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DISCLAIMER

This report is furnished to the Environmental Protection
Agency by PEDCo Environmental, Inc., Cincinnati, Ohio, in ful-
fillment of EPA Contract No. 68-02-2603, Task No. 44 and EPA
contract No. 68-02-3074, Task 6. It describes the initial
development and use of a cost optimization model for control of
emissions from coke ovens. The cost model has been developed so
that it will accommodate new information that becomes available
on control cost, control systems, and emission levels. The data
presented in this report and now used in the model are considered
to be the best currently available. Because some areas of
knowledge are continually developing, however, some engineering
estimates are used to facilitate the development and refinement
of the model.

The contents of the report reproduced herein are as received
from the contractor. The opinions expressed are those of the
authors and do not necessarily reflect the views of the EPA.
Mention of company or product names is not to be considered as an

endorsement by the authors or the EPA.
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SECTION 1

INTRODUCTION

The characterization and control of coke oven emissions have
been of intense interest and study fdr some 10 years. Origi-
nally, focus was directed primarily toward visible emissions
because most coke oven emissions are fugitive in nature. As
additional data became available on the complex chemical struc-
ture and health effects of both the particulate and gaseous
emiss}ons, however, attention shifted to the organic components
contained therein. Because the environmental control of the coke
oven process and its associated operations requires the evalua-
tion of numerous options and because technology and new informa-
tion are continually developing, the Environmental Protection
Agency (EPA) contracted PEDCo Environmental, Inc., to develop a
computer model that could calculate the cost and emission levels
for any combination of controls. Even more important, the model
should be able to calculate the lowest-cost mix of controls for
the various sources to meet a given overall level of emissions.
The model should also answer the reverse problem by calculating
the lowest overall emission level that can be attained at a given
total cost. The model may be used to optimize, i.e., minimize,
either annualized cost or total capital costs.

Intended to be an engineering tool for evaluating various
control strategies on a continuing basis, the model is designed
to operate on the EPA computer at the National Computer Center in
Research Triangle Park, North Carolina. It accommodates data on
four key pollutants: particulate matter (defined herein as
front-half--Method 5), benzene soluble organics (BSO), benzo-a-

pyrene (BaP), and benzene. The model includes the coke oven



battery, the coal storage and preparation steps, the quenching
and coke screening operations, and the byproduct plant. It
addresses both conventional batteries and preheated coal bat-
teries. Various studies are under way to characterize the emis-
sions from the byproduct operations, but the model now contains
very limited information regarding this source.

The model utilizes three distinct types of data, referred to
as "datasets." Each dataset can be updated and manipulated
separately. Dataset 1 covers the uncontrolled emission rates for
each pollutant, Dataset 2, capital and annualized costs and the
control efficiency of various controls, and Dataset 3, the popu-
lation of the coke oven batteries (e.g., battery height, capac-
ity, and number of ovens).

Although a precise definition of the coke oven population
was not a prime objective of this project, the definition pro-
vided by Dataset 3 is sufficiently comprehensive to be repre-
sentative of both the metallurgical and foundry coke segments of
the industry.

The model includes an auxiliary computer program that can
update costs to account for such factors as inflation, changing
utility rates, and changing labor costs.

The reader of this report is assumed to have a relatively
comprehensive knowledge of coking operations and the concomitant
emission problems and control schemes. The references at the end
of this section are recommended reading for those who desire such

background material.
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SECTION 2

MODEL STRUCTURE

As shown in Figure 1, the coke model has four essential

elements:

1.

4.

The data management element reads the required in-
formation, determines the mode of operation, and
translates the input data into the proper format for
the optimization element.

The optimization element calculates the lowest cost for
achieving a given level of emissions or the lowest
level of emissions that can be achieved at a given
cost. Note that optimization is on one pollutant at a
time; however, the results for other pollutants are
calculated in each case.

The deterministic mode element calculates specific
cases without regard to optimization, e.g., the total
cost to industry for putting ESP's on all coke oven
stacks.

The print element prints the output reports in the
desired format.

It will be noted that the optimization model is built around

the standard 80-column punched card. Although this approach is
somewhat outdated by today's computer technology standards, it

offers certain advantages at this stage of model development.

The main advantage is that the user can actually keep the data

cards in his posession and keep track of the data as they are

changed.

The entire system can later be converted to real time

operation from a remote terminal.
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2.1 DATA REQUIREMENTS

Emission Factors (Dataset 1)

Fourteen air emission sources and four pollutants are
presently considered. A total of 64 uncontrolled emission fac-
tors are required because two sources have alternate factors.

The emission factors used are shown in Table 1. It should be
noted that data for coke oven emissions are very sparse for most
sources and the factors shown in Table 1 represent only a start-
ing point used for the purpose of proceeding with model develop-
ment. The reliability of many of the factors is very low and

is discussed more fully in Section 3. The term "uncontrolled" is
not easily defined in the case of coke ovens, but for purposes of
this project, it represents the conditions existing at the
majority of batteries in the late 1960's. Although this defini=-
tion still leaves much room for judgment, it eliminates totally
uncontrolled conditions that could prevail if a coking process
were operated with no concern whatever for emissions.

Because estimates of many of the emission factors have been
based on limited data, provision has been made for easy updating
to accommodate future refinements by use of the card format shown
in Figure 2. The 16 cards (i.e., 14 sources, 2 with alternate
factors) representing the emission factors comprise Dataset 1
input to the model (Figure l1). These emission factor cards also
contain the space to write the name for the source for convenient
identification. (The alphabetic names for new sources and con-
trol options that appear on the computer output must be entered
into the computer using cards identified in the users' manual.)
The derivation of emission factors is discussed in detail in

Section 3.

Cost Functions (Dataset 2)

All cost functions are expressed as Y = AXB, where Y is
annualized cost in dollars and X is tons of coke capacity. Total

capital cost is also provided as a function Y = AXB. Capital and



TABLE 1. SUMMARY OF UNCONTROLLED EMISSION FACTORS
(1b/ton of coal)

(See Section 3 for discussion of each factor)

Source a Pollutant
code No. Emission source TSP 8S0 BaP Benzene
1 Larry car charge (wet coal) 1.0b l.lb 0.002°¢ 0.5d
2 Coke pushing® 2.0 0.08f ax10™>f 0.006 "
3 Quench, clean water IRAR: 103 | a0 307t
4 Doors 0.4Y 0.5° 0.003° 0.02°
5 Topside leaks 0.2¢9 0.259 0.001¢ 0.005¢
6 1 Ccombustion stack (old)h 1.3d 0.006¢ 6x10'5d 0d
7 Coke handling I.Od Od Od 0d
8 Coal preheat 7.05° 1.05° 3.9x107%¢ 0.014°¢
9 Coal preparation U.5d 0d 0d 0d
10 Coal storage 0.159 0¢ Od' 0¢
. . d d -5d d
B Pipeline charge {dry coal) 0.016 0.019 3.5x10 0.008
12 Redler conveyor (dry coa)) 0.0109 0.0069 1.1x07%d 0.0049¢
13 Hot larry car (dry coal) 0.017¢ 0.019¢ 35010729 [ 0.008¢
14 Byproduct ¢ 0.3¢ 0ot 0.2¢
5o Combustion stack (new)" 0.13¢ gx10"4¢ 6x10°8¢ 0¢
16 Quench, dirty water : 3.2709 6.40107% | 3.1x107%% ] 2.6x107%C
® A1l TSP values derived from the front half of Method 5 or an equivalent method.
b One or more tests conducted, moderate confidence in accuracy.
€ fest data available but inconclusive, low confidence in accuracy.
d No test data available. Emission factor calculated from other sources, very low confidence in accuracy.
¢ For dry coal charging, lower values may be appropriate (see text).
f Several tests conducted, good correlation between data, good confidence in numerical accuracy.
9 Two cases are considered: “clean” water and "dirty" water. Existing data are used to select the appropriate emission factor.
h

Emissions depend on the maintenance history and age of the battery. The term "new” designates a well maintained battery with
effective patching and maintenance programs. The term "01d" designates the opposite. The population is subdivided on the
assumption that batteries under 15 years old are new and over 15 years old are old. This approach is questionable, but in the
absence of site-specific data, it is a starting point. Sensitivity analysis can be used to investigate the significance of
various assumptions,
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NAME OF SOURCE

_Figure 2. Card format for emission factors--Dataset 1.



annualized cost functions are provided for both new and retrofit
installations.

The cost function matrix has the following dimensions:
Sources - Maximum of 20 (16 presently assigned)

Alternative control options--A maximum of nine per
source, including uncontrolled

Table 2 lists the control options by source. The effi-
ciencies shown are initial estimates only and are subject to
change. The model provides for up to eight total control options
for each source, but only a total of 41 are considered at this
time. Although control efficiency is discrete in some cases and
continuous in others, discrete levels have been used in the model
for simplification. The total control option matrix capability
is therefore 20 x 9, which produces a potential maximum of 180
"A" values and 180 "B" values for annualized and capital cost for
both new and retrofit installations. Figure 3 shows the card
format for A and B values. These cards are introduced as Dataset
2 (see Figure 1). As new control options are added or existing
ones modified, the appropriate cost functions are added to
Dataset 2. Most of the cost functions now in the model were
calculated by PEDCo, using a separate computer program that is
not part of the optimization model for coking facilities. The

calculation of costs is discussed in detail in Sections 4 and 5.

Coke Oven Battery Data (Dataset 3)

This dataset contains the coke capacity, physical size, and
existing control equipment information for each individual bat-

tery. It is described more fully in Section 6.

Cost Update Program

The cost update program is separate from the optimization
model. Its purpose is to enable the user to recalculate an-
nualized and capital costs by using different utility rates,

labor rates, and overhead factors and accounting for inflation.



TABLE 2. CONTROL OPTIONS BY SOURCE

0T

Control TSP, BSO, RaP, Benzene,
Source option % efficiency % efficiency ? efficiency % efficienc
No. Source No.? {Caontrol option [capture[removal{total|capture Jremoval|total{capture][removal]tatal|capturefremoval|total Remarks
01 Larry car 0l Uncontrolled 0.0 0.0 n.n 0.0
charging 02 Modified car, 80.0 NA 80.0 80.0 NA 80.0 80.0 NA 80.0 80.0 NA 80.0
steam, boot
03 New car, steam, | 99.0 NA 99.0 99.0 NA 99.0 99.0 NA 99.0 99.0 NA 99.0
boot
04 Retrofit second] 99.5 NA 99.5 99.5 NA 99.5 g0.%5 NA 99.5 99.5 NA 99.5
main + option
03
02 Coke pushing 01 Uncontrolled 0.0 0.0 0.0 0.0
02 Controlled 60.0 NA 60.0 60.0 NA 60.0 60.0 NA 60.0 60.0 NA 60.0 {19.0 h avg.
coking coking time vs.
17.5 h base.
Not appl. for
foundry
batteries
03 Shed + ESP 95% 90.0 95.0 |85.5 90.0 50.0 |45.0 90.0 50.0 | 45.0 90.0 50.0 |45.0 |Shed options
include 90%
capture of one-
half of door
emissions
04 Shed + scrubber | 90.0 95.0 [85.5 90.0 55.0 149.5 90.0 55.0 j49.5 90.0 55.0 |49.5
95% - 30 in.AP .
05 Enclosed car 90.0 98.0 |88.2 90.0 60.0 {54.0 90.0 40.0 13€6.0 90.0 60.0 |54.0
06 Shed + ESP 9901 90.0 99.0 [89.1 90.0 50.0 [45.0 90.0 50.0 | 45.0 90.0 50.0 [45.0
07 Shed + scrubber | 90.0 99.0 [89.1 90.0 60.0 154.0 90.0 60.0 |54.0 90.0 60.0 |54.0
99% - 50 in.AP
03 Quenching clean | 01 Uncontrolled 0.0 0.0 0.0 0.0
water 02 Baffles 100.0 70.0 |70.0 | 100.0 70.0 (70.0 | 100.0 70.0 |70.0 | 100.0 0.0} 0.0
03 Diverted flow 100.0 90.0 |90.0 { 100.0 20,0 [90.0 | 100.0 90.0 |[90.0 | 100.0 0.0 0.0
baffles
04 Dry quenching 100.0 98.0 |98.0 | 100.0 99.n |99.0 | 100.0 99.0 {99.0 | 100.0 99.0 |99.0 | Inctudes option
5 on source 2
04 Doors 01 Uncontrolled 0.0 0.0 . 0.0 0.0
02 Cleaning and 60.0 NA |60.0 60.0 NA |60.0 60.0 NA |60.0 60.0 NA ]60.0
maintenance
03 High pressure 80.0 NA  [80.0 80.0 NA |80.0 80.0 NA |80.0 80.0 NA 180.0 |Includes door
water cleaning cleaning machine
04 Door hood and 75.0 95.0 |88.5 75.0 60.0 |78.0 75.0 60.0 [ 78.0 75.0 50.0 | 65.0 [Option 6 is same
scrubber - as 4 but 1 side
30 in. AP + onlyb
02
05 Door hood + 85.0 98.0 |93.3 85.0 70.0 |83.8 85.0 70.0 [ 83.8 85.0 60.0 {72.0 [Option 7 is same
scrubber - as S but 1 side
60 in. AP + only
02
05 Topside 01 Uncontrol led 0.0 0.0 0.0 0.0
02 Luting and 90.0 NA |90.0 90.0 NA |90.0 90.0 NA [90.0 90.0 NA |90.0 |Not applicable
clteaning to pipeline
03 Luting and 95.0 NA  ]95.0 95.0 NA 10O5.0 95.0 NA 195.0 95.0 NA [95.0 |batteries that
maintenance are handled
04 New 1ids and 97.0 NA  |97.0 97.0 NA |07.0 97.0 NA 187.0 97.0 NA |97.0 |separately
castings + 02

NA - Not applicable.
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TABLE 2 (continued)

Control TSP, BSO, BaP, 8enzene,
Source option %t efficiency 1 efficiency % efficiency % efficienc
No. Source No.2 [Contro) option [capture[removaltotaljcapturefremovalltotal|capture[removal]total[capture [removal|tota Remarks
06 Combus tion stack| O Uncontrolled 0.0 0.0 0.0 0.0
-old 02 Oven patching 100.0 80.0 [80.0 | 100.0 80.0 {80.0 | 100.0 80.0 {80.0 | 100.0 80.0 (80.0
03 Dry £SP 90% 100.0 90.0 190.0 | 100.0 50.0 [50.0 | 100.0 50.0 {50.0 | 100.0 50.0 |50.0
04 Dry ESP 987 106.0 98.0 (98.0 { 100.0 60.0 |60.0 | 100.0 60.0 {60.0 | 100.0 60.0 (60.0
05 Baghouse 98% 100.0 98.0 98.0 | 100.0 50.0 {50.0 | 100.0 50.0 {50.0 | 100.0 50.0 |50.0
07 Coke handling 0l Uncontrolled 0.0 0.0 0.0 0.0
02 Enclosures + 90.0 99.0 [89.1 NA NA NA NA NA NA NA NA NA
baghouse 997
08 Coal preheater 01 Uncontrolled 0.0 0.0 0.0 0.0
02 Scrubber-15 in. | 100.0 95.0 |95.0 | 100.0 60.0 [60.0 | 100.0 60.0 [60.0 | 100.0 50.0 |50.0
03 Dry ESP 957 100.0 95.0 |95.0 | 100.0 45.0 |45.0 | 100.0 45.0 [45.0 | 100.0 45.0 |45.0
04 Scrubber-30 in. | 100.0 98.0 {98.0 | 100.0 60.0 |€60.0 | 100.0 60.0 |[60.0 | 100.0 50.0 {50.0
05 Dry ESP 997 100.0 99.0 [99.0 | 100.0 50.0 [50.0 [ 100.0 50.0 |50.0 | 100.0 50.0 |50.0
09 Coal preparationi 01 Uncontrolled 0.0 NA NA NA NA NA NA NA NA NA
02 Enclosure and 98.0 99.0 (97.0 NA NA NA NA NA NA NA NA NA
baghouse-99%
10 Coal storage 01 Uncontrolled 0.0 NA 0.0 NA NA NA NA NA NA NA NA NA
yard 02 Water truck 60.0 NA 60.0 NA NA NA NA NA NA NA NA NA
03 Unload sprays &1 75.0 NA  |75.0 NA NA NA NA NA NA NA NA NA
water truck
04 Coal pile 90.0 NA  [90.0 NA NA NA NA NA NA NA NA NA
sprays
1 Pipeline charg- | 01 Uncontrolled 0.0 0.0 0.0 0.0
ing 02 Operation and 90.0 NA  [99.0 99.0 NA  199.0 99.0 NA |99.0 99.0 NA 199.0
maintenance
12 Redler charging { 01 Uncontrolled 0.0 0.0 0.0 0.0
02 Operation and 99.0 NA  [99.0 99.0 NA  |99.0 99.0 NA |99.0 99.0 NA {99.0
maintenance
13 Hot larry car 0l Uncontrolled 0.0 0.0 0.0 0.0
charging 02 Operation and 99.0 NA  199.0 99.0 NA  (99.0 99.0 NA  {99.0 99.0 NA 199.0
maintenance
14 Byproduct 1}] Uncontrolled 0.0 0.0 0.0 0.0
plant 02 Maintenance NA NA NA 80.0 NA  180.0 80.0 NA |80.0 80.0 NA |80.0
15 Combus tion stack| 01 Uncontrolled 0.0 0.0 0.0 0.0
-new 02 Oven patching 80.0 NA  {80.0 80.0 NA [80.0 80.0 NA |80.0 80.0 NA 180.0
16 Quenching - 0l Uncontrolled 0.0 0.0 0.0 0.0
dirty water 02 Baffles 100.0 70.0 j70.0 { 100.0 35.0 {35.0 } 100.0 35.0 {35.0 ; 100.0 0.0} 0.0
03 Clean water + 02 100.0 85.0 |85.0 | 100.0 75.0 [75.0 { 100.0 80.0 {80.0 { 100.0 75.0 {75.0
04 Diverted flow 100.0 95.0 [95.0 | 100.0 85.0 |85.0 | 100.0 85.0 |85.0 | 100.0 75.0 |75.0
baffles +
clean water
05 Dry quenching® NA 99.0 [99.0 NA 99.0 [99.0 NA 99.0 (99.0 NA 99.0 {99.0 [Includes option
5 on Source 2.

a

C

These code numbers are also used to indicate existing control in columns 21-60 of the load card for data set 3 shown in Figure 4.
b Options 6 and 7 are used by the model when a shed is selected to avoid double accounting for capture of coke-side door emissions.

The cost for this option in this case also includes the cost of water treatment for the water that otherwise would be used for quenching.
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Figure 3. Card format for cost function coefficients and efficiency.



The input to the cost update program consists of the capital
cost and utility and labor requirements for three sizes of
batteries (or plants as applicable). A rate card contains the
various rates and factors that can vary. The program will extend
rates, calculate overhead expenses and capital recovery, and
finally, calculate regression equations for capital and annu-
alized cost as a function of capacity, according to equations of

the form:

This program is run only if new rates are needed. Figure
4 shows the card form;ts for the Datasets 4, 5, and 6 which are
the input data to the cost update program. Appendix B contains
an example run of the cost update program.~ The output cards of
the cost update program represent the input cost function cards

for the optimization model.

2.2 CONTROL CARDS

The model has three basic modes of operation:

1. Deterministic
2. Optimized cost, fixed emissions
3. Optimized emissions, fixed cost

The control cards serve as the interface between the user's
"qgquestions" and the model structure.

Mode 1 is the most straightforward. Its objective is to
calculate the cost of a given strategy without regard to opti-
mization. A control efficiency and a control option are spec-
ified for each source (or for one source). Figure 5 shows the
output. The only reason the quenching and combustion stack sources
appear twice is because two different uncontrolled emission fac-
tors are used for each in the model as described earlier. The
costs and emissions for these sources are additive. Figure 6 shows
the formats of the control cards. (Not all columns of the Number

1 card are necessary for Mode 1.)
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DATASET 4

O] ® © ®

@ ®

@ O ® 6

®

riAIALlil 1111t 141,L4L]414L4L141 1 [ 111111

—

Ill lLLlll,[Llel lllll llll]l lll[l 11|]>r114 llIl,llllldj

(D) emission souRce

(@) controL oPTION

CAPITAL COST FACTOR, $
RETROFIT FACTOR

SI2E, tons/yr

WATER, 1000 gal/yr

PEEREE®BG

ELECTRICITY, kWh/yr
STEAM, 1000 tb/yr

@EOEOO

FUEL, 1000 gal/yr

DATASET S

0]0) ® ® 6

TOTAL DIRECT LABOR, h
SOLID WASTE, tons/yr
ESTIMATED LIFE OF UNIT, YEARS
MAINTENANCE MATERIAL COST, $10°
SUPPLIES, $10°
CARD CODE "4”
SIZE CODE } - SMALL PLANT
2 - MEDIUM PLANT
3 - LARGE PLANT

® @

[;1 l,l [ [ 11l [ 111 I L1 IA]VI 1 I ]g]

(1) EMISSION SOURCE
(@) controL OPTION

- (5) CONTROL EFFICIENCY, BaP
(6) CONTROL EFFICIENCY, BENZENE

(:) CONTROL EFFICIENCY, TSP (STARTS IN COLUMN 56) (:) CARD CODE “5" IN COLUMN 79

(4) coNTROL EFFICIENCY, BSO

DATASET 6

O © 6 O 6 6

© ® © ® O 6 O

[i lll[JJALllll lllTlll lllllll llLL]ll f[llllLJjwrlLLJll l[LlIll erll]

(1) WATER RATE, $/gal
ELECTRIC RATE, $/kWh
STEAM RATE, $/1000 1b
FUEL RATE, $/gal
DIRECT LABOR, $/h
SUPERVISION LABOR, $/h

QOO
PEOERO®OE

SOLID WASTE DISPOSAL RATE, $/ton

Figure 4.

PAYROLL OVERHEAD, %

PLANT OVERHEAT, %

CAPITAL RECOVERY, %

ADMINISTRATION OVERHEAD, %

PROPERTY TAXES AND INSURANCE OVERHEAD, %
COST BASIS, e.g., 2nd QUARTER, 1979 = 2Q79

INFLATION FACTOR, e.g., 7% = 1.07

Card formats for Datasets 4, 5, and 6.



ST

COKE OVEN OPTIMIZATION

OBJECTIVE COST CALCULATION, WO OPTIMIZATION 7
BASELINE: COST ADJUSTED FOR EXISTING CONTROLS

BEN 5P

.0050 496
L0060 109463
.0000 41049
.0080 8737
.0003 1094
.0000 48840
L0000 3473
L0140 33923
.0000 27343
.0000 8209
.0080 49
L0049 '3
.0080 10
.0400 0
L0000  223%
.0001 144680

.684 3508238
388402

23.46

308237

.0
332920
30.6

SOURCE 18P 8BS0 BAP

LARRY CAR CHARGINS " .01 0110 .0000
COKE PUSHING #2.00 .0800 .0000
QUENCHING - CLEAN UATER #1.70 .0017 .0001
BOORS # .16 .2000 .0012
TOPSIDE 8 .02 .0230 .0001
COMBUSTION STACK - OLD  #1.30 .0040 .000t
COKE HANDLING 011.00 .0000 .0000
COAL PREHEATER 87.03 1.0300 .0004
COAL PREPARATION ® .30 .0000 .0000
COAL STORAGE YARD 8 .13 0000 .0000
PIPELINE CHARGING § .02 .0190 .0000
REDLER CHARGING 8 .01 .0060 .0000
MHOT LARRY CAR CHARGING 98 .02 .0190 .0000
BY-PRODUCTS PLANT § .00 .0600 .0000
COMBUSTION STACK - NEV 8 .13 .0008 .0000
QUENCHING - DIRTY VATER 8 .48 .00146 .0001
TOTAL UNC. 9.3 2.23% .006
EXISTING CONTROL

EXISTING EFFICIENCY

DASELINE CONTROL

BASELINE EFFICIENCY

TOTAL CONTROLLED

PERCENT COMTROLLED

EXISTING
TOTAL DATTERIES 216 TOTAL DVENS 12221
TOTAL CAPACITY 109494247 TONS COAL

76623000 TONS COKE

8 NOT IN OPTINIZATION

Figure 5.

Sample output

3.1 T OVERALL

CONTROLLED EMISSIONS
(LBS/TON COAL)

(TONS/YEAR)

380 BAP
343
4378
“
10944 é
1348
223
0
3350

(-2
-0 O O0OOO0OO—=-ONWUMUNWNOD

122349 337
76172 254
37.7 24.4
122348 337
.0 .0
26278 84
78.3 75.1

TOTAL BATTERIE

TOTAL CAPACITY

EFFICIENCY POLLUTANT: BAP

375
176

33
373

33
91

NEV
S

EN

7?
36
.0
77
.0
“
.1

0

CONTROL SCHEME
NEV CAR, STEAM, BOOT
UNCONTROLLED
UNCONTROLLED
CLEANING & mAINT.
LUTING & CLEANING
UNCORTROLLED
UNCONTROLLED
UNCONTROLLED
UNCONTROLLED
UNCONTROLLED
UNCONTROLLED
UNCONTROLLED
UNCONTROLLED
MATNTENANCE
UNCONTROLLED

CLEAMN UATER & BAFFLES

TOTAL OVENS 0

0 TONS COAL

0 TONS COKE

BASE YEAR 1979

CONTROLLED COST
(RILLION DOLLARS)

CAPITAL ANNUALIZED

303.4
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
278.1

297.3
.0

381.7

report of coke oven optimization model.

164.7
.0

.0
173.8
37.2
.0

.0

.0

197.1
.0

381.2



CONTROL CARD 1

VOO © ONNO,
Ejj]j]]1llllJlllll-]Jth]lll_]

Q) woxTH OF RuK (5) POLLUTANT OPTIMIZED

@) o oF R (6) TOTAL DOLLAR RESTRICTION (FOR MODE 3)

G vear oF Ru (7) TOTAL EMISSION RESTRICTION, PERCENT EFFICIENCY (FOR MODE 2)
(®) woDE: 1-DETERMINISTIC; (B) BASE YEAR OF DATA

2=MINIMUM ANNUALIZED COST, RESTRICT EMISSIONS

I=MINIMUM EMISSIONS, RESTRICT ANNUALIZED COST

4=MINIMUN CAPITAL COST, RESTRICT EMISSIONS

S=MINIMUM EMISSIONS, RESTRICT CAPITAL COST
CONTROL CARD 2

01610]0]0]0/0/0I0IOIDIBIBIDIIDIVICIDID
mAnTRNnNRnRnRnRnnnnn

ORLT FIXED CONTROL OPTION FOR EMISSION SOURCES 1 THROUGH 20

CONTROL CARD 3

0/0]6]0]6]0]0]0]0lCIVICIPIOIBIOIvI DIble]a)
ARnnnnannnnninnnnnannnnn

(1) BASELINE CODE
(@) THRouat (Z1) BASELINE CONTROL OPTION FOR SOURCES 1 THROUGH 20 RESPECTIVELY

Figure 6. Format for the control cards.
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In Mode 2, the optimization routine is called into use. The
user first specifies the sources that are to be fixed at a con-
trol level (i.e., as in Mode 1); the remaining sources will be
optimized. A total control level expressed as percent efficiency
for a given pollutant is specified and the lowest cost (either
capitél or annualized) combination that will meet that level is
calculated. If some sources are specified to be uncontrolled and
not included in the optimization, the user must take these emis-
sions into account by lowering the total control efficiency.
Otherwise, an infeasible solution can result because the remaining
controlled sources may not meet the total allowable level. The
output is similar to that in Figure 5. A symbol (#) appears by
each source that was fixed, and these do not enter into the
optimization.

In both modes the number two control card can be used to set
a control level for any given source equal to uncontrolled, in
which case the cost is zero. In effect, this enables certain
sources to be removed from the optimization analysis.

The base year specified on Control Card 1 is merely a
reference date to be printed on the output report. If, for
example, the run is a projection for 1985 and projected new
batteries have been added to the battery data base, the base year
will be 1985. Presently, no new batteries are included in the
battery data base and the base year is 1979.

Mode 3 is the opposite of Mode 2. A cost limitation (either
capital or annualized) is entered, and the optimization program
determines the lowest emission rate for the specified pollutant.
It is probably necessary to run Mode 1 and Mode 2 before running
Mode 3 to have some idea of what constitutes a reasonable total
cost.

The comments portion of the printout will contain messages
indicating unreasonable conditions, input errors, or solutions
beyond the bounds of the program. For example, if the emissién

restriction (Mode 2) cannot be achieved by the control systems
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available to the program, the printout will give a message to that
effect.
Control Card 3 controls the baseline used for most calcula-

tions. The baseline codes are as follows:

Code Baseline

1 Uncontrolled; i.e., all costs are calculated
with no regard to existing controls or
existing State Implementation Plan (SIP)
requirements.

2 Existing control; costs are adjusted by not
counting the cost of controls already installed.

3 SIP; i.e., costs are adjusted by not counting
the cost of controls required by SIP whether
they are actually installed or not. No account
is taken for existing controls which exceed
SIP requirements.

4 Average SIP; this option is the same as Option
3, but for convenience of data preparation only
one SIP definition is used and applied to every
plant; whereas as in Option 3 the specific
SIP must be entered on each battery card
depending on the state in which the battery is
located.

5 This is a combination of 2 and 3. The costs
are adjusted by not counting the cost of controls
already installed or the cost of controls
required by SIP whichever is greater.

6 Average SIP and existing; this option is the
same as Option 5 but only one SIP definition
is used and applied to every plant.

Note that no entries are required beyond field one for the

baseline Options 1 and 2 because no distinction is made

between sources in these options. For baseline Options 3

and 5, the control option codes corresponding to SIP must

be entered on the coke oven battery data cards rather than

using Control Card 3.

Currently the model does not attempt to account for costs of
tear-out. 1If, for example, the optimum alternative differs from
that already installed in a given plant, no tear-out costs are

included. Nor does the model address incremental costs for moving
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from one contrél scheme to a higher-cost scheme. 1If, for example,
existing control is a shed and scrubber and the optimum alternative
is a shed and ESP, the full cost of the optimum alternative is
included rather than just the cost of the ESP.

In Figure 5, line 1 displays the total weighted uncontrolled
emissions expressed in lbs/ton of coal and total tons. Lines 2
and 3 display the total tons of emissions and percent efficiency
respectively for existing controls. Lines 4 and 5 display the
total tons of emissions and percent efficiency respectively for
the baseline controls which are in the optimum solution. Lines 6
and 7 display the total tons of emissions and percent efficiency
for the optimum solution. The costs shown on line 2 represent
the value of existing controls. The costs shown on line 4
represent the cost of the controls contained in the optimum
solution which are already installed or assumed to be installed
as designated by the baseline.

The costs shown on line 6 represent the cost of the controls
in the optimum solution which exceed the baseline control level.
The sum of these two lines therefore represents the total value

of the controls in the solution.
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SECTION 3

EMISSION FACTORS

For the 16 emission sources identified, emission factors
were developed for each of the four pollutants: particulates,
BSO, BaP, and benzene. To the extent possible, results from
emission tests were used to establish these emission factors.
When explicit data were unavailable, an attempt was made to
derive an emission rate from other available information and
assumptions. If an emission factor could not be developed by
either of these approaches, an engineering estimate was made as
accurately as possible. All the matrix numbers had to be pro-
vided (even if estimated) so that initial runs of the model could
be completed. As new data become available, the values in the
matrix (Table 1) can be updated to reflect more accurately the
nature of emissions from byproduct coke ovens. If estimates have
a broad confidence range, model runs can be made for various
values to examine sensitivity.

Data were obtained from PEDCo's files, EPA reports, articles
in various journals, and emission test reports. A literature
search provided considerable information on coke oven emission
sources and methods of reducing emissions; however, little actual
test data or emission factors were available in comparison with
the total number of potential emission sources. When actual
numerical values were reported, they were used. The level of
precision used in reported results was retained herein, but this
does not imply that the value is precise when used as a general
emission factor for all batteries. This is not surprising be-
cause it is difficult to sample these emission sources, most of

which are fugitive in nature. Nevertheless, the literature did
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provide considerable information on control techniques and what
could be expected from them.

Because most emissions from the 16 sources are fugitive in
nature, they do not lend themselves readily to Method 5 sampling
techniques. Two commonly used techniques are single-point sam-
pling with a Method 5 sampling train and sampling a fugitive
plume with a High-Vol sampler. Sampling is sometimes attempted
at isokinetic conditions, even though it often is difficult to
achieve. Generally sample results are merely corrected to re-
flect isokinetic sampling. These methodologies appear to yield
as reliable data as can be expected.

Using test data to develop emission factors requires several
assumptions. The first is that the results of the test are
representative of the emissions found at the entire battery
(e.g., charging emissions do not differ significantly from one
oven to another if the same sampling procedures are followed).

In the case of door emission tests, one notable exception would
be if test results were obtained on only one door; the fact that
the one door tested was leaking does not indicate that all the
doors leak. Another exception would be the sampling results from
a single green push; one push does not necessarily represent all
the coke pushes of that battery.

The second assumption is that the emissions from the battery
tested are representative of the industry as a whole. Although
it would be ideal to have test results from various plants for
confirmation, it must be assumed that the values from the test
used are the best currently available and are representative of
battery emissions within the entire industry.

Several problems are unresolved. One is the matter of
equivalency of two different sampling methodologies. Although
some difference can be expected between the results of the Method
5 train and the Hi-Vol method (depending on the parameters of the
emission stream sampled), they are similar enough to be con-
sidered equivalent methods. Another problem is the definition of

TSP. Generally, a reference to a particulate catch means the
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front half of a Method 5 train (or its equivalent). Total
suspended particulate (or TSP), however, implies both the front
half and back half of a Method 5 train particulate catch (or the
equivalent). Because the definition of particulate matter is
generally a function of temperature, emission factors derived on
the basis of a front-half catch and those derived from both a
front- and back-half catch would differ significantly. Thus the
definition would tend to affect the predicted control efficien-
cies, particularly when discussing TSP. It is likely that many
of the control devices on the optional control systems would not

"see" the particulate captured in the back half of the sampling
train because it would be gaseous in form as it passed through
the control device and would condense some time later. Still
another problem concerns the different methods used to test the
various organic species to determine emission rates. Neverthe-
less, the variability between samples appears to have a greater
effect than the differences in sensitivities and biases of the
analytical methods because the different analytical methods are
believed to yield essentially the same results.

The nature and magnitude of the biases on test results for
each of the identified emission sources are discussed. Also
discussed are the specific assumptions and references used to
arrive at each emission factor. The general assumptions and
comments just covered apply to nearly all the emission sources.
For ease in predicting control efficiencies, particulate emission
factors are given either as the front-half or equivalent value.

3.1 SOURCE 1--LARRY CAR CHARGING (WET COAL)

Particulates

A baseline of emissions must be established when referring
to larry car charging. For the purposes of discussion, "uncon-
trolled" is assumed to mean that a minimal amount of control is
applied during charging and minimal effort is expended to reduce

emissions from wet coal charging. (This generally reflects the
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situation in the industry about 10 years ago.) On this premise,
an uncontrolled emission factor of 1 1lb particulate/ton of coal
charged has been estimated by EPA in the draft Standard Support
and Environmental Impact Statement (SSEIS) for charging.l It is
not known whether this number represents what could be expected
to be captured by the total Method 5 train or just the front-half
particulate catch. If this factor represents only the front
half, actual total uncontrolled particulate is likely to be 1.96
lb/ton coal because it is assumed that the ratio of particles
collected in the front half and back half of a train are about
equal. This was the case in the testing of an experimental larry
car during a joint project between the American Iron and Steel
Institute (AISI) and the EPA. The back half proved to be approx-
imately 0.96 of the mass of the front half.z’3

The results of four tests revealed a controlled emission
rate of 0.017 1lb/ton coal (front half) for stage charging. It
should be noted that these four tests were conducted anisokineti-
cally, then corrected to reflect isokinetic conditions. A total
particulate factor, calculated on the basis of the front-half
catch, is 0.033 lb/ton coal.z’3

A standard Wilputte larry car tested as part of the AISI/EPA
program was found to have an emission level of 0.14 1lb/ton coal
(front-half, 10-test average) when tested by the same method as
the experimental larry car. The test values could be in error as
much as an order of magnitude, but less error is expected because
of the sample size of ten. These latter tests were used as a

guide in assigning a control efficiency for conventional stage

charging.

Benzene Soluble Organics

The AISI/EPA particulate test revealed that BSO comprised 57
percent of the front-half catch and 60 percent of the back-half,
and it can generally be assumed that BSO comprises 55 to 60

percent of the total particulate catch without significant
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chance of error.l’z'4 With the use of the BSO/particulate ratios
above, the calculated emission factors from the AISI/EPA test are
as follows:

Uncontrolled 1.1 1b/ton coal

AISI/EPA larry car 0.019 1lb/ton coal

Benzo-a-Pyrene

A significant variation in the levels of BaP was detected in
the samples tested. Although the number of samples tested was
not statistically large enough to derive a highly reliable emis-
sion factor, the AISI samples in which BaP was observed indicated
an "average" of 2 x 10"5 1lb/ton coal.l'2 An emission factor for
BaP of 0.002 lb/ton coal has been calculated on the basis of
ambient data and the ratio of BaP and BSO.1’4’5 This latter
value is considered more reliable because of the large sample

size and is used in the model.
Benzene

No explicit data on the magnitude of benzene emissions were
found in the references noted above; however, an emission factor
was calculated on the basis of the results of two tests of coke-
side shed emissions and a test on coke-oven door emissions.s_9
These tests indicate that benzene emissions are equivalent to 25
to 50 percent of the front-half particulate emission rate. (This
is not to say benzene is captured in the front-half.) Assuming
an emission rate for benzene equivalent to 50 percent of the
front-half catch, the following emission factors are calculated:

Uncontrolled 0.5 1lb/ton coal

AISI/EPA larry car 0.008 lb/ton coal
These rates are highly variable for door emissions, however, and
using these estimates to derive an emission factor for charging

emissions provides a low-confidence estimate.
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3.2 SOURCE 2--COKE PUSHING OPERATIONS

Particulates

Several data sources were available to use in the calcula-
tion of an emission factor for coke pushing operations.6'7'8’lo’11
The magnitude of pushing emissions varies, depending on test
methodology and "greenness" of the push. The sources used were

a report on tests using Hi-Vol samplers suspended in the plume
and one on sampling isokinetically.lz_14 Results from tests
using a Method 5 sampling train or sampling the stack of a coke-
side shed appeared somewhat low and biased (a certain amount of
dilution could bias the results on the low side). The two coke
pushing operations tested were in close agreement. One of the
batteries used an enclosed push car with hooding to capture the
particulate.l3_15 The enclosed car was controlled by a scrubber,
and a standard Method 5 sampling train was used to sample the
scrubber inlet and outlet. A Hi-Vol sampler was placed above the
hood to capture the fugitive emissions. The total emission rate
of particulate was estimated by combining the results of the Hi-
Vol sampler and the scrubber inlet.

The emission rate from pushes that were moderately green
averaged approximately 2.0 1lb particulate/ton coal. Because
little condensible matter was found in proportion to the particu-
late captured (i.e., back-half vs. front-half), a separate emis-
sion factor for a front-half and back-half TSP need not be cal-
culated. For clean pushes an emission factor of 0.7 lb par-
ticulate/ton coal appears appropriate.

The significance of the clean push emission factor involves
two separate items. First, the use of dry coal charging appears
to provide uniform coking while reducing coking time.16 When
running this optimization model it may be appropriate for the
coke pushing emission factor to be selected on the basis of
whether wet coal or dry coal methods are employed. Second, an
often discussed alternative or control option is to increase the

average coking time and establish some minimum coking time before
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pushing takes place. Such an option might reduce emissions in
cases where battery operators otherwise would cut short the
coking time, but indications are that the greenness of the push
is more closely related to the oven characteristics and heating
integrity than to coking time.12 Although further study is
needed, it is conceivable that some ovens in need of maintenance
could not thoroughly "coke-out" the coal charge regardless of
coking time. The greenness of the push after some specified
minimum coking time might therefore be used as an indicator that

an oven needs maintenance.

Benzene Soluble Organics

An emission factor for BSO as condensibles in the coke
pushing operations was based on a test of the hooded coke car

13,14 The emis-

used in the Ford/Koppers demonstration project.
sion rate was determined to be 0.08 1lb BSO/ton coal for pushes
that were moderately green, and a BSO emission factor of 0.03 1lb
BSO/ton coal was determined for clean pushes. These rates are
based on the assumption that most of the condensible material
captured is BSO. Although tests of coke-side sheds indicate that
the amount of BSO generated is somewhat higher than these rates,
it is believed that other factors (such as door leaks) biased the

4/6/7/8  pesults of another test for coke pushing emis-

results.
sions, which will be available in several months, may confirm the

stated emission factors.

Benzo-a-Pyrene

Emissions of BaP were detected by sampling with cyclohexane
> 1lb BaP/ton
It should be noted that the emissions

and analyzing by GC/MS. An emission rate of 4 x 10
coal was established.l3’14
of BaP were not reduced by passage through the venturi scrubber
used at the plant, even though the emission level is very low.
Although door leaks tend to interfere with the results, tests of
the coke-side shed confirm the relatively low level of emis-

sions.4'6'7’8
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Benzene

The tests of the Ford/Koppers scrubber-controlled quench car
showed a small amount of benzene released during coke pushing

operations. The average of six tests was 0.008 1lb C /ton coal

H
(actually benzene and homologues). The actual rate gf6benzene
only is expected to be in the range of 0.006 to 0.008 lb/ton
coal. For clean pushes, benzene emissions could be as low as
0.0005 1lb/ton, but they are expected to average 0.001 1lb/ton
coal. These factors are based on tests of the Ford/Koppers

system.l3’l4

3.3 SOURCE 3--QUENCH TOWERS WITH CLEAN H,O; SOURCE 16--
WITHOUT CLEAN HO

Particulates

Considerable data have become available on the magnitude and

17-21  p.sides the interest

nature of coke quench tower emissions.
in the various types of control options, considerable interest

has developed in quenching with clean versus dirty water. Emis-
sion factors for quenching with both clean and dirty water are
discussed.

The development of an emission factor for particulate from
quench towers is based primarily on the work of Edlund et al.,ls’19
and on a data comparison from a recent report by Midwest Research
Institute (MRI).20 The results of the various tests vary widely;
however, a data comparison was made primarily between Method 5
tests and Hi-Vol sampling techniques. It is difficult to main-
tain isokinetic sampling rates in the gas stream because the
moisture content varies widely, but isokinetic sampling may be
maintained "over the average." The difference in quench tower
designs and other variables make it difficult to quantify the
bias. Uncontrolled emissions from quench towers refer to the use
of natural draft towers without baffles or other control devices
to capture the emissions from wet quenching. The following

particulate emission factors (to be used in the model) are based
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on Edlund et al.:ls'19

1.7 1b particulate/ton coal (clean HZO)
3.2 1b particulate/ton coal (dirty HZO)' These numbers are
slightly higher than the averages from MRI, but they are well
documented and fall well within the range of variation observed
for the various tests. There appears to be no direct correlation
between particulate emissions from quenching and the greenness of

a push.

