 - SOLIDS JIS?OSAL

Sase
Size-Cost Cost :'otal
Scale Factor Each :!id-1977

Tten ~ Description Factor Source (1977) Cost

1. C.arifier 1 4.0 x 10- 1 :n 31 s PEDCO (PE-146 ) 104,530 104,530

2. Pu::nps. ;Jond 2 LOx 10- 3 m3 /s, carbon Depends on gpm and head re- 980 1,960
:eed steel, neoprene lined quiremencs resulting in

changes of r.lotor and impe lier
size

3. Punp, clarifier 2 3.9 x 10- 3 m3 Is, carbon Depends on gpm ancj. head re- 2,750 5,500
:vater recycle scee.l, neoprene lined quiremencs resulcing in

changes of motor and impe ller
size

4. Pumps, partic- 2 2.3 X 10- 3 m'/s, carbon Depends on gpm and head re- 1,61,0 3.220
ulate nond steel, neoprene lined quirements resulcing in
:.;ater recycle changes of motor and inpeller

size

5. Pumps, S02 2 4.2 :c 10-~ :n 3 Is. carbon Depends on ,g'?m and head re- n,] L,420
pond :vater steel, neoprene lined quirements resulting in
recycle changes of motor and ~m~el:'er

size

Sl!3TOTAL 1..:J.o3J
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Base
Size-Cost Cost Total
Scale Facto~ Each :!id-197":"
:actor Source (1..977) Cost

0.65 :'1cGlamery 25,25,) 25,260

:8epends en gpm and head re- 5.:)0 :,GOO
quirements resulting in
changes of ::loter and impelle~

sizes

0.68 ;1cG1arr:e ry 330 830

Ite!':! No. Desc~i:Jtion

, ;,,\:t: ball I 2.3 x 10-~ ;n 3 Is.l..

:ni2.l

'1 Pu!':!p, 2 2.3 :< 10-~ m3 /s,
:Jarticle ::lolded polyprepylane
reci:-culac:!.on

3. Tank, 1 Capacity 0.3 m~ , carbon
oarticle s tee I, neoprene lined
recirculation
surge

SU3TOTAL

TABLE A-6 (Continued)
AREA 8 - UTILITIES

Note: The~e is no process equipment in this area.

31,300

12,630

13,380

44,170

33,320

Total
Hid-197i

Cost

134,300

33,320

13,3SG

44,170

Base
Cost
Each

(1977)

31,300

Factor
Source

Size-Cost
Scale
Factor

71

ARZ~ 9 - SERVICES

AREA 10 - PA?,TIC:'::: RECIRCI.,V.T:mi

Descriotion

SUBTOTAL

Plant
vehicles

5. Stores
~quipment:

3. Xaint:. &
instrument
shop
equipment

!... Service
building
equipment