Benzene Soluble Organics

Many of the tests performed were also for the purpose of
quantifying emissions of organic materials. Again, variations
were similar to those observed for particulate emissions. For
example, some test results from "clean" water quenches showed
higher emission rates than resulfs from "dirty" water quenches.20
The emission factors shown below, however, are based on recent
testl7,2l

BSO in the gas stream was found to be about 1000 times less than

results from a quench tower where the concentration of

the concentration of particulate matter during clean water
guenches. Furthermore, dirty water quenches showed a concen-
tration of BSO four times higher than that found in clean water

17,21 Based on these ratios, the emission factors for

quenches.
BSO to be used in the model are:
1.7 x 107> 1b BSO/ton coal (clean H,0)

6.4 x 10_3 1lb BSO/ton coal (dirty HZO)

Benzo-a-Pyrene

Several tests made of the emissions of BaP showed some
variations, but the absolute variation was small. The appearance
of these variations may be due to the low levels of BaP present,
which approach the detection limits of the sampling methodology.
On the other hand, the data appeared to be consistent with the
particulate data because dirty water quenches had about twice the
level of pollutant emission as clean water quenches.l7’21 The
following emission factors were indicated:

1.4 x 107% 1p BaP/ton coal (clean H,O)

3.1 x 10°% 1b BaP/ton coal (dirty H,0)
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Emissions of BaP, which are not found in every sample, appear to

be related somewhat to the greenness of the push.
Benzene

Data are limited regarding benzene emissions. Only two grab
samples are available, and the data do not explicitly indicate
whether these samples were taken during clean or dirty water
quenches.17 Although the reliability of these values is ex-
tremely poor, they are used with the assumption that a higher
level of benzene will be found in dirty water quenches:

3 x 10“5 lb/ton coal {(clean HZO)

2.6 x 107% 1b/ton coal (dirty H,0)

3.4 SOURCE 4--DOOR EMISSIONS

Particulates

Considerable data are available on emissions from doors

6-10,22,23

during the coking cycle. It can normally be assumed

that any door emissions that occur will be greatest during and

[

immediately after oven charging. One test indicated that most
emissions occur within the first 8 hours of the coking cycle. 1In
a discussion of door emissions, it is difficult to define "uncon-
trolled" emissions. Two methods might be used to determine
uncontrolled emissions. First, uncontrolled door emissions may
be defined as emissions occurring because of failure to clean the
oven doors thoroughly after each cycle. Such failure results in
improperly sealed doors. Uncontrolled emissions might also
result from failure to immediately remove damaged and warped
doors from service for repairs at the end of a cycle. A second
definition of uncontrolled emissions might be based on the number
of doors leaking (e.g., no more than 40%). Thus, "uncontrolled"
is not necessarily a measure of effort, but rather of results. A
series of two tests were performed using an enclosure hood around
the door and a Hi-Vol sampler. An emission rate of 0.025 to 0.04

lb/ton coal can be calculated from these data,9 but this wvalue
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seems low in view of available data from tests of coke-side sheds
and door emission sheds with prototype gas cleaning equipment.
These latter data produced an uncontrolled emission factor of 0.4
lb/ton coal, which will be used in the model. This factor is
based on the assumption that emissions from both sides of the
battery are essentially the same and that approximately 40 per-

cent of the doors leak when "uncontrolled."

Benzene Soluble Organics

A considerable portion of the door emissions is BSO; the BSO
may actually exceed the front-half particulate emissions. The
data from most of the tests indicate a factor of 0.25 1lb BSO/ton
coal may be appropriate for emissions from the doors on one side

4,9

of a battery. This value is supported both by tests on a

single door and by tests of continuous background emissions in a

6-8 The values obtained from the shed are more

coke-side shed.
significant in that they consider the average of all leaks from
one side of the battery. Again, it is assumed that the emission
rates from both sides of the battery are equal, resulting in a

total emission rate of 0.5 1lb BSO/ton coal.

Benzo-a-Pyrene

Based on most of the data available from stack tests and
comments from EPA, an BaP emission factor of 0.003 1b BaP/ton
coal appears appropriate, although some data indicate a lower

14,679 15 49 percent of the coke

level of emissions is possible.
battery doors are leaking, it is believed that the emissions from
doors would be equal to or greater than that for "uncontrolled"

larry car charging.
Benzene

Emissions of benzene can represent a significant portion of
the condensible particulate matter during the initial portion of
the coking cycle, but these emissions appear to decrease rapidly
over the first 2 to 3 hours.9 Averaged over the entire coking

cycle and from several ovens, benzene emissions appear ‘large at
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first, then decrease considerably in magnitude.9 The results
from both an individual door test and tests of a coke-side shed
indicate an emission factor of 0.01 1b C6H6/ton coal for one side
of the battery.6—9 For both sides (assuming both emit equally)

the emission factor is 0.02 1lb C6H6/ton coal.

3.5 SOURCE 5--TOPSIDE LEAKS

Although no test data are available for reliable quantifi-
cation of topside emissions, it is likely that they are similar
in composition to door emissions. It is also likely that such
emissions are less than half those from door leaks.l’4 The
rationale for this assumption is that the area through which
topside emissions may escape is roughly half that of the doors,
oven pressure 1is generally lower, and the emissions are more
easily controlled (e.g., by luting or replacement of warped
lids). Emissions occur primarily from charging lids and stand-

14

pipe caps. The following emission factors will be used for

the model:
Particulate 0.2 lb/ton coal
BSO 0.25 1b/ton coal
BaP 0.001 1b/ton coal
Benzene 0.005 1b/ton coal

These uncontrolled emission factors are based on the assumption
that a minimal amount of manpower is devoted to topside main-

tenance.

3.6 SOURCE 6--0LD COMBUSTION STACK; SOURCE 15--NEW COMBUSTION
STACK

Particulates

Although data are available for calculating emission factors
for combustion stacks, they are currently considered confidential
and cannot be used in this study. Enough information was pro-
vided to estimate the level of emissions, however. When use of
the data is permitted, they should be incorporated into the

matrix of emission factors.
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An average particulate emission factor for all combustion
stacks is estimated to be 0.7 1lb/ton coal.5 The range of values
is wide, however, with old battery stacks showing higher emis-
sions because of oven cracks and subsequent leakage into the
flues. Nevertheless, the values are expected to be well within
the range of 1.3 1lb/ton coal for the old stack and 0.13 lb/ton
coal for the new stack. The values are known to be about an

order of magnitude apart.

Benzene Soluble Organics

Emissions of BSO are expected to be small from combustion
stacks: 0.006 1lb/ton coal from old stacks, and 0.0006 1lb/ton

coal from new stacks.

Benzo-a-Pyrene, Benzene

> 1b/ton coal from old

Emissions of BaP range from 6 x 10
stacks to 6 x 10°°

benzene is believed to be emitted because it is probably com-

1b/ton coal from new stacks. Very little

5 . . .
busted. Therefore, benzene emissions are considered to be

zero.

3.7 SOURCE 7--COKE HANDLING

Particulates

No explicit data were found on which to quantify emissions
from coke handling, but it is assumed that the coke is cooled
sufficiently to prevent hydrocarbon emissions. Further, it is
expected that larger particulate matter from sizing and screening
operations would contribute greatly to the total particulate
mass.24 Therefore, an emission factor of 1.0 1lb/ton coal has
been estimated. This value is twice that found for coal prepara-

tion.
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3.8 SOURCE 8--COAL PREHEAT

Particulates

Data from several tests of coal preheating systems are used
to indicate the level of emissions to be expected from the pre-

25,26 More data are needed to improve the data base and

heater.
should be added as they become available.

The particulate emission factor is based on the results of
two series of emissions tests in which production rates and
drying temperatures varied.25 Particulate emissions appear to
relate primarily to the rate of coal drying, and there is a
slight correlation between emissions and gas temperatures. An
average uncontrolled emission rate was developed over six test
runs with the various production/temperature combinations and

25 The rela-

was determined to be 7.05 1lb particulate/ton coal.
tionship between production rate and emissions/tcon coal appears

to be inversely proportional. "Uncontrolled emissions" refers to
the use of no control device after initial separation of the pre-

heated coal from the gas stream.

Benzene Soluble Organics

The level of organic emissions (taken as BSO) was also
tested during the particulate tests and average emissions were
determined to be 1.05 1b/ton coal for six tests.25 More recent
data indicate a slightly higher emission rate, but this factor
will be used until more information becomes available.26
Although not enough data are available to define accurately the
relationship between gas temperature and the rate of organic
emissions, the emission rate appears to increase exponentially
with higher production rates. Organic emissions also appear to

increase with gas temperature.

Benzo-a-Pyrene

Recent data on BaP emissions indicate that emissions from

the preheater scrubber outlet are approximately 2.0 x 10—4 1b
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BaP/ton coal.26 Based on an assumed scrubber efficiency of 50

percent for BaP, the uncontrolled emission rate would be 3.9 x
10'-4 1b BaP/ton coal. Although the absolute variation of the
emission rates tends to be small, the percentage variation is

quite high.

Benzene

. . . . 26
Data concerning benzene emissions are confusing at best.

Recent data indicate benzene emissions to be higher at the scrub-
ber outlet than at the inlet, which would indicate a "negative"
efficiency for benzene scrubbing, but no other source for benzene
has been found that would clarify this. The outlet values will
be used to determine an emission factor for the model. These
values should be considered of low reliability, however, until
the results are explained. One possible explanation is that the
data sets might be reversed. Because insufficient data were
provided to calculate a benzene emission factor directly, the
known ratio between benzene and BSO had to be used. Based on the
ratio between benzene and BSO hydrocarbons from this test (factor
= 0.0130 x BSO), benzene emissions are estimated to be 0.014 1lb
C6H6/ton coal.

3.9 SOURCE 9--COAL PREPARATION

Particulates

Coal preparation is generally defined as the crushing,
screening, and sizing of coal prior to charging of the ovens.
Included are the emissions from handling and material transfer
points. Coal dust is the predominant particulate emission.
Normally no hydrocarbons are emitted because insufficient heat is
supplied to cause any carbonization of the coal. It is assumed
that the coal has been washed and separated from the burden
material at the coal mine prior to its transport to the coke

battery. Two sources indicate that with minimal controls (i.e.
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hooding, water sprays), the expected particulate level is ap-
proximately 0.5 1lb particulate/ton coal. This includes all

27,28

transfer and crushing points. Uncontrolled emissions have

the potential to be as high as 10 1b particulate/ton coal.

3.10 SOURCE 10--COAL STORAGE

Particulates

The only pollutant of concern from this source is particu-
late because it is assumed that the other pollutants either do
not occur or are below detectable levels. The amount of particu-
late emissions from coal storage piles is usually a function of
the size and shape of the storage pile, the wind speed, and the

amount of material movement on the pile.29

Thus a site-specific
value would need to be assigned for the storage pile at each
plant. PEDCo has performed several surveys on emissions from

storage piles.29’30

Based on the assumption that the storage
pile will be relatively inactive and that wind erosion is the
primary cause of fugitive emissions, the emission factor would be
0.10 to 0.15 1b/ton coal. If loading onto the storage pile,
traffic around the pile, and loadout of material are considered,
the emission factor would be in the range of 0.4 to 0.5 lb/ton
coal. The former value will be used in the model. If the total
activity on or around the piles is applicable, the higher value

can be used.

3.11 SOURCE 11--PIPELINE CHARGING (PREHEATED DRY COAL)

Particulates

Theoretically, emissions from pipeline charging could be
near zero. 1In most cases, however, theoretical and actual
values differ significantly at the batteries observed to date.
In most pipeline charging operations, both operation and main-
tenance practices and engineering design factors have contributed

to the level of emissions that have been observed.16
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No formal tests have been made of emissions caused by pipe-
line charging. The charging hole lids and standpipe elbow covers
are the major emission points. (Door leaks can also be a signif-
icant source of pollutants; these are discussed under Source 4.)
The emission factors presented below are arrived at by relating a
mass/time emission factor to visible emissions, using a mass/time
constant of 0.0015 1lb particulate/second of observed emissions.
This factor is based on observation of the AISI/EPA larry car

emissions.2’3'16

Based on this factor, an average of approxi-
mately 0.55 1lb/charge was observed at the "worst case" battery.
It is assumed here that the characteristics of charging emissions
are the same as those observed for the AISI/EPA larry car charg-
ing. If the quantity of coal charged to the oven is assumed to
be equivalent to 35 tons of wet coal, the emission factor is
calculated to be 0.016 1lb/ton coal.l6

alent to that captured by the front half of a Method 5 sampling

This value would be equiv-

train. A total particulate emission factor of 0.031 lb/ton coal
can be developed for a front and back half if it is assumed that
characteristics are the same as those for the emissions of the
AISI/EPA larry car charging. The assumptions used for calculat-
ing emission factors for dry coal charging are broad, and the
results derived must be considered tenuous. The computations
show that emission factors for pipeline charging and the AISI/EPA
larry car charging are comparable. Informal observations also
show that pushes from batteries using dry coal tend to be cleaner
(i.e., the coal is more completely "coked") than those from
batteries using wet coal. This factor has not been gquantified in

the model.

Benzene Soluble Organics

If it is assumed that emission characteristics are similar
for BSO from both wet and dry coal charging and that BSO com-
prises 60 percent of the total particulate emissions, the cal-
culated emission factor would be 0.019 1lb BSO/ton coal. The
assumed value of 60 percent is slightly higher than that observed
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at the AISI/EPA test; however, the preheated coal may produce
more volatile organic compounds during charging because of its

higher temperature.

Benzo-a-Pyrene

Because both the emission factors and the assumed emission
characteristics are similar to those of the AISI/EPA larry car,
the BaP/BSO ratio for wet coal charging is used to derive an

emission factor of 3.5 x lO—5 1b BaP/ton coal.

Benzene

For similar reasons, the benzene emission factor to be used
in the model is 0.008 1b C6H6/ton coal.

3.12 SOURCE 12--REDLER CONVEYOR (PREHEATED COAL) CHARGING

No formal emission tests have been performed on the Redler
conveyor system. An emission factor has been developed, however,
on the basis of several visible emission observations.16 Based
on seconds of observed emissions, the emission factor is esti-
mated to be 0.35 1lb/ton charge. Assuming an equivalent 35 tons
of wet coal/charge, the emission factor is 0.01 1lb/ton coal.16

Particulate emissions were observed primarily from the
charging ports and from the conveyor/chute junction. Emissions
from the charging ports are not expected to differ significantly
from those produced by the AISI/EPA larry car.16 Emissions from
the conveyor/chute junction, however, appear to be mostly rela-
tively large coal particles which could increase the weight of
total particulate emissions.16 These emissions should not
increase the emission factor above 0.03 lb/ton coal.

An emission factor based on total particulate emissions
(front- and back-half) is expected to range from 0.0148 to 0.0168
1lb/ton coal, primarily because of condensible emissions from the
charging ports. (This is assuming that ~1/2 of the total emis-

sions are from the charging ports, that the back-half emissions
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would be 96 percent of the mass of the front-half, and that the

total of any other emission sources is added.)

Benzene Soluble Organics

Emissions of BSO are expected to be less than those from
pipeline and larry-~car charging because the ratio of BSO to total
front-half and back-half particulate is lower. The change in
this ratio is due to the relative short periods of visible emis-
sions that have been observed from the charging ports where the
BSO is assumed to originate. Charging port emissions represent
0.0098 lb/ton (estimated) of particulate; if 60 percent of the
particulate fraction is assumed to be due to BSO, emissions are
calculated to be 0.006 1b BSO/ton coal.

Benzo-a-Pyrene

Because of the small quantity of BSO emitted, emissions of
BaP are expected to be less than half that expected for the worst
case for wet-coal larry car charging, or 0.0005 lb BaP/ton coal;
and they could average as low as 1.1 x 10-5 1b BaP/ton coal. The
latter value will be used in the model because it is believed to

be more representative of actual emissions.5
Benzene

Emissions of benzene are difficult to quantify. Based on
the assumption that benzene emissions originate from the charging
port and that the emission factor is 25 percent of that for total
particulate emissions from the charging port (0.0098), the
emission factor becomes 0.0025 1lb C6H6/ton coal. At 50 percent
of the total particulate from the charging port, the emission
factor becomes 0.0049 1b C6H6/ton coal. This higher value will
be used in the model.

The preceeding emission factors are only estimates; there
are no test data to substantiate them. Dry coal charging should
improve the level of pushing emissions because of the greater

number of "clean" pushes resulting from more complete coking; it
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should also provide the potential for lower 1levels of charging

emissions.

3.13 SOURCE 13--HOT-LARRY-CAR CHARGING (PREHEATED DRY COAL)

Although no data are available on which to base emission
factors for any of the four pollutants, these emissions are not
expected to be significantly higher than those from wet-coal
charging. Because the equipment will be new, the hot larry car
should perform as well or better than the AISI/EPA larry car.16
Therefore, the following emission factors are to be used:

0.017 1b particulate/ton coal

0.033 1b total particulate/ton coal

0.019 1b BSO/ton coal

3.5 x 10—5 1b BaP/ton coal

0.008 1b C6H6

The value for total particulate emissions is not used in the

/ton coal
model, but it is shown for general information.

3.14 SOURCE 14--BYPRODUCT RECOVERY PLANTS

It is difficult to guantify the emissions from coke-oven by-
product-recovery plants. The main difficulties are the numerous
fugitive sources and the significant differences in the type of
byproduct recovery practiced from plant to plant. The approach
taken to quantification of emissions was to select a plant that
appeared to be representative of a majority of the byproduct
recovery plants. Because not all sources of emissions have been
tested and reliable emission data are not readily available, the
estimates presented here are rough, and represent only the
summation of estimates for various areas in a typical byproduct
plant.31 Front-half Method 5 particulate emissions are believed
to be zero.

The primary pollutants appear to be organics, but no useful
data are available except on benzene. During processing, the

coke-oven gas is cooled to a sufficiently low temperature to
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condense the various hydrocarbons that make up the benzene

soluble organics. Therefore only those with relatively high
volatility should be emitted as fugitive emissions. Based on

test data and estimates, benzene emission are calculated to be at
least 0.2 1lb/ton coal. It is possible some constituents of BSO
(such as naphthalene) are emitted at very high levels and con-
tribute at least 0.3 1lb BSO/ton coal. This value will be used in
3,31 Although

BaP levels are unknown, they should be relatively low because of
5,31

the model until more specific data become available.

the condensation effect mentioned above. For the purposes of

the model, BaP emissions will be considered zero.
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SECTION 4

COST METHODOLOGY

4.1 STANDARDS AND ASSUMPTIONS

Cost Standards

Three basic costs have been determined: (1) total installed
capital cost, (2) annual operating cost, and (3) annualized cost.
These costs reflect 4th quarter 1978 dollars. The procedures for
calculating installed capital costs for control equipment are
presented in Section 4.2, as are the details of the capital
recovery factor, the items included in the cost estimates, unit

prices for labor, and other such information.

Process Standards

The flow diagram of a typical coke plant (Figure 7) and the
corresponding flow diagram of a byproduct plant (Figure 8)
indicate the scope of the processes included in the model.

The following constants are used the control cost calcula-

tions:
Useful life of battery 40 years
Days in year 365
Hours in day 24
Coke oven gas/ton wet coal 11,500 ft3
Bulk density of wet coal 50 lb/ft3
Bulk density of dry coal 44 lb/ft3
Coking time 17.5 h for furnace coke

24.0 h for foundry coke
12.5 for preheated coal
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byproduct recovery plant.



Doors

Wet coal moisture
Excess flushing liquor
Quench water requirement

Coke/coal yield

Self-sealing (no luted
doors)

6 percent

45 gal/ton wet coal
150 gal/ton coke

70 percent

Percent of gas used for underfire 40 percent

Flow rates:
Enclosed hot car, acfm
Enclosed shed, acfm

Volume of shed
Length of shed (L)

Wet quenching, acfm
Dry quenching, acfm

Combustion stack, acfm
Coal preheater stack, acfm

Temperatures:

75,000
(0.67) x volume

35.6 ft3/ft of length per
ton of coke pushed (T)

4 ft x (No. of ovens) +
20 ft

30,800 x T
88 x (tons of coke/day)

59 x (tons of coal/day)
at 450°F @ 100% excess air

16,900 x (10® tons of
coal/year)

The exhaust temperatures used are as follows:

Source
Charging
Pushing
Quenching
Doors
Topside
Combustion stack

Coal preheater

Temperature, °F
180
300
200
120
120
450
180

Table 3 shows the relationship between key oven parameters

used to translate capacity data into the physical size data

needed to determine certain costs.

For example, oven volume 1is

the key parameter for sizing larry-car hoppers, tons of coke per

push is the key parameter for sizing an enclosed hot car, and

oven height is a key parameter for determining shed cost. These
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- TABLE 3.

Basis: 50 ovens

RELATIONSHIPS OF SIZE AND OTHER PARAMETERS,
COKE OVEN BATTERY

Oven height, m
Oven vo]ume,‘ft3
Tons coke/push
Without preheat
Coking time, h
Pushes/day
Tons coke/yra
With preheat
Coking time, h
Pushes/day

Tons coke/yra

540
8.5

17.5
68.6
213,000

12.5
96
296,000

720
12.0

17.5
68.6
300,000

12.5
96
420,000

1390
25.0

17.5
68.6
626,000

12.5
96
876,000

aDirectly proportional to number of ovens and inversely proportional to

coking time.
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relationships were used in calculating the cost functions for
model input. For convenience the cost equations are expressed as
a function of capacity. Because most batteries fall into one of
the three categories shown in Table 3, the use of capacity as the
cost variable is reasonable.

Two "interactions" are recognized in the model. An inter-
action is defined as a control of one source that effects control
of another source. The interactions are as follows:

° The use oI shed control on the pushing source effects

control of coke-side door emissions. The removal
efficiency is the same as that for pushing emissions

except that only the coke-side door emissions are
captured.

° The use of dry quenching on the quenching source
effects control of pushing emissions because dry

' guenching utilizes an enclosed hot car. The cost of
dry quenching also includes the cost of water treatment
at those plants that would otherwise use dirty water
for quenching.

4.2 PROCEDURE FOR COST ESTIMATING

Estimates for coke making systems are divided into two major
categories, capital costs and annualized costs. Capital costs
include such things as basic equipment and installation costs,
contractors' fees, and taxes. Estimates are sometimes obtained
directly from vendors and published information, or they may be
based on engineering experience and judgment. Some elements of
annualized costs also can be obtained from published information
or other documented sources, whereas other elements (e.g.,
annualized overhead) must be calculated because they are depen-
dent on capital costs. .

The direct operating cost estimates in this report are based
on engineering judgment unless otherwise noted. They reflect 4th
quarter 1978 dollars based on the Chemical Engineering Plant Cost

Index.
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Capital Costs

Capital costs represent the total investment required to
install a new control system. General factors that must be
considered for any type of control device are total equipment
cost, piping and ductwork, insulation, painting, and the like.
Table 4 lists typical items included in investment costs of air
pollution control systems.

System-specific factors affecting costs must also be con-
sidered. For coke oven systems these are capture method, tem-
perature, effect on byproduct quality (if applicable), fuel
storage (if applicable), and construction interest charges. Not
included are production losses due to control equipment installa-
tion and startup and research and development costs.

The worksheet presented as Figure 9 organizes all capital
investment cost factors for control systems into direct and
indirect costs. Factors for the components in each group are
calculated either as a function of the basic cost of the equip-
ment or material (obtained from vendor quotations) or calculated
specifically from engineering estimates (e.g., cubic yards of

concrete required for foundations).

Annualized Costs

Total annualized costs include direct operating costs,
capital charges, and overhead charges.

Direct operating costs include such items as utilities (fuel
0il, natural gas, electricity, process water, etc.), operating
labor (both direct and supervisory), maintenance and supplies
(labor and material), and solid waste disposal.

Capital charges include depreciation, interest, admini-
strative overhead, property taxes, and insurance. Depreciation
and interest are computed from the total capital cost by using a
Capital Recovery Factor (CRF), the value of which depends on the
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TABLE 4. TYPICAL ITEMS INCLUDED IN INVESTMENT COSTS
FOR CONTROL DEVICES

Total equipment cost, f.o.b. site

Device control instrumentation

Piping and duct work

Electrical equipment (motors, starters, conduits, etc.)
Insulation

Painting

Concrete and steel for foundations and support structures
Labor for equipment installation and materials application
Site preparation and building modifications

Construction management and supervision (contractor's fees)
Contingencies

Engineering and inspection

Startup

Freight charges for equipment and materials

Taxes and insurance
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SUMMARY

PEDCo ENVIRONMENTAL DESCRIPTION DATE
PROJECT NO. BY

DETAIL
DESCRIPTION SHEET MATERIAL LABOR TOTAL

DIRECT COSTS

1. Eguipment
2. 1Instrumentation
3. Piping
4. Electrical
5. Foundations
6. Structural
7. Sitework
8. Insulation
9. Painting
10. Buildings
11.
12.
15. DIRECT SUBTOTAL

INDIRECT COSTS

21. Field Overhead

22. Contractor's Fee

23. Engineering

24. Freight

25. Offsite

26. Taxes (5% x material)

27. Allowance For Shakedow:_

2B. Spares

29.

30.

31. INDIRECT SUBTOTAL

3s. SUBTOTAL

41. Contingency (20% of line 35)

42. 1Interest During Construction
(108 of line 35) i

45. TOTAL

Figure 9. Worksheet for estimating capital costs.
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operating life of the system and on the interest rate.* For
example, a CRF of 13.2 percent per year of the total capital
costs is allowed for a system with a 15-year life expectancy and
an interest rate of 10 percent. Property taxes and insurance are
fixed together at 2.0 percent of the total capital cost per year.
Administrative overhead charges are also fixed at 2.0 percent of
the total capital cost.

Table 5 presents annualized operating cost factors used for
control systems. Table 6 lists the specific rates used for

computing the annualized costs for this particular study.

Modified/Reconstructed Facilities

The cost of installing a control system in an existing plant
that has been modified, reconstructed, or expanded (given the
same exhaust gas parameters) is greater than in a new plant
because of special design considerations, more complex piping
requirements, etc. It is difficult to estimate additional
installation costs or retrofit penalty because many things are
peculiar to an individual plant. Such factors as lack of space,
additional ducting, and additional engineering have been con-
sidered here.

The location of the control system is governed by the con-
figuration of the existing equipment. Long ducting runs from
ground level to the control device and to the stack are sometimes
required, depending on the location of the process or stack.
Placing the control equipment above ground, which often requires
steel structural support, may increase costs. Other cost com-
ponents that may be increased because of space restrictions and
plant configuration are contractor's fees and engineering fees.
Under normal conditions these fees are estimated at 15 percent
and 10 percent, but they can be expected to increase to 20 per-

cent and 15 percent for a retrofit. Fees vary according to

i(1+i)"

* = - - =7
CFR = TT3yn=1

where 1 = interest rate (decimal factor) and
n = economic life of asset (No. years)
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TABLE 5. ANNUALIZED OPERATING COST FACTORS
FOR CONTROL SYSTEMS

Direct operating costs
Utilities:
Fuel oil
Coal
Natural gas
Electricity
Operating labor:

Direct and supervisory (assume X shifts/day and X days/year to calcu-
late hours/day)

Maintenance:

Labor
Materials

Supplies:

Labor
Materials

Solid waste disposal

Water treatment costs

Capital charges
Depreciation and interest
Administrative overhead
Property taxes

Insurance

Recovery credit adjustments
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TABLE 6. RATES USED IN THE COST MODEL

Item 4th Quarter, 1978 dollars Source
Water 0.161/1000 gal a
Electricity 0.0266/kWh a
Steam 4.13/M 1b b
No. 2 oil 0.42/gal b
Natural gas 2.80/1000 ft3 b
Coke oven gas 1.39/1000 ft3 b
Direct labor 15.22/h a
Supervisory labor 18.26/h b
Compound MR dust control 3.69/gal c
Bag cost (Lt 275°F) 0.28/t d
Bag cost (Gt 275°F) 0.44/t d
Sodium hydroxide 360/ton (100% basis) e
Polyelectrolyte 2.48/gal f
Solid waste disposal 8.25/ton d
Payroll overhead 20% of payroll d
Plant overhead 50% of labor and supplies d
Interest rate 10% d
Administration overhead 2% of installed cost d
Property taxes and insurance

overhead 2% of installed cost d

4185 (Reference 2).
b

PEDCO Fugitive Dust Report.

destimated by PEDCo.

eReference 4,

fReference 5,

Calculated by PEDCo from rates in Reference 2.

EPA-450/3-77-010. Reference 3.
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locale, difficulty of the job, the risks involved, and current
economic conditions. PEDCo estimated the fees cited.

The required additional ducting varies considerably with
plant configuration, but for purposes of this study, it is esti-
mated that approximately 50 percent more ducting is required for
a retrofitted control system.

Additional labor will be required to tie the system into the
process, probably at premium-time wage rates (assumed to be
double the straight-time pay).

When these additional cost factors are applied, the cost of
retrofit installations generally runs about 20 percent higher
than the cost of new installations; specific retrofit penalties
are estimated individually for each module in the PEDCo cost
model. Retrofit is not feasible in some plants, and these cases
must be treated on a site-specific basis. The systems which are
the most difficult to deal with as retrofits are dry coal charg-
ing and dry gquenching. In the case of dry coal charging, there
is the additional problem of apportioning cost between pollution
control and increased production capability. Dry coal charging
systems are included in the model only if they already are in-
stalled; retrofits to existing batteries are not included. Dry
quenching is included with the provision that it may be not

feasible for all plants.

Annualized Cost of Control Systems

The annualized costs of control systems for modified/re-
constructed facilities are calculated in a manner similar to that
for new facilities. The cost components that are based on
capital costs are about 10 to 20 percent higher than those for

new facilities.
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SECTION 5

CONTROL SYSTEMS

This section provides a general description of each control
option listed in Section 2 (Table 2). Further details such as
exhaust temperature, duct diameter, and flow rate for each size
of battery and plant are presented in the computer printouts for
each control option in Appendix A. This section also provides a
summary of capital and annualized costs for each option.

The cost estimates presented are based on engineering esti-
mates by PEDCo, unless otherwise noted. Where applicable, the
procedures described in Section 4.2 are used to derive the costs.
For those control options that involve additional manpower or
changes in operation and maintenance (rather than equipment),
costs represent estimates of additional manhours required (some-

times based on related work previously performed by PEDCO).

5.1 GENERAL SPECIFICATIONS

Source l--Larry Car Charging

Control Option 2: Modified Car, Steam, and Smoke Boot--
Modification costs are based on a standard four-hopper larry
car. The basic modifications are the addition of a gooseneck
cleaner, hydraulics for independent drop sleeve operation, a
suction pipe (U-tube), stainless steel cones for hoppers, heat
shields, new hopper discharge assemblies allowing independent
operation, and a fume pipe for ventilation from the U-tube on

Port 4 to Port 1. Costs also include all necessary engineering,
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assembly, and installation. Estimates are based on the assump-
tion that the existing car is relatively new and that modifica-
tions are feasible. It is also assumed that headroom at the coal
bunker is adeguate. Estimates do not consider OSHA requirements
for filtered air supply.

The steam supply considered in this option consists of a
pressure regulating station, a 4-inch header along the battery,
l-inch takeoffs at each standpipe, and steam injection jets and
the attendant miscellaneous piping, insulation, and installation.

Although the baseline for "uncontrolled" probably represents
a battery already supplied with steam, it is assumed that the
supply is not adequate to provide the quantity, pressure control,
or the reliability necessary for good stage charging.

The final portion of this option involves a smoke seal for
the leveling bar. The operating costs cover one additional
lidman per shift (to insure timely 1id replacement and luting)
and one pipefitter on day shift to provide preventive maintenance
for steam nozzle and liquor spray. Steam requirement is esti-
mated at 24 lb/ton coke.

Control Option 3: New Car, Steam, Smoke Boot--

The new car included in Option 3 controls affords greater
control because it is more reliable, and includes such design
improvements as a gravity feed butterfly valve (Carbotek), and
"two ovens-away drafting."

The car basically consists of four hoppers with flow control
valves and drop sleeves, fume pipes between Ports 1 and 4 and
Port 4 two ovens away, hydraulic slide gates, and gooseneck
cleaner.

The battery steam supply and smoke boot are also included.

Many site-specific details of design will increase or
decrease the cost from plant to plant. Furthermore, site-
specific problems such as three-hole batteries, coal bunker
clearance, warped battery tops, and off-battery-limit steam

supply problems are not considered in the cost estimates.
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The operating costs include the same additional manpower as
described for Option 2. The additional costs for treating the
condensed steam are not included, nor are potential losses due to
deleterious effects of steam on tar quality (these should be
addressed later in the refining of the fully developed model).
Control Option 4: Retrofit of Second Collecting Main Plus
Option 3--

This option applies only to batteries with one collecting
main, and includes the same features as Option 3 plus the retro-
fit of a second main. The estimate for the latter is based on
the cost data in Reference 1. The reference does not indicate
specifically what is included, but it is assumed that the second
collecting main includes standpipes and goosenecks, collecting
main, crossover mains across the battery top, steam and liquor
spray systems, and a pressure regulating system. Such an instal-
lation is probably not feasible for batteries nearing the end of
their useful life.

An additional refinement of the model could restrict usage
of this option for older batteries because battery age is in-
cluded in the battery data base. The model should also account
for the probable decrease in door emissions afforded by a double

collecting main, but presently this factor is ignored.

Source 2-~-Pushing

Control Option 2: Controlled Coking--

This option involves no capital cost--only annual operating
costs. These include one additional man per shift for monitoring
flue temperature and coking time. The major portion of the costs
is based on an increase in average coking time of 17.5 to 19
hours. This represents an 8 percent loss in capacity (given that
demand is at caﬁacity). Lost production is valued at $110/ton of
coke. For a battery with a capacity of 400,000 tons/year, the
cost is (0.08) x (400,000) x ($110), or $3,520,000. At capacity
utilization ratios below 92 percent, the cost thus calculated is
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theoretically zero, but periodic need for maximum output would

still entail some lost production.

Control Options 3 and 6: Shed and Electrostatic Precipitator
(ESP); Control Options 4 and 7: Shed and Scrubber--

The control efficiencies of the ESP are translated into cost
by the relationship between efficiency and collection area shown

below:2

Plate area,

Efficiency, % ££2/1000 acfm of gas flow
99.9 385
99.0 240
95.0 188

The larger the plate area, the higher the control efficiency and
the greater the control cost. |

Aside from this factor, the general specifications for both
of the shed ESP systems are identical as described here. The
length of the shed is 4 feet per oven plus 20 feet of overhang.
The exhaust volume 1is calculated according to the equation:
1.67 (shed volume)
35.6 (L) (T)
length of shed and
tons of coke per push

Exhaust volume in acfm

shed volume

where L
T

The shed includes foundations, columns, sheeting, internal light-
ing, and exhaust main along the length of the shed and under the
exhaust main, an access walkway through shed. Figure 10 is a
simplified cross section of the shed.

The shed system includes the shed, the ESP, the fan and
drive, connecting duct work, the exhaust stack, and control
dampers at the fans. As is the case for all air-moving systems,
fan redundancy is 100 percent for fans smaller than 500 bhp and
50 percent over 500 bhp. For example, if the total horsepower
required is 400 bhp, two 400 bhp fans are provided. For a total
requirement of 1000 bhp, three 500 bhp fans are provided. Fan
drive horsepower is based on standard air density of 0.075

1b/ft3 to allow for cold starts.
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Figure 10. Cross section of coke-side shed.



The redundancy of the ESP is 20 percent of the plate area
required. The ESP's are insulated and covered and include dust-
handling hoppers and conveyors. Duct diameters are based on a
duct velocity of 4000 ft/min. Stack diameters are based on a
stack velocity of 3000 ft/min. The 300 ft of duct work for the
shed is unlined and uninsulated carbon steel, as is the 100-ft
stack. Fans are induced-draft and centrifugal with radial-tipped
blades, and are rated for material handling (MH). The totally
enclosed motors are drip-proof and have oil-cooled bearings as
required. The fan electrical system includes motor starters,
louver operators, annunciators and related switches, and wiring.
No allowance is made for additional substations or increasing
plant electrical capacity. ‘

The only difference in the scrubber systems is that the ESP
is substituted with an unlined stainless steel venturi scrubber
and mist eliminator. Total system pressure drop is 50 in. HZO
for a 99 percent TSP collection efficiency and 30 in. HZO for a
95 percent collection efficiency. (These are initial estimates
only and can be refined later.) The L/G ratio of the scrubbing
liquor is 7.9. Wastewater is recycled through a treatment sys-
tem, which includes a clarifier-vacuum filter section, a waste-
water recirculating pump, and a makeup water pump. It is assumed
that this system will have a 5 percent blowdown rate to an ex-
isting water treatment system for removal of dissolved compounds
such as phenol and cyanide.

The shed systems are assumed to capture coke-side door
emissions in addition to 90 percent of the pushing emissions.
Coke-side door emissions are assumed to be 50 percent of total

door emissions.

Control Option 5: Enclosed Hot Car--

The enclosed hot car used in this option is described in the
literature and in Reference 2. Equipment costs are based on a
rough quote by Chemico; indirect costs were added by PEDCo. No

separate allowance is made for reenforcement or modification of



the bench or for modification of the quench tower or wharf except
as they might be included in a gross estimate represented by the
retrofit factor. The Chemico car was chosen from a variety of
designs to represent this general class of control. Additional

variations can be added to the model if desired.

Source 3--Quenching Clean Water

Control Option 2: Wooden Baffles--

The cost of quench tower controls is a function of the num-
ber of quench towers in the plant rather than of coking capacity.
Because specific data are not available on the number of quench
towers required, it is assumed that one quench tower can handle
up to 900,000 tons/yr of coke production. Figure 11 shows the

scope of this option.

Control Option 3: Diverted Flow Baffles--

The total installed capital cost of a diverted-flow, baffled
quench tower was estimated by PEDCo based on a brochure from
Firma Carl Still. The estimate includes baffles, water system,
and quench tower extension. It does not include dismantling of
an existing tower and total replacement by a new quench tower.
Operating costs are calculated to be about 10 percent of the
total capital cost. The number of gquench towers required is

calculated as indicated under Option 2.

Control Option 4: Dry Quenching--

Costs are based on a system such as that shown in simplified
form in Figure 12, which was derived from a brochure by American
Wagner Biro Company. This system includes enclosed pushing
hardware, which is accounted for in the model; i.e., when dry
quenching is used, pushing control is put at level 5. Because no
U.S. plants use dry quenching and the steam generated might not
be useful to the plant, the potential steam credit is not con-
sidered here. If it were, the annualized cost would become
negative, which would complicate the optimization model. If

desired, however, the cost update program can be used to generate
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Figure 11. Conventional quench tower baffles.
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Figure 12. Simplified pictorial diagram of a dry quenching system.
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revised cost functions for dry quenching, which do account for
steam credit. There are some relatively small plants (less than
100,000 tons of coke per year) 1in the data base for which dry
quenching is probably not feasible. It is also questionable
whether the present cost function is applicable in this small
range. These issues can be further investigated as a later

refinement.

Source 4--Doors

Control Option 2: Cleaning and Maintenance--

This option involves no capital cost. The annual operating
cost is based on the addition of two men/shift for cleaning, door
inspection, and repair. Maintenance costs also include the cost

of door replacement at a rate of 10 percent per year.

Control Option 3: High Pressure Water Cleaning--

This option entails the installation of two (one per side)
high-pressure water-cleaning machines, either on the existing
pusher and door machines or on a separate car. Costs are based
on a rough quote by Industrial High Pressure Systems, Inc. It is
assumed that the existing pusher and door machine operators will
operate the cleaning units. The option requires the addition of
one man/shift for troubleshooting and inspection. Cost of re-

placement doors is the same as for control Option 2.

Control Options 4 and 5: Door Hood and Scrubber--

The scrubber, duct work, fans, and auxiliaries used in this
control option are generally of the same specification as pre-
viously described. An unlined stainless steel venturi is used
with a mist eliminator. The scrubber efficiency at 30 in. H2O
pressure drop is estimated to be 95 percent; at 60 in. H20, 98
percent. The water treatment system is the same as described
under Source 2. The duct length included is 150 ft plus the
length of ducts along both sides of the battery calculated as
four feet per oven per side. Stack height is 100 feet. Both are
constructed of unlined, uninsulated, carbon steel. Figure 13

presents a sketch of the system and indicates the required flow
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Figure 13. Door hood arrangement.
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rate. Also included in the cost of this option are the costs

described under Option 2.

Source 5--Topside

Control Options 2 and 3: Luting, Cleaning and Maintenance--
These two control options entail no capital costs and differ
only in degree. Option 2 includes one additional man/shift for
inspection and luting of lids and standpipes (in addition to the
lidman and larry car operator). For Option 3, additional main-
tenance hours are added for grouting lid seats and standpipe
bases and replacing faulty lids and caps. The cost estimate is
based on an additional 1000 hours/year of labor plus the cost of

supplies.

Control Option 4: New Lids and Seats--

The cost of this option includes one additional man/shift
for inspection and luting of lids and standpipes plus an addi-
tional capital cost for new lids and seats at a rate of four 1lids
per oven. This option is not applicable to preheated coal bat-

teries.

Source 6--Combustion Stack (014d)

Control Option 2: Oven Patching--

The arbitrary definition of "old" combustion stack is based
on a battery age of 15 years or older. This option involves the
cost of 5900 maintenance hours per year for oven spraying and
patching on a regular basis and one additional man around the
clock for inspection and adjustments to the heating system. No

capital costs are included.

Control Options 3 and 4: Dry ESP--
The control efficiencies of ESP's are related to cost in
that higher efficiencies require larger collection areas, as

shown below:2
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Plate area,

Efficiency, % ££2/1000 acfm of gas flow
90.0 232
98. 0 450

General ESP specifications are the same as those described
under Source 2. The length of duct allowed is 150 ft; duct work
is brick lined carbon steel. 1In the case of retrofits, it is
assumed that the duct is tied into the existing flue and the
existing stack is used. A booster fan with a total static
pressure capacity of 6 in. H20 is added. The flow rate for this
source is calculated as:

acfm = 59 x tons coal/day
with an exhaust temperature of 450°F. This flow is based on a
stoichiometric calculation for coke oven gas with 100 percent
excess air.3 Costs for flue gas conditioning are not included.
A separate ESP system is provided for each battery although, in
specific cases, it might be feasible to use a common ESP for
adjacent batteries. Because of space limitations and problems
with duct tie-in, the retrofit of an ESP to underfire stacks may
not always be possible. The ability to shut the gas off to an
existing battery long enough to accomplish tie-in without damag-
ing oven refractories is a site-specific problem and is not

addressed in this study.

Control Option 5: Baghouse--

This option is the same as Options 3 and 4 except that a
fabric filter is substituted for the ESP. Temperature to the
baghouse is limited by increasing the rate of air flow suffi-
ciently to reduce the temperature from 450° to 275°F. The
resulting flow rate is about 1.85 times that flow used for
Options 3 and 4. The air-to-cloth ratio used is 3.0.

Source 7--Coke Handling

Control Option 2: Enclosures and Baghouse--
Specific details of this control system for emissions from

coke handling will vary from plant to plant. The generalized
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system used in the model consists of a plain carbon steel hood
over the primary screen and five conveyor transfer point enclo-
sures vented to a fabric filter having an air-to-cloth ratio of
6.0. Duct work is unlined, uninsulated, plain carbon steel of
variable length depending on plant size. The average length is
75 ft. An exhaust fan with a static pressure rating of 8 in. H2O
is included. Flow rate is based on standard ventilation formulas
for hoods and appropriate conveyor belt widths.2 The control
system is rated to accommodate the total coking capacity of a
plant and is based on the assumption that a common coke-handling
station serves all batteries. This is a safe assumption bécause
only a few plants have widely separated groups of batteries and
more than one handling and loadout station. The system does not

include controls at the coke wharf.

Source 8--Coal Preheater

Control Options 2 and 4: Wet Scrubber--

The control options for this source are applicable only to
those few batteries that have coal preheating systems. The two
scrubber options are identical except in pressure drop require-
ment and concomitant fan capacity. Both scrubbers are stainless
steel and contain corrugated-baffle mist eliminators. Both
options include 100 ft of carbon steel duct work and a 100-ft
stack. Flow rate (in acfm) is calculated according to the
following formula:

acfm = 16,900 x

(tons of coal/year)
1,000,000

Control Options 3 and 5: Dry ESP--

These options are similar to the scrubber options except
they call for ESP's rather than wet scrubbers. No data are
available on the collection area required for coal preheater
exhaust. Based on the assumption that preheater particulate
emissions are similar to underfire stack emissions, the following

2
values are used:
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Plate area

Efficiency, % ftz/lOOO acfm of gas flow
95.0 324
99.0 538

Source 9--Coal Preparation

Control Option 2: Enclosures and Baghouse--

The sources of coal preparation emissions are the crushing,
mixing, and transfer steps that occur between the initial coal-
receiving station and the coal storage bunkers at the battery.
The size of the control system is determined by the coal capacity
of the plant. The system includes six conveyor transfer-point
hoods vented to a fabric filter having an air-to-cloth ratio of
6.0. Duct length varies with plant size, but the average is 250
ft. The system also includes an exhaust fan with a static

pressure capacity of 8 in. H20.

Source 1l0--Coal Storage Yard

Control Option 2: Spray Truck--

This option consists of a standard tractor trailer outfitted
with a spray system and water storage tank. The estimated
efficiency rating is 60 percent, but little data are available on
dust control of coal storage piles. It is assumed that the truck
would be used during periods of dry weather or windy conditions
to suppress emissions at these most critical times. Operating
costs include driver time, dust suppressant chemicals, and truck

maintenance.

Control Option 3: ©Unloading Sprays and Spray Truck--

In addition to a spray truck, control Option 3 includes a
spray system at the car dumper (or barge unloading station). The
system is shown in Figure 14. Control efficiency should be
increased from 60 to 75 percent with the application of option.
This increase is based not only on the suppression of emissions
during dumping, but also on the assumption that application of a
dust suppressant provides more thorough and longer lasting con-

trol than water spraying alone.
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Source 10--Coal Storage

Control Option 4: Coal Pile Sprays--

This control option (shown in Figure 15) is much more
expensive than Options 2 and 3. It consists of permanently
installed spray stanchions around the perimeter of the coal
piles. These stanchions can be regulated at a central pump
house. The lines are insulated and heated for winter operation.
The size of the system is based on the amount of storage area
required (based on a coal pile storage density of 0.28 ton/ftz).2
The control options for Source 10 are based on total plant
capacity. Cost estimates are independent of battery character-

istics.

Source ll--Pipeline Charging; Source l2--Redler Conveyor Charging;

and Source l3--Hot Larry Car Charging

Control Option 2: Operation and Maintenance--

Information concerning controls for dry-coal charging sys-
tems (Sources 11, 12, and 13) is limited. These sources repre-
sent topside emissions from batteries charged with dry coal.
Emission controls for such sources as doors and stacks are the
same as those in conventional batteries. The control of emis-
sions from hot larry car loading at the coal bunker is not con-
sidered because there is only one such battery and controls were
included in its design.

A recent study of pipeline-charged batteries and Redler-
charged batteries suggests such controis as additional steam
aspiration, better seals at discharge ports, and slower charging
rates.4 Because specific controls have not been selected, how-
ever, a capital cost cannot be determined. Cost estimates pre-
sent only an annual operating cost based on the addition of one
topside worker for inspection, 1luting, and minor maintenance of

lids, standpipes, and the pipeline or conveyor.
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Source 14 - Byproducts Plant

Control Option 2: Maintenance--

No control systems or procedures have yet been developed for
the control of air emissions from byproduct plants. So that a
working model recognizing this potential emission source could be
provided, a control option consisting of 8760 hours/year of
inspection and maintenance has been used. This includes valve
packing, tank patching, and repair of pipe leaks, and should
produce a control efficiency of 80 percent. These data are
artificial data, however, and are used only to provide a complete
dataset for the model.

Source l15--Combustion Stack (New)

Control Option 2: Oven Patching~-

The designation of a battery stack as "o0ld" or "new" is
arbitrary and is used only to help explain broad variations in
uncontrolled emissions. If site-specific data classifying each
stack according to emission level were available, the designation
of age as a parameter could be eliminated. Oven patching is the
same as the control option described for old battery stacks, and
it is the only control option used for new stacks because more

extensive measures are not necessary.

Source l6--Quenching With Dirty Water

Control Option 2: Wooden Baffles--
This option is identical to that shown in Figure 11 (for

Source 3, Option 2).

Control Option 3: Clean Water and the Use of Baffles--

The most definitive study available on the subject of
emissions from quenching is by Edlund.5 The study addresses only
particulate emissions. Figure 16 illustrates the relationship
between emissions and dissolved solids in the quench water.

Determining the total dissolved solids for each plant is beyond
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the scope of this project, but it is known that the composition
of process water varies from plant to plant, as does the ratio of
process water to quench water. The total amount of process water
also varies. Table 7 (extracted from a preliminary summary of
Effluent Guidelines 308 Questionnaire Data) shows these varia-
tions.6

The variations in quench water composition and the many
different water treatment methods used require some assumptions

for simplification:

1. Plants are designated as using either clean water or
dirty water for quenching. The particulate emission
rates are assumed to be 1.7 lb/ton of coal for clean
water and 3.2 1lb/ton of coal for dirty water.

2. The control scheme for treating dirty water (instead of
using it for quenching) is an ammonia distillation
column using caustic soda, a bio-oxidation plant with
3-day retention time, and activated carbon filters for
polishing. An incinerator is included for incinerating
the ammonia vapors, although these could be recovered
and converted to useful byproduct. A flow sheet of
this system is presented in Figure 17. It is assumed
that water thus treated becomes acceptable effluent and
that river water (i.e., clean water) is used for
guenching.

3. The quantity of water to be treated is assumed to be
150 gal/ton of coke. (It should be noted that the
control option of dry quenching must include the
treatment of the dirty water that would otherwise have
been used for quenching). The plant is sized for 50
percent excess capacity to enable recovery from outages.

4, When dry quenching and wastewater treatment are used in
combination, it is assumed the steam generated by the
dry quenching system is used to displace the steam
requirement of the water treatment system.

Although these are significant assumptions that could affect

the usefulness of the model, they are necessary to establish a
starting point. More detailed data and additional control
schemes can be factored into the model at some later date.

The other control options for quenching have already been

described.
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TABLE 7. COKE PLANTS USING PROCESS WATER FOR QUENCHING
Process
wastewater Process
Reference txcess vnzol Final sarometric | Desulfur- Total, | #% % of total | wastewater
Ho. Company Location NH3 liquor | plant cooler vondenser izer oOther? gal/min | quench volume | in gal/ton
00124 Alabama B.P. Tarrant, Ala. 145 145 1.1 93
01128 Bethlehen Lackawanna, N.Y. 120 100 5 225 5.6 50
01120 (Ruse) Bethlehem Johnstown, Pa. 18 14 5 5 a2 12.9 60
0112C(Frank) Bethlehemn Johnstown, Pg. 58 64 10 28 160 1.1 74
01120 Bethlehem Chesterton, Ind. 505 230 765 270 1770 53.9 493
0256t Cyclops-FHP DET. Portsmouth, Ohio 110 110 98.1 139
02808 Philadeliphia Coke Philadelphia, Pa. 70 70 18.3 121
0384(#2) Inland t. Chicayo, Ind. 295 125 10 430 16.7 100
0384(#3) Inland t. Chicago, Ind. 100 100 13.8 90
04324 JaL Alrquippa, Pa. 166 104 125 28 70 493 64.5 323
0448A Faiser Fontana, Calif. 97 4? 1 140 43.8 49
0464¢ Koppers Bessemer, Ala, 150 150 57.6 144
0584C National Granite City, 111, 52 10 62 7.1 51
0584F(Main) National Weirton, W. Va. 32.5 29 61.5 22.1 39
06444 Republic Youngstown, Ohio 100 20 5 30 155 n.a 81
06848 Republic darren, Ohio 50 50 10 20 130 16.3 146
0684F (1) Republic Cleveland, Ohio 209 209 62.1 93
0684F(2) Republic Cteveland, Ohio 56 56 28.3 42
0732A Shenango Nevil)e Island,Pa. 80 80 16.2 73
0856F Uss Fairless Mills, Pa. 2.5 5 100 107.5 10.3 52
0856N Uss Lorain, Ohio 167 73 71 3 72.8 103
08608 Uss Gary, Ind. 278 174 452 7.6 65
0464 uss Geneva, Utah 90 75 100 265 70.7 106
0943A YS&T Campbell, Ohio 90 61 175 326 92.2 123

Includes larry car scrubber wastewaters, sted scrubbers, gas holder

and miscellaneous floor drains.

seals, preheater condensates, dr yiny and seals on aas mains,
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SECTION 6

BATTERY DATA BASE (DATASET 3)

This dataset provides a record of the following for each
battery in the United States:
Company location code
Date installed or date of last major rebuilding
Number of ovens
Capacity, tons of coke/year
Type of charging used
Oven height
Number of collecting mains
Control equipment in place
These data are used as input to the model to determine total coke
industry emissions and the costs to control them.

The data base for coke oven batteries was assembled from a
variety of documents, some of which provide conflicting informa-
tion.l_6 Most of the capacity data is from Reference 1. Where
given data conflicted, PEDCo used its own expertise and knowledge
of the industry to select data values for use in the model. For
most of the foundry coke batteries, the main data source was
Reference 6.

The scope of this project does not cover the development of
a detailed data base for the U.S. coking industry, but it was
necessary to prepare a reasonably accurate census to estimate
control costs.

Input of the battery data is arranged so that it can be
updated easily as additional data become available. Although

some of the data are estimated and some may be outdated, most of
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the industry is correctly represented in the census, and the
aggregate costs calculated from the current data base should be
representative.

Table 8 represents the data base provided to the model.
Figure 18 shows the data coding form used to change or update the
data base. Table 9 presents the plant ID codes used for the data
coding form.

Total industry cost for a given control option and effici-
ency are calculated generally as:

n
Industry cost = £ A - Xi
i=1

cost coefficients from the cost model

B

where A and B

X.
1

n

capacity (tons coke/year) for battery i

total number of batteries

Company names are used only for convenience in coding and
keeping track of the data. This study is not source-specific,
and company names will not appear in the model printout.

In this model, plant capacity has generally been used as the
variable in determining control costs. Certain costs, however,
are not strictly a function of capacity. Shed cost, for example,
is a function of oven height and number of ovens. In the case of
guench towers, on the other hand, cost is proportional to the
size and number of towers. The slight inaccuracies introduced by
the use of capacity as the cost variable, however, are not of
major concern in this stage of model development. In the case of
quench tower baffles, i1t is assumed that one quench tower can
handle up to 2500 tons of coke per day. For coal yards, coal
preparation, coke processing, and byproduct plants, the model
calculates costs for entire plants rather than individual bat-
teries (i.e., Xi becomes the total capacity of all batteries in
a plant).

Certain other site-specific factors could affect cost. For
example, the economy of scale gained by combining two or more

adjacent batteries under a common control device to control
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TABLE 8 (continued)

cunt
PLANI indl, LTVN CAFACITY CHARLING neiGn? PUSH QUENCH NO., COLL.
NU vale UVvENS TUNS/ZYR (METENRS) CUNTHNOL wWATER MAINS
LA L X L T L L L 1 2 1 2 & X4 22 1 1 L4 X 4 X3 L A X4 X P X Xty XYYy Y Yl rrryYytrryry Yy yy.] - - e - - L L X X I J - -
£3) 195 59 2500ve, LANKY Caw 3 NONE DIRTY 1
33 19 99 23vivy, LANNY Cak 3 NONE VINTY (]
33 19% 99 230y, LANNY CAR 3 NUNE olnvy [
33 1957 59 ¢3uvul, LANKRY Can | § NUNE OINTY a
3e 1949 r? 3¢2v000, LANRY Caw [} NONE OIRTY 2
£ 1 19%1 n 320000, LANKY Can 3 NONE VInTYy e
3o 19312 1? s2vuvo, LARRY Can 3 NONE DIRYY 1
o 19%a " 52v000, LANKY CAR 3 NUNE oMYy 1}
) 1 1950 " J2uuve, LANKY CANR 3 NUNE DINRTY '}
3o 197 as uuvvY, LANNY CAR . NONE DINTY |
3o 1975 7 Y3uvvy, REULLER . ENCLOSED Car DINTY F
3o 1970 S? 93vuVu, HEDLER . ENCLUSED Can DIRYY P
39 19%2 " a0VUVL, LANNY CaN ] NUNE CLEAN ]
39 19%2 1 2] LTTTITITIN LARKY CaAM ] NONE CLLAN ]
39 1998 o3 avYuuu, LARRY CAM L} NUNE CLEAN ]
39 1978 7 90vovo, HOT L.C, () OTHER CLEAN ]
a0 195% *3 3200v0, LARNKY CaAN ] NONE DIRTY ]
e0 19%¢0 o3 32V0v0y, LANNY CaAN L] NUNE DINTY <
80 19%0 (3 ) 320000, LANKY CaR ] NONE VINTY e
L 1) 1950 (¥ ] 329000, LANRY CAR e NONE DINTY a
e} 1947 53 ISU0VU, LAKNY CaR 4 NONE DIRTY ']
LT 1947 %3 350000, LARKY Can ] NONE DIRYY ]
']} 1991 ol aguvuuy, LAKRNKY CAR ] NONE oIMuTY |
q) 1956 el ¢?v0V0, LANNKY CAN e NUNE OlnrvYy  §
e) 19% e 21vovo, LANNY CAR . NONE DIRTY 3
ol 1913 [ ¥ 13%0000, LANNY CAR . UTHER CLEAN F]
a2 1vae S3 250000, LARNY CAN [} " NONE CLEAN |
LY 1952 .3 S0v0Vo, LANKHY CAN [ ] NONE CLEAN |
a2 1953 e? 18v0v0, LANNY Can 3 NONE CLEAN |
al 1955 : o7 18vUvY, LANNY CAN ] NUNE CLEAN |
a2 1960 S 19000y, LANRY CAR 3 NUNE CLEAN )
a2 1976 19 svuvvoo, LAKRY CaAR ® NUNE CLEAN <
(¥} 1962 T4 S3uuuy, LARNY CAN [ ] NONE CLEAN |}
[} ] 19% 19 180000, LANKRY Can [ ] NUNE CLEAN |
a8 XY " S7u0vy, LAHRY Cak S SHED DIRTY 1
'Y 19958 7o qa0LVVU, LANKY Can ] NONE OIRTY 4
e 1959 le qaoVUULU, LANKY CAR L] NUNE DIRTY a
(3 1958 16 46UVVY, LARKY CaR [ ] NONE DINTY e
a0 1992 14} 4puvLY, LANNY CaAN ] NUNE CLEAN |
Qo 19% 19 qouuVY, LANKHY CAN [ ] NUNE CLEAN ]
'YS 1901 'Y 53%0vu, LANKY CAM [ ] NONE CLEAN ]

(continued)
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TABLE 8 (continued)

PLANT 1837,
(0] vale
8 1973
(1] 1973
(1] 191?
9 194}
9 199
1) fva)}
Sy 1992
[ 3] 19%¢
(3 199%¢
9 19%
n 1918
17 19q)
[} 1902
S 1953
[ }) 19e7
[ 1 1972
[ 19 191¢
[ 2} 1930
(1] 1908
9 1926
9 1929
(1) 19}
9 1980
% 197
9% 1978
9 1951
” 194
vl 19¢7
9 19%2
L T 196}
L ] 1919
94 19%s
98 19%
9" 1%y

(continueaq)

NV,
UvENs

N
[

(1]
To
rL

55
23

39
3
35

28
L'}

T6
[ X']
s
3
Te
10
ey
a0
el
o7

51

"
Sv

9s

Y .

eV
av

7

Cuat

Caraclty

TUnS/ TR
TSvvo,
71500u,

2544u00,

Sa80VY,

1as5vve,

185000,
120000,

2%09uy,
evu o,
250000.

Sev00,
Sevvo,

320000,

489000,
1970v0,

82v0u,
8c20u0,

Javoou,
79000,
11900y,
119000,
121000,
140000,

117000,
175000,

316000,
310000,
316000,

Jsuvuvo,
260000,

192uvo,

adyvo,
88000,

asLUO,

CHANGING

LARNY
LARNY

LARNKY
LANKY

CAn
CAR

CAR
can

PIPELINE

LARNY
LARNKRY

LARNY
LARNY
LARNY

LANNY
LANRY

CARNY

LARKY
LARNY

LANNRY
LARNKY

LARRY

CAR
CAN

CAN
CAN
CAN

Can
CAR

CAR

CaR
CAR

CAR
CAR

CAR

PIPELINE

LANRY
LARRY
LANNY
LANNRY

LARNY
LAKNY

LARNRY
LANRY
LAKNRY

LARKY
LARNY

LARRY

LAxRY
LANKY

LARNRY

CAM
Can
Can
Cau

CAn
Can

CAN
Can
can

CAR
CAk

Cau

CAR
Can

Caw

HELGHT
(METENS)

8288 we »ass » L ] a8 wvs 5 ww S8 a8 50 L X}

& ww w we

Pagct 9

PUSH QUENCH N0, COLL,
CunTNuL WATEN WALINS
NONE CLEAN 1
NONE CLEAN ]
NUNE - CLEANM ]
NONE CLEAN 1
NONE CLEAN 1
OTHER CLEAN 1
OTHER CLEAN |
NONE DIRTY 2
NUNE DINTY e
NONE OINTY F |
NONE OIRTY 1
MONE DIRTY )
NONE CLEAN 1
NONE CLEAN 1
NONE CLEAN )
NUNE DINTY
NONE DIRTY |
NONE DIRTY |
NONE CLEAN )
NONE CLEAN 1
NONE CLEAN 1
NONE CLEAN 3
NONE CLEAN |
OTHEN OIRTY )
OTHEN OIRVY |
NONE CLEAN |
NONE CLEAN ]
NONE CLEAN 1}
NONE DIRTY |
YnED CLEAN |
NONE CLEAN )
NONE CLEAN (]
NONE CLEAN 1
NONE DINRYY ]
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TABLE 8 (continued)
LUt
PLANY Inst. NU, Caraclry CHARGING neiont PU3IM QUENCH NO. COLL,
NU VATE uveny TUNS/ TR (METENS) CUNTNOL WATER MNAINS
X X1 1 1 J L X X 1 1 ] ..----.-----------.--..-...-...-.-..--.-..----.---.-.---.--..--.-....-
9y 192y e 15000, LANRY CAN [ ] NONE OIuYY )
95 1925 2% 719000, LANKY CAM o NONE DInYY 1
95 19ey 20 95000, LANNY CAN ] NUNE DIRYY |
9 19ev 30 10Q0vy, LANNY CAN ] NONE OINTY )
L 1 199 N 12000V, LANKY CAN ] NONE - DIRTY |
9 1969 36 1%30v0, LARRY CAN ] NUNE oInNvTY 1
% 19% 1] 238004, LANNY CANM 3 NONE DIRYY |}
L 2 192 ou 232000, LAKKY CANR q NONE CLEAN )
9 1vev (1] 232uvo, LAKNKY CAN [ ] NUNE CLEAN )
L 2] 1950 S0 116000, LANKY CAN [ ] NONE CLEAN [
L 2] 19%% 3 Liovvy, LANKY CANR - NUNE CLEAN )
12} 1957 oV 232000, LANNY CAR ] NUNE CLEAN |
% 19514 Y] 287000, LAKNY CAN 3 NONE ol1R7Y 1
% 19952 7 2062000, LARRY CaNW 3 NONE OIRTY | |
9 19«]) 25 11000, LANRY CAK ] NONE OIRtY |
L 1) 1991 29 1280vy, LANNY CAR [} NONE DIRTY |
9 19%2 Y 640V, LARKY CAN 3 NONE VINTY |
9 1968 T8 S0v000, PIPEL INE [ ) NONE DIRTY |
TOTAL PLANIS %9
TOTAL BATIERIED 2le
TOTAL UVENS 12221,

TOTAL CaAPaCl

T Tobes,ke03
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LI b T TP B D I e b B by e B fa I L g i Iy
® WO

NUMBER OF BATTERIES IN A PLANT
(2) TYPE OF BATTERY: 1 = EXISTING; 2 = NEW HYPOTHETICAL
(3) PLANT IDENTIFICATION NUMBER
(4) DATE OF INSTALLATION OR LAST MAJOR REMABILITATION
(5) NUMBER OF OVENS IN BATTERY
(6) COKE CAPACITY, tons/yr
(7) CHARGING METHOD: 1 = LARRY CAR; 2 = PIPELINE; 3 = REDLER; 4 = HOT LARRY CAR
(8) OVEN HEIGHT, m
(9) NUMBER OF COLLECTING MAINS: 1 OR 2

BASELINE CONTROL LEVEL FOR SOURCE 1
@1) EXISTING CONTROL LEVEL FOR SOURCE 1

(2) BASELINE CONTROL LEVEL FOR SOURCE 2
(3 EXISTING CONTROL LEVEL FOR SOURCE 2

REMAINDER OF COLUMNS SET IN SIMILAR FASHION FOR SOURCES 3 THROUGH 20

Figure 18. Battery data card format.’



TABLE 9. PLANT ID CODES

Plant ID? Company
01 Keystone Coke, Conshohocken, Pa.
02 Armco, Middletown, Ohio
04 Armco, Houston, Tex.
05 Bethlehem, Bethlehem, Pa.
06 Bethlehem, Sparrows Point, Md.
07 Bethlehem, Lackawanna, N.Y.
08 Bethlehem, Johnstown, Pa.
09 Bethlehem, Burns Harbor, Ind.
10 CFI, Pueblo, Colo.
1 Crucible, Midland, Pa.
12 Empire Detroit, Portsmouth, Ohio
13 Ford, Rouge Works, Detroit, Mich.
14 Granite City, Granite City, I11.
15 Great Lakes Steel, Detroit, Mich.
16 Inland, East Chicago, Ind.
17 Interlake, South Chicago, I11.
18 J & L, Pittsburgh, Pa.
19 J & L, Aliquippa, Pa.
21 Kaiser, Fontana, Calif.
22 Lonestar Steel, Texas
24 Republic, Mahoning Valley Dist., Ohio
25 Republic, Cleveland, Ohio
27 Republic, Central Alloy Dist., Ohio
28 Republic, South Chicago, I11.
29 Republic, Gulfsteel, Ala.
31 USS, Fairless Hills, Pa.
32 USS, Homestead Clairton, Pa.
33 UsS, Lorain, Cuyahoga, Ohio
36 UsS, Gary, Ind.
39 USS, Fairfield, Ala.
40 USS, Geneva, Utah
(continued)
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TABLE 9 (continued)

Plant ID? Company
41 Weirton Steel, Weirton, W. Va.
42 Wheeling Pitt, Steubenville, Ohio
43 Wheeling Pitt, Monesson, Pa.
44 Wisconsin, South Chicago, I11.
45 YST, Campbell, Youngstown, Ohio
46 YST, East Chicago, Ind.
48 Indiana Gas, Terre Haute, Ind.
49 Allied, Ironton, Ohio
50 Koppers, Erie, Pa.
65 Shenango, Neville Island, Pa.
77 Chatanooga Coke & Chem., Tenn.
81 Allied, Buffalo, N.Y.
85 Allied, Ashland, Ky.
86 Diamond Shamrock, Painesville, Ohio
87 Eastern Fuel Assoc. Philadelphia, Pa.
88 Allied Chemical, Detroit, Mich.
89 Citizens Gas, Indianapolis, Ind.
90 Milwaukee Solvay, Milwaukee, Wis.
91 Donnar Hanna, Buffalo, N.Y.
92 Missouri Coke, St. Louis, Mo.
93 Koppers, St. Paul, Minn.
94 Empire Coke, Holt, Ala,
95 Koppers, Bessemer, Ala.
96 Sharon, Fairmont, W. Va.
97 Jim Walter, Birmingham, Ala.
98 USS Duluth, Minn.
99 ABC, Tarrant, Ala.

@lant ID numbers are not sequential.
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battery stacks has not been considered. Also, the number of
spare hot cars required in a multibattery plant is less in pro-
portion to capacity than the number at an isolated plant having
one battery. Such site-specifics are not considered in this pro-

ject.

New Versus Existing Batteries

To evaluate projected growth (or decline) in the industry,
the user may add battery data cards corresponding to the pro-
jected growth, or delete the battery cards for projected retire-
ments.

New battery cards must be filled out even though the data
may be speculative. It is not sufficient just to enter simply 10
percent growth; the user must decide, for example, that there
will be 10 new batteries by 1985, that they will be 60-oven
batteries 6 meters high and that they will be equipped with some
specific controls. Only if specific plans for a given plant are
known is the plant ID entered. 1In the case of retirements the
user simply removes the battery card from the card deck.

The primary distinction between "new" and "existing" in the

model is the use of new or retrofit cost functions.

Existing Installed Equipment

Columns 21 to 60 of the battery data card (Figure 18) are
20 two-digit fields corresponding to the twenty sources con-
sidered. Only 16 are now used. The code numbers to be entered
in these fields correspond to the control option codes. The
first column of each two digit field contains the desired base-
line code and the second column contains the existing control
code.

Because the control level (control efficiency and exact
control equipment) of a given plant may not be the same as those
designated in the options used, the user must be careful to
select the code for the control option that most closely cor-

responds to the existing equipment or control program.
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In the computer program, the code is used for one of two

purposes:
1. To correct total industry cost (or total cost for any
given industry subset) by eliminating the cost of a
control option for those plants where the option is
already in use.
2. To allow the use of a control baseline (e.g., SIP)

whereby only costs above this baseline are considered.
The same baseline can be used for every battery. A
single card for all batteries can be used to avoid
having to enter the same codes on each of the more than
200 battery cards. This card is designated as Control
Card 3, described in Section 2.

As an example of the first purpose, assume Battery 1 has
already installed a new 1arr§ car for stage charging and has good
stage charging practice. The card for this battery would then
contain a Code 3 in the charging columns (Column 22). Conse-
quently, in the program to determine the cost of charging con-
trols for this plant, the only costs calculated will be those for
controls achieving control levels greater than level 3. "Tear-
out" costs (i.e., for removal of existing controls) are not con-
sidered in the preseﬁt model.

A more complicated example arises when the existing controls
achieve an efficiency close to that described in the options but
are represented by different hardware. If a battery already has a
shed and scrubber, for example, it is probably better to consider
this comparable in achieving a given level of control rather than
equivalent to the specific hardware configuration. For this
reason, the control options are ordered according to degree of
efficiency. This permits the user to select the option that
achieves the highest level he considers appropriate. The com-
puter will disregard the cost of all options equal to or less
than the option selected for the given battery.

The approach in the second purpose is similar, but the
concept is different. 1In this case the user establishes a
baseline of control below which control costs are not considered

whether installed or not. For example, if the baseline for
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charging control is modified larry cars for stage charging, no
costs will be calculated for control options achieving control
levels below those of larry car modification. The battery card
in this case would contain a Code 2 in the charging columns
(Column 21). 1In the extreme, if the highest control option were
selected as the baseline for every source, no costs would be
calculated. 1If the user wanted costs for inspection only, they
could be obtained by making a computer run with "uncontrolled" as

the baseline.
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SECTION 7

MODEL FORMULATION

The first step in the model is the calculation of total
industry control costs. 1In the discussion of this calculation,

mathematical nomenclature has been defined as follows:

i = the emission source (i=1.. . 1)
j = the pollutant (j =1 J)
k = the control technology (k = 1 . . K)
n = the specific battery (n=1.. .N)
E = the annual emissions, in tons/year
C = the annualized cost (or capital cost)
eijk = the control efficiency
X = the capacity of battery n in tons coke/year
Uij = the uncontrolled emission factor in lbs/ton coal

Note that for some sources such as coke handling, Xp actu-
ally represents capacity for all batteries in a given plant.

Then Cijkn

from the general cost function:

represents a specific dollar value calculated

_ B. .
Ciskn = Bijk¥ptik

where A = y intercept, B = slope

Note that Ci ypn = Ciokn = Cidkn,
i.e., the cost of a specific control system does not vary by
pollutant.
(100 - e,

Jk)
100

Similarly, E.. = [

ijkn (Uij) (X /-7)1 / 2000

but, E;1yn 7 Eioxn * Ei3kn 7 Eidxn

27



The C and E matrices are calculated from the input data-
sets. Note that k = 1 will represent no additional control.

Therefore, C = zero by definition and

ijln

Eijln [(Uij)(Xn/.7)] + 2000
The total emission restriction (Mode 2) is entered as
an overall percent efficiency, represented by Rj. This will be

converted to p., an annual quantity, by the equation:

J
R. N I
o. = (1-3) (£ = g, .
J 100 n=1 i=1 i]n, k = l)

The total cost restriction (Mode 3) will be entered as a
total dollar amount, T.

Finally, note that not all i exist for every n. Therefore,
the C and E matrices are not full.

The next step is to compress the total C and E matrices to a
total industry basis, i.e., eliminate the n dimension. Let C'

and E' represent the total industry:

N
' =3
€ijk T I, Cijkn
Again noting that Cilk = Ci2k = Ci3k = Ci4k
Similarly,
N
Figk T 2. Fijkn
and E..

' ' _ '
ik 7 Biok 7 Biax T Bigx

Furthermore, E' can be treated as four separate matrices,

E!, for j =1, E!, for j = 2, etc.

ik ik
The data is now reduced to two simple matrices:
C., and Eik for each j

ik

L0
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To find the optimum combination of controls, consider Mode
2, the restriction being total emissions, pj’ and the objective
being to find lowest cost. Another matrix, Y, must now be intro-
duced. The values of Y will be either one or zero. A one will
indicate that a control option, k, is selected and a zero will
indicate that the control option is not selected. The Y matrix
is a mathematical device to solve the optimization and has no
significance from an engineering standpoint. For example,

let Yik = Y14 =1
this means Control Option 4 on Emission Source 1 is part of the
optimum solution.

If this is so, then by definition, all other Y¥'s for source
1l are zero:

Vi1 T Yyp T Y93 7 Y5 T Yy = Yy =0

That is, a source can only be controlled by one option at a
time.

The statement of the problem in matrix form is therefore:

Minimize ICY for a given j
subject to IY =1 for all i
and LEY < 0 for a given j
and Y > 0 for all i

In expanded form:

minimize CllYll + C12Y12 + .. .. Cllek
+ C21Y21 + C21Y21 + e e e e e s CZkYZk
e CikYik
subject to Yll + le + Y13 + .. ... Ylk =1
Y21 + Y22 + Y23 e Y2k =1, 2;25 for
and: EllYll + E12Y12 + . . Ellek
+ E21Y21 + E2lY2l + e e e e E2kY2k
L - D 0
and Yik 2 0 for every i and k
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The optimal solution to this problem will be determination
of the Y matrix. The Y matrix in turn will define a k value for
each 1 (i.e., a control option for each emission source that will
result in the overall minimum cost for meeting a total emission
restriction). ©Note that any given k may equal 1, i.e., no con-
trol. In general, the program will select those alternatives
which reduce emissions the most and cost the least.

After the optimum solution is found, the Y matrix will be
superimposed onto the E matrices for the other pollutants to
determine the emissions of the pollutants that were not re-
stricted. To the optimum totals the program will add the costs
and emissions for those sources previously excluded from the
optimization (by using the No. 2 cards described in Section 1) to
get total industry costs and emissions.

The statement for Mode 3 is very similar:

Minimize - LEY
subject to: ZCYST
and rY=1
and YZO

‘The same approach as described above is used in this case
also. Operation of the model in Modes 2 and 3 is identical re-
gardless of whether annualized cost or capital cost is the subject
of optimization.

The greatest value of the model is its ability to supply
rapid answers to "what if" questions. The model has great flexi-
bility, and its user can easily examine its sensitivity to
variations in the emission factors and control costs by simply
changing the input data.

Controls for any given emission source can be fixed at a
predetermined level and the source can thus be removed from the
optimization procedure. The battery data base can be set up to
represent all batteries or any subset of batteries. For example,
furnace coke producers can be separated from foundry coke pro-

ducers.
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SECTION 8

RESULTS

The function of the model is to calculate emissions and
emission control costs and to select a set of controls that will
meet a given emission restriction at the lowest cost. Concep-
tually, this is as if the "bubble concept" were applied to all
the coke plants in the United States. Section 2 describes the
many variations of the basic scheme. '

An example best illustrates the logic of the model. The
data base for this example consists of the 216 coke oven bat-
teries presented in Section 6, the uncontrolled emission factors
presented in Table 1, and the control options and their effi-
ciencies presented in Table 2. Annualized and capital cost
functions associated with the control options are shown in
Appendix A.

Figure 19 is a graphic presentation of the capital cost
functions for the three control options applicable to Source 1,
wet coal charging. These values are based on tons of coke
capacity for a 60-oven battery. An increase in the number of
ovens would increase the cost because certain elements of the
capital cost (e.g., steam lines and number of standpipes) are
directly proportional to the number of ovens. Every cost func-
tion represented in Appendix A could be plotted as shown on
Figure 19.

Figure 20 shows the annualized cost per pound of particulate
removed for the same three options. The spacing of the curves is
related to both the relative costs of the options and the re-
lative efficiencies. Although Option 3 is more costly than

Option 2, the curves are very close because the efficiency of
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Option 3 is 99 percent compared with only 80 percent for Option
2. The 99.5 percent efficiency of Option 4, on the other hand,
represents an improvement of only 0.5 percent over Option 3, but
the cost is much higher. Each option for each source could be
analyzed in a similar manner.

Table 10 presents the capital and annualized cost matrix
calculated for the present data base. Table 11 presents the
uncontrolled emissions matrix. These matrices and the appro-
priate control efficiencies could be used to generate curves like
those in Figures 19 and 20 for each source.

The function of the optimization model is to analyze all
such curves and find the lowest cost combinations. In this sec-
tion, the examples deal with minimizing annualized cost, but the
approach is identical for capital cost. Table 12 is the model
output for a case of no control on any source. This provides a
convenient frame of reference for uncontrolled emission quanti-
ties. The table shows that pushing is the largest single source
of uncontrolled particulate emissions, although the total of
quenching (with clean water and with dirty water) is slightly
larger. Charging is by far the largest single source of both BSO
and benzene emissions.

Table 13 is the model output to meet a restriction calling
for an overall particulate control at least 95 percent effi-
ciency, which requires the highest possible control level on
every source except dry coal charging and the byproducts plant.
The latter two are excluded from the solution by the model because
their contributions to particulate emissions are very low; in
fact, particulate emissions from the byproducts plant are zero.
Total annualized costs for the industry are $1,396,000,000 and
total capital costs (retrofit) are $2,887,000,000. It should be
noted that the model seeks to minimize annualized costs in the
examples presented in this section. In this example the costs do
not take into account any control that may already exist, as
indicated by the baseline notation in the tables. That is, the

costs are theoretical costs based on no controls on any battery.
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TABLE 10. TOTAL CAPITAL AND ANNUALIZED COSTS FOR CONTROL OPTIONS
: (in millions of dollars)

Source/control option Total capital cost Total annualized cost
Wet coal charging
Modified larry car 9N 124
New larry car 304 165
New larry car and second main 649 254
Coke pushing
Controlled coking 0 993
Shed + ESP with 95 eff. 905 295
Shed + scrubber with 95. eff. 1277 489
Enclosed hot car 1164 314
Shed + ESP with 99 eff. 973 307
Shed + scrubber with 99. eff. 1330 538
Quenching, clean water
Conventional baffles 7 2.4
Diverted flow baffles 53 14
Dry quenching 424 m
Doors
Cleaning and maintenance 0 174
High pressure water cleaning 90 189
Hoods + scrubber with 95. eff. 386 4€4
Hoods + scrubber with 98. eff. 439 481
Topside
Luting and cleaning 0 57
Luting, cleaning, and maintenance 0 109
New l1ids 22 63
Combpustion stack, old
Oven patching 0 89
Dry ESP with S0, eff. 411 153
Dry ESP with 98, eff. 544 176
Fabric filter with 98. eff. 323 112
(continued)
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TABLE 10 (continued)

Source/control option

Total capital cost

Total annualized cost

Coke handling
Enclosures + fabric filter

Coal preheater
Scrubber with 95% eff.
Dry ESP with 95% eff.
Scrubber with 98% eff.
Dry ESP with 99% eff.

Coal preparation
Enclosures + fabric filter

Coal storage
Water spray truck
Unloading sprays + spray truck
Coal pile sprays

Pipeline charging
Operating and maintenance program

Redler charging
Operating and maintenance program

Hot larry car charging
Operating and maintenance program

Byproduct plant
Maintenance program

Combustion stack, new
Oven patching

Quenching, dirty water
Conventional baffles
Clean water + conventional baffles
Clean water + diverted flow baffles
Dry quenching

40

i1,
10.
12.
12.

N~

29

17
30
148

273
34)
300

17

13

0.7

0.3

20

3.5
168
184
251
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TABLE 11. TOTAL UNCONTROLLED EMISSIONS

(tons/year)

Pollutant
Emission source Particulates BSO BaP Benzene
Wet coal charging 49,600 54,600 100 24,800
Coke pushing 109,500 4,400 2 330
Quenching with clean water 41,000 41 3 1
Doors 21,900 27,400 164 1,100
Topside 10,900 13,700 55 274
Combustion stack, old 43,800 225 2 0
Coke handling 54,700 0 0 0
Coal preheater 35,900 5,400 2 71
Coal preparation 27,400 0 0 0
Coal storage 3,200 0 0 0
Pipeline charging 50 60 a 25
Redler charging 13 8 a 7
Hot larry car charging 11 12 a 5
Byproducts plant 0 16,400 0 10,900
Combustion stack, new 2,200 10 a 0
Quenching with dirty water 97,990 196 10 8

3 ess than one ton per year.



RETROFIT CAP[TAL COST, dollars

R 1 1 i

4 x 106»— -

e BASIS: 1 BATTERY
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6| OPTION 4 4TH QUARTER
30 10°- 1978 DOLLARS -
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i\ 2 &= — —
OPTION 2 MODIFY LARRY CAR + STEAM SUPPLY + SMOKE BOOT
OPTION 1 = UNCONTROLLED, COST = 0
| A ] i J
700,000 200,000 300,000 400,000
ANNUAL COKE PRODUCTION, tons
Figure 19. Capital cost of control options

for wet coal charging.
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Figure 20. Cost per pound of particulate removal for control
options for wet coal charging.
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TABLE 12. MODEL OUTPUT FOR BASELINE CF NO CONTROL

COKE QVEN OPTIMIZATION

ODJECTIVE: WININUM ANNUALIZED COST RESTRICTION: +01 OVERALL EFFICIENCY POLLUTANT:DSO BASE YEAR 1979
BASELINE: ASSUMING N0 SIP OR EXISTING CONTROLS

CONTROLLED EMISSIONS CONTROLLED COST
(LDS/TON COAL) (TONS/YEAR) (HILLION DOLLARS)
SOURCE 8P 3S0 [ [L14 DEN 18P »50 BAP BEN CONTROL SCHEME CAPITAL ANNUALIZED
LARRY CAR CHARBING 1,00 1,1000 .0020 .3000 49633 34399 99 24817 UNCONTROLLED .0 .0
COKE PUSHING #2.00 .0800 .0000 .0040 109463 4378 2 320 UNCONTROLLED .0 .0
GUENCHING - CLEAN UATER ®1.70 .0017 .000t .0000 41049 L)) 3 0 UNCONTROLLED .9 .0
DOORS # .40 .3000 .0030 .0200 216892 27343 184 1094 UNCONTROLLED .0 .0
TOPSIDE .20 .2500 .0010 .0030 10946 13682 34 273 UNCONTROLLED .0 .0
CONDUSTION STACK - OLD  ®#1.30 .0040 .0001 .0000 48840 223 2 0 UNCONTROLLED .0 .0
COKE HANDLING 81,00 .0000 .0000 .0000 34731 0 0 0 UNCONTROLLED .0 -0
COAL PREMEATER $7.03 1.0500 .0004 .0140 33923 3330 1 71 UNCONTROLLED .0 .0
COAL PREPARATION # .30 .0000 .0000 .0000 27343 0 0 0 UNCONTROLLED .0 .0
COAL STORAGE YARD .13 .0000 .0000 .0000 B20% ] 0 0 UNCONTROLLED .0 .0
PIPELINE CHARGINSG f .02 .0190 .0000 .0080 A9 39 0 24 UNCONTROLLED .0 .0
REDLER CHARGING # .01 0060 .0000 .0049 13 ? 0 & UNCONTROLLED .0 .0
NOT LARRY CAR CHARGINS B .02 .0190 .0000 .0080 10 12 0 S UNCONTROLLED .0 .0
DY-PRODUCTS PLANT .00 .3000 .0000 .2000 0 16419 0 10944 UNCONTROLLED . .0 .0
COMBUSTION STACK - MEW 8 .13 .0006 .0000 .0000 2231 10 0 0 UNCONTROLLED .0 .0
QUENCHING - DIRTY UATER 93.20 .0064 0003 .0003 978714 193 9 7 UNCONTROLLED .0 .0
- TOTAL UNC. 9.3 2.235 006 .486 308238 122349 337 37377
EXISTING CONTROL 388402 748172 234 17434 297.3% 19714
EXISTING EFFICIENCY 23.8  37.7 24.6 33.0
BASELINE CONTROL 308237 122348 337 37577 ! v a0 .0
DASELINE EFFICIENCY .0 .0 .0 .0
TOTAL COMTROLLED 308230 122349 337 37377 .0 .0
PERCENT COMTROLLED .0 .0 -0 .0
EXISTING NEV
TOTAL BATTERIES 214 TOTAL OVENS 12221 TOTAL BATTERIES O TOTAL OVENS 0
TOTAL CAPACITY 1094942467 TONS COAL T0TAL CAPACITY 0 TONS COAL
76623000 TONS COKE 0 TONS COKE

N NOT IN OPTIMIZATION
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TABLE 13. MODEL OUTPUT FOR 95 PERCENT OVERALL PARTICULATE REDUCTION

COKE DVEN OPTIMIZATION

OBJECTIVEs NININUN ANNUALIZED COBT RESTRICTION: 93.0X OVERALL EFFICIENCY POLLUTANT:TSP BASE YEAR 1979
BASELINE:s ASSUMING NO SIP OR EXISTING CONTROLS

CONTROLLED EMISSIONS CONTROLLED CO8SY
(LBS/TON COAL) (TONS/YEAR) (WILLION DOLLARS)
SOURCE TSP ps0 BAP BEN TSP 880 [ 114 DEN CONTROL SCHENE CAPITAL ANNUALIZED
LARRY CAR CHARGING 01 .0033 ,0000 0023 248 272 0 124 NEV CAR, SECOND MAIN 649.3 233.4
COKE PUSHING § .22 .0440 .0000 .0033 11931 2408 1 180 ENCLOSED HOT CAR .0 .0
QUENCHING - CLEAN UATER .03 .0000 .0000 .0000 820 0 0 0 DRY QUENCHING 423.9 11.4
DOORS .03 .0810 .0003 .0058 1444 4433 26 304 DOOR HOOD, SCRUBBER 96X 437.1 481.1
T10PSIBE .01 .0073 .0000 .0002 328 410 1 8 NEU LIDS 3 CASTINGS 21.8 63.0
COMBUSTION STACK - OLD .03 .0030 .0000 .0000 \ 24 112 1 0 BABHOUSE, 981 323.2 11.4
COXE HANDLING 11,0000 .0000 .0000 5943 0 0 0 ENCLOSURES + BAGHOUSE 40.0 16.3
COAL PREHEATER .07 .352350 .0002 .0070 139 2673 0 33 ESP 991 12.7 3.8
COAL PREPARATION .02 .0000 .0000 .0000 820 0 0 0 ENCLOSURE ¢ BAGHOUSE - 99X 29.1 12.7
COAL STORASBE YARD .02 .0000 .0000 .0000 820 0 0 0 COAL PILE BPRAYS 147.9 68.4
PIPELINE CHARGING .02 .0190 .0000 .0080 49 3¢ 0 24 UNCONTROLLED .0 .0
REDLER CHARGING .01 .0060 .0000 .0049 13 7 0 & UNCONTROLLED .0 .0
ROT LARRY CAR CHARBING .02 .0190 .0000 0080 10 12 L S UNCONTROLLED .0 .0
BY-PRODUCTS PLANT .00 .3000 .0000 .2000 0 16419 0 10944 UNCONTROLLED .0 .0
COMBUSTION STACK - NEW .03 .0001 .0000 .0000 L] 2 0 0 OVEN PATCHING .0 20.1
QUENCHING - DIRTY UATER .03 .0001 .0000 .0000 978 1 0 0 DRY QUENCHING 799.3 231.4
TOTAL URC. 9.3 2,235 .004 .484 308238 12234y 337 37377
EXISTING CONTROL 388402 74172 234 17654 297.3 1921
EXISTING EFFICIENCY 23.86 37.7 4.6 33.0
DASELINE CONTROL 308237 122348 337 37377 0 .0
BASELINE EFFICIENCY .0 .0 .0 .0
YOTAL CONTROLLED 23238 24814 32 11438 2884.4 1393.8
PERCENT CONTROLLED 95.0 78.% 90.5 49.0
EXISTING NEV
TOTAL BATTERIES 214 TOTAL DVENS 12221 TOTAL BATTERIES O TOTAL OVENS 0
TOTAL CAPACITY 109494247 TONS COAL TOTAL CAPACITY 0 TONS COAL
764623000 TONS COKE 0 TONS COKE

# NOT IN OPTIMIZATION



When dry quenching is selected as the control for guenching
emissions, no cost is assigned to the enclosed car option for
pushing emissions because the equivalent of an enclosed car is
included in the cost of the dry quenching system. For small
batteries (less than 100,000 tons of coke per year) further
examination of the cost functions for dry quenching is regquired
because they are not necessarily applicable in this small size
range. If a shed is selected as the control option for pushing
emissions, the cost of door hoods is reduced to the extent that
they are not used on the coke-side doors. Otherwise there would
be a double accounting of the control cost for coke-side doors.

Cost is overstated when the options selected include a
scrubber and wastewater recirculation. This occurs because each
battery is treated independently. An example would be a plant
with four batteries, on which both door hoods and a wastewater
recirculation system are provided for each battery. 1In such a
scheme it is likely that one common water system could be in-
stalled to serve all four batteries for less than the cost of
four separate water systems. Similarly, if a shed and scrubber
were installed for control of pushing emissions and coke-side
door emissions and a hood system was installed for pusher-side
doors, the water system (and perhaps the scrubber itself) could
be designed to handle both sources.

Although the existing model could be modified to address
these issues, specific assumptions would be required.

Tables 14, 15, and 16 represent the model output for the
same kind of problem except that the control efficiency restric-
tions are set at 80, 85, and 90 percent, respectively. In these
cases, certain sources can use lower-level control schemes, and
the total cost is decreased. Figure 21 shows total cost as a
function of efficiency, based on the results shown on Tables 13
through 16.
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TABLE 14. MODEL QUTPUT FOR 80 PERCENT OVERALL PARTICULATE REDUCTION

COKE OVEN OPTIMIZATION

OBJECTIVE: WINIAUN ANNUALIZED COST RESTRICTYION: 80.0X OVERALL EFFICIENCY POLLUTANT:TSP BASE YEAR 1979
BASELINEs ASSUMING NO SIP OR EXISTING CONTROLS

CONTROLLED EMISSIONS COMTROLLED COSY
(LBS/TON COAL) (TONS/YEAR) (MILLION DOLLARS)
SOURCE TSP BS0 BAP BEN ise 330 BAP BEN CONTROL SCHENME CAPITAL ANNUALIZED
LARRY CAR CHARGING .20 .2200 .0004 1000 9927 10919 19 4953 MODIFIED CAR, STEAM, BOOT 90.6 124.0
COKE PUSHING .22 .0440 .0000 .0033 11931 2408 | 180 SHED + ESP 991 972.9 307.0
QUENCHING - CLEAN UATER .17 .0002 .0000 .0000 4104 4 0 0 DIVERTED FLOM BAFFLES J8.0 14.0
J00RS .40 .3000 .0030 .0200 21892 27363 144 1094 UNCONTROLLED .0 .0
TOPSIDE .20 .2500 .0010 .0050 10946 13482 34 273 UNCONTROLLED .0 .0
CONBUSTION STACK - OLD .03 .0030 .0000 .0000 976 112 ! 0 BAGHOUSE, 98X 323.2 111.4
COKE HAMDLING 11,0000 .0000 .0000 5963 0 0 0 ENCLOSURES + BABHOUSE 40.0 14.5
COAL PREHEATER .07 .3250 .0002 .0070 359 2673 0 33 ESP 99X 12.7 5.8
COAL PREPARATION .02 .0000 .0000 .0000 820 0 0 0 ENCLOSURE ¢+ DAGHDUSE - 991 29.1 12.7
COAL STORAGE YARD .04 0000 .0000 .0000 2032 0 0 0 UNLOAD SPRAYS + UATER TRUCK 29.6 1.4
PIPELINE CHARGING .02 .0190 .0000 .0080 A9 39 0 24 UNCONTROLLED .0 .0
REDLER CHARGING .01 .0060 .0000 .0049 13 7 0 & UNCONTROLLED .0 .0
HOT LARRY CAR CHARGING .02 .0190 .0000 .0080 10 12 0 3 UNCONTROLLED .0 .0
DY-PRODUCTS PLANT .00 .3000 .0000 .2000 0 156419 0 10948 UNCONTROLLED .0 .0
COMBUSTION STACK - NEV .13 .0006 .0000 .0000 2239 i 0 0 URCONTROLLED .0 .0
QUENCHING - DIRTY UATER .96 .0019 .0001 .0003 29341 38 2 7 BAFFLES ?.3 3.3
TOTAL UNC. 9.3 2.233 .00 .486 308238 122349 3Y7 37377
EXISTING CONTROL 388402 78172 234 17434 297.3 1921
EXISTING EFFICIENCY 23.6  37.7 24.6 53.0
BASELINE CONTROL 308237 122348 337 37577 .0 .0
BASELINE EFFICIENCY .0 .0 .0 .0
TOTAL CONTROLLED 100644 73737 7243 17339 1545.3 606.3
PERCENT CONTROLLED 80.2 39.7 27.3 33.3
EXISTING NEY
TOTAL PATTERIES 214 TOTAL OVENS 12221 TOTAL BATTERIES 0 TOTAL QVENS 0
TOTAL CAPACITY 109494247 TONS COAL TOTAL CAPACITY 0 TONS COAL
78623000 TONS COKE 0 TONS COKE

N NOT IN OPTINIZATION



TABLE 15. MODEL QUTPUT FOR 85 PERCENT OVERALL PARTICULATE REDUCTION

COKE OVEN OPTIMIZATION

OPJECTIVEs MININUN ANNUALIZED COST RESTRICTION: BASE YEAR 1979

BASELINE: ASSUMING ND SIP OR EXISTING CONTROLS

85.01 OVERALL EFFICIENCY POLLUTANT:TSP

CONTROLLED EMISSIONS CONTROLLED COST

AN

(LBS/TON COAL) (TONS/YEAR) (NILLION DOLLARS)
SOURCE TSP BS0 DAP BEN TSP 350 BAP BEN CONTROL SCHEME CAPITAL ANNUALIZED
LARRY CAR CHARBING .20 .2200 .0004 .1000 9927 10919 19 4943 WODIFIED CAR, STEAM, BOOY 90.6 124.0
COKE PUSHING .22 0440 .0000 .0033 119}t 2408 | 180 SHED + ESP 99X 972.9 307.0
QUENCHING - CLEAN UATER 17 .0002 .0000 .0000 4104 4 0 0 DIVERTED FLOU BAFFLES 38.0 t4.0
DOORS .40 .3000 .0030 .0200 21892 27383 164 1094 UNCONTROLLED .0 .0
TOPSIDE .20 .2300 .0010 .0030 109446 13682 54 273 UNCONTROLLED .0 .0
COMBUSTION STACK - OLD .03 .0030 .0000 .0000 974 12 ! 0 BAGHOUSE, 981 323.2 111.8
COKE HANDLING L1 .0000 .0000 .0000 3943 0 0 0 ENCLOSURES ¢ BAGHOUSE 40.90 14.3
COAL PREHEATER .07 .3230 .0002 .0070 339 2673 0 33 ESP 99X 12.7 5.8
COAL PREPARATION .02 .0000 .0000 .0000 820 0 0 0 ENCLOSURE + DAGHOUSE - 991 29.1 12.7
COAL STORABE YARD .04 .0000 .0000 .0000 2032 0 0 0 UNLOAD SPRAYS + UATER TRUCK 29.4 1.4
PIPELINE CHARGING .02 .0190 .0000 .00B0 A9 39 0 24 UNCONTROLLED .0 .0
REDLER CHARGING .01 0060 .0000 .0049 13 7 0 6 UNCONTROLLED .0 .0
HOT LARRY CAR CHARBIND .02 .0190 .0000 .0080 10 12 0 S UNCONTROLLED .0 .0
BY-PRODUCTS PLANT .00 .3000 .0000 .2000 0 16419 0 10946 UNCONTROLLED .0 .0
CONMBUSTION STACK - MEW 13,0008 .0000 .0000 2231 10 0 0 UNCONTROLLED .0 .0
QUENCHING - DIRTY WATER .14 .0010 .0000 .0001 4893 29 f { CLEAN UATER, BIV. FLOU BAFFLES 341.¢ 183.4
TOTAL UNC. 9.3 2,235 .006 .6B4 308238 12234y 337 137377
EXISTING CONTROL 388402 76172 254 174634 297.3 197.%
EXISTING EFFICIENCY 23.6  37.7 24,8 33.0
BASELINE CONTROL 308237 122348 337 37377 .0 .0
BASELINE EFFICIENCY .0 .0 .0 .0
TOTAL CONTROLLED 76176 73707 244 17333 18971 786.6
PERCENT CONTROLLED 835.0 39.8 27.6 33.3
EXISTING NEU
TOTAL BATTERIES 214 TOTAL OVENS 12221% TOTAL BATTERIES 0 TOTAL OVENS 0
TOTAL CAPACITY 109494247 TONS COAL TOTAL CAPACITY 0 TONS COAL
76423000 TONS COKE 0 TONS COKE

N NOT IN OPTIMIZATION



TABLE 16. MODEL OUTPUT FOR 90 PERCENT OVERALL PARTICULATE REDUCTION

COKE OVEN OPTIMIZATION

OBJECTIVE: WININUN ANNUALIZED COST RESTRICTION:
BASELINE: ASSUMING NO SIP OR EXISTING CONTROLS

90.0 OVERALL EFFICIENCY POLLUTANT:TSP BASE YEAR 1979

CONTROLLED EWISSIONS CORTROLLED COST

€11

(LBS/TON COAL) (TONS/YEAR) (HILLION BOLLARS)
SOURCE TSP BSO BAP BEN 18P 80 BAP BEN CONTROL SCMENE CAPITAL ANNUALIZED

LARRY CAR CHARGING Lot L0110 .0000 .0030 494 343 0 248 NEU CAR, STEAN, BOOY 303.6 164.7
COXE PUSHING .23 .0408 .0000 .0031 123464 2234 ' 167 ENCLOSED HOT CAR 429.2 133.4
QUENCHING - CLEAN UATER 47,0002 .0000 .0000 4104 4 0 0 DIVERTED FLOV BAFFLES J8.0 14.0
DOORS A0 ,5000 .0030 .0200 21892 27343 164 1094 UNCONTROLLED .0 .0
TOPSIDE 0t L0073 0000 .0002 328 40 { 8 NEW LIDS & CASTINGS 21.9 43.0
COMBUSTION STACK - OLD 03 .0030 .0000 .0000 976 112 i 0 BAGHOUSE, 981 323.2 111.8
COKE HANDLING 11,0000 .0000 .0000 35943 0 0 0 ENCLOSURES ¢+ DAGHOUSE 40.0 16.9
COAL PREHEATER .07 .3250 .0002 .0070 359 2673 0 33 ESP 991 12.7 3.8
COAL PREPARATION .02 .0000 .0000 .0000 820 0 0 0 ENCLOSURE ¢ BAGHOUSE - 99X 29.1 12.7
COAL STORAGE YARD .04 0000 .0000 .0000 2052 0 0 0 UNLOAD SPRAYS + WATER TRUCK 29.4 11.4
PIPELINE CHARGING .02 .0190 .0000 .0080 49 39 0 24 UNCONTROLLED .0 .0
REDLER CHARGING 01,0060 .0000 .0049 13 7 0 & UNCONTROLLED .0 .0
HOT LARRY CAR CHARGING .02 .0190 .0000 .0080 10 12 0 S UNCONTROLLED .0 .0
DY-PRODUCTS PLANT .00 .3000 .0000 .2000 0 16419 0 10944 UNCONTROLLED .0 .0
COMBUSTION STACK - NEW .03 .0001 .0000 .0000 444 2 0 0 OVEN PATCHING .0 20.1
QUENCHINE - DIRTY WATER .03 .0001 .0000 .0000 978 ! 0 0 DRY GUENCHING 799.3 251.4
TOTAL UNC. 9.3 2.233 .008  .486 308238 122349 337 37377

EXISTING CONTROL 388402 76172 234 17634 297.3 197.1
EXISTING EFFICIENCY 23.6  37.7 2486 33.0

BASELINE CONTROL 308237 122348 337 37377 .0 .0
BASELINE EFFICIENCY .0 .0 .0 .0

TOTAL CONTROLLED 50862 49831 170 12338 2046.8 804.4
PERCENT CONTROLLED 90.0 39.3 49.4 46.4

EXISTING NEV
TOTAL BATTERIES 216 TOTAL OVENS 12221 TOTAL BATTERIES O TOTAL OVENS 0
TOTAL CAPACITY 109494247 TONS COAL TOTAL CAPACITY 0 TONS COAL
76623000 TONS COKE 0 TONS COKE

% NOT IN OPTIMIZATION
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Clearly these examples represent only a few of the cases
that can be evaluated. Furthermore, the results for other pol-
lutants and emission factors, control cost functions, and battery
subsets have not been examined. These are among the many possi-

bilities that remain for the users of the model.
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APPENDIX A

EXAMPLE COMPUTER PRINTOUTS
FOR COST FUNCTIONS PRESENTLY
INCLUDED IN MODEL

Complete and detailed printouts for each control option have
been provided to the Project Officer as data supplements for the
three plant sizes. Table A-1 is a summary of all the cost func-
tions. This appendix also includes summary pages for each con-
trol option for the large plant. Each set of pages is arranged
in ascending order according to source number and control option
number (as indicated at the top of every page). The first page
contains general information and the second page describes the
control system. The third page summarizes the capital cost (if
applicable) and the fourth page summarizes the annualized cost.



TABLE A-1. COST FUNCTION COEFFICIENTS FOR CONTROL OPTIONSa
(cost in fourth quarter 1978 dollars)

New Installation . Retrofit Installation
Source control option Basis Capital cost Annualized cost Capital cost Annualized cost
for coefficient coefficient coefficient
X value A B A B A B A B

Wet coal charging Battery

Modified larry car 290,539.2 | 0.0250 }227,751.9 | 0.0762 | 319,187.0 | 0.0251| 230,194.8 | 0.076)

New larry car 2,784.7 | 0.4882 { 68,022.8 | 0.1934 3,064.5 | 0.4882 63,015.2 | 0.2014

New larry car & second main 326,894.4 | 0.1935 { 341,620,2 | 0.1117 | 293,877.1 } 0.2046| 320,512.5 | 0.1178
Coke pushing Battery

Controlled coking 0 0 25.7 | 0.9593 0 0 25.7 | 0.9593

Shed and ESP, 95% 17,498.8 | 0.4228 3,177.5 | 0.4737 | 22,052.2 { 0.4141 3,659.2 | 0.4670

Shed and scrubber, 95% 25,028.5 | 0.4223 7,752.5 | 0.4439| 30,128.9 | 0.4166 8,519.4 | 0.4403

Enclosed hot car 423,778.8 | 0.1938 | 70,214.2 | 0.2354 | 466,163.3 | 0.1938| 76,212.7 | 0.2332

Shed and ESP, 99% 14,710.7 | 0.4422 2,907.6 | 0.4836{ 18,452.7 | 0.4337 3,345.8 | 0.4771

Shed and scrubber, 991 23,357.7 | 0.4310 5,243.8 | 0.4823 | 28,061.2 | 0.4254 5.825.5 | 0.4776
Quenching, clean water Plant .

Conventional baffles 1.7 | 0.8312 0.4 | 0.8750 2.1 | 0.8412 0.4 | 0.8707

Diverted flow baffles 82.6 | 0.7119 9.5 | 0.714 107.5 | 0.7119 12.7 | 0.7621

Dry quenchingb 771.8 | 0.7065 87.6 | 0.7683 848.9 | 0.7065 96.8 | 0.7651
Doors Battery

Cleaning and maintenance 0 0 804,801.2 0 0 0 804,801.2 0

High pressure water cleaning 414,499.8 0 876,701.5 0 414,499.8 0 876,701.5 (4]

Door hoods, scrubber, 95, 18,558.0 | 0.3453 | 954,615.0 | 0.0624 | 21,613.0 | 0.3487( 880,426.2 | 0.0708

Door hoods, scrubber, 981 21,562.1 | 0.3441 1 879,789.9 [ 0.0715| 25,298.2 | 0.3465! 812,304.1 | 0.0800

Door hoods, scrubber, 95 one side 13,431.0 | 0.23409 |106,371.0 | 0.0431 | 15,000.0 | 0.3443( 998,158.0 | 0.0496

Door hoods, scrubber, 9. one side 11,682.0 | 0.3620 [863,212.0 { 0.0614 | 13,625.0 | 0.3638| 808,202.0 | 0.0682
Topside Battery

Luting and cleaning 0 0 264,900.1 0 0 0 264,900.1 0

Luting, cleaning, and maintenance 4] 0 503,300.4 0 0 0 503,300.4 0

New lids, luting, and cleaning 81,100.0 0 300,799.9 0 105,399.9 0 304,299.8 0
Combustion stack, old Battery

Oven patching 0 0 503,300.4 0 0 0 503, 300.4 0

Dry ESP, 90T 2,534.3 | 0.5283 5,373.4 | 0.3994 2,976.1 | 0.5306 5,061.8 | 0.4101

Dry ESP, 98t 2,609.3 | 0.5484 3,989.6 | 0.4333 3,085.1 | 0.5500 3,800.7 | 0.4440

Fabric filter, 981 418.3 | 0.6518 551.5 | 0.5543 515.9 | 0.6504 546.8 | 0.5616

(continued)



TABLE A-1 (continued)

New Installation Retrofit Installation
Source control option Basis Capital cost Annualized cost Capital cost Annualized cost
for coefficient coefficient coefficient
X value A B A B A A 8
Coke handling Plant
Enclosures and fabric filtecs .. 196.0 | 0.5789 111.2 | 0.5612 207.7 | 0.5823 112.9 | 0.5629
Coal preheater Battery
Scrubber, 95% 2,083.4 | 0.4691 ] 131,626.3 [ 0.1515 2,244.9 | 0.4704 [ 123,839.7 | 0.1574
Dry ESP, 95% 1,869.5 | 0.4688 | 52,969.1 | 0.1785 2,007.5 | 0.4702 | 49,467.6 | 0.1855
Scrubber, 98% 2,051.3 | 0.4724 | 102,188.8 | 0.1719 2,2)1.2 } 0.4737} 96,494.4 | 0.1755
Dry ESP, 99% 1,944.9 | 0.4799 | 41,863.8 | 0.2006 2,095.3 | 0.4811 38,805.0 { 0.2084
Coal preparation Plant
Enclosures and fabric filter 682.6 | 0.4686 2,893.9 1 0.3108 693.2 | 0.4746 2,710.6 | 0.3180
Coal storage Plant
Water spray truck 159,450.1 | 0.0341 | 76,052.9 | 0.0428 | 179,919.7 | 0.0336 | 79,334.9 | 0.0422
Water spray truck and unloading
sprays 314,191.3 | 0.0245 | 101,422.0 | 0.0443 | 372,093.4 | 0.0231 [ 110,347.1 | 0.0424
Coal pile sprays 42.5 | 0.7780 13.4 } 0.8097 53.3 | 0.7695 14.8 | 0.8055
Pipeline charging Battery
Operating and maintenance program 0 0 539,800.0 0 0 0 593,800.0 0
Redler charging Battery
Operating and maintenance program 0 0 358,100.3 0 0 0 358,100.3 0
Hot larry car charging Battery
Operating and maintenance program 0 0 264,900.1 0 0 0 264,900.1 0
Byproducts plant Plant
Maintenance program 0 0 300,000.0 0 0 0 300,000.0 0
Combustion stack, new oven patching Battery 0 0 503,300.4 0 0 1] 503,300.4 0
Quenching, dirty water Plant
Conventional baffles - 1.7 | 0.8412 0.3 | 0.8944 2.1 0.8472 0.4 | 0.8888
Conventional baffles and clean
water 0.4319 348.3 | 0.6848 | 21,656.8 | 0.4328 436.3 | 0.6724
Diverted flow baffies and clean
water 11,753.1 | 0.4765 352.8 1 0.6894 | 13,599.2 | 0.4802 440.6 | 0.6779
Dry quenching® 838.3 | 0.6503 967.5 | 0.6448

8 Cost = AXB; X = tons of coke/year.

b Annualized cost does not account for pntential steam credit.

€ Annualized cost does not account for potential steam credit except for steam used in water treatment.



INDEX TO COST SHEETS
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GENERAL INFORMATION:Z

_ UNITS  OPTION
PPSES: 501, LARRY CAR CHARGING COKE 2
o CAPACIYY: 2708 MILLION YOUNS/YEAR
PARTICULATE
LOAD ING 1,0000v0 LBS/TON COAL -
ALLOWABLE: ,200000 LBS/TON CUAL EFFICIENCY: 80,02
23,10 LBS/HR
8BS0 B
LOAD IN: 1.100000 LBS/TON COAL
ALLOWABLE: ,220000 LBS/TON COAL  EFFJCIENCY: 80,0% 7
25.41 LBS/HR
BAP .
LOAD Iiv: .002000 LBS/TON COAL
ALLOWABLE: LU004UU LBS/TON COAL EFFICIENCY: 80.0%
— +US LBS/HK -
BENZENE
LOAD ING 2500000 LBS/TON COAL
ALLOWABLE: 100000 LBS/TON COAL EFFICIENCY: B80.0%
11.55 LBS/HR
DUST COLLECTED PER DAY: 1.1 TONS(DRY)
TEMP_QUT OF PROCESS: 180, F —
EXHAUST TEMPERATURE: 180, F
e SCFM FLOW: 0. Al TV, F _
ACFM FLOW: 0., AT 180, F
L/6 RATIO:® .0
PROCESS WATEK FLOWS 0, GPM
COOLING WATER FLOW: 0. GPM
SUSPENDED_SULIDS _OUTS 0. MG/L XSOLJDS: 20




GENERAL INFORMAT]IONS

N UNITS OPTION .

PPSES: 501, LARRY CAR CHARGING COKE F
CONTROUL SYSTEM CONFIGURATION:

LARRY CAR

LEVELING BAR SMOKE SEAL

SYEAM_SUPPLY
FEET UF ADDITJONAL DUCT: 0. DIAMETER: 0,
TOTAL PRESSURE DROP:S 0. INCHES '
0 FANS o V. HP EACH SPARE FAN CAPACITY: 0.%

___OPFRAVING HOURS AT FULL HP3: 8760,
OPEKATING HUURS AT REDUCED HP: 0.
STACK HEIGHT: 0, DIAMETER: O,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET
TONS_COKE/PUSH 24,
NU. CYCLES/DAY 82,
_ BULK _DENSITY 50, LBS/CUBIC FT,

YIELD o710
TUNS COAL/YEAR 1011967,




CAPITAL COUST:
UNITS _ OPTION

PPSES: 501, LARRY CAR CHARGING COKE 2
o CAPACITYS 2108 MILLION TONS/ZYEAR
TOTAL COST (COST BASIS 1S 110.00% OF JUNE 1977 DOLLARS FOR 4G78 COST.
CATEGORY o ‘ COST IN DOLLARS
xax DIRFCY COST anx _
EQUIPMENT OR MATERIAL 110500,
INSTRUMENTATION 0.
PI1PING 19000, .
ELECTRICAL 7500,
FOUNDATIONS 0.
STRUCTURAL 45700, _
SITE WORK 0.
INSULATION 18100,
PROTECTIVE CUATING 400,
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 37000.
. DIRECT COST SUBTOTAL 234200,
«xx INDIRECT COST wsn
e FIELD OVERHEAD 30400,
CONTRACTURS FEE 17900.
ENGINEERING 21600,
_FREJIGHT 2400,
OFFSITE WORK 0.
TAXES 8200,
L SHAKEDUWN 4600, )
SPARES 5600,
CONTINGENCY 65200,
e INDIRECT COST SUBTOYAL 155900, A
INTEREST DURING INSTALLATION 16700,
T o TOTAL COST 406800, o
_ _TOTAL COST WITH REYROFIT 447500, -




OPERATING COST:

——— UNITS  OPTIOUN
PPSES: 501,

COKE e

LARRY CAR CHARGING

_CAPACIYY: =~  L708 MILLION TONS/YEAR

CATEGORY QUANTITY RATE ANNUAL cosT (&
- o Caax UTILITIES awe -
WATER 0. MGAL/YR 8 .1595/1000 GAL 0.
ELECTRICITY 0., KWH/YR $ .0266/KWH 0.
STEAM 17001, MLBS/YR $ 4,0920/MLBS 69600,
. FueL Ve GAL/YR $  L4180/GAL 0,
#xx DPERATING LABOR s#2
DIRECT 8760, HRS/YR $14,34/HR 125700, (A]
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (8
*#%* MAINTENANCE & SUPPLIES ##»
DIRECT LABOK 5200, HRS/YR $14.34/HR T4600. (C)
. SUPERVISION 1040, HRS/YR $17,20/HR 17900. (D
MATERIALS 36700, (E
SUPPLIES 19400, (F)
WATER TREATMENT 0,
SOLID WASTE
DISPOSAL 0. TON/YR $ 8,25/TON 0.
S DIRECT OPERATING COST o 374000,
PAYROLL OVERHEAD =20,0% OF A+B+C+D 49700, ___
PLANT OVERHEAD S50,0X% OF A+B+C+D+E+F 152200,
TOTAL OPERATING CUST 575900,
. . _OPERATING CUST IN DOLLARS PER TON___ PRODUCTION w81
OPERATING COST IN DULLARS PER TON OF ODUST COLLECTED 1422.72
OPERATING COST AS PERCENT OF CAPITAL COST 128.7
_ INSTALLATION TIME IN WEEKS S2. .
ESTIMATED LIFE OF SYSTEM IN YEARS 25.
KWH PER TON CAPACITY .0
— CAPITAL RECOVERY (11,023 OF TUTAL CAPITAL) 49300, __
ADMINISTRATION OVERHEAD ( 2,0% OF TOTAL CAPITAL) 9000,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 9000,
__YOTAL _ANNUALIZED COST = RETROFIT 643200,
- NEW 636900,




GENERAL INFORMATION:
UNITS _ OPTION

PPSES: 501. LARRY CAR CHARGING COKE 3

— CAPACITY: == =  ,708 MILLTON TONS/YFAR

PARTICULATE
LOAD IN: 1,000000 _LBS/TON COAL

ALLOWABLE: ,010000 LBS/TON COAL EFFICIENCY: 99,0%
1.16 LBS/HR

BSO
LOAD IN: 1.100000 LBS/TON COAL
ALLOWABLE: _,011000 LBS/TON CDAL _ EFFICIENCYS: 99,0%
1.27 ULBS/HR
BAP
LOAD IN: .002000 LBS/TON COAL
ALLOWABLE: .000020 LBS/TON"COAL EFFICIENCY: 99.0%
«00__LBS/HR
BENZENE
LOAD_IN:  .500000 IBS/YON COAL
ALLOWABLE: .005000 LBS/TON COAL EFFICIENCY: 99.0%
«58 LBS/HR
DUST COLLECTED PER DAY: 1.4 TONS(DRY)
TEMP OUT OF _PROCESSS 180, F
EXHAUST TEMPERATURE: 180, F
SCFM FLOW: 0, AT 710, _F
ACFM FLOW: 0. AT 180, F
o L/G.RATIOS. .0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0., GPM
o _____SUSPENDED SOLIDS OUT: . 0. MG/L ZSOLIDS: 20




CAPITAL COST:

UNITS.  QPTION )
PPSES: 501. LARRY CAR CHARGING COKE 3
 CAPACITY: 708 MILLION YONS/YEAR .
TOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4Q78 COST|
CATEGORY o COST IN DOLLARS -
*xk DIRFCT COSY wxxe _
EQUIPMENT OR MATERIAL 1222600,
INSTRUMENTATION 0.
PIPING . . 0. __
ELECTRICAL 0.
FOUNDATIONS 0.
STRUCTURAL 0.
SITE WORK 0.
INSULATION , 17000,
PROTECTIVE COATING 0, )
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 117700,
DIRECY COST SUBTOTAL. 1357300,
g2x INDIRECT COST mws
FIELD OVERHEAD 39100,
CONTRACTORS FEE 19100,
ENGINEERING 14500,
FREIGHT 18000.
OFFSITE WORK 0.
TAXES 57000,
SHAKEDOWN . 6100,
SPARES 57100,
CONTINGENCY 297200,
INDIRECT COST SUBTOTAL 508100,
INTEREST DURING INSTALLATION 136600,
) TOTAL COST 2002000.
TOTAL COST WITH RETROFIT 2202200.




GENERAL INFORMATION:

. UNITS __ QOPTION e
PPSES: S01.  LARRY CAR CHARGING COKE 3
CONTROL SYSTEM CONFIGURATION:
LARRY CAR
LEVELING BAR SMOKE SEAL
STEAM SUPPLY -
FEET_OF ADDITIONAL DuUCY: _ __ 0. DIAMETER: 0, ——
TOTAL PRESSURE DROP: 0. INCHES
0 FANS @ 0. HP EACH SPARE FAN CAPACITY:  0,X
_OPERAYING HOURS AT FULL HP: = 8760. -
OPERATING HOURS AT REDUCED HP: 0.
STACK HEIGHT: 0. DIAMETER: 0.
. NO. OF OVENS ‘ 60. e
OVEN HEIGHT 6.0 METEKS
OVEN VOLUME 1348, CUBIC FEET
— TONS _COKE/PUSH. 24, —
AVG., COUKING TIME,HRS, 17.5
NO. CYCLES/DAY 82.
- BULK DENSITY . 50. LBS/CUBIC FT.
YIELD .70
TONS COAL/YEAR 1011967,
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OPERATING COST:

UNITS OPTION
PPSES: S01. LARRY CAR CHARGING COKE 3
o CAPACITYS " L,708 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (S$.
wxx UTILITIES wan
e MWATER 0, MGAL/YR 8 ,1595/1000 GAl 0.
ELECTRICITY 0. KWH/YR $ o.0266/KWH 0.
STEAM 17001, MLBS/YR $ 4,0920/MLBS 69600,
FUEL 0. GAL/YR & ,4180/GAL 0.
rrx_ DPERATING LABDR sas
DIRECY 8760, HRS/YR $14,34/HR 125700, (A)
i __ _SUPERVISION 1752. HRS/YR $17.20/HR 30100, (B)
exx MAINTENANCE & SUPPLIES wnn
DIRECT LABOR 6200, HRS/YR $14,34/HR 88%00. (C)
_ ___SUPERV]ISION 1240, HRS/YR $17,.20/HR 21300, (D)
MATERIALS 43900, (E)
SUPPLIES 23100, (F)
WATER TREATMENT Q. _
SOLID WASTE
DISPOSAL 0., TON/YR $ 8.25/TON 0.
DIRECT OPERATING COST 402600,
PAYROLL OVYERHEAD =20.0X% OF A+B+C+D 53200.
PLANT OVERHEAD =50,0% OF A+B+C+D+E+F 166500,
TOTAL OPERATING COST 622300,
OPERATING COST IN DOLLARS PER _YON  PRODUCTION 88
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 1242,.31
OPERATING COST AS PERCENT OF CAPITAL COST 28.3
INSTALLATION TIME IN WFEKS 80,
ESTIMATED LIFE OF SYSTEM IN YEARS 2S.
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (311,02X OF TOYAL CAPITAL) 242600,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 44000,
PROPERTY TAXES 8 INS. ( 2.0% OF TYOTAL CAPITAL) 44000,
TOTAL ANNUALTIZED COSY = REYRDFIY 952900,
« NEW 922900,




GENERAL INFOURMATIOUWS
UNITS 0PTI0UN

PPSES: S0l, LARRY CAR CHAKRGING COKE 4

CAPACITY: o108 MILLION YONS/YEAR

PARTICULATE
LOAD IN:  1.000000 LBS/TON COAL —

ALLOWABLE: 005000 LBS/TON CUAL EFFICIENCY: 99,5
«2b LBS/HR

BSO
LOAD IN: 1100000 LBS/TON COAL

—_—— ALLOwABRLE: 00550y 1 BS/TuN COAL  EFFICIENCYS 99.5%

64 L BS/HKR

HAP
LUOAD In: sUUCUUU LBS/TUN COUAL
ALLOWABLE? «000VLI0 LBS/TON COAL EFFICIENCY: 99,5%
<0V ILBS/HK
BENZENE
LDAD 1N L9000 LBS/Z1DN £0AL
ALLUWABLE:S s OU25VU LbS/TON CUAL EFFICIENCY: 99,5%
«29 LBS/HR
DUST COLLECTEDL PER DAY? 1.4 TONS{DRY)
TEMP OQUT OF PRUCESS: 180, F
EXHAUSY TEMPEKATURE:? 18v. F
SCFM FLUw: Ua Al 10. F
ACF™ FLUWS Ve AT 18v, F
/56 HATIOS )
PRUCESS WATEKR FLOW: 0o GPM
COULING wATER FLOW? Ose GPM

—— SUSPENDED SULIDS QUTs =~ =~ 0, MLsL  XSOLIDS: L0




GENERAL INFORMATION:

UNITS _ OPIION

PPSES: Sul, LARRY CAR CHARGING

CUKE 4

COUNTRUL SYSTEM CUNFIGUKATJIOUNS

LARKY CAK

LEVELING BAR SMUKE SEaAL
STEAM SUPPLY

SECOND COLLECTING MAJN

FEET OF ADDITIONAL DUCT?

0. DIAMETER: O,

TOTAL PRESSURE DROP: 0, INCHES
)} FaANS g {lo. HP EACH SPARE FaN CAPACITY: ,0'1
OPERATING HOURS AT FULL HP: 8760,
OPERATING HUURS AT KEDUCEUL HWP: o
STACK HEIGHTS 0o DIAMETERS _ 0.
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
—  OVEN VOLUME 1348, CUBIC FEET
TONS CUKE/PUSH 24.
AVG. CUKING TIME,HKRS. 17.5
NOL CYCLESZDAY B2
BULK DENSITY 90, LBS/CUBIC FT.
YIELD .70
& IONS COALZYEAR 1011967,
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CAPITAL CuSTt:
UNITS OPTI1ON -

PPSES: S01., LARKY CAK CHARGING COKE 4
LAPALITY: < TUB MILLION JONSZYFEAR
TOTAL CUST (COST BASIS IS 110.00% OF JUNE 1977 DULLARS FUR 4878 COS1
CATEGORY COST IN DULLARS o
2k DIRECT COST s«
EGUIPMENT OR MATERIAL 2410600,
INSTRUMENTATION 0.
PIPING 0. .
ELECTRICAL 0.
FDUNDATJUNS 0.
STRUCT (kAL 0
SITE wORNK 0,
INSULATION 17000.
PROTECTIVE COATING 0. -
BUILDINGS - .
EQUIPMENT/MATERIAL LABOR 117700,
DIRFECI COSY SUBTILN1AL 2548301

*%xx INDIRECT COST wxx

EItlD OVERHEAD 198300, .
CONTRACTUKS FEE 138300,
ENLINEERING 252900,
FREIGHT _ 11600
UFFSITE wWURK 19900,
TAXES 116600,
SHAKEDUWN 12530v,
SPARES 116700,
CONTINGENLY 690500,
INDIRECT COUSYT Susiolat 1696100
INTEREST DUKRING INSTALLATION 196000,
TUTAL COUST 4437400, )
TUTAL COST WITH RETROFIT 4631600,




OPERATING CUST:

UNITS OPIION
PPSES: S01, LARRY CAR CHARGING CUKE 4
-~ CAPAC]ITIY: «208 MILLIUN TUNS/YEAR -
CATEGORY WUANTITY RATE ANNUAL COST (2
wkd UTILITIES naxn
_WaTER U, MGALZYR § ,1SQS5/31000 GAL 49,
ELECTRICITY Ve KNH/ YR $ ,026b6/KnNH Ve
STEAM 170v1, MLBS/YR $ 4,V920/MLBS 6960V,
FUubt Uo LALZYR $  LU1BO/GAL Qe
sks QPERAIING LABUR sxx
DIKECT 676V, HRS/YK $14,34/HR 125700, (A
SUPERVISIOUN 17192. HKS/YK $172.20/HK 30100, _(BJ
eax MAINTENANCE & SUPPLIES s%2
DIRECT LABOK 11600, HKS/YR $14,34/HK 1664060, (C)
SUPERVISION P3P0 _NRS/YK $17.20/n8K 39900, (D)
MATEKR]IALS 826v0, (E)
SUPPLIES 43300, (F)
—_—  WATER TREAIMENT {, '
SULID WASTE
DISFUSAL Vo TUN/YK $ 8.25/TON 0.
DIRECT OPERATING COST 957600,
PAYROLL OVERHEAD =20,0% 0OF A+Bs+(CeD 12400,
PLANT OVEKHEAD =50.0% OF A+B8+C+D+E+F 244000,
TUOTAL OPEKATING COUST 87400V,

OPEKATING COSY IN DOLLARS PFR TON  PRODUCTIOUN 1,23

OPERATING COST InN DOLLAKS PEr TON OF DUSY COULLECTED 1736.01
OPERATING COST AS PERCENT OF CAPITAL COST 18,8
—_ INSTALLATION TIME IN WEEKS 80,
ESTIMATED LIFE UF SYSTEM IN YEARS €S,
KwH PER TOw CAPACITY ]
CAPITAL KRECOUVERY. (11.02% UF TOTAL CAPITAL) S109V0,
ADMINISTRATION OVERHEAD ( 2.U% OF TOTAL CAPITAL) 92800,
PRUPERTY TAXES & INS. ( 2.02 OF TOTAL CAPITAL) 92800,
JOTAL ANNUALIZED COST = REYROFITY 1970500
. - NEW 15“03000
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GENERAL INFORMATIUN:

UN]ITS QPT]ON

PPSES: S02. COKE PUSHING COKE P
 __ CAPACYTY: . 708 MILLION TONS/YEAR _
PARTICULATE
LOAD IN:  2.000000 LBS/TON COAL
ALLOWABLE: .B00UOU LBS/TON COAL  EFFICIENCY: 60,0%
92.42 LBS/HR
8S0
LOAD IN: 080000 LBS/TON COAL
_ALLUWABLE: ,032000 LBS/TON COAL  EFFICIENCY: 60,0%
3,70 LBS/HR
BAP
LOAD ING: 000040 LBS/TON COAL
ALLUWABLE: .00U0l6 LBS/TON COAL EFFICIENCY: 60.0%
e e «00 LBS/HR _
BENZENE
LOAD IN: 006000 {BS/TON CODAL e
ALLOWABLE: .00240U LBS/TON COAL EFFICIENCY: 60.0%
.28 LBS/HR
DUST COLLECTED PER DAY: 1.7 TONS(DRY)
o _TEMP_QUT_UF PROCESS: 300, F
EXHAUST TEMPERATURE: 300, F
__.SCFM FLOW: U, AT 70. F
ACFM FLOW: 0. AT 300, F
& L/G_RATIO: .0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0. GPM
__ SUSPENDED SOLIDS OUT:s 0, MG/L XSOLIDS: .0 L
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GENERAL INFORMATION:
— UNITS OPTIUN

" PPSES: SU2, COKE PUSHING COKE 2

CONTROL SYSTEM CONFIGURATION:

CONTROLLED COKING

FEET OF ADDITIONAL DUCT: 0. DIAMETER: O,
TOTAL PRESSURE DROP: 0. INCHES
_ 0 FANS @ 0, HP EACH SPARE FAN CAPACITY:  0.%
OPERATING HOURS AT FULL HP: 8760,
OPERATING HUOURS AT REODUCED HP: 0.
—_— STACK MEIGHT: 0. DIAMETER: 0,
NU. OF OVENS 60.
OVEN HEIGHT 6.0 METERS
i} OVEN VO UME 1348, CUBIC FEET
TONS COKE/PUSH 24,
e NO. CYCLES/DAY 82. ——
BULK DENSITY S0. LBS/sCuUBIC FT.
YIELD : 070
m_, TONS CUAL/YEAR 1011967, —
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OPERATING COST:
UNITS OPTION

PPSES: 502, COKE PUSHING COKE e
CAPACIYYS =~ 708 MILLION TONS/YEAR -
CATEGORY QUANTITY RATE ANNUAL COST (¥

sxe UTILITIES wss

WATER 0. MEAL/YK $ .1595/1000 GAL 0.
ELECTRICITY 0. KNH/YR $ +0266/KnH 0.
STEAM Ve MLBS/YR $ 4,0920/MLBS 0.
FUEL O, GAL/YR $ L4180/GAL U,

sxx OPERATING LABOK axx

DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
_SUPERVISIUN 1752. HRS/YK $17.20/HR 30100, (B)

#x* MAINTENANCE & SUPPLIES s

VDIKECT LABOR 0. HRS/YR $14,.34/HR 0. (C)
_ SUPERVISION U. HRS/YR $17,20/HR 0. (D)
MATERIALS 0. (E)
SUPPLIES 6857100. (F)
e _WATER_TREATMENT Qo__.
SULID WASTE
DISPOSAL 0. TON/YR $ 8,25/TON 0.
DIRECT OPERATING COST 7012900,
e PAYRULL OVERHEAD =20,0X% OF A+B+C+D 31200, .
PLANT OVEKHEAD =50,0% OF A+B+C+DeE+F 3506500.
TOTAL OPERATING COST 10550600,
 OPEKATING CUST IN DOLLARS PER TON _ PRODUCTION 14,89
OPERATING CUST IN DOLLARS PER TON OF DUST COLLECTED 17376.39
OPERATING  COST AS PERCENT OF CAPITAL COSY .0
INSTALLATION TIME IN_WEEKS 8. .
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KwH PER TON CAPACITY o0
— . _CAPITAL RECOVERY (10,00 OF TOTAL CAPITAL) 0,
AUMINISTRATION OVERHEAL ( 2.0% OF TOTAL CAPITAL) 0o
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 0.
JOTAL ANNUALIZED COSY =~ RETROFIY —10550600.
- NEW 10550600,




GENERAL INFORMATIONS

UNITS

OPTION

PPSES: SU2.

CAPACITY:

COKE PUSHING

COKE

2708 MILLION TONS/YEAR

3

PARTICULATE
LOAD INZ
ALLOWABLES

«290000
35.206

2.000000 {BS/TON COAL

LBS/TON COAL
LBS/HR

EFFICIENCY?

85.5%

BSO
«080000
» 044000

LOAD IN:
ALLOWABLE:

LBS/TON COAL

LBS/TON _COAL EFFICIENCY:

5.35

BAP

45,02

LBS/HR

LOAD IN:
ALLOWABLE:

«000V4Y
«000022
«00

LBS/TON COAL
LBS/TON COAL
LBS/HR

EFFICIENCY?S

45,0%

BENZENE
LOAD IN:
ALLOWABLE:

«0U3300
«40

2006000 LBS/TON COAL

LBS/TUN CUAL
LBS/HR

EFFICIENCYS

45.0%

"7 DUST COLLECTED PER DAY:

TEMP_OUT_OF PROCESS:

2.4 TONS(DRY)

300, F

EXHAUST TEMPERATURE:

_ SCFM FLOW: 317000, AT

150, F

TV, F

ACFM FLOW: 365000, AT

——ee—L/G _RATIOS

150, F

=0

PROCESS WATER FLOW:
COOLING WATER FLOW:S
_ SUSPENDED SOLIDS wul:

0. GPM
0. GPM

_0e _MG/L XS0LIDS:

20




GENERAL INFURMATION:

UNJTS QPT]1ON

PPSES: 5SU2. COKE PUSHING COKE 3

CONTROL SYSTEM CONFIGURATION:

gse
COKE OVEN SHED
FAN _AND DRIVE

DUCTWORK

STACK
DUST_HANDLING HOPPER & CONVEYORS
DAMPERS

FAN AND DRIVE ELECTRICAL

SCA: 188, TOTAL PLATE AREA: 82000, SG.FT., @ 20% SPARE CAPACITY
_FEET OF ADDITIONAL DUCT: 300, DIAMETEK: 11,
TOTAL PRESSURE DROP: 12. INCHES
3 FANS o ST75. HP EACH SPARE FAN CAPACITY: §80.x
o ___OPERATING_HOURS _AT_FULL HP:  8#322. S
OPERATING HOURS AT REQUCED HP: 0.
STACK HEIGHT: 100, DIAMETER: 12,
— ... NO, OF OVENS — 60,
OVEN HEIGHT 6,0 METERS
OVEN VOLUME 1348, CuBIC FEET
——— YONS COKRE/PUSH f4. _
NO. CYCLES/DAY 82.
___ BULK_DENSITY 50, LBS/CUBIC FT, _
YIELD 70
TONS COAL/YEAR 1011967,
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CAPITAL COST:

UNMITS ___ OPTION -
PPSES: 502, COKE PUSHING COKE 3
LAPACITY:S L1708 MILLION TONS/YEAR
TOTAL COST (COST BASIS IS 110.00% UF JUNE 1977 DOLLARS FOR 4G78 COST.
CATEGORY - COST IN DOLLARS

ke DIRECY LOST wnn

EQUIPMENY OR MATERIAL 1740300,
INSTRUMENTATION 0.
N . PIPING —_— . 0.
ELECTRICAL 71900,
FOUNDATIONS 15500,
STRUCTURAL 12100,
SITE WORK 7900,
INSULATIOUN $6900,
PROTECTIVE COATING 9600, .
BUILDINGS 8800,
EQUIPMENT/MATERIAL LABOR 694500,
— DIRECTY COST SUBTOTAL 2680500,
sax INDIRECT COST waxn
FIELD OVERHEAD 358100, .
CONTRACTORS FEE 261400,
ENGINEERING 237100,
FREIGHT _ 844900,
OFFSITE wORN 48100,
TAXES 98000,
e SHAKEDUWN 95000, -
SPARES 89200,
CONT INGENCY 829900,
R INDJRECY COST SUBTOTAL 2101209, -
INTEREST DURING INSTALLATION 429600,
TOTAL COST 5211300,
TOTAL COST WITH RETROFI1Y 58490000, -
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OPERATING COUST:

UNITS __OPTION -
PPSES: Sue2. COKE PUSHING COKE 3
 _CAPACITYS ,708 MILLION YONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST ($)
© aaw UTILITIES waw o
_ WATER U, MGAL/YR 8 ,1595/1000 GAL Q.. _.
ELECTRICITY 8677492, KWH/YR $ L0266/KWH 231000,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
B __FUEL Vo GALZYK S L,4180/GAL 0o .
wex DPFRATING LABOR awe _—
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVIS]ION 1752, HRS/YR $17,20/HR 30100. (8)

*xt MAINTENANCE &

SUPPLIES =2

DIRECT LABOR 11867, HRS/YR $14,34/HR 170200, (C)
__ SUPERVISION. 2373, HRS/YR $17,20/HR 40800, (D)
MATERIALS 86800, (E)
SUPPLIES 44700, (F)
_ WATER TREAIMENT [
SOLID WASTE
DISPUSAL 865, TON/YR $ 8.25/TON 7100,
DIRECT OPERATING COSY 736400,
PAYROLL OVERHEAD =20.0X OF A+B+C+D 713400,
PLANT OVERHEAD 250,0% OF A+BeC+D+E+F 249200,
TOTAL OPERATING COST 1059000,
OPERATING COSY IN DOLLAKRS PER_TON  PRODUCT]ON 1,49
OPERATING COST InN DOLLARS PER TON OF DUST COLLECTED 1223.95
OPERATING COST AS PERCENT OF CAPITAL COST 18,1
INSTALLAYION JTIME IN WEEKS 130, _
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TOUN CAPACITY 12.2
CAPITAL RECOVERY (11,75% OF TOTAL CAPITAL) 686000, .
ADMINISTRATION OVERHEAD ( 2,0X% OF TOTAL CAPITAL) 116800,
PROPERTY TAXES & INS., ( 2.,0X OF TOTAL CAPITAL) 116800,
TOTAL ANNUALIZED COST = RETROFIY 1978600, -
- NEW 1879500,
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SENERAL INFORMATION:

UNITS

OPT]ON —

PPSES:

CAPACITY?S

$02. COKE PUSHING

COKE

q

2708 MILLION YONS/YEAR

PARTICULATE

_LOAD IN: _ 2,000000 LBS/TON COAL

ALLOWABLE?

.290000 LBS/TON COAL EFFICIENCYS

35.26 LB8/HR

B545%

B8SO
LOAD IN:
ALLOWABLES

+080000 LBS/TON COAL
20406400 LBS/TON COAL EFFICIENCY:

49,5X

BaAP

4,91 LBS/HR

LOAD JIN:
ALLOWABLE:

«000040 LBS/TON COAL
«000020 LBS/TON COAL
200 LBS/HR

EFFICIENCY:

49,5

BENZENE
_LOAD_IN:

2006000 {BS/TON COAL

ALLOWABLE:

«003030 {BS/TON COAL EFFICIENCY:

«37 LBS/HR

49,.5%

OUSY COLLECTED PER DAY:

. YEMP OUY OF PROCESS: ~ 300. F
EXHAUST TEMPERATURE:

SCFM FLOw:

ACFM FLONW?

L/6 RAYID?

345000,
365000,

2.8 TONS(DRY)

100, F

AT 10, F

AT 100, F

1.9

PROCESS WATER FLONW:
COOLING WATER FLONW:
SUSPENDED SOLJDS OUT:

2738,
0.
124,

6PM
6PM

MG/L XSOLIDS:

0
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GENERAL INFORMATION:

UNITS___OPTION
PPSES: 502, COXKE PUSHING COKE 4
CONTROL SYSTEM CONFIGURATION:
VENTURI SCRUBBER
COXKE OVEN 8HWED
_MIST ELIMINATQOR
FAN AND DRIVE
DUCTWORK
STALK
WASTEWATER RECYCLE SYSTEM
DAMPERS
WASTE WAYER RFTURN SYSYEM
WATER PUMPING SYSTEM
FAN AND DRIVE ELECTRICAL
FEET OF ADDITIONAL OUCT: 300, DIAMETER: 11,
_ __TOYAL PRESSURE DROFP: 30, INCHES
3 FANS @ 1436, HP EACH SPARE FAN CAPACITY: S0,.%
OPERATING HOURS AT FULL WP 8322,
__ OPERAYTING HOURS AT REDUCED HWP: 0,
STACK HEIGHT: 100, DIAMETER: 1¢,
NO, OF OVENS 60, '
—_ DOVEN HFIGHT .0 METERS
OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH 24,
AVG, COXING TIME,HRS,. 11.5
NO, CYCLES/DAY 8z,
BULK DENSITY S0. LB8S/CUBIC FT,
YIELD <10
TYONS COAL/YEAR 1011967,




CAPITAL COST:

UNITS __ OPTION
PPSES: 502. COKE PUSHING COKE a
CAPACITYS LT0A MILLIDN _YONS/ZYEAR
TOTAL COST (COSY BASIS IS 110.,00% GF JUNE 1977 DOLLARS FOR 4G78 COST,)
CATEGORY " COST IN DOLLARS
#2a DIRECT COST sxa
EGQUIPMENT OR MATERIAL e%07500.
INSTRUMENTATION 51900,
PIPING 235000,
ELECTRICAL 316500,
FOUNDATIONS 89500,
STRUCTYUIRAL 123800,
SITE WORK 11000,
INSULATION 23400,
PROTECYIVE COATING 28300,
BUILDINGS 38600,
EGUIPMENT/MATERIAL LABOR 623700,
o DIRECY COSI SUBTOTAL 4049200.
sxx INDIRECY COST max
FIELD OVERMEAD 657700,
CONTRACTORS FEE 247400,
ENGINEERING 396500,
FREIGHT 91800,
OFFSITE WORK 72800,
TAXES 145800,
SHAKEDOWN 136400,
SPARES 118400,
CONTINGENCY 1131000,
JINDIRECT €OST SUBTOTAL 2797800,
INTEREST DURING INSTALLATION 563500,
TOTAL COST 7410500,
TOTAL _COST WITH REIROFIT 2259100,

A-26




OPERATING COST:

_UNITS OPTION
4

PPSES: SoO2. COXKE PUSHING COKE
CAPACITY: 2708 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (§)

ans UTILITIES ane

_WAYER 273802, MLGAL/YR 8§ ,1595/1000 GAL 43600,
ELECTRICITY 189803168, KWH/YR $ (0266/KnWH 505300,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.

FUEL 0, GAL/YR $ ,0180/GAL 0,

ans OPFRATING LASOR aww

DIRECT 8760, HMRS/YR $14,.38/HR 125700, (&)
SUPERVISION : 1752, HRS/YR $17,20/HR 30100, (8)

een MAINTENANCE & SUPPLIES w=n

DIRECY LABOR 17163, HRS/YR $14,34/HR 246200, (C)
SUPERVISION 3433, HRS/YR $17,20/7HR §9100, (0)
MATERIALS 191100, (€)
SUPPLIES 110200, (F)
—  PMATER_TREATMENT 0. -
SOLID WASTE
DISPOSAL 1730, TON/YR $ 8,25/TON 14300,
DIRECY OPERATING COST 1325600,
e _PAYROLL OVERHEAD =20.0X OF A+BeC+D 92200, .
PLANT OVERHEAD =2S0,0% OF A+BeCeD+E<F 381200,
TOTAL OPERATING COSTY 1799000,
OPERATING COST IN DOLLARS PER JON PRODUCTION. . 2,54
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 2079,21
OPERATING COST AS PERCENT OF CAPIYAL C€COST 2l.8
INSTALLATION TIME IN WEFKS 130, -
ESTIMATED LIFE OF SYSTEM IN YEARS 15,
KWH PER TON CAPACITY 26,8
CAPITAL RECOVERY (33,15% OF YOTAL CAPITAL) 3085900,
ADMINISTRATION OVERHEAD ( 2.0X OF TOTAL CAPITAL) 165200,
PROPERTY TAXES & INS. ( 2,0X OF TOTAL CAPITAL) 165200,
JOYAL ANNUALI2ED £OSY = RETROFITY 3215300,
o NEW 3069700,




GENERAL INFORMATION?

UNITS _ OPTION

PPSES: S0e. COKE PUSHING

_CAPACITY? »708 MILLION TONS/YFAR

PARTICULATE

LOAD IN: _ 2,000000 LBS/TON COAL.

ALLOWABLE: .236000 LBS/TON COAL
88.45 LBS/HR

COKE

5

EFFICIENCY?

B8S0
LOAD IN: .080000 LBS/TON COAL
ALLOWABLE: ,036800 LBS/TQN COAL
13,79 LBS8/HR

BAP

EFFICIENCY?

94,02

LOAD IN: «000040 LBS/TON COAL
ALLOWABLE: ,L,000026 LBS/TON COAL
«01 LBS/HR

EFFICIENCY:

36,0%

BENZENE
LOAD IN: 2006000 1 BS/TON COAL

ALLOWABLE: ,002760 LBS/TON COAL
1.03 LBS/HR

EFFICIENCY?

54,02

DUST COLLECTED PER DAY: 2.4 TONS(DRY)

. TEMP OQUT OF PROCESS: = 300, F

EXHAUST TEMPERATURE: 100, F

SCFM FLONW: 71000, AT _ 70, F_

ACFM FLOW? 15000, AT 100, F

—  L/6 RATIOD: .0

PROCESS WATER FLOW: 0, GPM
COOLING WATER FLOW: 0., GPM
SUSPENDED SOLIDS OUT: 0, MG/L

XSOLIDS:

0
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GENERAL INFORMATION:
UNITS OPTION

PPSES: S02. COKE PUSHING COKE S

CONTROL SYSTEM CONFIGURATION:

ENCLOSED HOT CAR

FEET OF ADDITIONAL DUCT: 0. DIAMETER: S,
TOTAL PRESSURE DROP: 0. INCHES
O FANS @ 0. HP FACH ~~ SPARFE FAN CAPACITY:  0,% -

OPERATING HOURS AT FULL HP? 2700,
OPERATING HOURS AT REDUCED HP: S900.

SYACK HFIGHT: 0, DIAMETER: O,
NO. OF OVENS 60.
OVEN HEIGHT 6.0 METERS
. OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH -1
AV6. COKING TIME,HRS, 17,5
NO. CYCLES/DAY B82. _—
BULK DENSITY 50, LBS/CUBIC FT,
YIELD 70
TONS COAL/YEAR 1011967,




CAPITAL COST:
UNITS OPTION

PPSES: S02,. COKE PUSHING COKE 5
CAPACITYYZ o108 MILLION TONS/YEAR
TOTAL COST (COST BASIS IS 110,00 OF JUNE 1977 DOLLARS FOR 4Q78 CO0ST,)
CATEGORY COST IN DOLLARS
xxt DIRECTY _COST wmax
EQUIPMENT OR MATERIAL 3841700,
INSTRUMENTATION 0.
PIPING _ 0.
ELECTRICAL 0.
FOUNDATIONS 0.
STRUCTURAL 0,
SITE WORK 0.
INSULATION 0.
PROTECTIVE COATING. 0.
BUILDINGS o,
EQUIPMENT/MATERIAL LABOR 23100,
- DIRFCY COST SUBTOTAL 3864800,
axx INDIRECT COST wnex
FIELD OVERHEAD 11500,
CONTRACTORS FEE 3800,
ENGINEERING 85000,
FREIGHT 1700.
OFFSITE WORK 0.
TAXES 192400,
SHAKEDOWN « 192400,
SPARES 38500,
CONTINGENCY 877500,
INDIRECT CDST SUBYDTAL 1378800,
INTERESYT DURING INSTALLATION S24400,
TOTAL COST 5768000, o
INDYAL COST WIYH REIRQFIY . £344800,
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OPERATING COST:

: UNITS __OPTION_ -
PPSES: 502, COKE PUSHING COKE S

—  LCAPACTITY: = L.708 MILIION TONS/YFAR

CATEGORY QUANTITY RATE ANNUAL COST (§)

ews UTILITIES =x=xs

WATER 6375. MBAL/YR 5§ ,1595/1000 GAL_ 1000.
ELECTRICITY 4173, KWH/YR $ J0266/KWH 100,
STEAM 0, MLBS/YR $ 4.0920/MLBS 0.
FUEL_ e . 672958, GAL/YR S .4180/GAL . 281300, _

sex OPERATING LABOR wew

DIRECY 0., HRS/YR $14,34/HR 0. (A)
SUPERVISJION 0, HRS/YR $17,20/HR 0. (B)

een MAINTENANCE R SUPPLIES wxw

DIRECT LABOR 8000, HRS/YR $14,34/HR 114800, (C)
_____SUPERVISION 1600, HRS/YR $17,20/HR 27500, (D)
MATERIALS 114800, (E)
SUPPLIES 38600, (F)
WATER _TREATMENT _ 0.
SOLID WASTE
DISPOSAL 1785, TON/YR $ 8.25/TON 14700,
DIRECT OPERATING COST $92800,
PAYROLL _OVERHEAD =20,0X OF A+B+CeD : 285004
PLANT OVERHEAD =50,0% OF A+B+CeDeE<F 147900,
TOTAL OPERATING COST 769200,
OPERATING COSY IN DOLLARS PER TON __ PRODUCTION__  __ 1,09
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 861,80
OPERATING COST AS PERCENT OF CAPITAL COST 12.1
INSTALLATION TIME IN WEFKS 104.
ESTIMATED LIFE OF SYSTEM IN YEARS 20.
KWH PER TON CAPACITY 41,8
CAPITAL RECOVERY (11,75X OF TOTAL CAPITAL) 745300,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 126900,
PROPERTY TAXES 8 INS, ( 2,0X OF TOTAL CAPITAL) 126900,
_ JOYAL ANNUALIZED COSY = RETYROFIT 1768300,
: - NEW 1677500,




GENERAL INFORMATIONZ
UNITS __ DPYIOW

PPSES: 502, COKE PUSHING COKE 6

CAPACITYS: =~~~ 708 MILLION TONS/YEAR

PARTICULATE
LOAD JN:__ 2.000000 LBS/TON COAL

ALLOWABLE?S: ,218000 LBS/TON COAL EFFICIENCY: 89,12
26,51 LBS/HR

BSO
LOAD IN: .080000 LBS/TON COAL
ALLOWABLE: <U4400U LBS/TON COAL EFFICIENCY: 45,0X n
5,35 LBS/HR
BAP
LOAD IN: « 000040 | BS/TON COGAL
ALLOWABLE: ,000022 LBS/TON COAL EFFICIENCY: 45,0X
00 LBS/HR
BENZENE
LOAD_IN: »006000 LBS/TON COAL
ALLOWABLE: 003300 LBS/TON COAL EFFICIENCY: 45,0X
«40 LBS/HR
DUST COLLECTED PER DAY: 2.5 TONS(DRY)
_____ YEMP QUT OF PROCESSS 300. F -
EXHAUST TEMPERATURE: 150, F
SCFM FLOW: 317000, AT T0. F
ACFM FLOW: 365000, AT 150, F
L/6 RATIO® 20
PROCESS WATER FLOW: 0. GPMm
COOLING WATER FLOW:? 0. GPM
SUSPENDED_SOLIDS 0UT: 0, MG/L XSOLIDS: L0 _
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GENERAL INFORMATION:

UNITS

OPTION

PPSES: S02. COKE PUSHING

COKE

6

CONTROL SYSTEM CONFIGURAT]ION:

EsSP
COKE OVEN SHED
FAN _AND DRIVE

DUCTWORK
STACK

DUST HANDLING HUPPER & CONVEYORS

DAMPERS
FAN AND DRIVE ELECTRICAL

SCA: 240,
FEET OF ADDITIUNAL DULCT:

TOTAL PLATE AREA:

105000, SG.FT,

TOTAL PRESSURE DROP:

12. INCHES

@ 20X SPARE CAPACITY
300, DIAMETER: 11,

3 FANS @ 575. HP EACH SPARE FAN CAPACITY: 50,%
OPERATING HOURS AT FyLL HP: B3ee,
OPERATING HOURS AT REDUCED HP: Oe

STACK HEIGHT:

100, DIAMETER: 12,

- ND. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET
. TONS _CUKE/PUSH e4,
AVG., COKING TIME,HRS, 17.5
NO. CYCLES/DAY 62.
__ BULK_DENSITY 0. LBS/CUBIC FT. .
Y1ELD W70
TUNS COAL/YEAK 1011967,




CAPITAL COST:
UN]ITS QPT]ION

PPSES: S02. COKE PUSMING COKE 6
 CAPACITYS 708 MILLION_YONS/YEAR
TOTAL CUST (COST BASIS IS 110.00%X OF JUNE 1977 DOLLARS FOR 4Q78 COSI
 CATEGORY - COST IN DOLLARS
AR “IREI | ]HSI [ .81
EQUIPMENT OR MATERIAL 1876100,
INSTKUMENTATION 0.
PIPING o 0.
ELECTRICAL 81100,
FOUNDATIONS 16200,
SIRUCTURAL Bi1200Q,
SITE WURK 9100.
INSULATION 68900,
PROTECTIVE COATING 10500,
BUILDINGS 10100,
EQUIPMENT/MATERIAL LABOR 754000,

- DIRECY C£OSY SUBTOTAL =~ = = 2907200.

waxx INDIRECT COST ==

) FIELD OVERHEAD 395300,
CONTRACTUKS FEE 287400.
ENGINEERING 259300,

FREIGHT 91500.
OFFSITE WOURK S4800,
TAXES 10%400.
SHAKEDUWN N 106200,
SPARES 100400,
CONTINGENCY 900700,
— INDIRECT COSIT SUBTOTAL 2301000,
INTEREST DURING INSTALLATION 472100,
TOTAL COST 5680300,
TOTAL COST WITH RETROFI1Y 6358900,
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OPERATING COST:

e o UNITS ___OPTION o
PPSES: SU2, COKE PUSHING COKE 6
CAPACITYS  .708 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST ($)
xax UTILITIES #ex B
WATER V. MBAL/YR _ $  ,1595/1000 GAL Ou__ .
ELECTRICITY 9151822, KWH/YR S L.026b/KnH 243600,
STEAM Ve MLBS/YR $ 4.0920/MLBS 0.
_ __ FUEL U, GAL/YR $ L4180/GAL 0.
sxx OPERATING LABOR &2« —
DIRECT 8760, HRS/YR $14.34/HR 125700, (A)
_ SUPERVISION 1752, HRS/VYR $17.20/HR 30100. (8)
. 2% MAINTENANCE 8 SUPPLIES wes
DIRECT LABOR 11867. HRS/YR $14.34/HR 170200, (C)
) __ _SUPERVISION 2373, HRS/YR $17.20/HR 40800, (D)
MATERIALS 86800, (E)
SUPPLIES 44700, (F)
WATER TREATMENT 0,
SOLID WASTE
DISPOSAL 902, TON/YR $ 8.,25/TUON 7400,
T OIRECT OPERATING COST o 749300,
PAYROLL OVERHEAD =20,0% OF A+B+C+D _ 73400,
PLANT GVERHEAD 250.0% UF A+B4C+D+E+F 249200.
TOTAL OPERATING COST 1071900,
. ______OPERATING COST IN DOLLARS PER_TON _ PRUDUCTION _ _ _1.51
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 1188.80
OPERATING COST AS PERCENT OF CAPITAL COSI 16.9
. INSTALLATION TIME IN_WEEKS 130, .
ESTIMATED LIFE OF SYSTEM IN YEARS 20.
KnH PER TUN CAPACITY 12.9
CAPITAL RECOVERY (11.75% OF TOTAL CAPITAL) 746600,
ADMINISTRATION OVERHEAD ( 2,0% OF TOTAL CAPITAL) 127100,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 127100,
TOTAL ANNUALIZED COST = RETROFIT 2072700 __
- NEW 1966300,




GENERAL INFORMATIONS

UNITS OPTION

PPSES: 502, COKE PUSHING COKE

CAPACITYY: 708 MILLION TONS/YEAR

7

PARTICULATE
LOAD IN: 2000000 LBS/TON _COAL

ALLOWABLE: ,218000 LBS/TON COAL EFFICIENCY:
26.51 LBS/HR

89.12%

BSO
LOAD IN: »080000 LBS/TON COAL

o ALLOWABLE: ,036800 LBS/YON COAL _ EFFICIENCY:

4,47 LBS/HR

BAP

54,0%

LOAD IN: 000040 LBES/TON COAL
ALLOWABLE: ,000018 LBS/TON COAL EFFICIENCY:
200 LBS/HR

54,0%

BENZENE

LOAD INZ  L006000 {BS/TON COAL
ALLOWABLE: ,002760 LBS/TON COAL EFFICIENCY:
«34 LBS/HR

54,0%

DUST COLLECTED PER DAY: 2.5 TONS(DRY)

TEMP OUY OF PROCFSS: =~ 300. F

EXHAUST TEMPERATURE: 100. F

SCFM FLOW: 345000, AT 710, F_.

ACFM FLOW: 365000, AT 100, F

—  L/G RAYIOS 7.9

PROCESS WATER FLOW: 2738. GPM
COUOLING WATER FLOW: 0., GPM
SUSPENDED SOLJIDS OUT: 124, MG/L XSOLIDS:

20
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GENERAL INFORMATION:

_— — UNITS QPTION
PPSES: 502, COKE PUSHING COKE 7

CONTROL SYSTEM CONFIGURATION:

VENTURI SCRUBBER
COKE OVEN SHED
MIST ELIMINATOR

FAN AND DRIVE
DUCTWORK
STACK
WASTEWATER RECYCLE SYSTEM
DAMPERS
— WASTE WATER RFTURN SYSTEM

WATER PUMPING SYSTEM
FAN AND DRIVE ELECTRICAL

FEET OF ADDITIONAL DUCT: 300. DIAMETER: 11,
— YOTAL PRESSURE OROP: ~~~ ~~  50. INCHFES
3 FANS @ 2394. HP EACH SPARE FAN CAPACITY: 50.%
OPERATING HOURS AT FULL HP: 8322,
. OPERAYING_HOURS AY REDUCED HP: 0,
STACK HEIGHT: 100, DIAMETER: 12,
NO. OF OVENS 60.
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUuBIC FEET
TONS COKE/PUSH 24,
AVG, COKING _TIME,HRS, 17.5
NO. CYCLES/DAY 82,
BULK DENSITY 50. LBS/CUBIC FT,
YIELD 210
TONS COAL/YEAR 1011967,
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CAPITAL COS8T:

UNITS__ OPTION
PPSES: 502, COKE PUSMING COKE 7
 CAPACIYY: ,708 MILLION TONS/YEAR .
TOYAL COST (COST BASIS IS 110,00X OF JUNE 1977 DOLLARS FOR 4Q78 COST.,
CATEGORY COST IN DOLLARS
sxx DIRECTY COST &%
EQUIPMENT OR MATERIAL 2127900,
INSTRUMENTATION $1900.,
PIPING. 235000,
ELECTRICAL 316500,
FOUNDATIONS 95800,
STRUCTURAL 126200,
SITE WORK 11000,
INSULATION 23400,
PROTECTIVE COATING 28200, ) B
BUILDINGS 38600,
EQUIPMENT/MATERIAL LABOR 628400,
DIRECT COST SUBTOTYAL 4282900,
xxx INDIRECT COST #wx
L FIELD OVERMEAD 462200, _
CONTRACTORS FEE 250700,
ENGINEERING . 396500,
FREIGHT 92400,
OFFSITE WORK 73300,
TAXES 1S7500.
SHAKEDOWN 148900, .
SPARES 119300,
CONTINGENCY 1185700,
INDIRECY COST SUBYOTAL _ 28B6500.
INTEREST DURING INSTALLATION 604600,
YOTAL COSY o 7774000,
TOTAL COST _WITH RETROFIT 8658900,
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OPERATING COST:
UNITS OPTION

PPSES: S02. COKE PUSHING COKE 7
o ___CAPACITY: 708 MILLION IONS/YEAR
CATEGORY QUANTITY RATE

ANNUAL COST ($8)

s UVILITIES wmex

_ ___MAYER 2713402, MGALZ/YR % ,1595/1000 GAL . 43600,
ELECTRICITY 31514320, KnH/YR $ L0266/KNH 838900,
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL 0, OGAL/YR 8 L4180/GAL 0o
xegy OPERATINE LABRDR s
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR $17.20/HR 30100, (B)

axx MAINTENANCE & SUPPLIES =w«

DIRECT LABOR 17763, HRS/YR $14,34/HR 254800. (C)
SUPERVISION 3553, HRS/YR $17.20/HR 61100, (D)
MATERIALS 197600, (E)
SUPPLIES 112800, (F)
WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 1803, TON/YR $ 8,25/T0ON 14900,
DIRECT OPERATING COST 1679500,
PAYROLL OVERHEAD =20,.0X OF A+B+C+D 94300,
PLANT OVERHEAD =50,0X% OF A+B+C+D+E+F 391100,
TOTAL OPERATING COST 2164900,
OPERATING COST IN DOLLARS_PER TON  PRODUCTION 3.06
OPERATING COST In DOLLARS PER TON OF DUST COLLECTED 2401,01
OPERATING COST AS PERCENT OF CAPITAL COST 25.0
INSYALLATION YIME IN WEEKS _ e .
ESTIMATED LIFE OF SYSTEM IN YEARS 1S.
KWH PER TON CAPACITY 44,5
CAPITAL RECOVERY (13.15% OF TOTAL CAPITAL). 1138400, .
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 173200,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 173200,

JOTAL ANNUALIZ2ED COST = REYROFIY =~~~ ==~ ==~~~ 3649700.

= NEW

3498000,
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GENERAL INFORMATIONS

UNITS OPTION
PPSES: 503, QUENCHING = CLEAN WATER COKE 2
CAPACYITIY: P.B34 MItLION TONS/YEAR .
PARTICULATE
LOAD IN: 1.700000 tBS/TON COAL
ALLOWABLE: «510000 LBS/TON COAL EFFICIENCY: 70,0X
235,66 LBS/HR
BSO
LOAD IN: «001700 LBS/TON COAL
ALLOWABLE: ,0005S10 {BS/TON COAL  EFFICIENCY: T70,0%_
«2d4 LBS/HR
BAP -
LOAD IN: «000140 LBS/TON COAL
ALLOWABLE: «000042 LBS/TON COAL EFFICIENCY: 70,0%
202 LBS/HR
BENZENE
LOAD_IN: = L000030 tBS/TON COAL
ALLOWABLE:: «000030 LBS/TON COAL EFFICIENCY: «0%

.01

LBS/HR

DUST COLLECTED PER DAY:

6.6 TONS(DRY)

________TEMP 0QUY OF PROCESS: 200. F
EXHAUST TEMPERATURE:® 200, F
SCFM FLOW: 566000, AT 70, F
ACFM FLOW: 705000, AT 200, F
L/6 RATIO: .0 .
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0. GPM
SUSPENDED SOLIDS OUT: 0. MG/L XSOLIDS: 20




GENERAL INFORMATION:

UNITS _OPTJON
PPSES: 503, QUENCHING = CLEAN WATER COKE 4
CONTROL SYSTEM CONFIGURATION:
‘GUENCH TOWER BAFFLES

FEET OF ADDITVIONAL DUCT: 0, DIAMETER: 15,
TOTAL PRESSURE DROP: 0. INCHES

o 0 FANS @ Qe HP EACH SPARE FAN CAPACITY: 0,.%
OPERATING HOURS AT FULL HP: 8760,
OPERATING HOURS AT REDUCED HP: 0.
STACK HEIGHTS 0. DIAMETER: O,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME _ 1348, CUBIC FEET
TONS COKE/PUSH 24,

_ _NO, CYCLES/DAY 82,

BULK DENSITY S0, LBS/CUBIC FT,
YIELD 70
TONS COAL/YEAR 4047868,
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CAPITAL COST:

. UNITS  QPTION
PPSES: 503, QUENCHING = CLEAN WATER ‘COKE F3
_  CAPACITY:  2.8%4 MILLION YONS/YEAR e
YOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4Q78 COST.)
CATEGORY - COST IN DOLLARS
ank DIRFCT COST wnxw
EQUIPMENT OR MATERIAL 114100,
INSTRUMENTATION 0.
PIPING . 30800,
ELECTRICAL 6200,
FOUNDATIONS 900,
STRUCTURAL 0.
SITE WORK 600,
INSULATION 0.
PROTECTIVE COATINC 900,
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 80300,
DIRECY COSYT SUBTOQTAL. £33800.
wex INDIRECT COST ==«
FIELD OVERMEAD 45400,
CONTRACTORS FEE 27900,
ENGINEERING 35100,
FREIGHY 4400,
OFFSITE WORK 0.
TAXES 5700,
SHAKEDOWN . _ 1300,
SPARES 3500,
CONTINGENCY 71400,
o INDIRECLY €OST SUBTOTAL. 194700,
INTEREST DURING INSTALLATION 10700,
) ) "TOTAL COST 439200,
TOTAL _COST WITH REIROFIY

S71000,
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OPERATING COST:

UNITS __ OPYION

PPSES: 503,

QUENCHING = CLEAN WATER COKE 2

CAPACYITY: 2.834 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (8)
etk UTILITIES wwx
___ MATER 0, MGALZYR 3  L,1595/1000 GAL 0.
ELECTRICITY 0, KWH/YR S ,0266/KNANH 0.
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YK & L,4180/GAL 0.
s2x OPFRATING LABOR wesg
DIRECTY 0, HRS/YR $14,34/HR 0. (A)
SUPERVISION 0. HRS/ZYR_ $17,20/HR 0., (B)_
xaex MATNTENANCE & SUPPLIES ##n
DIRECT LABOR 1200, HRS/YR $14,34/HR 17200, (C)
SUPERVIS]ION 240, HRS/YR $17.,20/HR 4100, (D) _
MATERIALS 8600. (€)
SUPPLIES 4500, (F)
WATER TREATMENT 0.
SOLID wWASTE
DISPOSAL 4817, TON/YR $ 8,25/TON 39700,
DIRECT OPERATING COST 74100,
PAYROLL OVERHEAD =20.0% OF A+B+C+D 4300, .
PLANT OVERHEAD =50,0X OF A+B+C+D+E+F 17200,
TOTAL OPERATING COST 95600,
OPERATING_COST JN DOLLARS PER_TON PRODUCTJION 003
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 39,69
OPERAYING COST AS PERCENTY OF CAPITAL COSY 16,7
INSTALLATYION TIME IN WEEKS 26 .
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (11,75% OF TOTAL CAPITAL) 67100,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 11400,
. PROPERTY TAXES & INS, ( 2,0X OF TOTAL CAPITAL) 11400,
JFOTAL ANNUALIZED COST = REIROFIY 185500,
= NEW 164800,




GENERAL INFORMATION:

e i . ___UNITS _ OPTION ___
PPSES: 503.  QUENCHING = CLEAN WATER COKE 3
CAPACITY: 2,834 MILLION JONS/YEAR .. ~ e
PARTICULATE
o __LOAD IN:  1,700000 LBS/TON COAL _ . __ -
ALLOWABLE: .170000 LBS/TON COAL EFFICIENCY: 90.0%
78,55 LBS/HR
BSO S o
LOAD IN: 001700 LBS/TON COAL
S ALLOWABLE: ,000170 LBS/TUN COAL __ EFFICIENCY: 90,0%
.08 LBS/HR
.. BAP S e
LOAD IN: .000140 LBS/TON COAL
ALLOWABLE: .000014 LBS/TON COAL  EFFJCIENCY: 90,0%
S - . _eVY LBS/HK e
BENZENE
e LOAD IN: _ ,000030 LBS/TON COAL . ... . . _ . ___
ALLOWABLE: 000030 LBS/TUN CUAL EFFICIENCY: 0%
01 LBS/HR

~ DUST COLLECTED PER DAY:

_.TEMP OUT OF PROCESS: _ 200, F . . __ . .

8.5 TONS(DRY)

T EXHAUST TEMPERATURE: 150, F o S o
i _ SCFM FLOW: 566000, AT 70, F
ACFM FLOW: 651000, AT 150, F
e RGO RATIO B ; .
PROCESS WATER FLOW: 1213, GPM
COOLING WATER FLOW: 0. GPM
~ __ SUSPENDED SOLIDS 0UT: 907, MG/L XSOLIDS: W1
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GENERAL INFORMATION:

e e e i UN1TS O OPTION_ -
PPSES: 503, QUENCHING = CLEAN WATER COKE 3

CONTROL SYSTEM CONFIGURATION:

QUENCH TOWER BAFFLES

FEET OF ADDITIONAL DUCT: 0. DIAMETER: [4. TTTTTTTT T T T
TOTAL PRESSUKE DROP: 0. INCHES
0O FANS @ _ 0, HP EACH ____ SPARE FAN CAPACITY: _ 0.X% _  _ _ _

OPERATING HOURS AT FULL HP: 8760,
OPERATING HOURS AT REDUCED HP: 0o
o _..STACK HEIGHT:.  ___ . _ ... _ . _._.0s.. _DIAMETER: _0.. ._ . ... ..
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
_ OVEN VOLUME 1348, _CUBIC FEET

TONS COKE/PUSH c4.,
AVG., COKING TIME,HRS, 17.5
oo NO. CYCLES/DAY _ B e o e e
BULK DENSITY 50. LBS/CuBIC FT,
YIELD 70
__TONS COAL/YEAR 4047868, _ o
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CAPITAL COST:

""""" PPSES: S03. GQUENCHING = CLEAN WATER

e _CAPACITY: 2.834 MILLIDON TONS/YEAR
TOTAL COST (COST BASIS IS 110.00% OF JUNE
- CATEGORY

_*xx DIRECY_ COST wxs

EQUIPMENT OR MATERIAL 928400,
INSTRUMENTATION 30800,

o . PIPING } 13200, _
ELECTRICAL 0.
FOUNDATIONS 0.

e STRUCTURAL - - B} - .. 0.
SITE WOURK 8800,
INSULATION 7900,
) PROTECTIVE COATING _ . 3500,
BUILDINGS ‘ 0.
EQUIPMENT/MATERIAL LABOR 6954700,

e e . DIRECT COST_SUBTOTAL __ . ... . . ..

sxx INDIRECT COST #wxx

. _ FIELD GVERHEAD .. 170400,
CONTRACTORS FEE 338800,
ENGINEERING 44200,

R FREIGHT _ e —e e 204
OFFSITE WORK 44000,
TAXES 48400,
L SHAKEDOWN 26400,
SPARES 44000,
CONTINGENCY 638000,

INDIRECY COST SUBTOJAL

INTEREST DURING INSTALLATIUN
TOTAL COST

TOTAL COSYT WITH RETKUFIT

A-46

. _UNITS
CUKE

1977 DOLLAR

COST IN DOLLARS

1647300,

1454200, __

.. OPTION
3

S FOR 4078 cosT

155100,
3256600,

4233600,




OPERATING COST:

e __ UNITS  OPTION i
PPSES: 503, QUENCHING = CLEAN WATER COKE 3
e CAPACITY:  2.834 MILLION TONS/YEAR L _ _
CATEGORY QUANTITY RATE ANNUAL COST ($
- T o [ 2 & UTIL]TIES | X X ¢ T
e WATER . o 0. MGAL/YR .. % _,1595/1000 GAL . _. _0a .
ELECTRICITY O, KWH/YR $ 0266 /KWH 0,
STEAM 0., MLBS/YR $ 4.,0920/MLBS 0.
 FUEL__ 0, GAL/YR__ % ,4180/GAL 0,
L i} . . _#%%x OPERATING LABOR ww#
DIRECT 0, HRS/YK $14,34/HK e (A)
_ SUPERVISION 0. HRS/YK $17,20/HR ) V. (B)
e . _.%%x MAINTENANCE_ & SUPPLIES ##w
DIRECY LABOR 4000, HRS/YR $14,34/HR 57400, (C)
__ SUPERVISION. 800, HRS/YR  $17,20/HR 13800, (D)
MATERIALS 114800, (E)
SUPPLIES 27900, (F)
 WATER_TREATMENY o Y (P
SOLID WASTE
DISPOSAL 6193, TON/YR $ 8,25/TON 51100,
- DIRECT OPERATING COST 265000,
.  PAYROLL OVERHEAD =20,0% OF A+B+C+D . 14eu0,
PLANT UVERHEAD =50.0% OF A+B+C+D+E+F 107000,
TOTAL OPERATING COST 386200,
OPERATING COST IN DOLLARS PER TON  PRODUCTIUN , 14
OPERATING COST IN DOLLARS PER TON UF DUSY COLLECTED 124,72
OPERATING COST AS PERCENT OF CAPITAL COST 9.1
) ) INSTALLATION TIME IN WEEKS 52,
ESTIMATED LIFE OF SYSTEM IN YEARS 20.
KWH PER TOWN CAPACITY o U
CAPITAL RECOVERY (11.75%7 OF TOTAL CAPITAL) ) 497300,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPJITAL) 84700,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 84700,
__ TOTAL ANNUALTIZED COST < RETROFIT 1052900,
- NEW 898900,




GENERAL INFORMATION:
UNITS  OPTION

PPSES: 503, QUENCHING = CLEAN WATER COKE q
CAPACYIY: 2.8%4 MILLION YONSZYEAR
PARTICULATE

LOAD IN: 1.700000 LBS/TON COAL

ALLOWABLE: 034000 LBS/TON COAL EFFICIENCY: 98,02
15.71 LBS/HR

8S0
LOAD IN: «001700 LBS/TON COAL
ALLOWABLES 0000017 LBS/TON COAL FFFICIENCY: 99.0%
«01 LBS/HR :
_BAP
LOAD INS .000140 LBS/TON COAL
ALLOWABLE: .000001 LBS/TON COAL  EFFICIENCY: 99,0%
200 LBS/HR
BENZENE
LOAD IN: __ L000030 | BS/YON COAL
ALLOWABLE: ,000000 LBS/TON COAL  EFFICIENCY: 99,02
«00 LBS/HR
DUST COLLECTED PER DAY: 9.2 TONS(DRY)
TEMP_OUT OF PROCESS: 200, F
EXHAUST TEMPERATURE: 200, F

SCFM FLOWS: 549000, AT 70, F

ACFM FLOW: 683000, AT 200, F

L/G RAYIOD:? -0

PROCESS WATER FLOW: 0. GPm

COOLING WATER FLOW: 0., 6PM

SUSPENDED SOLIDS OuT: 0, MG/L XSOL1IDS: + 0




GENERAL INFORMATION:

PPSES: S03, QUENCHING = CLEAN WATER COKE 4

UNITS __ OPTION

CONTROL SYSTEM CONFIGURATION:

DRY QUENCHING

FEET OF ADDITIONAL DUCT: 0. DIAMETER: 1S,
TOTAL PRESSURE DROP: 0. INCHES
0_FANS @ 0, HP_EACH SPARE FAN CAPACITY:  0,X _
OPERATING HOURS AT FULL HP: 8760,
OPERATING MOURS AT REDUCED HWP: 0.
_ STACK HEIGHT: Qs _DIAMEYER: O,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET L
TONS COKE/PUSH 24,
AVG, COKING TIME,HRS, 17,5
___ NO. _CYCLES/DAY 82,
BULK DENSITY S0, LBS/CUBIC FT.
YIELD 070
TONS COAL/YEAR 2047868,




CAPITAL COST:
UNITS OQPTION

PPSES: S03, QUENCHING = CLEAN WATER COKE )
o CAPACITY: _ 2.8%a MILLION TONS/ZYEAR
TOTAL COST (COST BASIS IS 110.00%X OF JUNE 1977 DOLLARS FOR 4Q78 COST.;
CATEGORY COST IN DOLLARS
aax DIRECT COST nwx
EQUIPMENT OR MATERIAL 9365400,
INSTRUMENTATION 0.
PIPING _ 0.
ELECTRICAL 0.
FOUNDATIONS 0.
STRUCTURAL 0. .
SITE WORK 0.
INSULATION 0.
PROTECTIVE COATING 0,
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 8695300,
DIRECY COST SUBTOTAL 13860100,
sax INDIRECT COST #aw
FIELD OVERHEAD 2409500, _
CONTRACTORS FEE 1591300,
ENGINEERING 476500,
FREIGHT i 0. _
OFFSITE WORK 404600,
TAXES 469500,
SHAKEDOWN 674300,
SPARES | 71900.
CONTINGENCY 4890900,
INDIRECT COST SUBTOTAL 10968500,
INTEREST DURING INSTALLATION 3103700,
TOTAL COST 27932900, o
TOTAL COST WITH RETROFIT 307126200, _ _
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OPERATING COST:

UNITS _ OPYION )
PPSES: 503, OUENCHING = CLEAN WATER COKE q
_ _ CAPACITY: ___ 2.834 MIL|LION TONS/YEAR _
CATEGORY QUANTITY RATE ANNUAL COST ($)
sxe UTILITIES #w
_WATER 0. MGAL/YR & .1595/1000 GAL 0. }
ELECTRICITY 22668064, KWH/YR $ .0266/KWH 603400,
STEAM 0., MLBS/YR $ 4.0920/MLBS 0.
FUEL 0. GAL/YR $  .4180/GAL 0.
sxx OPERATING LABOR #xs
DIRECT 8760, HRS/YR $14.34/HR 125700. (A)
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (B)
aax _MAINTENANCE & SUPPITES wag -~
DIRECT LABOR 62337. HRS/YR $14,34/HR 894200, (C)
SUPERVISION 12467, HRS/YR $17.20/HR 214500, (D)
MATERIALS a37100. (F)
SUPPLIES 233400, (F)
__ _WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 3372. VYON/YR $ 8.25/TON 27800,
DIRECT OPEKATING COST 2576200, -
__ _PAYRDLL OVERHEAD =20.0X OF A+B+CeD 252900, i
PLANT OVERHEAD =50,0% OF A+B+C+D+E+F 972500.
TOTAL OPERATING COSY 3801600,
OPERATING COST JN DOLLARS PER_TON _ PRODUCTION 1.34
OPERATING COST IN DOLLARS PER YON OF DUST COLLECTED 1127.44
OPERATING COST AS PERCENT OF CAPITAL COST 12.6
INSTALLATION TIME IN WEEKS 130,
ESTIMATED LIFE OF SYSTEM IN YEARS 25.
KWH PER TON CAPACITY 8.0
CAPITAL RECOVERY (11,02% OF TOTAL CAPITAL) 3385000,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 614500,
PROPERTY TAXES 8 INS, ( 2,0X OF TOTAL CAPITAL) 614500,
IOYAL ANNUALIZED COST e RETROFIY 8415600
- NEW 7996300,




GENERAL INFORMATION:
UNITS OPTION
PPSES: 504, OOORS COKE 2

— CAPACTITY: ~~ L70B MILLION TONS/YEAR ——

PARTICULATE
LOAD JIN: 500000 LBS/YON_COAL
ALLOWABLE: ,200000 LBS/TON COAL  EFFICIENCY: 60,0%
23,10 LBS/HR

BSO
LOAD IN: «500000 LBS/TON COAL
ALLOWABLE: ,200000 LBS/YON COAL  EFFICIENCY: €0.0%
23.10 LBS/HR
BAP. -
LOAD N2 «003000 LBS/TON COAL
ALLOWABLE: ,001200 LBS/TON COAL EFFICIENCY: 60.0%
o34 _ LBS/HR
BENZENE
— . LOAD IN? = ,010000 {BS/TON COAL
ALLOWABLE: 004000 LBS/TON COAL EFFICIENCY: 60,02
«46 LBS/HR
DUST COLLECTED PER DAY: «4 TONS(DRY)
TEMP_OUY OF PROCESS? 120. F -
EXHAUST TEMPERATURE: 120. F
SCFM FLOW: 0, AT 10, F -
ACFM FLOW: 0. AT 120, F
—  1L/6 RAYIOS o0
PROCESS WATER FLOW: 0. GPM
COOLING WATEK FLOW: 0. GPM
SUSPENDED SOLIDS OUT: 0, MG/L XSOLIDSS 20
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GENERAL INFORMATION:

UNITS OPTION
PPSES: 504, DOORS COKE e

CONTROL SYSTEM CONFIGURATION:

COKE OVEN DOOR CLEAN & MAINT

FEET OF ADDITIONAL DuCT: 0. DIAMETER: O,
TOTYAL PRESSURE DROP: 0. INCHES
O FANS @ 0, HP_EACH __ SPARE FAN CAPACITY: 0,% .
OPERATING MOURS AT FULL HP: 8760,
OPERATING HOURS AT REDUCED HP: 0.
e SYACK MEIGHTS 0, DIAMETFR: O,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
 OVEN VOLUME . 1348, CUBIC FEET .
TONS COKE/PUSH 24,
AVG. COKING TIME'HRSO 1705‘
. NO. CYCLES/DAY 82,
BULK DENSITY S0, LBS/CUBIC FT,
YIELD 70
TONS COAL/YEAR 1011967, .
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OPERATING COST:

UNITS _ QPTION —
PPSES: 504, DOORS COKE 2
. CAPACTYYY: =~ ===~ 708 MIL{ION TONS/YFAR
CATEGOKY QUANTITY RATE ANNUAL COST (%)

wxx UTILITIES «awx

WATER 0, MGAL/YR 8 L1%595/1000 BAL =~ O, .
ELECTRICITY 0, KNH/YR $ .0266/KnH 0.
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.

FUEL 0. GAL/YR & ,L,4180/GAL 0. -

—arx OPFRATING LABOR sxx

DIRECT 0. HRS/YR $14,34/HR 0. (A)
SUPERVISION 0. HRS/YR $17,20/HR 0, (B).

- xxs MAINTENANCE & SUPP| JES wnexx

DIRECT LABOR 17520, HRS/YR $14,34/HR 251300, (C)
SUPERVISION 3504, HRS/YR $17,20/HR 60300, (D)
MATERIALS. 125400, (E)
SUPPLIES 58000, (F)
WATER TREATIMEN] D.
SOLID WASTE
DISPOSAL , V. TON/YR $ 8,25/TON 0.
DIRECT OPERATING COST 495000,
PAYROLL OVERHFAD =220.0X OF A+BeCeD 62300,
PLANT QOVERHEAD =50,0% OF A+B+C+D+E+F 247500,
TOTAL OPERATING COST 804800, ‘
OPERATING COSY JN DOLLARS PER TON PRODUCTION 1.1
OPERATING COST IN DOLLARS PER TON OF DUSTY COLLECTED 5301.89
OPERATING COST AS PERCENT OF CAPITAL COST o0
_INSTYALLAYION TIMF IN WEEKS 8.
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY ol
CAPJYAL RECOVERY (10,00X%X OF YOTAL CAPITAL) 0, _
ADMINISTRATION OVERHEAD ( 2.,0% OF TOTAL CAPITAL) 0.
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 0.
" YOTAL ANNUALIZED €OST = RETROFIY 804800,
= NEW 804800,
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GENERAL INFORMATION:

_ UNITS  OPTIUN
PPSES: S04. DOORS COKE 3
CAPACITYS 2708 MILLJON TONS/YEAR
PARTICULATE
LOAD IN:  .S00000 LBS/TON COAL
ALLOWABLE: 100000 LBS/TON COAL  EFFICIENCY: -80.0%
11,55 LBS/HR
BSO
LOAD IN: 500000 LBS/TON COAL
e ALLOWABLE: ,100000_LBS/TON COAL EFFICIENCY: 80,02
11.55 LBS/HR
BAP.
LOAD IN: 003000 LBS/TON COAL
ALLOWABLE: 000600 LBS/TUON COAL EFFICIENCY: 80,02
- .07 LBS/HK
BENZENE
LOAD IN: 2010000 LBS/TON COAL
ALLOWABLE: .00U200U LBS/TON COAL EFFICIENCY: 80.0%
.23 LBS/HR
" DUST COLLECTED PER DAY: .6 TONS(DRY)
TEMP_UUT_OF _PROCESS: 120, F
EXHAUST TEMPERATURE® 12G. F
____SCFM FLOW: Ve AT 70, F
ACFM FLOW: V. AT 120. F
o L/G_RAYIO: o .0
PROCESS WATER FLOW: 0. GPM
CUOULING WATER FLOW: 0., GPM
______SUSPENDED _SOLIDS OUY: 0. MG/L XSOLIDS: 00
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GENERAL INFORMAT]IOUNS

UNITS _ QPTION

PPSES: 504, DOOURS COKE 3

CONTROL SYSTEM CONFJIGURATION:

COKE OVEN DOOR CLEAN & MAINT

FEET UF ADDITIONAL DUCT: 0. DIAMETER: O,
TOTAL PRESSURE DROP: 0. INCHES
0 FANS @ 0, HP EACH SPARE FAN CAPACITY: _ 0,X%
OPERATING HOURS AT FULL HP: 8760,
OPERATING HUOURS AT REDUCED mP: 0.
_STACK MEIGHT: (1R DIAMFTER: O,
NO. OF OVENS 60,
OVEN HMEIGHT 6.0 METERS
o ~_OVEN _VOLUME 1348, CUBIC FEET
TONS COXKE/PUSH 24,
AVG, COKING TIME,HRS. 17.5
NO. CYCLES/DAY 82.
BULK DENSITY 50. LBS/CUBIC FT,
YIELD . o710
TONS COAL/YEAK 1011967,




CAPITAL CuST:
UNITS OPTION -

PPSES: SU4. DOORS COKE 3
CAPACITY: .J08 MILLTON TONS/YFAR
TOTAL COST (COSY BASIS IS 1310.,00% OF JUNE 1977 DOLLARS FOR 4Q78 COST.
CATEGORY T - COST IN DOLLARS
ent DIRFECY COST =g —-
EQUIPMENT OR MATERIAL 251900,
INSTRUMENTATION 0.
_ PIPING 0.
ELECTRICAL 0.
FOUNDATIONS 0.
STRUCTURAL 0.
SITE WORK 0.
INSULATION 0.
PROYECT]IVE COATING 0.
BUILDINGS 0.
EQUIPMENT/MATERIAL LABUR 13300,

DIRECY COST SuBYOTAL =~ = = 265200.. — -

*kx INDIRECT COST ==z«

FIELD OVERHEAD L 7000,
CONTRACTORS FEE 3000,
ENGINEERING 17500,
FREIGHT 1500, )
OFFSITE WORK 0.
TAXES 12500,
SHAKEDOWN 2300, _
SPARES 12000,
CONTINGENCY 63900,
INDIRECT COST SUBTOTAL 119700.
INTEREST DURING INSTALLATION 29600,
TOTAL COST 414500,
TOYAL COSY WITH RETRUFII 414500, .




OPERATING CUST:

UNITS  QPT]UN

PPSES: 504,

DOORS

COKE 3

2108 MILLION TONS/YEAR

— _LAPACITY:
CATEGORY WUANTITY RATE ANNUAL COST (¥
T 222 UTILITIES xxx
_ ____WATER 0. MGAL/YK 8 ,1595/1000 GAL 0.
ELECTRICITY U, KNH/YR $ L,0266/KnH 0.
STEAM 0., MLBS/YR $ 4,0920/MLBS 0.
FUEL 0, GAL/YR $ L4180/GAL. e _
x2e OPERATING LABOR #xx
DIRECT 17920, HRS/YR $14,34/HR 251300. (A
SUPERVISION 3504, HRS/YR $17,20/HR 60300, (B
xxx MAINTENANCE & SUPPLIES w=e
DIRECT LABOR 4500, HRS/YR $14,34/HR 64500, (C)
- SUPERVISION ___90u, HRS/YR $17.20/HR 15500, (D
MATERIALS 82300. (E
SUPPLIES 16800, (F)
. _WATER_TREATMEN] 0.
SOLID wASTE
DISPUSAL Vo TON/YR $ 8.25/TON 0.
o " " DIRECT OPERATING COST 490700,
PAYKOLL OVERHEAD =20,0X% OF A+B+C+D 78300, _
PLANT OVERHEAD =50,0X OF A+b+C+DeE+F 245400, !
TOTAL OPERATING COST 814400,
e ... _OPERATING_COSY IN DOLLARS PER TUN _ PRODUCTION 1.15
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 4023.85
OPERATING CUST AS PERCENT OF CAPITAL COSY 196.5
INSTALLATION JIME IN WEEKS. 80, .
ESTIMATED LIFE OF SYSTEM IN YEARS 25.
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (11.,02% OF JTOTAL CAPITAL) 45700,
ADMINISTRATION OVERHEAD ( 2.,0X% OF TOTAL CAPITAL) 8300,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 8300.
TOTAL ANNUALIZED COST = RETROFITY 876700,
- NEW 876700,
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GENERAL INFORMATION:

PPSES!
_CAPACITY:
PARTICULATE

——LOAD INZ
ALLOWABLE:

8S0
LOAD IN3
~ALLOWABLE:

BAP
LOAD IN:
ALLOWABLE:

BENZENE
L0AD INZ
ALLOWABLE:

DUST COLLECTED PER DAY:

TEMP 0OUT -OF -PROCESS®
EXHAUST TEMPERATURE?

SCFM FLOW?S
ACFM FLOW:

L/6 RATIO:

PROCESS WATER FLOW:
COOLING WATER FLOW:
SUSPENDED SOLIDS OuT:

20000,.
22000,

504. DOORS

»708 MILLION

-+500000 L BS/TON
«057500 LBS/TON
6.99 LBS/HR

500000 LBS/TON
+110000 {BS/TON
13.38 LBS/HR

0003000 LBS/TON
«000660 LBS/TON
-+08 .LBS/HR

~010000 LBS/TON
003500 LBS/TON
«83 LBS/HR

b

-120, F
100, F

AT
AT

70, F
100, F

e 840

-532.

160, GPM
0, GPM
MG/L

TONS/YEAR

COAL
COAL

COAL
COAL

coap
COAL

COAL
COoAL

TONS(DRY)

COKE

EFFICIENCY:S

-EFFICIENCYS -

EFFICIENCY:

EFFICIENCY:

XSOLIDS:

]

- el

~———UNITS _—OPTION .. - -
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GENERAL INFORMATION'

- e e s -UNITE - —OPTION
PPSES' 504. DOORS COKE 4

CONTROL SYSTEM CONFIGURATION'

VENTURI SCRUBBER
MISY ELIMINATOR

- _...._____.____FA~ .*ND ._ORIVE B Bk T T e U,

OUCTWORK
STACK
- -—CANOPY -H0OD -~ - -~ - SR S e s
WASTEWATER RECYCLE SYSTEM
DAMPERS
- - - - WASTE WATER -RETURN SYSTEM
WATER PUMPING SYSTEM
FAN AND DRIVE ELECTRICAL

— .. . --COKE -OVEN -DOOR CLEAN -& MAINT e e

-FEET-OF ADDITIONAL-DUCT: -~ - -—630,- —-DIAMETERS - -3, — —nm- -
TOTAL PRESSURE DROP: ' 35, INCHES
2 FANS @ 202, HP EACH SPARE FAN CAPACITY: 100.%
.-.DPERATING HOURS AT FULL HP: _. 8322, - - o i
OPERATING HOURS AT REDUCED HP: 0,
STACK HEIGHT: 100, DIAMETER: 3.
- NO, OF OVENS . . . ... - 60, R
HOOD SIZE: * 16, so FT
OVEN HEIGHT ' 6.0 METERS
. OVEN VOLUME . ... ... . 1348, -CUBIC FEET -
TONS COKE/PUSH 24,
AVG, COKING TIME,HRS, 17,5
- NOo CYCLES/DAY - - oo . . . .82, S
BULK DENSITY S0, LBS/CUBIC FT,
YIELD .70
. TONS COAL/YEAR : 1011967, S e
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CAPITAL COST?

PPSES! 504, DOORS

——UNITS ——QPTION — .
COKE a

1977 DOLLARS FOR 4078 cOST

DOLLARS

~~957500, - - = ———

~——CAPACITY: - —+708 MILLION TONS/YEAR
TOTAL COST (COST BASIS IS 110.00% OF JUNE
CATEGORY COST IN
o~ —ma% DIRECT COST-wwe
EQUIPMENT OR MATERIAL 441400,
INSTRUMENTATION 51900,
~_-PIPING . .- - . —— 67100,
ELECTRICAL 99000,
FOUNDATIONS 22600,
.-STRUCTURAL - -83600,
SITE WORK 3800,
INSULATION 7700,
- __._PROTECTIVE COATING s -..-32900,
BUILDINGS 10800,
EQUIPMENT/MATERIAL LABOR 156700,
"DIRECT-COST-SUBTOTAL S
wax INDIRECT COST #wn
_FIELD OVERHEAD . ..138100.
CONTRACTORS FEE 66900,
ENGINEERING 138300,
FREIGHT -41900, -
OFFSITE WORK 20400,
TAXES 38000,
SHAKEDOWN . . _ . 37700, ...
SPARES 34500,
CONTINGENCY

333200,
- INDIRECT COST .SuBTOTAL - - . - .

INTEREST DURING INSTALLATION
TOTAL COST '

TOTAL COST WITH RETROF17Y

»
[« )]
Hs

-849000,
131900,
1938000.

2363000,




OPERATING COST:

PPSES: 504, DOORS

COKE 4

DIRECT LABOR
SUPERVISION . _.

e CAPACTITYS e — 5708 -MILLION TONS/YEAR
CATEGORY QUANTITY RATE
Ak UTILITIES awx
o NATER - - 15978 ,~MGAL/YR ~——8 —1595/4000-GAL - -
ELECTRICITY 1332553, KWH/YR $ .0266/KWH
STEAM 0., MLBS/YR $ 4,0920/MLBS
- FUEL o cmmomm e Qy-BAL/YR % U180/G6AL - - —
- - ——awa OPERATING -LABOR -#uw
DIRECT 8760, HRS/YR $14,34/HR
. SUPERVISION . - -.._. ._1752, -HRS/YR $17,20/HR

33977. HRS/YR
i 6795, HRS/YR

$14,34/HR
--$17420/HR

MATERIALS
SUPPLIES

- WATER TREATMENT
SOLID WASTE

DISPOSAL

OPERATING COST IN DOLLARS PER TON

4a8, TON/YR $ 8,25/TON

DIRECT OPERATING COST

PAYROLL -OVERHEAD =20,0X OF A+B+C+D S e = e

PLANT OVERHEAD =50,0X OF A+B+C+D+E+F
TOTAL OPERATING COST
PRODUCTION
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED
OPERATING COST AS PERCENY OF CAPITAL COST
INSTALLATION TIME -IN WEEKS
ESTIMATED LIFE OF SYSTEM IN YEARS
KWH PER TON CAPACITY
CAPITAL RECOVERY (13,15% OF TOVAL CAPITAL)
ADMINISTRATION OVERHEAD ( 2.0X OF TYOTAL CAPITAL)
PROPERTY TAXES 8 INS., ( 2.,0X OF TOTAL CAPITAL)
TOTAL ANNUALIZED COST = RETROFIT

- NEW

- A-62

ek k MAINTENANCE & BUPPLIES #ww —. - .

- YNITS —OPTION - -

-~ --2500,

35500,

C a0,

125700,

----30100,

487400,
--416900,
236400,
128300,
: 0.

3700,
1166500,
152000,

562400,
1880900,

ANNUAL COST (8.

(A
(8)

(c
(0
(E)
(F=

2.66
8400,71

79,6

104,
15.

1.9
- 310700,

47300,
47300,

-2286200,
2213300,




GENERAL INFORMATION:

S e e oo YN TS —OPTION
PPSES: S04, DOORS COKE 5

e CAPACITY S — - e 708 -MILL FON -TONS/YEAR — — oo

PARTICULATE
- - L OAD INS . 500000 LBS/TON -COAL- —- -
ALLOWABLE: 033500 LBS/TON COAL EFFICIENCY: 93,3X
4,07 LBS/HR

BSO

LOAD IN: «500000 LBS/TON COAL
it et e - -~ -——ALLOWABLES: —081000 LBS/TON COAL —EFFICIENCY: —83,8% —
9.85 LBS/HR
_BAP - - - e [ - e e e e e o ——— .
LOAD IN: «003000 LBS/TON COAL
ALLOWABLE: «000486 LBS/TON COAL EFFICIENCY: 83,8%
e - - o506 LBS/HR - - - VSR
BENZENE
LOAD 1IN 010000 LBS/7TON COAL -- - - oo
ALLOWABLE: ,002800 LBS/TON COAL EFFICIENCY: 72.0X
«34 LBS/HR
DUSYT COLLECTED PER DAY: .6 TONS(DRY)
TEMP QUT-OF PROCESS: - 120, F
EXHAUST TEMPERATURE: 100, F
-SCFM FLOW: 26000, AT 10, F
ACFM FLOW? 27000, AT 100, F
L/76 RATIO:® - —8,40 - -
PROCESS WATER FLONW: 208, GPM
COOLING WATER FLOW: 0. GPM
SUSPENDED -SOLIDS QuT: 409, MG/L XS0LIDS: 0
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- ——————— = —— -

e e UNITS —OPTION -
S04, DOORS COKE 5

GENERAL INFORMATION?

PPSES:

CONTROL SYSTEM CONFIGURATION:

VENTURI SCRUBBER
MIST ELIMINATOR
e . . F AN AND DRIVE - . . .. o s S e e e
DUCTWORK
STACK
- CANOPY HOOD
WASTEWATER RECYCLE SYSTEM
DAMPERS
WASTE WATER RETURN SYSTEM
WATER PUMPING SYSTEM
FAN AND DRIVE ELECTRICAL
o -COKE OVEN DOOR .CLEAN 8 MAINT - C e e o e

.~ . . FEET-OF ADDITIONAL -DUCT: .. - -630, - -DIAMETER: —3, - -ommmmm s .
TOTAL PRESSURE DROP: 65. INCHES
2 FANS @ 460, HP EACH SPARE FAN CAPACITY: 100,%
OPERATING -HOURS AT FULL HP: . B322. = - oo o e
OPERATING HOURS AT REDUCED HP: 0.
STACK HEIGHT: 100, DIAMETER: 3,
NO. OF OVENS “ . 80, e
HOOD SIZE: 16. SG,.FT,
OVEN HEIGHT 6.0 METERS
. OVEN VOLUME . . 1348, CUBIC FEET
TONS COKE/PUSH 24,
AVG. COKING TIME,HRS, 17.5
NO. CYCLES/DAY . e B2
BULK DENSITY S0. LBS/CUBIC FT,
YIELD .70
TONS COAL/YEAR 1011967,
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CAPITAL CcosTV:

e : - e . _UNITS —OPTION -
PPSES: 504,  DOORS COKE 5
e e CAPACITYS = ——— 708 MILLION -TONS/YEAR - — R —
TOTAL COST (COST BASIS 1S 110.00% OF JUNE 1977 DOLLARS FOR 4078 COST
CATEGORY COST IN DOLLARS
. et DIRECT —COST—aa- R —
EQUIPMENT OR MATERIAL 551400.
INSTRUMENTATION 51900,
e e P IPING - —— — ~——35700, L
ELECTRICAL 110300,
FOUNDATIONS 21000,
e STRUCTURAL ~ - - = —omm e =~ B7Q00, - e -
SITE WORK a200.
INSULATION 8600,
i PROTECTIVE COATING —— o — s 48000y —moomoo
BUILDINGS 12200.
EQUIPMENT/MATERIAL LABOR 177900,
e e~ _DIRECT-€OST BUBTOTAL e o 4421400 g e o e — —
axr INDIRECT COSYT a2
___FIELD OVERMEAD - _ 153800, e
CONTRACTORS FEE 75700.
ENGINEERING 148900,
FREIGHT - o o G100 e e
OFFSITE WORK 23200.
TAXES g 43800,
_SHAKEDOWN - — .  — — . 43900, —— .
SPARES 39000,
CONTINGENCY 378400,
_INDIRECT €OST SUBTOTAL- ~ —— o — §53800, —— -
INTEREST DURING INSTALLATION 150100,
TOTAL COST - 2225000,
TOTAL COST WITH RETROFIT | 2696700,
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OPERATING COST:
- : ———————UNITS —OPT]JON

PPSES: S04,  DOORS COKE 5
——GAPACITYS —— — ————708 MILLION -TONS/YEAR -
CATEGORY GUANTITY RATE ANNUAL COST

tAn UTiLITIEs 1 13

- WATER -——- — 20772, -MGAL/YR ——§ —1595/4000-6AL- ———— 3300,
ELECTRICITY 3026942, KWH/YR $ ,0266/KWH 80600,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
e o o FUBL - e 0 -BAL/YR - —— 8 LQ1BO/GAL ———— . . 0,
S i et % DPERATING L ABOR —®## — oo
DIRECT 8760, HRS/YR $14,34/HR 125700, ('
e —.__.SUPERVISION . __ . _ 1152, MRS/YR..___$311,20/HR 30100, -«

e e na % _MAINTENANCE -8 -SUPPLIES —#ae -

]

DIRECT LABOR 33977, HRS/YR $14,34/HR 487400, (
.SUPERVISION _.. _ .. __ 6795, HRS/YR .. _.$17.,20/HR._ 136900, (i
MATERIALS 236400, (
SUPPLIES 128800, (F
WATER TREATMENT .. .. . : S P -0,
SOLID WASTE
DISPOSAL 472, TON/YR $ 8,25/TON 3900,
DIRECT OQOPERATING COST 1213100,
—PAYROLL OVERMEAD -220,0X .0F AeBeCeD . . . . .._152000,
PLANT OVERHEAD 850,0% OF A+B+C+D+E+F Se2700,
TOTAL OPERATING COST 1927800,
OPERATING COST .IN DOLLARS PER YON . PRODUCTION ... . -2el2
OPERATING COST IN DOLLARS PER YON OF DUST COLLECTED 8167,2
OPERATYING COST AS PERCENT OF CAPITAL COST 71.5
INSTALLATION TIME IN WEEKS e -104,
ESTIMATED LIFE OF SYSTEM IN YEARS 1S.
KWH PER TON CAPACITY 4,3
_ L CAPITAL RECOVERY (13.15% OF TOTAL CAPITAL). cee— - 354500,
ADMINISTRATION OVERHMEAD ( 2.0X OF TOTAL CAP]TAL) 53900,
PROPERTY TAXES & INS. ( 2.,0X OF TOTAL CAPITAL) 53900,
e - TOTAL ANNUALIZED L£OST = RETROFITY - - . _._.-2390100., -
o NEW 2309300,




GENERAL INFORMATION:

UNITS

OPTIUN

PPSES:

_CAPACTTY?

504, DOORS

708 MILEION YONS/YEAR

COKE

6

PARTICULATE
LUAD N _a90U000 tBS/YTON CUAL
ALLOWABLE: LUS75u0 LBS/TUN COAL EFFICIENCY: 88.5%
6,99 LBS/HK
BSUL
LUAD IN: «S500000 LBS/TON CUAL
ALLUWABLES 110000 1 BS/TUN COAl EFFICIENCYS: 78.0%
13,38 (LBS/HR
BAP i —— _
LOAD IN: LU030U0 LBS/TON COAL
ALLOWARLE ¢ sUOUBBYU LBS/ZTUN COAL EFFICIENCY: T8.0%
o 06 L BS/HR .
BENZENE
LOAD IN: 01uduu LBS/TUN CUAL e
ALLuwabLE:  L0035u0 LBS/TON COAL EFFICIENCY: 65.0%
«43 LBS/HK
DUST COLLECTED PER DAY: T 7.6 TONS(DRY)
JEMP_QUT OF PrRQCESS: __ _120. F.___ - e
EXHAUST TEMPEWATUKE S 100, F
o SCFM FLUWS 1uNVo, AT 70, F_ L o
ACFM FLOWS® 11000, AT 100. F
o L/G RAT]IU: ... B.O _ R
PRUCESS wATER FLOUW: 80. GPM
COULING WATEF FLUWS 0. GPM
. SUSPENDED SOLTIDS QUTS 1064, MG/ZL . _ _XS50LIDS:_ o1 .
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GENERAL INFORMATION?

UNITS OPTION
PPSES: Su4, DOORS COKE 6
CONTROL SYSTEM CUNFIGURATION:
VENTURI SCRUBBRER
MIST ELIMINATUR
FAN _AND DRIVE
DUCTWORRK
STACK
CANQPY RWOUD .
NASTEWATER RECYCLE SYSIEM
DAMPERS
— WASTE WATER RETURN SYSTEM _
WATEK PUMFING SYSTEM
Falv AND DRIVE ELECTRICAL
COKE UVEN DOOR CLEAN X MAINT .
_ FEET OF _ADDITIONAL DuUCT: 350, DIAMETER: 2.
TYOTAL PRESSURE DwOP: '35, INCHES
e FANS @ 101, HP EACH SPARE FAN CAPACITY: 100.X%
UPERATING HUURS Al FULL HP: 8322,
. UPERATING HOURS AT REDUCED HP: O
STACK HEIGHT: 100, DIAMETEK: 2,
— . NO. _OF OQVENS -1 o —_—
HOULUDL SIZE: 16. SULFT,
OVEN HEIGHT 6.0 METERS
i UVEN VULUME i Y348, CUBIC FEET e
TONS CUKE/PUSH 24,
AVG. CUKING TIME,HRS, 17.5
e . NOL_CYCLESY/DAY R - ¥ - S .
BuLK DENSITY S0, LBS/7CUBIC FT1.
YIELD .70
. JONS COAL/YEAR _ 1011967,
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CAPITAL COST:
UNITS UPTION

PPSES: 504, DOORS COKE 6
e CAPACITYZ e lG8_MILLION _TONS/ZYEAR

TOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DULLARS FOR 4Q78 COS?

CATEGURY COST IN DOULLARS
-2xx DIRFCY COST wxn

EQUIPMENT Or MATERIAL 270300,
INSTRUMENTATION 51900,
PIPING 48100,
ELECTRICAL 74300,
FOUNDATIONS 16400,
SIKLCTURAL 48100,
SITE wWORK 3000,
JNSULAT]ION 5800,
PROTECTIVE COATING 8000,
BUILDINGS - 7800,
EQUIPMENT/MATERIAL LABOR 1029060,

DIRFCY COST SUBTIUTAL 36600,

xxx INDIRECT COST wxx

FIELD OVERHEAD 95000,
CONTRACTOKS FEE 44900,
ENGINEERING 113400,
. FKEIGHT 24900, .
NFFSITF WORK 14600,
TAXES : 24500,
SHAKEDUWN B 27500, L
SPARES 25100,
CONTINGENCY 220700,
INDIRECI COST SUBIOTAL 590600.
INTEREST DURING INSTALLATION 92500,
) TOTAL coSsT - 1319700, o
. TOYAL _COST WITH _RETROFIT . 1588300a . __ .
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OPERATING COST:

UNITS UPTION e
PPSES: 504, DOORS COKE 6
CAPACITY: « 708 MILLION TONS/YEAR -
CATEGORY QUANTITY RATE ANNUAL COST (¢
*ax UTILITIES s## o

—— e __WATER 7989, MGAL /YR & ,1595/1000 GAL 1500,
ELECTRICITY 666276, KWH/YR $ .0266/KnH 17700,
STEAM 0. MLBS/YR $ 4,0920/MLRS V.
FUEL Ve GALZYR $§ .4180/6AL 0,

. 2xwx OPERAYING LABOR xxx

DIRECT 8760, HRS/YR $14,34/HR 125700, (A
SUPERVISION 1752. HRS/YK $17.20/HR 30100, (b

xxx MAINTENANCE & SUPPLIES x#u

DIRECT LABUR 29937, HRS/YR $14,34/HR 429400, (q
SUPERVISION 5987, HRS/YR $17,20/HR 103000, (¢
MATERIALS 209100, (&
SUPPLIES 112300, (
WATER _TREATMENT _ _ I | P
SNLID WASTE
DISPUSAL 4ua8, TUN/YK $ 8.25/T0N 3700.
DIKRECY OPEKATING COSTY 1032300,
PAYROLL OVERHEAD =20,0% OF A+B+C+D 137600,
PLANT OVERHEAD =S5U.0% OF A+B+C+D+E+F S04800.
TOYAL OPERATING COUST 1674700,
_ OPERATING CUST I DOLLARS PER TON PRODUCTION _2.36
TOPERAYING COST IN DOLLARS PER TON OF DUST COLLECTED 71479,.75
UPERATING COST AS PERCENT OF CAPITAL COST 105.8
— _ INSTALLATIUN TIME IN WEEKS _ o _ 104,
ESTIMATED L)YFE OF SYSTEM IN YEARS 15.
Kwr PER TON CAPACITY .9
L CAPITAL RECOVERY (13.15% OF TOTAL CAPIVAL) 208100,
AUMINISTRATION OVEKHEAD ( 2.0% OF 10TAL CAPITAL) 31700,
PROPERTY TAXES & INS, ( 2.0% OF TYOTAL CAPITAL) 31700,
TOTAL ANNUALIZED COST = RETROF1Y 1946200, -
- NEW 1901000,

A-70




GENERAL INFORMATIONS

UNITS OPTION

PPSES: S04,

CApPaClIY:

DOORS

~«708 MILLION TONS/YEAR __ _. . —

COKE 7

PARTICULATE
LOAD IN:_ .500000 LBS/TON_COAL
ALLOWABLE? +033500 LBS/TON COAL EFFICIENCY: 93,32
4,07 LBS/HR
BSO S T
LOAD IN: «500000 LBS/TON COAL
ALLOWABLE: «081000 LBS/TUN COAL EFFICIENCY: 8s,8% _
9.85 LBS/HR
BAP . _ — L
LOAD INZ «003000 LBS/TUON COAL
ALLOWABLE 000486 LBS/TON COAL EFFICIENCY: 83.8%
.06 LBS/HR .
BENZENE
LOAD IN: 2010000 LBS/TON COAL — ——
ALLOWARLE S .UOESQO LBS/TON COAL EFFICIENCY: 72.0%
«34 LBS/HR
DUST COLLECTED PER DAY: «6& TONS(DRY)
o TEMP OUT OF PROCESS: 120, F
EXHAUST TEMPERATURE: 100, F
. SCFM FLOW: 13000, AT 70, F )
ACFM FLOW? 1400, AT 100, F
_L/G RATIO® 8.0 .
PRUOCESS WATER FLOW: 104, GPM
COOLING WATEKR FLOW: 0, GPwm
___SUSPENDED_SOLIDS OUT: 818, ME/L $SOLI0S: .1
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GENERKAL INFORMATIJIOUN:

—_ UN1TS OPTION
PPSES: S04, DOUKS COKE 7
CONTROL SYSTEM CONFIGUKATION:
VENTUR] SCRUBBER
MIST ELIMINATUK
. FAN AND DRIVE. ——
DUCTWORK
STACK
CANLPY HWDUD
WASTEWATER RECYCLE SYSTEM
DAMPERS
. _WASTE WATER RETURN SYSIEM _— .
WATER PUMPING SYSTEM
FAlW ARD DRIVE ELECTRICAL
CNHKE OVEN DOOK CLEAN & MAINT
FEET OF ADDITIONAL DUCTY: 350, DIAMETIFR: 2.
TOTAL PRESSURE DROP: 65, INCHES
2 FANS @ 239, HP EACH SPARE FAN CAPACITY: 100.%
UPERATING HOURS AT FULL HP: 832¢,
DPERATING HOURS AT REDUCED HpP: 0.
STACK HEJIGHT: 100, DIAMETER: 2.
W0, OF _OVENS _ 60,
HOOD S12E: 16, SQ.FT,
OVEN HEIGHT 6.0 METEKS
_DVEN VULUME . 1348, _CUBRIC FEET e
TONS COKE/PUSH 24,
AVGe CUKING TIME,HRS, 17.5
e NOL _CYCLES/DAY . 82 —
BULK DENSITY 50, LBS/CUBIC FT,
YIELD o710
_— TONS _COALZYERR 10}11967, _
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CAPITAL COST:

UNITS OPTION

PPSES: 504,

CAPACITY:

DOORS COKE 7

2708 MILLION TONS/YEAR

TOTAL COST (COST BASIS IS 110,00% OF JUNE 1977 DOLLARS FOR 4Q78 COS
CATEGORY COST IN DOLLARS B
*xx DIRECT COST =wx
EQUIPMENT OR MATERIAL 340000,
INSTRUMENTATION S1900,
PIPING S4600,
ELECTRICAL 82800,
FOUNDATIONS 19700,
. STRUCTURAL 51409, o B _
SITE WURK 3200,
INSULATIONW 6500,
_PROTECTIVE COATING 9000, e
BUILDINGS 8900,
EQUIPMENT/MATERIAL LABUK 115700,
DIRELT COST SUBTUTAL. 743700, _
*xx INDIRECT CUST wa=x
FIELD OVERMHEAD 106500,
CONTRACTORS FEE 52300,
ENGINEERING 123000,
FREIGHT 27600,
OFFSITE WURK 17000,
TAXES 293¢0,
N SHAKENOUWN 32800,
SPARES 29200,
CONTINGENCY es54300,
INDIRKRECT COST SUBTOTAL 672000,
INTEKEST DURING INSTALLATIUN 107300,
TOTAL COUST 1523000,
TOVAL COST WITH RETROFIY 1818400,
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DPERATING CNST:
UNITS OPTION

PPSES: 504, DDORS COKE 7
—CAPACTITY: <108 MILLION _TONS/ZYFAR
CATEGORY BUANT]ITY RATE

ANNUAL COST (Sg

xxx UTILITIES nwx

WATER 1038, MGAL/YR $ .159Ss1000 GAL 1700,
EtLECTIRICTITY 1569274, KWH/YR 3 «0266/KWH 41800,
STEAM U, MLBS/YR ¥ 4,0920/MLBS 0.
e FLEL Vo BAL/YR $  L.4180/GAL 0.

e %%k OPFRATING LABUR www

DIKECT 8760, MRS/YK $14,34/HR 125700, (A}

_ SHPFRYISTOWN 175¢, HKS/YR $17,20/HR 30100, (B)

e e wkx MAINTENANCFE & SUPP] IFS #%x4
DIKECT LABDR 30137, HRS/YKR $14,34/HR 432300, (C,
_SHFERVISTO 6027, HRS/YR $17.20/HR 103700._(D)
MATERTALS 211300, (E)
SUPPLIES 113500. (F
WATER TREATHMENT, . N | P
SOLTV AASTE

DISPUSAL 472, TON/YR $ 8.25/TON 3900,

DIKECT UPERATING COST 1064000,
e e PRYRULL_OVERHEAD =20.0% _0F A+B+C+D 138400, . .

PLANT UVERHEAD =50,0% OF A+B+C+D+E+F 508300,

10TAL OPFRATING COST 1710700,

o S UPERAT WG CUST IN DOLLARS PEK _TON PRUDUCTIUN R.ul
DPERATING COST IN DOLLARS PER TOW OF DUST COLLECTED 7247 .46
OPERATING CUST AS PERCENT UF CAPITAL COST 94,1

e INSTALLATION TIME IN WEEKS 104, .
eSTIMATED LIFE UF SYSTEM IN YEAKS 15,
EaH PER TON - CAPACITY -y

_ CAPITAL RECOVERY (13,15% OF 10TAL CAPITAL) 239100,
ADMINTISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 36400,
PRUPERTY TAXES &8 INS. ( 2.0% OF TOTAL CAPITAL) 36400,
TOTAL _ANNUALIZ2ZED COST = RETROFIT 2022600,

- NEW 1971900. -
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GENERAL INFORMATION:
UNITS OPTION

PPSES: 505, TOPSIDE COKE e

— CAPACTIYYS: ===~~~ L7708 MILLION YONS/YFAR

PARTICULATE
LOAD IN: 2200000 LBS/TON COAL

ALLOWABLE: ,020000 LBS/TON COAL EFFICIENCY: 90,02
2.31 LBS/HR

8S0 :
LOAD IN: «250000 LBS/TON COAL
ALLOWABLE: ,025000 LBS/TON COAL  EFFICIENCY: 90,.0%
2.89 LBS/HR
_BAP
LOAD IN: «001000 LBS/TON COAL
ALLOWABLE: 000100 LBS/TON COAL EFFICIENCY: 90,0%
201 LBS/HR
BENZENE
LOAD IN: »005000 {BS/TON COAL
ALLOWABLE: ,000500 LBS/TON COAL EFFICIENCY: 90,0X
«06 LBS/HR
OUST COLLECTED PER DAY: «2 TONS(DRY)
— TYEMP OUY OF PRDCESSS 120, F
EXHAUST TEMPERATURE: 120, F
SCFM FLOW? O, AT 10, F
ACFM FLON: 0. AT 120, F
L/6 RATIOS +0
PROCESS WATER FLOW: 0, GPM
COOLING WATER FLOW: 0. GPM
SUSPENDED SOLIDS QUTY: 0. MG/L XSOLIDS: 20
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GENERAL INFORMATION:
UNITS__ OPTION

PPSES: 505, TOPSIDE COKE e

CONTROL SYSTEM CONFIGURATION:

TOPSIDE MAINTENANCE = LEVEL 1

FEET OF ADDITIONAL DUCT:? 0, DIAMETER: O,

TOTAL PRESSURE DROP: 0. INCHES

0 FANS @ 0., HP EACH SPARE _FAN CAPACITY: 0.%
OPERATING HOURS AT FULL MP: 8760, '
OPERATING HOURS AY REDUCED HP: 0

STACK HEIGHTS 0. DIAMETER: 0.
NO. OF OVENS 60.

OVEN HEIGHT 6,0 METERS

OVEN VOLUME 1348, €CUBIC FEET

TONS COKE/PUSH 24.

AVG6, COKING TIME,HRS,. 17.5

ND. LYCLES/DAY B2.

BULK DENSITY 50. LBS/CUBIC FT,
YIELD . o70

TONS COAL/YEAR 1011967,
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OPERATING COST:

UNIIS DPTION
PPSES: S05, TOPSIDE COKE e
CAPACITY: ~J08 MI{tION YTONS/YEAR
CATEGORY GUANTITY RATE ANNUAL COST (8)
axe UTILITIES wun
MATYER 0, MGALZYR $ .1%595/1000 GAL 0.
ELECTRICITY 0. KWH/YR $ ,0266/KnWH 0,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR S .8160/GAL 0. —
. %ep OPFRATING LABOR wee
DIRECT 8760, HRS/YR $14,34/HR 125700. (A)
SUPERVISION 1752, HRS/YR $17.20/HR 30100, (B)
wow MAINTENANCE & SUPPLIES aww
DIRECT LABOR 0, HRS/YR $14,34/KHR 0. (C)
SUPERVISION 0, HRS/YR $17.20/HR 0. (D) .
MATERIALS 0. (E)
SUPPLIES 0. (F)
NATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0, TON/YR $ 8.,25/TON 0.
DIRECT OPERATING COST 155800,
PAYROLL OVERHEAD =20.0% OF A+B+C+D 31200. )
PLANT OVERHEAD =50,0X OF A+B+C+D+E+F 77900,
TOTAL OPERATING COST 264900,
OPERATING COST IN DOLLARS PER TON PRODUCTION 237
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 2908,53
OPERATING COST AS PERCENT OF CAPITAL COST o0
JINSTALLATION TIMFE IN WEEKS .
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (10,00X OF TOTAL CAPITAL) 0,
ADMINISTRATION OVERHEAD ( 2.0X OF TOTAL CAPITAL) 0.
PROPERTY TAXES & INS, ( 2.0% OF TOTAL CAPITAL) 0.
TOTAL ANNUALIZED €OSY -= RETROFIY 264900,
e NEW 264900,
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‘GENERAL INFORMATION:

UNITS _ OPTION
PPSES: 505, TOPSIDE COKE 3
CAPACTTYZ L1708 MIti I10N TONS/YEAR
PARTICULATE
LOAD IN; .200000 L BS/TON COAL
ALLOWABLE: 010000 LBS/TON COAL  EFFICIENCYS -
1.16 LBS/HR
8S0
LOAD IN: +250000 LBS/TON COAL
1,44 LBS/HR
BAP
LOAD IN: .001000 LBS/TON COAL
ALLOWABLE: +000050 LBS/TON COAL EFFICIENCY: 95.0%
.01 |BS/HR
BENZENE
LOAD IN: 2005000 1 BS/TON COAL
ALLOWABLE: .000250 LBS/TON COAL  EFFICIENCY: 95.0%
.03 LBS/HR
DUST COLLECTED PER DAY: +3 TONS (DRY)
TEMP OUT DF PROCESS:  120. F -
EXHAUST TEMPERATURE: 120, F
SCFEM FLOW: 0, AT 70, F
ACFM FLOWS 0. AT 120, F
L /6 RATIO: .0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0. GPM
SUSPENDED SOLIDS OUT: 0, MG/L X50LIDS: )
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GENERAL INFORMATION:

UNITS QPTION
PPSES: S0S, TOPSIDE COKE 3

CONTROL SYSTEM CONFIGURATION:

TOPSIDE MAINTENANCE = LEVEL 2

FEEY OF ADDITIONAL DuUCTS 0. DIAMETER: O,
TOTAL PRESSURE DROP: 0. INCHES
0 FANS @ 0, WP EACH SPARE FAN CAPACITY: 0.%

OPERATING HOURS AT FULL HP: 8760,
~ OPERATING HOURS AT REDUCED HP: 0. :
o STACK HEIGHY: 0. DIAMETER: O,

NO. OF OVENS 60.

OVEN HEIGHT 6.0 METERS

OVEN VOLUME 1348, CUBIC FEET
TONS COXE/PUSH ed,

NOo CYCLES/DAY 82,

BULK DENSITY S0, LBS/CUBIC FT,
YIELD «70

TONS COAL/YEAR 1011967,




OPERATING COST:

UNITS  QPTION
PPSES: 505, TOPSIDE COKE 3
CAPACITY: JJ08 MILLION TONS/ZYEAR |
CATEGORY QUANTITY RATE ANNUAL COST (S)
aes UTILITIES man E
S WATER Q. MGAL/YR  § _1505/1000 GAL 0.
ELECTRICITY 0. KWNH/YR $ ,0266/KNH 0.
STEAM 0. MLBS/YR $ 4,0920/MLBS 0,
FUEL 0. GAL/YR S .4180/GAL 0.
«or DPEFRATING LABOR sne
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR ___ $17,20/HR 30100, (B)
wxx MAINTENANCE & SUHPPLIFS anx
DIRECT LABOR 5900, MRS/YR $14,34/HR 84600, (C)
SUPERVISION 1180, HRS/YR $17.20/HR 20300, (D)
MATERIALS 21200, (E)
SUPPLIES 18900, (F)
NATER TREAIMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0o
DIRECT OPERATING COST 300800,
PAYROLL OVERHEAD 520.0% OF AeBsCeD 521004
PLANT OVERHEAD =50,0% OF A+B+C+D+E+F 150400,
TOTAL OPERATING COST 503300.
QPERATING COST IN DOLLARS PER TON  PRODUCTION .11
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 5235,24
OPERATING COST AS PERCENT OF CAPITAL COST o0
INSTALLATION YIME IN WEEKS '
ESTIMATED LIFE OF SYSTEM IN YEARS 99.
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (10,00% OF TOTAL CAPITAL) 0,
ADMINISTRATION OVERWEAD ( 2.0% OF TOTAL CAPITAL) 0.
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 0.
----- T0OTAL ANNUALYZED COST = RETROFIY 503300,
- NEW 503300,
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GENERAL INFORMATION:

UNITS OPTION

PPSES: 50§, TOPSIDE COKE ]
CAPACYTIYS o708 MILLION YONS/YFAR
PARTICULATE
L DAD IN: 2200000 LBS/YON COAL
ALLOWABLE: ,006000 LBS/TON COAL EFFICIENCYS:. 97,0% g
«69 LBS/HR Co b
BSO
LOAD IN: «250000 LBS/TON COAL
ALLOWABLE: ,007500 LBS/TON COAL EFFICIENCY: 97.0%
«87 LBS/HR
BAP_
LOAD IN: «001000 LBS/TON COAL
ALLOWABLE: L,000030 LBS/TON COAL EFFICIENCY: 97,0X
200 LBS/HR
BENZENE
LOAD JIN:  ,005000 {BRS/TON COAL
ALLOWABLES 000150 LB8S/TON COAL EFFICIENCY: 97,02
«02 LBS/HR
DUSYT COLLECTED PER DAY: o3 TYONS(DRY)
YEMP DUY OF PROCFESSS 120. F
EXHAUST TEMPERATURE:? 120, F
SCFM FLOW? 0, AT 10, F
ACFM FLOWS 0. AT 120, F
176 RATIOS .0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0, 6PM
SUSPENDED SOLIDS OUT: 0, MG/L 2SOLIDS: 20
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GENERAL INFORMATION:
UNITS OPTION

PPSES: 505, TOPSIDE COKE 4

CONTROL SYSTEM CONFIGURATION:

v TOPSIDE MAINTENANCE = LEVEL 1
.- NEW LIDS AND CASTINGS

FEET OF ADDITIONAL DUCT: 0. DIAMETER: O,
TOTAL PRESSURE DROP: 0, INCHES

0 FANS @ 0. HP EACH SPARE FAN CAPACITY: 0.%
OPERATING HOURS AT FULL #P: 8760,
OPERATING HOURS AY REDUCED HWP: 0.

STACK HEIGHT: 0. DIAMETER: O,
NO. OF OVENS 60,

OVEN HEIGHT 6.0 METERS

OVEN VOLUME 1368, CUBIC FEET

TONS COKE/PUSH e4,

AVG, COKING TIME,HRS. 17.5

NO. CYCLES/DAY 82,

BULK DENSITY . S0, LBS/CuBIC FT,
YIELD 270

TONS COAL/YEAR 1011967,
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CAPITAL COST:

UNITS OPTION
PPSES: SO0S, TOPSIDE COKE
_CAPACTITY? 108 MILL ION TONS/YFAR
TOTAL COST (COST BASIS IS 110.,00X OF JUNE 1977 DOLLARS FOR 4Q78 COST,)
CATEGORY COSY IN DOLLARS .~ .
san DIRFCY COSY sas : -
EQUIPMENT OR MATERIAL 55200,
INSTRUMENTATION 0.
PIPING 0. N
ELECTRICAL 0.
FOUNDATIONS e
STRUCTURAL 0.
SITE WORK 0.
INSULATION 0.
PROTECTIVE COATING 0.
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 0,
DIRECY COSY SUBTOTAL £5200,
aax INDIRECT COST n=xx
FIELD OVERHWEAD 0. -
CONTRACTORS FEE 4300,
ENGINEERING 2000,
 _____ FREJIGHT 3800,
OFFSITE WORK 0.
"TAXES 900,
SHAKEDOWN 0.
SPARES 1800,
CONTINGENCY 12200,
- INDIRECY COST SUBYDTAL 25000,
INTEREST DURING INSTALLATION 900,
TOTAL COSY 81100,

TOTAL COSY WIYH RETROFYIY =~ 10654900,
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OPERATING COST:

UNITS _ DPIION
PPSESt 505. TOPSIDE COKE a
CAPACITYZ 2708 MILLION TONS/YEAR
CATEGORY QUANTITY RATE 'ANNUAL COST (S)
stx UTILITIES wex E
WATER 0. MGAL/YR _ § ,.1595/1000 GAL 0.
ELECTRICITY 0. KWH/YR $ .0266/KNH 0.
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL U, GAL/YR $  L,8180/GAL 0.
axe OPERATING L ABOR #nw
DIRECT 8760, HWRS/YR $14.34/HR 125700. (A)
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (B)
sax MAINTENANCE & SUPPLIES #xs
DIRECT LABOR 600, HWRS/YR $14,34/HR 8600, (C)
SUPERVISION 120, HRS/YR $17,20/HR 2100, (D)
MATERIALS 2200. (F)
SUPPLIES 1900, (F)
WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8,25/TON 0.
DIRECT OPERATING COST 170600,
PAYROLL OVERHEAD 220.0X% OF A+BeC4D 33300,
PLANT OVERHEAD =50.0% OF A+B+C+D¢E+F 85300.
TOTAL OPERATING COST 289200,
 _____OPERATING COST IN DOLLARS PER_TON PRODUCTION 041
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 2906.19
OPERATING COST AS PERCENT OF CAPITAL COST 274.4
o _INSTALLATION TIME IN_WEEKS 12,
ESTIMATED LIFE OF SYSTEM IN YEARS 35,
KWH PER TON CAPACITY .0
CAPITAL RECOVERY (10,37% OF TOTAL CAPITAL) 10900, )
ADMINISTRATION OVERMEAD ( 2.0% OF TOTAL CAPITAL) 2100.
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 2100,
TOTAL ANNUALIZED COST = RETROFIT . 304300,
- NEW 300800,
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GENERAL INFORMATION:

UNITS QPTION

PPSES: S06. COMBUSTION STACK = OLD

COKE

CAPACITY: o708 MILLION YONS/YEAR

2

PARTICULATE

LOAD JN:3 1,300000 LBS/TON COAL

ALLOWABLE: ,260000 LBS/TON COAL
' 30,04 LBS/HR

EFFICIENCY?

80,02

8S0

LOAD IN: «006000 LBS/TON COAL
ALLOWABLE: ,005200 LBS/TON COAL

EFFICIENCY:

80,0X

e14 L BS/HR

BAP

LOAD IN: «000060 LBS/TON COAL
ALLOWABLE: ,000012 LBS/TON COAL
00 LBS/HR

EFFICIENCY:

80.0X

DUST COLLECTED PER DAY:

1.8 TONS(DRY)

TEMP OUT OF PROCESS:
EXHAUST TEMPERATURE:

450, F
450, F

SCFM FLONW? 67000,
ACFM FLOn: 115000,

AT 70. F
AT 450, f

L/6 RATIO?
PROCESS WATER FLOW:
COOLING WATER FLOW:

o0
0, 6PM
0, GPM

SUSPENDED SOLIDS OUT?S

0., MG/L

XS0LIDS:

o0
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GENERAL INFORMATION:
UNITS OPTION

PPSES: S0Oe. COMBUSTION STACK = OLD COKE e

CONTROL SYSTEM CONFIGURATION:

NEATING CONTROL AND PATCHING

FEET OF ADDITIONAL DUCT? 0. ° DIAMETER: 6,

TOTAL PRESSURE DROP: 0. INCHES
0 FANS o 0. HP EACH SPARE FAN CAPACITY: 0.3
OPERATING HOURS AT FULL HP: 8760,
OPERATING WOURS AT REDUCED HP3 0.
SYACK MFIGHT? 0, DIAMFTFR: O
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEEY
TONS COKE/PUSH e,
AV6. COKING TIME,HRS, 17.5
— _ND. CYCLES/DAY B82.
BULK DENSITY S0. LBS/CUBIC FT,
YIELD o710
JONS COAL/YEAR 1011967,




OPERATING COST:
_UNITS QPTION

PPSES: 506. COMBUSTION STACK = QLD COKE e
CAPACTITY: 708 MIL1I I0ON TDNS/YEAﬂf
CATEGORY QUANTITY RATE ANNUAL COST (%)

- _ sxx UTILITIES wxs
__WATER 0. MGAL/ZYR 8 .1595/1000 GAL 0.

ELECTRICITY 0., KWH/YR $ L0266/KwH 0.
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR $ L4180/GAL 0.

tkx OPERAYING LABOR waw

DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISJION 1752, HRS/YR $17,20/HR 30100, (B)

wxew MAINTENANCE & SUPPLIES sxx

DIRECT LABOR 5900, HRS/YR $14,34/HR 84600, (C)
SUPERVISION 1180, HRS/YR $17,20/HR 20300, (D)
MATERIALS 21200. (E)
SUPPLIES 18900, (F)
WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0, TON/YR $ 8,25/TON 0.
DIRECY OPERATING COST 300800,
PAYROLL OVERHEAD =20,0% OF A+B+C<D 52100.
PLANT OVERHEAD =50,0X QOF A+B+C+D+EeF 150400,
TOTAL OPERATING COST S03300.
OPERATING COST IN DOLLARS PER TON PRODUCTION Py & S
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 956,44
OPERATING COST AS PERCENT OF CAPITAL COSY o9
INSTALLATION YIME IN WEFKS B.
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (10,00% OF TOTAL CAPITAL) 0
ADMINISTRATION OVERHEAD ( 2.0% OF YOTAL CAPITAL) 0.
PROPERTY TAXES & INS. ( 2.0X OF TOTAL CAPITAL) 0.
JOTAL ANNUALTIZED COSY o« RFTROFIT 503300,
= NEW 503300,
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GENERAL INFURMATIUNS

UNITS OPTION
PPSES: SU6 ., CuMBuSTIUnN STACKR = (LU COKE 3
ST T
CAPACLTY: = 2108 QIL?qujTUNS/YtAR
PARTICULATE NV
LUAL IN: 1.300v00 LBS/TUNSCOAL

At LOWAGDLE S «135V000 LBS/TUN CUAL

EFFICIENCYS

90.,0%

195.,0¢ LBS/HK
BS0O —
LUAD 1IN LUUbLUY LBS/TUN CulL

ALLUWABLE @ ~UQUSVUU LBS/Tun LUAL

232 LDBO/HK

EFFICIENCY:

SVU.0%

BAP
) T LUUVUSU LBS/TUN CUAL
+ VU LBS/hk

AlLLUwABLES

e LOAD _Tws G UUUUBY I BS/ZTUN COAR

EFFICIENCYS

SU.0%

DUST COLLECTEL PER DAY:

AeMP DUl UF PrUCESSE

1.6 10N§(u5?)
45y, _F

~EXnAUaI femPrraTuxE s

asu, F i
[
o SCRM FLUB:__1ulvuv. AT 10, kN _
ACFM FLUM: 18400V, AT 45v, F j\\
L/6G rRATIOS el e
PRUCESS WATEK FLGHS 0. 6GPM
CuoLint WATEKR FLUNS Ve GPM
o 8UbSPENDEV SULLIYS wuls e ML/L xsotLivss: 0




GeNERKAL INFUKMATLIURS
UNITS UPT10N
_ . PPSES:  bHUo,  CurisUST1lun STACLK = ULD CuRt 3 _ -

o CONTRUL SYSTEM CUNFIGUKATIUN: R o
ESP_ i e
FAN AND DKIVE -
VUL TAWURK -
VUST HANDLING HOPPER & CONVEYORS. R —
DAMPFERD
FAN AND DRIVE ELECTRICAL

SCA: 23¢. TOVAL PLATE AKEA: 51000, SG.FT., @ 20% SPARE CAPACITY
o __FEET UF AUDITIUNAL DUCT:_ _  290. _ DIAMETERS  _®._ . .

TUTAL PRESSUNE DUk be INCHEDS
¢ FARS @ 2Yu. HP taln SPAxE FAN CAPACIITYS: 10U.%
UPERAY DG HUURS AT FULL HP 876U,

T OPENATInb HUURS AT REVDUCED HPS 0.
STAaLK HEIOLHIT: Ue DIAMETENS U.

e WD VR _vVENS 60 e e e
uven feEJGLRT bl MEIEKRS
UVER VULUME 134, (uUblIC FEET

. YUNS Cyumne/PUSH <L, _ e e e

AVie CUR]ING TIME,HRS, 17.5
VU, CYCLES/DAY 8¢.
_BuLk DENSITY - 90 Lpo/CUBIC FY. .
YlbLv o1V

TounS CUAL/YEAK 1011907,
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CAPITaL CuSI: .
UNITS OPTIOUN
. PPSES:T  SUbe  CUMRUSTIUN STACK = GLD___ curt - TS

CAPACITY: L7ub MILLION TUNS/YEAR
TOTAL CUST  (CuST BASIS 1S 110.U0% UF JUNE 1977 DULLAKS FOR 4u78 CUST

CAlLﬁDRY.Awww___“_4”“-,_-m__“mmmLﬂ§l*JN.MQLLABﬁ____mmw____ﬁ_g- .

xxx DIReCT COST %x»

o EOUIPMENT UR _MATERIAL . 92edU0.,.
JNOSTRUMENTAT Juw Ve
PIPING 0.
_bLECIRICAL - 57200, . ———
FUUNDATJuUnD L AVEVEVIR
STRUCTURAL S67v0,
. o DLITE WUKK_ . 61004 .. . e e i
INSULAT Luiv 45800,
PRUTECTIvE CUATINGL 7000V,
- . BUILDINGS __ _610u. e

tuulFmenNl/7MATERTAL LABUK 432600,

DIkeC)l Cudl SUBTUTAL 1543500,

xxx JNOIRECT  CUST waxx
FlELD UVERHEAD ‘ 480U,
L CUnNIRKALTIURS FEE 198900, R
ENGINEEKLNG 141700,
FREIGHT 73200,
. UFFS11t wUKRK . 36000. : e

1AXEDS 55600,
SHAKE DUV _ 69300,
. ___._SFAKES . 668VU.
CONTINGENCY 05000,

INLIRECT CUST SuBlfuTal 1349900,

InTereST pukINe INSTALLATION cug2600,

L YUTAL CUS]) 3136000, e
TUTAL CUST WITH RETRUF1T 37945v0,
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UPERAT InG CUST:

UNITS OPT1O0ON
..... B PPOESE  Sue. Cumpus1TUN STACK = OLU COke 3
CAPACLTYS e7UB MILLIUN TONS/YEAK
T A TebuRY WUANTITY KATE ANNUAL COST (8)
o 3 _xxx UTILITIES x=x i
WATEWR U, MGAL/YK ] »1595/71000 GAL O,
_ELECTAICYTY cd4uoyYe, KAH/YR  _» . LURbG/RKWH . 64lVy, _
STeam Ve MLBS/YK & 4,0920/MLBsS Ve
FUFL Ve GAL/ZYK S LJULlBU/GAL O,
axx UFPERATING LABUKR #*wx
T ke T blbU. HNS/YK  $14.88/HR - 125700, (A)
SUPERVIS1UY 175¢2. HRS/YkK $1/.20/nk 30100, (B)
axr MAINTENANWCE & SUPPLIES wxx
TUUDIRECT LASOR T Juas. HKRS/YE  $14.34/HR 101000, (C)
SUPERVIS Lun 14v9. Phd/ Tk $17.¢0/HK edevv, (0)
e MmYERYALS S91ubL, (E).
SUFPFLIES erlivo, (F)
WATEKR TREATMENT Ve
e SULIUL ®mASIE e -
DISFUSAL S9¢, TUN/YK $ 8.25/TON 49Gu,
_______ . bIrReCl OkErRATLING CUST R - 436800, .
PAYKULL UVERHEAD =2U.U% OF Aeb+C+D S6e00,
o PLANT _uVERREAY SDU,U% UF A+p+C+0+E+F 183900,
TulAL UPERATING CUST 676900,
UPERATING CuST 1w DULLARS PEx TUN PRODUCTIUN »96
e _ubkeralIne CUST IN UULLARS Per TON _UF DUST CULLECTED 1143,41
OPEXATING LUST AS PERCENT OF CAPITAL CuSTY 17.8
INSTALLATIuUN TIME IN wWebKS 104,
- . ESTImMATED LIFE UF_ _SYSTEM Iiv YEARS 0.
KwH FER TUN CAPACITY 5.4
CarliAaL KReCUVERY (1).,75% ULUF TUTAL CAPITAL) 445700,
o AUMINISTIRATIUN UVEKHEAD ( 2.0z UF _TUTAL CaAPl1AL) 15900,
PrUFERTY TAXES & InS. ( 2. uz UF TOTAL CAPITAL) 75900.
TUTAL ANNUALIZED CudST = KETRUFIT 1274400,
- NEW 1170V, .
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LENERAL

PFSt

INFURMATIUNS

St

CAPAC11Y:

 PARTICULATE
LUAD 1w
ALLORABLES

BSU

ALLUNWABLE VIV SVAV)
R ¥ L

Loa Jwa sUUUlUBU
ALLUnAGLE ¢ SVUUUCY
VXY

SUb.

LUAD e

3

COMBST J Ui

«fUB

| I YVAVEVAVAY)
__QUCOUUU

LU

sUUBULY

LUST CULLECTED PER UAY:

HAP
_ TEkmr
EXHa4

vuf
un i

_SChE FLuaE
ALFWm FLUNS

L6 RATIG:

_lutvuu,

UF PhuCeoS:
TemPERATUKE S

loduvvu,

Al

Al

_. 450, F

STACK =

MILLIUN

LBS/TUN
LBS/TuUn
LBS/HR

LBS/ Tui
LBS7 Tun

CLBS/HRk

LBS/ Ty

LES/ Tl
Led/nn

1.8 TUNS(DRY)

45u, F

L 10, F

450. F

’(J

OLD

UNTITS OPTlun
CUKE 4

TUNS/YEAR

CUAL
Cual

CUAL
CoAL

COAL
LUAL

__EFFICIENCY: 98,0%

EFFICIENCY: 60U, 0%
EFFICIENCY: 60.0%

T PRULESS wWaTkbr FLOMS Ue LPM ) o
CuulLInG wAlTer Fruwne U, LPM
——. _Suskewbeb SulLIbs Uul: L. Mb/L ASULIVS: Y
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GENERAL 1nWFURMATIUWS

_ PkSES:  Sub,

L LOMBUSTIVN STACK

UNITS OPTIUN

- - 0Lb_ CUKE . 4 .
CuiiRUL SYSTEM CUONFIGUKRATLUN:
ESP - P
FAN AND DRIVE E
DUCTwUKA
— __DUST hAnNDLING HOPPER & CONVEYUKRS . . . -
DAMPEKD
FAnw ANy LKIVE ELECTRICAL
SCA: asSu, TOTAL PLATE arEa: 99U00. SuW.FT1, @ 2U% SPARE CAPACITY
e EREET UF ADDIVIGwAL DULT . 290Va . __DIAMEIER: _ 6. e e
TULAL PRESSURE URUP: be INCHLS
2 FANS o 249U, HP EACH SPAkt FAN CAPACLTYS: 1uU.%
_ __bberRATLINL Huurd Al FulL HP: _ wol0Ce
UPERATING AUUNS AT REDULED HP: Ue
STACK HEIGHI: U DIAMETER: O,
e NU. UF UVEND 60, e
Gveiv AE Lol b.U MEIEKS
UvEw vuLliwmEk 154, (UBIC FEET
e YOnS_tUsb/vUSH ¢l. _ - .
AVGe CURINI TIME,HKS, 17.5
NU. CYCLES/DAY 5¢.
. BULK VEwSITY SU. _LBS/CUBIC FT, -
YIELD o1V
Tunwyg CUALZYLAR 1011907,

A-93




CAPITAL Cusi:
UNli> UPTION
_PPSES:  bub.,  COMBUSTIUW STACK = OLL LUKt 4

CAPACITYS ' e/US MILLIUN TUNS/YEAK

© LCUST 5a>I5 IS5 110.00% UF JUNE 1977 DULLAKS FUK 4G78 CuSW

TUTAL CusT

oo LATEGURY . LUST IN DULLARS

*axx DIkeCTl  CUST xxx
o EQUIPMENT. UR MATERIAL . . 1eselvuo.
IndSTrumMeEiTAT I ON U
PIPING 0.
~ eLeCinILAL S TeT0U,
FUunDATIUNS 10500,
STrUCTURAL 77500,
o S1IE wukK L . BBUU,
INSULAT UiV 66000,
PRUTECTLIVE CUAIT [wL Y3uo,
BUILUVINGS Y8uv,
tWOIPMENT/ZMATERTAL LABUK ST0700,.
Uinkll CUST SusTulag clbubluy, -
xxx Jwolhe(CT CuST xax
FIELD UVEKnAEAD 287uv.
CUNTRALTUKRS Fere i S ¢l98vu. )
EhblInbEEKING 193100,
FRELGHI] 89700,
- _ o _URESIYTe WURK 517006
laxtd Tebuu,
SnAKE UMY Yo5UuV.
. SPAkeS e __9svQu. .
CuntlinvenCy 669700,
INDIRECT CUST SUBITUTAL 1813300,
InwitereST buUnInb INSTALLATIUW 34900,
e CJUTAL Cust e Ldclsbuu,
JTUTAL CUST w1TH RETRUFIY 50939vu,
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OPERATING CUST:

CAPACITY:

UNTTS
COKE

urPTiun
4

CumpuSTIun _STACK = ULD

e 7UB MILLIUN TUNS/ZYEAK

CATEGUKY WUANTITY KATE ANNUAL COST (3)
e %2 UTILITIES A e .
WATER Ve MLAL/ZYK $  .1595/1000 GAL 0.
o ELECIRICIVY .. . .. 3404055, KAH/YK . %  LUPbO/KWH ____ ...92200.,
STeAm Ue MLBS/YK ® 4,09cu/mLBS Ve
FutL Ve LAL/YK » J41BU/GAL U,
txx UPERATING LABOR *xx
T SI1bU. HKS/YK  $14.347HR 125700, (A)
SUPERVISIUNI 1752, MR3/ YK v1i7.20/nkK sv1ou, (B)
*xt MAINTENALCE & SUPPLIES ==x
T ULRECT LABUK [C4S, HKS/YRK  Dlde84/HR 101000, (C)
SUPLKRVISIun 1409, HRO/ YK $17.,20/nmR 24cvui. ()
C MATERIALS e L 59100, (E)
SuPPLILES 27700, (F)
WATER TREATMEND V.
o SuLlb waSIE L = e L
DISPUSAL oS, TUN/YK t Be.eS/IUN 53uv0,
o UIeCT uPERATLNG CuSY 4653500,
PAYKULL uUVERHEAD S2u.04 UF A+b+C+D 56200,
o PLANT UVERBEAU S9VU.VU& UF A+b+C+ytE+F o e 183900,
TUTAL UPERALTING CUST 105400,
OFERATIWG LUST 1w DULLAKS FEK Tuwn PRODUCTIUN 1.0V
s UPERALING CUST 1N DULLAKS PEK 10N UF_DUST CULLECTEU . 1U94,¢28
OPERATING CUST AS PenrCENT uF CAPITAL CUST 15.8
INSTALLATIUN TiMe IN WEERS 104,
EOTUimATED L IFE UF _SYSTEM Jw YEAKS I Y -4 !
Kwh PeER Tun CAPACITY 4,9
CaPllaL ReCUVERY (11.75% uF TulAL CAPJITAL) 598300,
o AUMINISTRATLIUN UVEKNLAU ( deUX_UF TulalL CAPITAL) 1019090, _
PRUOUPERTY TAXES & Jwd. ( 2.U% UF TUTAL CAPITAL) 1019v0,
TOVYAL ARNNUALIZED CudST = KETRUFI1T 1507500,
e e = NEw — - 13569700 __ ..
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GENERAL InWFUKMATIUN:

PPOES:

CAPALIT

UNITS UPTION

SUb, _ COMbUSTIUN STACK = ULD COKE 2

Y:

e /U8 MILLIUN TUNS/YEAR

PARTILULATE
LUAD IN: l.
ALLOwWAbBLES

SUvuUyU LBS/TUN CUAL
Ucovuy Lbs/Tun COAL. EFFICIENCY:  9b.

BSO

LUAD 1n:

AL

gAV

LOwAbLE S .

S.,uu  LBS/nk

Ousuuu LBS/Tiy CUAL EFFICIENCY: S0,

LUAD ll\l: .
ALLUnABLE S .

DUST CULLECTEL PEK DAY:

Tempe ul UF _PROCESS:  _  __ 450, F

EXHAUST

~S5CHM KL

e _LBO/hK

bUuueL LBS/TUK LUAL
vuvusu LS/ Tun LUAL tFFICLIENCY: Su.
VU LHO/HR

1.8 TUNS(DLRY)

TeEvMPERATURE ¢ civ. F

s 19s0yu

e« Al  Tu. F

ACFti FLUwWS @27500u., Al ¢c’5. Ff
L/ RaTlU: e
PRUCEDS WATEKR FLUWS Ve G
CuouLInG wWATER FLOWw: Ue bGP
o O SUSPEWLED SubLjus vul:  w. mu/L o %SULIDSE W

0%

«UUBULU LBS/Tuly CUAL

0%

¥
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GENERAL INFURMATJUNG
Jnlits UFTIUN

PPSES:  Sub, CuMbUST[UN STACKR = uLD CuKkt 5 .
CONTRUL SYSTEM CunFIGLUKAT LN
BAGHUUSE s 2
FAN AND DKIVE ’
DULTwuURRK
e _DAMPERS e e ; e e
FAalv Ai) DRIVE BLELTIR]ICAL
i A/C: 5.0 TUTAL CLUTH AWEA:D  110UUU. SU.FT. @ 2U% SPARE CAPACITY
FEET OF aDDLIYIOLUNAL DUCHS ehu, DIAMETEK S 9,
) TUTAL PREOSUKRE DKUP: 10, INCHLS
3 Faivd o S4b. P EAULH SPAart Falv CAPACLTY® YUu.%
JPERATLING HUL'KS AL PULL HP? b7bv.,
DFERAT Ll HUOLUAD A) WEvultu hb3 Ve
STALK nelbrTe U VIAMETEK: WV,
Nite UF UVENWNS 60,
COVER nElGHT L A 6.0 METEKS
Uvews Vultig 1548, LuBlC FEED
Ty Lunte/vilon ca,
. CAvue Curling Vlmk,hnrdSe 17.5
WU. CYCLES/ZDAY bee
guln DenSJVY SU. {BS/CublC F1,
I Yleet: U A ¢
Tuied LUALZYE AR 1011967,
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CAPITAL CuUSI:
UNITS OPTION

PPSESS  SUb, COMBUSTIUN STACK = {LD CUKE 9 o
CAPAC]ITY? «7UB MILLION TUNS/YEAR
TUTAL CUST (CUST BASIS 1S 110.00% OF JUNE 1977 DOLLARS FOUK 4078 CUST
CATEGURY COUST IN DOULLAKS
exx DIRECT CUST wwx '
EHUIPMENT Or MATENRTAL 954500,
INSTrUMENTATIUN 15900,
PIFING 15u0,
cLECIRICAL _ 19900,
FUUNDATJURS 36900,
STRUCTURAL 11900,
ST E wuRK . 7260,
InSuLATIUN Ve
PrRUTELTLIVE CUATING 16800,
_ SUILDINGS _ 36000,
EWUIMMENT/MATERKTAL LABUK 550200,
BIKECT COST SUBTUTAL 1458300,
I wxw INDIRECY ~Eusl * kK T
FIELD UVEKHEAD 174700,
.. LOWTKRALIUKS Fre 127900, _
ENGINEERING , 11890v.,
FRE1GHI 46900,
— i _UFFSITE WURK__ 1500, . - .
TAXES S450v.
SHAKEDURIN 58300,
L SPawtsS 58900, L
CURTINGENCY u4S80vu,
INDIRECY CUST SubtuTaAL 1108200,
T T U U INTEKREST DURING INSTALLATIUN . 1e4tvo.
L TUlaL Cust o o c’3060v,
TUTAL CUST WITH KETRUFIT 3302700,
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UPERATING CUSI:

PPSES: HUb.

UNITS

OPTIUN
CUKE '

COMHBUSTIUN STACK = (LD 5

CAPACITY:

o700 MILLIUN TONS/YEAK

CATLLUKY WUANTITY KATE ANNUAL CUST (9)
*xx UTILITIES x»x .
WATEN V. MGAL/YK $ .1595/1000 GAL 0.
ELECIRICITY 3985249, KWH/YR $  .U2bb/RWH 106100,
STEAM U, MLBS/YR ¥ 4,0920/7MLBS Ve
FUEL Ve GAL/YR $ LUlbU/GAL Ve
xkx UPERATING LABOR %=z
UIREC] 29¢cu. HRS/TK $14,34/HK 41900, (A)
SUPERVISTUN SYbd, HrO/ Yk 91/ ,2V/HR 10000, (B)
xax MAINTENANCE & SUPPLIES wax
T T T DIRECT LABUR boll., HKS/YK $14.34/0K 978u0. (C)
SUPERVISIUN 1363, HRS/YK $17.,20/HK 23500, (D)
 MATERIALS - 58600, (E)
SULPPLIES 335v0. (F)
WATER TREAIMENT Ve
SuLlb wWASIE -
visSrusaL bdS5, TUN/YR P 8.,25/TUN 5300,
_DIKECLT uPENRAVING LOST L 3765U0,
PAYROLL OVERHEAD =¢U.0% UOF A+B+C+D 34600,
PLANT UVEKHEAU 35VU,u% UF A+bel+Uebsf _.__1320600,
TUTAL OPERATING CusSt 5437v0,
UPERATIWG CUST IN DULLAKS PER TUN PROVUCTION o717
o ___UPERATING CUST 1IN DULLAKS PER TON_UF DUST CULLECTED . 843,44
OPERATING CuSi AS PERCENT (OF CAPITAL COST 16.5
INSTALLATION YIME IN WEEKS 83,
L ESTIMAIED LIFE OF SYSTEM JN YEARS . e . _2Va.
KwH PER TUn CAPACITY Se.6
CAPITAL KRECUVERY (11,.,75% OF TUTAL CAPITAL) 387900,
. AOMINISTKRAIION UVERHEAD ( 2.0% UF_10TAL CAPITAL) 66100,
PRUPERTY TAXES & INS. ( 2.U% UF TUYAL CAPIIAL 66100,
TOTAL ANNUALIZED CuST = REVROFIT . 1063800,
= NEW 9713600, . _
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GENERAL INFORMATION:
UNITS __OPTION

PPSES: 507, COKE HANDLING COKE 2
. CAPACTTY: === 2,834 MJILTON TONS/YEAR
PARTICULATE

LOAD ING 1.000000 LBS/TON COAL

ALLOWABLE: ,109000 LBS/TON COAL EFFICIENCYS -89,1%
53,02 LBS/HR

OUST COLLECTED PER DAY: 4.9 TONS(DRY)
TEMP _QUT _QF PROCESS: 10, F

EXHAUST TEMPERATURE: 70. F

SCFM FLOW: 90000,  AY 70, F

ACFM FLOW: 90000, AT 70. F

L/G RATJO: .0

PROCESS WATER FLOW: 0. EPM

COOLING WATER FLOW: 0. 6PM

— - SUSPFNDFD SOLIDS OUT: 0, MG/] LS0L IDS: .0

~ A-100




GENERAL INFORMATJION:
UNITS OPTION

PPSES: 507, COKE HANDLING COKE 2

CONTROL SYSTEM CONFJIGURATION:

BAGHOUSE
FAN AND DRIVE
DUCTRORK

CANOPY HOOD
CONVEYOR TRANS PT, HOOD
DAMPERS

FAN AND DRIVE ELECTRICAL

A/C: 6,0 TOTAL CLOTH AREA: 18000, SG,FT, ® 20X SPARE CAPACITY
FEET OF ADDITIONAL DUCT: c00, DIAMETER: S.

TOTAL PRESSURE DROP: 8. INCHES

e FANS @ 189, HP EACH SPARE FAN CAPACITY: 100,.,%

OPERATING HOURS AT FULL WP: 8322,
— OPERATING HOURS AT REDUCED HPS: 0.

STACK HEIGHT: 0. DIAMETER: O,
NO. OF OVENS 60,

HOOD SIZE: 196, SQ.FT,

OVEN HEIGHT 6.0 METERS

OVEN VOLUME 1348, CUBIC FEET
JONS COKE/PUSH 24,

AVG, COKING TIME,MHRS, 17.5

NO. CYCLES/DAY 82.

BULK DENSITY 50, LBS/CUBIC FT,
YIELD .70

TONS COAL/YEAR 4047868,
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CAPITAL COST:
UNITS OPTION

PPSES: 507,  COKE HANDLING COKE 2
LAPACTITYYZ 2.834 M1} ION TONS/YEAR
TOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4078 COST.)
CATEGORY COST IN DOLLARS .
mes DIRECT COST ses _
EOUIPMENT OR MATERIAL 396800.
INSTRUMENTATION 4000,
PIPING 400, _—
ELECTRICAL 12600.
FOUNDATIONS 12300,
STRUCTURAL 46900,
SITE WORK 1800,
INSULATION : 0.
PROTECTIVE COATING 18800,
BUILDINGS 9000.
EQUIPMENT/MATERIAL LABOR 99900,
- DIRFCTY COSY SUBYNTAL 607000,
txx INDIRECT COST w#s
FIELD OVERHEAD 71500,
CONTRACTORS FEE 51800,
ENGINEERING 63800.
FREIGHT 20100,
OFFSITE WORK 7600,
TAXES 24200,
SHAKEDOWN 22700,
SPAKES 20300.
CONTINGENCY 219100,
INDIRECT COST SUBTOTAI 501100,
INTEREST DURING INSTALLATION 60000,
T0TAL COST 1168100,
T0TAL COST WITH RETROFIT 1299200,
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OPERATING COST:
: UNITS OPTION
PPSES: S07, COKE HANDLING COKE 2

____ CAPACITY: ~~ P,B34 MILLION TONS/YEAR -
CATEGORY QUANTITY RATE ANNUAL COST (S)

san UTILITIES wax _ 4 o

MNAYER 0, MGAL/ZYR 8 ,1595/1000 BAL 0.
ELECTRICITY 1375802, KWH/YR $ .0266/KWH 36600,
STEAM O, MLBS/YR $ 4,0920/MLBS 0.
FUEL V, GAL/YR $ L4180/GAL 0, _

*2% OPERATING L ABOR exx

DIRECY 2920, HRS/YR $14,34/HR 41900, (A)
SUPERVISION S84, HKS/YR $17,20/HR 10000, (B)
twn MAINTENANCE & SUPPLIFS wxw
DIRECT LABOR 4100, HRS/YR $14,34/HR 58800, (C)
SUPERVIS]ION 820, MRS/YR $17,20/HR 14100, (D)
MATERIALS 28700, (E)
SUPPLIES 16300, (F)
WNATER _TREATMENY 0. .
SOLID WASTE
DISPOSAL 1803, TON/YK $ 8.25/TON 14900,
DIRECT OPERATING COST 221300,
PAYROLL OVERMEAD =20.0X OF A+BeC+D 25000, .
PLANT OVERHEAD =250,0X OF A+B+C+D+E«F 84900,
TOTAL OPERATING COST 331200,
OPERATING COST IN DOLLARS PER TON PRODUCTION 12
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 183,66
OPERATING COST AS PERCENT OF CAPITAL COST 25.5
_INSTALLATION TIME IN WEEKS 83,
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TON CAPACITY 5
CAPITAL RECOVERY (11,.,75X OF TOTAL CAPITAL) 152600,
ADMINISTRATION OVERHEAD ( 2.,0X OF TOTAL CAPITAL) 26000,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 26000,
- TOYTAL ANNUALIZED €0ST « REIROFIY : : 535800,
= NEW 515200,
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GENERAL INFORMAT]ION:
UNITS OPTION

PPSES: 508, COAL PREMNEATER COKE 2
— CAPACTITY: =~ === ,992 MIiiJON TONS/YEAR

PARTICULATE
LOAD_IN: 71.050000 LBS/TON COAL

ALLOWABLE: 352500 LBS/TON COAL EFFICIENCY: 95,0X%
60,01 LBS/HR

880

LOAD IN: 1,050000 LBS/TON COAL
ALLOWABLE: 420000 LBS/TON COAL EFFICIENCY: 60,0%
71.50 LBS/HR
BAP
LOAD IN: +000390 LBS/TON COAL
ALLOWABLE: ,000356 LBS/TON COAL EFFICIENCY: 60,0%
203 LBS/HR
BENZENE
LOAD IN: 0149000 {BS/TON COAL :
ALLOWABLE: ,L,007000 LBS/TON COAL EFFICIENCY: S0,0%
1.19 LBS/HR
ODUSY COLLECTED PER DAY: 13,0 TONS(DRY)
TEMP QUY OF PROCESS: 180, F
EXHAUST TEMPERATURE: 180, F

SCFM FLONW: 17000, AT 10, F

ACFM FLONW? 20000, AT 180, F

L/6 RATIOD:® £.5

PROCESS WATER FLOW: 111. GPM

COOLING WATER FLOW: 0, 6PM

SUSPENDED SOLIDS OQUT: 15206, MG/L, XSOLIDS: 1.5
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GENERAL INFORMATION:
UNITS  OPTION

PPSES: 508, COAL PREHEATER COKE 2

CONTROL SYSTEM CONFIGURATJION:

VENTURI SCRUBBER
MIST ELIMINATOR
FAN AND DRIVE

.

DUCTWORK
WASTEWATER RECYCLE SYSTEM
DAMPERS

WASTE WATER RETURN SYSTEM
NATER PUMPING SYSTEM

FAN AND DRIVFE FLFCYRICAL

FEEY OF ADDITVIONAL DUCT:S 1004 DIAMETER: 3,

TOTAL PRESSURE OROP: 18, INCHES

e FANS B 94, HP EACH SPARE FAN CAPACITY: 100,.%
— — _ OPFRATING HOURS AT FUILL HPZ 8322,

OPERATING HOURS AT REDUCED HP? 0.

STACK HEIGHT: 0. DIAMETER: O,

NO, OF OVENS 60.

OVEN HEIGHT 60 METERS

OVEN VOLUME ‘ 1348. CUBIC FEET

JONS COKE/PUSH 24,

AVGe COKING TIME,HRS, 12.5

NO., CYCLES/DAY 115,

BULK DENSITY S0, LBS/CUBIC FTY,

YIELD 70

TONS COAL/YEAR 1816755,




CAPITAL COST:
__UNITS OPTION

PPSES: 508. COAL PREHEATER COKE 2
CAPACTTY: .992 MIL{ ION_TONS/ZYEAR
TOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4Q78 COST.)
CATEGORY £OST IN DOLLARS P
par DIRECT _COST s )
EQUIPMENT OR MATERIAL 280800,
INSTRUMENTATION 51600,
PIPING $6700. -
ELECTRICAL 84800,
FOUNDATIONS 18500,
STRUCTURAL 29100,
SITE WORK 3400,
INSULATION 6600,
PROTECTIVE COATING 1100,
BUILDINGS 9300,
EQUIPMENT/MATERIAL LABOR 100300,
o DIRECY COSY SUBTOTAL 648200,
wxs INDIRECY COST wnex
FIELD OVERMEAD 97500.
CONTRACTORS FEE 45400,
ENGINEERING 111800,
FREIGHT 18800,
OFFSITE WORK 17300,
TAXES 24600,
SHAKEDOWN 31400,
SPARES ‘ 29200,
CONTINGENCY 217900.
_ INDIRECY CDST SUBTOTAL 593900,
INTEREST DURING INSTALLATION 101000,
TOTAL COST 1343100,
JOTAL £LOST WITH REIROFIY 1474200,
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OPERATING COST:

UNITS _ OPTION

PPSES: S08. COAL PREHEATER COKE 2
_CAPACITYS 2992 MILLION TONS/YEAR

CATEGORY QUANTITY RATE AANNUAL COST (S)

aee UTILITIES wew E )

WATER 11035, MGAL/YR $ .1595/1000 SAL 1800,
ELECTRICITY 548080, KwH/YR $ .0266/KWH 14600,
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.

FUEL 0, GAL/YR $  L4180/GAL 0.

sxe OPFRATING LABOR wew

DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (B)_

axn_ MAINTENANCE & SUPPLIES weax

DIRECT LABOR 8567, HRS/YR $14,34/HR 122900, (C)
SUPERVISION 1713, HRS/YR $17,20/HR 29500, (D)
MATERIALS 104800, (E)
SUPPLIES 40200, (F)
NATER TREATMENT 0.
SOLID WASTE
DISPOSAL 9489, TON/YR $ 8.,25/TON 78300,
DIRECT OPERATING COST 547900,
— PAYROLL OVERHEAD =20.0X OF A+BeC+D 61600,
PLANT OVERHEAD =50,0% OF A+B+C+D+E+F 226600,
TOTAL OPERATING COST ' 836100,
OPERATING COSY IN DOLLARS PER TON PRODUCTION 284
OPERATING COST IN DOLLARS PER YON OF DUST COLLECTED 176.23
OPERATING COST AS PERCENT OF CAPITAL COST S6.7
INSTALLATION TIME IN WEFKS 104,
ESTIMATED LIFE OF SYSTEM IN YEARS 1S.
KWH PER TOiv CAPACITY o6
CAPITAL RECOVERY (13,15% OF TOTAL CAPITAL) 193800,
ADMINISTRATION OVERHEAD ( 2.0% OF YOTAL CAPITAL) 29500,
PROPERTY TAXES & INS, ( 2.0X OF TOTAL CAPITAL) 29500,
“_ TOYAL ANNUALYIZED €0SY = RETROFIY 1088900,
- NEW 1066500,

-, A=107




GENERAL INFORMATION:

PPSES: 508,

— CAPACTYITY: 0000 .992 MJLLION TONS/YEAR

PARTICULATE
LOAD IN:
ALLOWABLE:

« 352500
60,01

7,050000 LBS/TON

COAL PREHEATER

UNITS OPTION
COKE 3

COAL

LBS/TON
LBS/HR

COAL  EFFICIENCY: 95.0%

BSO
LOAD IN:
ALLOWABLE:

1.050000
977500

LBS/TON
LBS/TON

COAL

COAL EFFICIENCY: 45,02

98,31

BAP

LBS/HR

LOAD INZ
ALLOWABLE:

«000390
«000214
204

LBS/TON
L6S/TON
LBS/HR

COAL

COAL EFFICIENCY: 45.0%

BENZENE

LOAD INS 2014000

LBS/TON

COAL

ALLOWABLE: L007700

1.31

LBS/TON
LBS/HR

COAL EFFICIENCY: 45,0%

DUST COLLECTED PER DAY:

— TEMP OUT OF PROCFSS:

!3.0

180. F

TONS (DRY)

EXHAUST TEMPERATURE:

SCFM_FLOwW:? 17000, AT

180, F

10, F

ACFM FLOW: 20000, AY

L/6 RAYIO:®

180, F

.0

PROCESS WATER FLOW:
COOLING WATER FLOW:
SUSPENDED SOLJIDS OUT:

0,
0,
0.

GPM
6PM
MG/L

XS0LIDS: 20
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GENERAL INFORMATION?

UNITS OPTION
PPSES: 508, COAL PREHEATER COKE 3

CONTROL SYSTEM CONFIGURATION:

ESP . . i,
FAN AND DRIVE '
DUCTWORK
DUST HANDLING HOPPER & CONVEYOQRS
DAMPERS

FAN AND DRIVE ELEXTRICAL

___BCAi_32Q4____~_ _IQIAL_ELAlE_AREAi____ﬁQQD;_§Q‘£14_ﬁ_2ﬂ1_32AR£_LABA£111_--

FEET OF ADDITIONAL DUCT: 100, DIAMETER: 3,
TOTAL PRESBURE DROP: 4, INCHES
e FANE @ 2l. HP EACH SPARE FAN CAPACITY: 100,.X
OPERATING HMOURS AT FULL HP: 832¢.
OPERATING HOURS AT REDUCED HP: 0,

. _STACK MFIBHTZ 0a DIAMETYER: 0,
NO. OF OVENS 60,
OVEN HEIGHT . 6,0 METERS
OVEN VOLUME — 1348, CUBIC FEEY
TONS COKE/PUSH 24,
AV6., COXKING TIME,HRS. 1265

—  NO, CYCLES/DAY 118,
BULK DENSITY 50, LBS/CUBIC FT,
YIELD o710
TONS COAL/YEAR 1416755,
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CAPITAL COST:
UNITS QPTION

PPSES: 508, COAL PREHEATER COKE 3
CAPACITYS 992 MIL{ JON TONS/YEAR
TOTAL COST (COST BASIS IS 110,00% OF JUNE 1977 DOLLARS FOR 4@78 COST.
CATEGORY ‘ COST IN DOLLARS :
. aex DIRECY C£OST wee
EQUIPMENT OR MATERIAL 328700,
INSTRUMENTATION 0.
PIPING 0.
ELECTRICAL 26600,
FOUNDATIONS 4400,
STRUCTURAL 37200,
SITE WORK 2100,
INSULATION 16000.
PROTECTIVE COATING 5000,
BUILDINGS 2400,
EQUIPMENT/MATERIAL LABOR 143700,
DIRECT COST SUBTOTAL 566100.
#4% INDIRECT COST =2an
FIELD OVERMEAD 94300,
CONTRACTORS FEE $9200.
ENGINEERING 75000,
FREIGHT 18900,
OFFSITE WORK 12500.
TAXES 22100,
SHAKEDONN 30300,
SPARES 29700.
CONTINGENCY 200900,
INDIRECY COST SUBTOTAL $82900.
INTEREST DURING INSTALLATION 89200,
TOTAL COST 1198200,
_  70IAL C£OSY WITH RETROFIT 1311600,
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OPERATING COST:

UNITS OPTION

PPSES: S08.

COAL PREHEATER COKE 3

CAPACITY: .992 MILLION YONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (S)
‘ exx UTILITIES wae 3
. WAYER 0. MGALZYR ____§ _,1595/1000 GAL 0
ELECTRICITY 363839, KWH/YR $ 0266/KWH 9700,
STEAM 0., MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR S .4180/GAL 0.
s2x OPERATING LABOR wax
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (B)
wxk MAINTENANCE & SUPPLIFES wes
DIRECT LABOR 2517. HRS/YR $14.38/HR 36100, (C)
SUPERVISJON 503, HKS/YR $17.20/HR 8700, (D).
MATERIALS 19700, (E)
SUPPLIES 9700. (F)
WATER TREATMENT 0. .
SOLID WASTE
DISPOSAL 4744, TON/YR $ 8.,25/TON 39100,
DIRECT OPERATING COST 278800,
PAYROLL OVERHEAD =220.0% OF A¢BeCeD 80100,
PLANT OVERHEAD =50.0% OF A+B+C+D+E+F 115000,
TOTAL OPERATING COST 433900,
OPERATING COST IN DOLLARS PER TON  PRODUCTION Y
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 91.46
OPERATING COST AS PERCENT OF CAPITAL COST 33.1
INSYALLATION YIME IN WEEKS 106.
ESTIMATED LIFE OF SYSTEM IN VEARS 20.
KWH PER TON CAPACITY .q
CAPITAL RECOVERY (11.75% OF JOTAL CAPITAL) 154100,
ADMINISTRATION OVERMEAD ( 2.0% OF TOTAL CAPITAL) 26200,
PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL) 26200,
TOTAL ANNUAL1ZED COST = RETROFIY ' ' 580800,
- NEW 622600,




GENERAL INFORMATION:S

UNITS

OPTION

PPSES: 508,

LAPACITYS

COAL PREHEATER

+992 MILLION TONS/YEAR

PARTICULATE
LOAD IN:
ALLOWABLE:

1.050000 LBS/TON COAL
«181000 LBS/TON COAL
24,00 LBS/HR

COKE

4

EFFICIENCYS -98,0X :

8S0
LOAD IN?

1.050000 {BS/TON COAL

ALLOWABLE: .420000 LBS/TON COAL  EFFICIENCY: 60.0X

71.50

BAP

LBS/HR

LOAD IN:
ALLOWABLE?

+000390 LBS/TON COAL
2000156 LBS/TON COAL

203 LBS/HR

EFFICIENCY:

60,0%

BENZENE

LOAD INS .014000 LBS/TON COAL
007000 ¢BS/TON COAL
LBS/HR

ALLOWABLE:
1.19

EFFICIENCY:

S0,0%

DUST COLLECTED PER DAY:

TEMP OUY QOF PROCESS:

13,4 TONS(DRY)

180, F

EXHAUST TEMPERATURE:

SCFM F{OnW: 17000, AT

180, F

70, F

ACFM FLOWS 20000, AT

L/6 RATIO:

180, F

6.5

PROCESS WATER FLOW:
COOLING WATER FLOW:
SUSPENDED SOLIDS 0QUT:

111, GPM
0, 6PM

15206, MG/L XSOLIDS:

1.5
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GENERAL INFORMATION:

UNITS  QPTION
PPSES: S508. COAL PREHEATER COKE 3

CONTROL SYSTEM CONFIGURATION:

YENTURT SCRUBBER
MIST ELIMINATOR
FAN AND DRIVE

OUCTWORK
WASTEWATER RECYCLE SYSTEM
DAMPERS

NASTE WATER RETURN SYSTEM
WATER PUMPING SYSTEM
FAN AND DRIVF FLECTRICAL

FEEY OF ADDITJIONAL DUCT: 100, DIAMETER: 3,
TOTAL PRESSURE DROP: 33, INCHES
e FANS @ 173, HP EACH SPARE FAN CAPACITY: 100.%
OPERATING HOURS AT FuULL HWP3 8322,
OPERATING HOURS AT REDUCED HP: 0.
STACK HEIGHT: 0. DIAMETER: O,
NO._ OF OVENS 60,
OVEN HEIBHT 6.0 METERS
OVEN VOLUME 13486, CUBIC FEET

—— TONS COXKE/PUSH £d.
NO. CYCLES/DAY 115.
BULK _DENSITY 50. LBS/CUBIC FT,
YIELD «70
YONS COAL/YEAR 1416755,

A-113




CAPITAL COST:
UN]ITS OPTION

PPSES: S08, COAL PREHEATER COKE 4
_ CAPACYIYYS === 000,992 MILLION YONS/YFAR
TOTAL COST (COST BASIS 1S 110.,00%x OF JUNE 1977 DOLLARS FOR 4Q@78 CcOST,.
CATEGORY COST IN DOLLARS 5
axx DIRFLY £0ST wxw
EQUIPMENT OR MATERIAL 301700,
INSTRUMENTATION 51600,
PIPING 561700, -
ELECTKICAL 84800,
FOUNDATIONS 19500,
SYRUCTURAL 29100, -
SITE WORK 3400,
INSULATION 6600,
PROTECYIVE COATING 71300,
BUILDINGS 9300,
EQUIPMENT/MATERIAL LABOR 100400,
— DIRECY COSY SUBTYOTAL 6©704800. ‘ o
aex INDIRECT COST =x=xx
FIELD OVERHEAD 97900,
CONTRACTORS FEE 47600,
ENGINEERING 113500,
FREIGHT 18900,
OFFSITE WORK 17800,
TAXES 26300,
SHAKEDOWN 33200,
SPARES 30200,
CONTINGENCY 224800,
IJNDIRECT COST SUBYOTAL 610200,
INTEREST DURING INSTALLATION 104600,
TOTAL COST 1385200,

YOTAL COST WITH RETROFIY 1520500,
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OPERATING COST:
UNITS _OPTION

PPSES: S08, COAL PREHEATER COKE a
CAPACITYZ 992 MILLION IONS/YEAR

CATEGORY QUANTITY RATE ANNUAL COST ($)

sxs UTILITIES wnn

iy,

WATER 11035, MGALZYR $_ .1595/1000 GAL 1800,

ELECTRICITY 998794, KWH/YR S L,0266/KNnWH 26600,

STEAM 0., MLBS/YR $ 4,.0920/MLBS 0.

FUEL 0, GALZ/YR $ «4180/GAL 0. - .
sns OPERATING LABDR waw -

DIRECT 8760, HRS/YR $14,34/HR 125700, (A)

SUPERVISION 1752, HKS/YR $17.20/HR 30100, (B)

wax MAINTENANCE & SUPPLIES #a#

DIRECY LABOR 8767, HRS/YR $14,34/HR 125700, (C)
SUPERVISION i 1753, HRS/VYR $17,20/HR 30200, (D)
MATERIALS 107000, (€)
SUPPLIES 41000, (F)
NATER TREAYMENT 0.
SOLID WASTE
DISPOSAL 9788. TON/YR $ 8.25/TON 80800,
DIRECY OPERATING COST " 568900,

—  PAYROLL OVFRHEAD =20.0X OF A¢BeC+D 62300,
PLANT OVERHEAD =50,0% OF A+B+CeD+E«F 229900,
TOTAL OPERATING COST 861100,
OPERATING COSY IN OOLLARS PER TON PROOUCTION 287
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 175.94
OPERATING COST AS PERCENT OF CAPITAL COST S6.6
INSTALLATION TIME IN WEFEKS 104,
ESTIMATED LIFE OF SYSTEM IN YEARS 15,

KWH PER TON CAPACITY 1.0
CAPITAL RECOVERY (13,.15% OF VYOTAL CAPITAL) 199900,
ADMINISTRATION OVERMEAD ( 2.0% OF TOTAL CAPITAL) ‘30400,
PROPERTY TAXES & INS. ( 2.0X OF TOTAL CAPITAL) 30400,
“TOTAL ANNUALIZFD £OSY « RFTROFIY _ 31121800,
= NEW 1098600,

CLASLLE L




GENERAL INFORMATJION:

UNITS OPTION

PPSES: 508,

. CAPACYYY: =~ ==~~~ ,992 MIILION TONS/YFAR

PARTICULATE
LOAD INS .
ALLOWABLE:

«070500
12,00

COAL PREHEATER

COKE S

7.050000 1 BS/TON COAL

LBS/TON COAL EFFICIENCYS

LBS/HR

99.02

880

LOAD IN: 1,050000

LBS/TON COAL

ALLOWABLE: ,525000 LBS/TON COAL EFFICIENCY: S0,0%

89,38

BAP

LBS/HR

LOAD INS
ALLOWABLE?®

«000390
«000195
203

LBS/TON COAL
LBS/TON COAL
LBS/HR

EFFICIENCY: S0,0%

BENZENE

LOAD IN? 2014000

LBS/TON COAL

ALLOWABLE: ,L,007000

1.19

LBS/TON COAL
LBS/HR

EFFICIENCY: S0,0X

DUST COLLECTED PER DAY:

TEMP OUT OF PROCESS:

"13.5 TONS(DRY)

EXHAUST TEMPERATURE:

SCFM FLOW:S 17000, AT

180, F
180, F

10, F

ACFM FLOW? 20000, AT

L/G RATIO®

180, F

0

PROCESS WATER FLOW:
COOLING WATER FLOW:
SUSPENDED SOLIDS OuT:

0. GPM
0. GPM
0. MG/L

XSOLIDS: 20
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GENERAL INFORMATION?
UNITS _ OPTION

PPSES: S08. COAL PREMEATER COKE S

CONTROL SYSTEM CONFIGURATIJION:

. ESP
" FAN AND ORIVE
DUC THORK

[

DUST HANDLING HOPPER & CONVEYORS
OAMPERS

Fad AND DRIVE ELECYRICAL

FEET OF aADDTTIONAL OuCT: 100, DIAMETER: 3.
19TAL PRESSURE DROP: 4., INCHES
2 FANS @ 21, HP EACH SPARE FAN CAPACITY: 100.X

OPERATING MOURS AT FULL HP: 8322,
OPERATING MOURS AT REDUCED HP: LIS

STACK HEIGHT: 0.  DIAMETER: 0.

NO. OF OVENS 60.

OVEN MEIGHT 6.0 METERS

OVEN VOLUME 1348, CUBIC FEEY

TONS COKE/PUSH 24,

AVG. COKING VIME,HRS, 12,5
_NO. CYCLES/DAY 115.

BULK DENSITY 50, LBS/CUBIC FT.

YIELD _ o70

TONS COAL/YEAR 1416755, ]

S TA-117




CAPITAL COST:

UNITS

OPTION

PPSES: 508, COAL PREMEATER

COKE S

CAPACTITY: +992 MIILION TONS/YEAR
TOTAL COSY (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4Q@78 COST.)
“CATEGORY COST IN DOLLARS
: #se DIRFCY COST sex
EQUIPMENT OR MATERIAL 397400,
INSTRUMENTATION 0.
PIPING 0.
ELECTRICAL 31900,
FOUNDATIONS 4800,
SIRUCTURAL 42800,
SITE WORK 2800,
INSULATION 21100,
PROTECTIVE COATING 5500,
BUILDINGS 3100,
EQUIPMENYT/MATERIAL LABOR 177500.
__  DIRECY COST SUBTOYAL $B86500.,
sz INDIRECT COST wnax
FIELD OVERHEAD 115400,
CONTRACTORS FEE 74000,
ENGINEERING 87700,
FREIGHT 23000,
OFFSITE WORK 16300,
TAXES 26200,
SHAKEDOWN 36700,
SPARES 36100,
CONTINGENCY 241300,
INDIRECT COST SUBTOYAL . $56700, i}
INTEREST DURING INSTALLATION 112500,
TOTAL COST 1455700,
TOTAL COST WITH RETROFIT 1594900,

-8




OPERATING COST:

UNITS OPTION
PPSES: S08. COAL PREMEATER COKE 5
_ . CAPACYITY: = = ,992 MIiLLION TONS/YEAR
'CATEGORY QUANTITY RATE -ANNUAL COST (S8)
_WATER 0. MEALZYR  § ,1595/1000 GAL Q.
ELECTRICITY 471304, KWH/YR 'S J0266/KWH 12500,
STEAM O, MLBS/YR .8 4,0920/MLBS (18
FUEL 0, GAL/YR $ ,4180/6AL 0,
“wae DPERATING LABOR esx
DIRECT 8760, HRS/YR ‘814,34/HR 125700, (A)
SUPERVIS]ION 1752, HRS/YR $17,20/HR 30100, (B) .
ses MAINTENANCF & SUPPLIFS swe
DIRECTY LABOR 2517, HRS/JYR $14,34/HR 36100, (C)
SUPERVISION 503, HRS/YR $17.20/HR 8700, (D) _
MATERIALS - ' 19700, (E)
SUPPLIES 9700, (F)
WATER TYREATMENT 0.
SOLID WASTE
DISPOSAL 4944, TON/YR $ 8,25/TON 40800,
DIRECY OPERATING COST 283300,
PAYROLL OVERHEAD =20.0%X OF A+BeC+D 40100,
PLANT OVERHEAD =50.0% OF A+B+CeDeE«F 115000,
TOTAL OPERATING COST 438400,
OPERATING COSY IN DOLLARS PER TON PRODUCTION _q44a -
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 88.67
OPERATING COST AS PERCENT OF CAPITAL C€OST 27145
INSTALLATION YIME IN WEEFKS 104, R
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TON CAPACITY 5
CAPITAL RECOVERY (11,75X OF TOTAL CAPITAL) 187300,
ADMINISTRATION OVERHEAD ( 2.0X OF YOTAL CAPITAL) ‘31900,
- PROPERTY TAXES & INS, { 2.0X OF TOTAL CAPITAL) ‘31900,
“TOYAL ANNUALIZED COSY - RETROFIY - - ' $89S00.
= NEW 667600,
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GENERAL INFORMATION:
UNITS _ OPTION

PPSES: 509, COAL PREPARATION . COKE 2
CAPACITYS 2,834 MILLION TONS/ZYEAR |

PARTICULATE
LOAD IN: 2500000 LBS/TON COAL

- :ALLO“ABLES +«015000 {BS/TON COAL EFFICIENCY: ‘740!

DUST COLLECTED PER DAY: 2.7 TONS(DRY)

TEMP _OUT OF PROCESS: 10. F
EXHAUST TEMPERATURE: 70, F

SCFM FLOwW: 70000. AT 70, F

ACFM FLONW:? 70000, AT 70, F

L/6_RATIO® 20
PROCESS WATER FLOW: 0., GPM
COOLING WATER FLOW: 0, GPM

— SUSPENDED SOLIDS QUT: 0, M6/L  XSOLIDS: 20




BENERAL INFORMATION:
UNITS OPTION

PPSES: 509, COAL PREPARATION COXE e

CONTROL SYSTEM CONFIGURATION:

BAGHOUSE
- ‘FAN AND DRIVE
DUC THORK
CONVEYOR TRANS PT, HOOD
DAMPERS
FAN AND DRIVF ELECTRICAL

—A7C: 6,0 = TOYAL CLOYH ARFA? 16000, SQ.FT, ® 20X SPARE CAPACITY

Wi

FEET OF ADDITIONAL DUCT: 300, DIAMETER: S,
TOTAL PRESSURE DROP: 8. INCHES
e FANS @ 147, HP EACH SPARE FAN CAPACITY: 100.%
OPERATING HOURS AY FULL HP: 8122.
OPERATING HOURS AT REDUCED HP: 0.
STACK MEIGHMT: : 0. DIAMEYER: 0O,
NO, OF OVENS 60,
OVEN HEIGHT . 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET -
TONS COKE/PUSH 24,
~ AVG. COKING TIME,HRS. 17.5
N0, CYCIES/DAY f2. ' —
BULK DENSITY S0, LBS/CUBIC FT.
YIELD 70

TONS COAL/YEAR 4047868,




CAPITAL COST:

UNITS OPTION
PPSES: S09, COAL PREPARATION COKE e
__CAPACIYY: === 2,834 MILLION TYONS/YEAR
TOTAL COST (COST BASIS IS 110,00 OF JUNE 1977 DOLLARS FOR 4Q78 COST,)
CATEGORY COST IN DOLLARS 52;;1j
sex DIRECT C€OST sex
EQUIPMENT OR MATERIAL 252300,
INSTRUMENTATION 4000,
PIPING 500,
ELECTRICAL 9100,
FOUNDATIONS 4500,
STRUCTURAL 24100,
SITE WOKRK S00,
INSULATION 0.
PROTECYIVE COATING 16100,
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 73600,
o DIRECT COST SUBTQTAL -384700,
wee INDIRECT COST wmen
FIELD OVERHEAD 45900,
CONTRACTORS FEE 27300,
ENGINEERING 35100,
FREIGHY 23200,
OFFSITE WORK 1000,
TAXES 15300,
. SHAKEDOWN 7400,
SPARES 7500,
CONTINGENCY 160000,
INDIRECT COST SUBYOTAL 322700,
INTERESYT DURING INSTALLATION 26300,
TOTAL COST 733700,
TOTAL CQOST WITH REYRDFIT 814700,

A=-122




OPERATING COST:
UNITS OPTION

PPSES: 509, COAL PREPARATION COKE 2

CAPACITY: 2,830 MILLION TONS/YEAR

CATEGORY QUANTITY RATE ANNUAL COST (S)
#%s UTILITIES a%n | 3

WATER 0, MGAL/YR  § .1595/1000 GAL 0.

ELECTRICITY 1016568, KKH/YR $  +0266/KWH 27100,

STEAM 0. MLBS/TR  $ 6 0950/MLBS 0.

FUEL ‘ 0. GAL/YR ___ 3 .8180/GAL 0.

_axs DPERATING LABOR sas
DIRECT 500, HRS/YR $14,34/HR 7200, (A)
SUPERVISION 100. HRS/YR ____ $17.20/HR 1700, (B)

ank MAINTENANCFE & SUPP| IFS nne

DIRECT LABOR 3000, HRS/YR $14,34/HR 43000, (C)
__SUPERVISION 600, HKS/YR $17.20/HR 10300, (D)
MATERIALS 17600. (E)
SUPPLIES 11800, (F)
NATER TREAIMENTY 0.
SOLID WASTE
DISPDSAL 982. TON/YR $ 8.25/TON 8100,
DIRECT OPERATING COST 126400,
PAYROLL OVERHEAD =20.0X OF A+BeCeD 12400,
PLANT OVERHEAD 250,0% OF A+B+C+D+E+F 45600,
TOTAL OPERATING COST 184400,
QPERATING COST IN DOLLARS PER TON _ PRODUCTION 207
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 187.86
OPERATING COST AS PERCENT OF CAPITAL COST 22.6
INSTALLATION TIME IN WEEKS S2. )
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWNH PER TON CAPACITY '
CAPITAL RECOVERY (11,75% OF TOTAL CAPITAL) 95700.
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 16300,
PROPERTY TAXES & INS. ( 2.0X OF TOTAL CAPITAL). 16300,
~TOTAL _ANNUALIZED COSY « REYROFYY -~ = %32700,
= NEW 300000,
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GENERAL INFORMATIONS
UNITS QPTION

PPSES: 5S10. COAL STORAGE YARD COKE 2

PARTICULATE -
LOAD NS 2150000 LBS/TON COAL

ALLOWABLE: L060000 LBS/TON COAL EFFICIENCY: $0,02
27.73 LBS/HR '

DUST COLLECTED PER DAY: «5 TONS(DRY)

JEMP OUY OF PROCESS: 70, F
EXHAUSTY TEMPERATURE: 70, F
- SCFM FLDOw: 0. AT 10, F
ACFM FLOW: 0. AT 70, F
L/G RATIO® 20
PROCESS WATER FLOW: 170, 6PMm
COOLING WATER FLOW? 0, 6PM

__SUSPENDED SOLIDS DUT: 0, MG/ XSOLIDS: <0




GENERAL INFORMATION:

UNITS OPTION -
PPSES: S10. COAL STORAGE YARD COKE e
CONTROL SYSTEM CONFIGURATION:
TRANSFER POINT SPRAY 3
-SPRAY TRUCK ;
wme T SYSTEM

FEET OF ADDITIONAL DUCT: 0o DIAMETER: 0, -
TOTAL PRESSURE OROP: 0o, INCHES
0 FANS 3 0. HP EACH SPARE FAN CAPACITY: 0.,%

__ OPERATING MOURS AY FULL HP: 8160,
OPERATING HOURS AT REDUCED HP: 0o
STACK HEIGHT: 0. DIAMETER: O,
NO, OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET
TONS _COKE/PUSH 24.
AVG. COKING TIME,HRS. 17.5
NO., CYCLES/DAY 82,
BULK DENSITY 50, LBS/CUBJIC FT,
YIELD 70
TONS COAL/YEAR 4047868,

e
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CAPITAL COST:

UN]ITS

QOPTION

PPSES: S10, COAL STORAGE YARD

TOTAL COSTY

COKE 2

(COST BASIS IS 110,002 OF JUNE

1977 DOLLARS FOR 4Q78 COST.)

~CATEGORY

COST IN DOLLARS 7

wexd DIRFCY C£OST =x»

EQUIPMENT DR MATERIAL 90100,
INSTRUMENTATION 3800,
PIPING 22900,
ELECTRICAL 15600,
FOUNDATIONS 100,
—  SIRUCTURAL 4400,
SITE WORK S00.
INSULAT]ION 19800,
PROTECYJIVE COATING 200,
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 4000,

- _DIRECY COST SUBTOTAL 161400,

ks INDIRECY COST w#en

FIELD OVERHEAD 11600,
CONTRACTORS FEE 7800,
ENGINEERING 31600,
_ FREIGHT 1000,
OFFSITE WORK 200,
TAXES 6300,
SHAKEDOWN 600,
SPARES 1100,
CONTINGENCY 36700,

- INDIRECY COST SUBYOTAL 96900,

INTEREST DURING INSTALLATION 7100,

TOTAL COST 265400,

I0DTAL COSY WI1TH REIROFIY 297200,




OPERATING COST:

UNITS _ OPTION .
PPSES: S10., COAL STORAGE YARD COKE 2
CATEGORY QUANTITY RATE ANNUAL COST (S)
nee UTILITIES was s
— —WATER 89R70, MGAL/ZYR  § ,1%95/1000 GAl 8000,
ELECTRICITY 32639, KWH/YR $ .0266/KWH 900,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. BALZYR $  .4180/6AL Qe .
#asx OPERATING LABDR was
DIRECY 1800, HRS/YR $14.34/HR 25800, (A)
SUPERVISION 360, HRS/YR $17,20/HR 6200, (B)
axk MAINTENANCE & SUPPLIES eex
DIRECT LABOR 800, HRS/YR $14.34/HR 11500, (C)
SUPERVISION 160, HRS/YR $17.20/HR 2800, (D)
MATERIALS 6500, (E)
SUPPLIES 3300, (F)
NATER TREATMENTY O
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0.
DIRECT OPERATING COST | 65000,
PAYROLL OVERHEAD £20.0% OF A¢BeCeD 9300,
PLANT OVERHEAD =50.0% OF A+B+C+D+E+F 28100,
TOTAL OPERATING COST 102400,
OPERATING COST IN DOLLARS PER TON _ PRODUCTION Y .
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 562.16
OPERATING COST AS PERCENT OF CAPITAL COST 34,5
INSYALLATION TIME IN WEEKS 82
ESTIMATED LIFE OF SYSTEM IN YEARS 20,

KWH PER TON  CAPACITY .0
CAPITAL RECOVERY (11,75% OF TOTAL CAPITAL) 34900,
ADMINISTRATION OVERHEAD ( 2.0%3 OF TOTAL CAPITAL) 5900,
_PROPERTY TAXES & INS. ( 2.0% OF TOTAL CAPITAL 5900,
_-~FOYAL ANNUALIZED COSY = RETROFJY - - 149100,
= NEW 184200,
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GENERAL INFORMATION:

UNITS OPTION
PPSES: 510, COAL STORAGE YARD COKE 3
_CAPACITIYZ 2.834 MILLION YONS/YFAR
PARTICULATE
LOAD_ IN: 2150000 _LBS/TON COAL
-ALLOWABLE: ,037500 LBS/TON COAL EFFICIENCY: 75,0

17.33 LBS/HR

DUSY COLLECTED PER DAY:

«6 TONS(DRY)

JEMP_OUT_OF PROCESS: 10. F
EXHAUST TEMPERATURE: 10. F
— _SCFM FLON 0, AY 10, F
ACFM FLOwW? 0. AT 70, F
L/G_RATIO: 20
PROCESS WATER FLOW: 254, GPM
COOLING WATER FLOWS 0. 6PM
——— SUSPENDED SDLIDS OUT: O, MG/L ~~ XSOLIDS: L0

S a-128.




GENERAL INFORMATION:
UNITS _ OPTION

PPSES: 510, COAL STORAGE YARD COKE 3

CONTROL SYSTEM CONFIGURATIJION:

-COAL RECEIVING STATION SPRAYS
TRANSFER POINT SPRAY
SPRAY TRUCK

Wi

WATER PUMPING SYSTEM

FEEY OF ADDITIONAL DUCT: 0. DIAMETER: 0,
TOTAL PRESSURE DROP: 0. INCHES
O FANS ® 0. HP EACH =~ SPARFE FAN CAPACITY? 0.%
OPERATING HOURS AT FULL HP: 8760,
OPERATING HOURS AT REDUCED HP: 0.
STACK MEIGHT: 0, DIAMETER: 0,
NO, OF OVENS 60,
OVEN HEIGHT 6.0 METERS

___ OVEN VOLUME 1348, CUBIC FEEY
TONS COKE/PUSH 24,
AVG., COKING TIME,HRS. 17.5

_ NO. CYCLES/DAY 82,
BULK DENSITY S0. LBS/CUBIC FT,
YIELD oT0
TONS COAL/YEAR 4047868.
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CAPITAL COST:
UNITS OPTION
PPSES: 510, COAL STORAGE YARD COKE 3

. CAPACITYS: ===~ 2,834 MILLION YONS/YFAR

TOTAL COST (COST BASIS IS 110.,00%x OF JUNE 1977 DOLLARS FOR 4Q@78 COST,
__CATEGORY £OST IN DOLLARS
xxx DIRFCT COST sxan
EQUIPMENT OR MATERIAL 153300,
INSTRUMENTATION 3800,
PIPING 50100,
ELECTRICAL 22900,
FOUNDATIONS 2600,
STRUCTURAL 4400,
SITE WORK 900,
INSULATION 26700,
PROTECTIVE COATING. 400,
BUILDINGS 5500,
EQUIPMENT/MATERIAL LABOR 10400,
" DIRFCT COST SUBTOTAL 281000, ; —
sxx INDIRECT COST #=xx

FIELD OVERHEAD 24100,
CONTRACTORS FEE 14800,
ENGINEERING 42700,
FREIGHT ' 19900,
OFFSITE WORK '300.
TAXES 9000,
SHAKEDOWN 1600,
- SPARES 1600,
CONTINGENCY 62200,

INDIRECY COST SUBTOTYAL 158200,

INTEREST DURING INSTALLATION 13500,

TOTAL COST 452700,

INTAL COST WITM RETROFIY 525100,
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OPERATING COST:

UNITS __ OPTION
PPSES: 510, COAL STORAGE YARD COKE 3
CAPACTTY: 2,839 MILITON YONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST ($)
wen UTILITIES wxe 5
WATER 784805, MGAL/YR $ ,1595/1000 6AL 11900,
ELECTRICITY 48959, KWH/YR $ .0266/KWH 1300,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. BAL/YR $  .4180/6AL 0.
xtx OPERATING LABOR awms ;
DIRECTY 1800, HRS/YR $14,34/HR 25800, (A)
SUPERVISION 360, HRS/YR $17,20/HR 6200, (B) _
ware MAINTENANCE & SUPPLIES wwx
DIRECT LABOR 1200, HRS/YR $14,.34/HR 17200. (C)
SUPERVISION 240, HRS/YR $17,20/HR 4100, (D) .
MATERIALS 9300. (E)
SUPPLIES 4900. (F)
WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8,25/TON 0.
DIRECT OPERATING COST 80700,
PAYROLL OVERHEAD =20.0X QOF A+B+C+D 10700.
PLANT OVERHEAD =250.0X% OF A+B+C+D+E+F 33800.
TOTAL OPERATING COST 125200,
QPERATING _COST IN DOLLARS PER YON _ PRODUCTION 208
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 549,86
OPERATING COST AS PERCENT OF CAPITAL COST 23.8
INSTALLATION TIME IN WEEKS S52.
ESTIMATED LIFE OF SYSTEM IN YEARS 20.
KWH PER TON CAPACITY .0
CAPITAL RECOVERY (11,75% OF TOTAL CAPITVAL) 61700,
ADMINISTRATION OVERHEAD ( 2.0X OF TOTAL CAPITAL) 10500,
PROPERTY TAXES 8 INS. ( 2.0% OF TOTAL CAPITAL). 10500,
> JOTAL ANNUALIZED COSY « RETROFIY 207900,
= NEW 196600,
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GENERAL INFORMATION:
UNITS OPTION

PPSES: 510, COAL STORAGE YARD . COKE 4

. CAPACYTY: =~ 2,834 MILLION YONS/YFAR

PARTICULATE
LOAD JN: 2150000 LBS/TON _COAL

ALLOWABLE: ,L015000 LBS/TON COAL EFFICIENCY: 90,0%
6.93 LBS/HR :

DUST COLLECTED PER DaY: o7 TONS(DRY)

TEMP_OUT_OF PROCESS: 10, F
EXHAUST TEMPERATURE: 70, F
SCFM _FLOW: 0. AY 70, F
ACFM FLOW: 0. AT 70, F
L/6 RATIQ® .0
PROCESS WATER FLOW: 680, GPM
COOLING WATER FLOW: 0, 6PM
. SUSPENDED SOLIDS OQUT: 0. M6/t XS0LIDS: 20

A-132




GENERAL INFORMATION:®
UNITS OPTION

PPSES: S10. COAL STORAGE YARD COKE 4

CONTROL SYSTEM CONFIGURATION:

"COAL -RECEIVING STATION SPRAYS
SPRAY TRUCK
COAL PILE PERIMETER SPRAY

WATER PUMPING SYSTEM

FEET OF ADDITIONAL DUCT: 0. DIAMETER: 0.
TOTAL PRESSURE DROP: 0. INCHES
0_FANS @ 0. HP EACH SPARE FAN CAPACTITYS  0.X
OPERATING HOURS AT FULL HP: 8760,
OPERATING HOURS AT REDUCED HP: 0. '
STACK HEJGHT: 0. DIAMETER: 0,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS

_____ OVEN VOLUME 1344,  CUBIC FEEY
TONS COKE/PUSH 24,
AVG. COKING TIME,HRS. 17.5
NO, CYCLES/DAY 82,
BULK DENSITY S0, LBS/CUBIC FT,
YIELD .70

___ YONS COAL/YEAR 4047868,

L A=133




CAPITAL COST:

UNITS

OPTION

PPSES: 510, COAL STORAGE YARD

 CAPACIYY: =~ === 2,834 MJii TON TONS/YEAR

COKE

4

TOTAL COST (COST BASIS IS 110.00X OF JUNE 1977 DOLLARS FOR 4078 COST,
CATEGORY COST IN DOLLARS
wat DIRECY COST nen
EQUIPMENT OR MATERIAL 1240100,
INSTRUMENTATION 3800,
PIPING 582100,
ELECTRICAL 78100,
FOUNDATIONS 20400,
. STRUCTURAL 4400,
SITE WORK 15300,
INSULATION 347000,
PROTECTIVE COATING 700,
BUILDINGS 96400,
EQUIPMENT/MATERIAL LABOR 72300,
DIRECY COSY SUBTOTAL 2460600,
«*x INDIRECT COST n=xx
FIELD OVERHEAD 389900, _
CONTRACTORS FEE 239800,
ENGINEERING 235600,
FREIGHY 13800, -
OFFSITE WORK 68100,
TAXES 63200,
SHAKEDONWN 17500, _
SPARES 12700,
CONTINGENCY 687500,
INDIRECY COSY SUBYOTAIL 1728100,
INTEREST DURING INSTALLATION 308700,
TOTAL COSTY 4497400,
YOTAL COST WITH RETROFIT 4974300,
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OPERATING COST:
LUNITS OPTION

PPSES: Si0, COAL STORAGE YARD COKE 4
CAPACITY: 2,834 MILLION YONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (83)

xes UTILITIES w=xn

_  WATER 200046, MGAL/YR S ,1595/1000 GAL 31900,
ELECTRICITY 130928, KWH/YR $ .026b/KWH 3500,
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR 8§ .4180/BAL 0.

sy DPERATING LABOR wew

DIRECT 40590, HMRS/YR $14,34/HR $82200, (A)
SUPERVISION 8118, HRS/YR $17.,20/HR 139700, (B).

sxs MAINTENANCE & SUPPLIFS axx _

DIRECT LABOR 6378, HRS/YR $14,34/HR 91500, (C)
SUPERVISION 1276, HRS/YR $17,.20/HR 21900, (D) .
MATERIALS 46500, (€)
SUPPLIES 24700, (F)
— WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0., TON/YR $ 8.25/TON 0.
DIRECT OPERATING COST 941900,
PAYROLL OVERHEAD =20.0X OF A+B+CeD 167100, -
PLANT OVERHEAD =S0,0X OF A+B+C+DeE+F 453300,
TOTAL OPERATING COST 1562300,
QPERATING COST IN DOLLARS PER _TON PRODUCTION 295
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 5717.87
OPERATING COST AS PERCENT QOF CAPITAL CoOSTY 31,4
INSTALLATION YIME IN WFFKS . 80.
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (11.75% OF YOTAL CAPIYAL) ~ S64300.
ADMINISTRATION OVERHEAD ( 2.0%X OF TOTAL CAPITAL) ‘995090,
~ PROPERTY TAXES & INS. ( 2.0X OF TOTAL CAPITAL) 99500,
YOYAL ANNUALIZFD COSY - RETROFIY _ : 2348600,
* NEW 2270400,




GENERAL INFORMATJON:
UNITS DPTION

PPSES: 9S11. PIPELINE CHARGING COKE 2
CAPACITY: 0992 MILLION TONSZYFAR
PARTICULATE

LOAD IN:  ,016000 LBS/TON COAL

ALLOWABLE: ,000160 LBS/TON COAL EFFICIENCY: 99,0%

003 LBS/HR
8S0
LOAD IN: .019000 LBS/TON COAL
ALLOWABLE: .000190 1BS/TON COAL  FFFICIENCY: 99.0%
.03 LBS/HR
BAP
LOAD IN: .000035 LBS/TON COAL
ALLOWABLE: .000000 LBS/TON COAL EFFICIENCY: 99,0%
.00 LBS/HR
BENZENE
LOAD IN:  .008000 LBS/TON COAL
ALLOWABLE: ,000080 LBS/TON COAL EFFICIENCY: 99,0%
.01 LBS/HR
DUST COLLECTED PER DAY: .0 TONS(DRY)
__ YEMP OUT OF PROCESS: 180, F
EXHAUST TEMPERATURE? 180, F
SCFM FLONW: 0, AT 10, F
ACFM FLOW: 0. AT 180, F
L /6 RATIODS o0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLONW: 0. GPM
SUSPENDED SOLIDS OUT: 0, MG/L XSOLIDS: .0
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GENERAL INFORMATION:
UNITS QPTION

PPSES: 511, PIPELINE CHARGING COKE e

CONTROL SYSTEM CONFIGURATJION:

YOPSIDE AND PIPELINE MAINT,

FEET OF ADDITYIONAL DuUCT: 0. DIAMETER: O,
TOTAL PRESSURE DROP: 0. INCHES
0 FANS @ 0., HP EACH SPARE _FAN CAPACITY: 0.X

OPERATING HOURS AT FULL HP: 8760.
OPERATING HOURS AT REDUCED HP: 0.

—— STACK HEIGHT?Z 0, DIAMETER: 0,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN_VOLUME - 1348, CUBIC FEET
YONS COKE/PUSH 24,
AVG, COKING TIME,HRS. 12.5
NO. CYCLES/DAY 115,
BULK DENSITY S0. LBS/CUBIC FT,
YIELD 70
TONS COAL/YEAR _1416755,
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OPERATING COST:

UNITS

OPTION

— CAPACTYYYE: === = L9092 MILLION TONS/YEAR

PPSES: 511, PIPELINE CHARGING COKE

2

CATEGORY QUANTITY RATE . ANNUAL COST (S$)
wxs UTILITIES =ax |
 MATYER 0, MGALZ/YR 8§ L,159S5/1000 GAL 0,
ELECTRICITY 0., KWH/YR $ .0266/KwH 0.
STEAM 0., MLBS/YR $ 4,0920/MLBS 0.
FUEL 0, GAL/YR S  .4180/GAL R
sxx OPFRATING LABOR enwe
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR __$17.20/HR 30100, (8B)
akx MAINTENANCE & SUPPLIES anx
DIRECT LABOR $900. HRS/YR $14,34/HR 84600, (C)
SUPERVISION 1180, HRS/YR $17,20/HR 20300, (D)
MATERIALS 42300, (E)
SUPPLIES 22100, {(F)
WATER YREATMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0.
DIRECT OPERATING COST 325100,
_PAYROLL OVERHEAD =20.0X QF A+B<+C+D 52100,
PLANT OVERHEAD =S50,0% OF A¢B¢C+De¢EeF 162600,
TOTAL OPERATING COST $39800.
_OPERATING COST JN DOLLARS PER TON PRODUCTION 254
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 48107,5S
OPERATING COST AS PERCENT OF CAPITAL €OST 0
INSTALLATION YIME JN WEEKS R.
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY )
CAPITAL RECOVERY (10,.00% OF TOTAL CAPITAL) 0,
ADMINISTRATION OVERHEAD ( 2.0X OF TOTAL CAPITAL) 0.
PROPERTY TAXES & INS. ( 2.02 OF TOTAL CAPITAL) 0.
_JOTAL ANNUALIZ2FD C£OSY = RETROFIY R 539800,
= NEW 539800,
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GENERAL INFORMATION:
UNITS OPTION

PPSES: Sle. REDLER CHARGING COKE e
— CAPACYITYZ =~~~ =~~~ L,992 MILLYON TONS/YEAR

PARTICULATE
LOAD INS3 2010000 LBS/TON COAL

ALLOWABLE: ,000100 LBS/TON COAL EFFICIENCY: 99,02

«02 LBS/HR
880
LOAD 1IN: «006000 LBS/TON COAL
ALLOWABLE: ,000060 LBS/TON COAL  EFFICIENCY: 99.0X
+01 LBS/HR
BAP
LOAD IN: «000011 LBS/TON COAL
ALLOWABLE: ,000000 LBS/TON COAL EFFICIENCY: 99,0X
200 1 BS/HR
BENZENE
LOAD IN: «004900 {BS/TON COAL
ALLOWABLE: ,L,000049 | BS/TON COAL EFFICIENCY: 99,0
: o01 LBS/HR
DUST COLLECTED PER DaY: «0 TONS(DRY)
YEMP OUY QF PRODCESS: R0, F
EXHAUST TEMPERATURE: 180, F
SCFM FLOW: 0, AT 70. F .
ACFM FLOW: 0, AT 180, F
L/6 RATIO® o0
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0. GPM
_SUSPENDED SOLIDS OUT: 0., MG/L XSOLIDS: 0
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GENERAL INFORMATION:
UNITS OPTION

PPSES: S12, REDLER CHARGING COKE e

CONTROL SYSTEM CONFIGURATION:

.-REDLER SYSTEM MAINT,

FEEY OF ADDITIONAL DUCT: 0. DIAMETER: O,

TOTAL PRESSURE DROP: 0. INCHES
0 FANS a 0, HP EACH SPARE FAN CAPACITY: 0.%

OPERATING WOURS AT FULL HP: 8760,
OPERATING MOURS AT REDUCED Hp: 0.

—— STACK HEIGHTS 0. DIAMETIER: 0.

NO. OF OVENS 60,
OVEN HEIGHTY 6.0 METERS
OVEN_VOLUME 1348, CUBIC FEETY
TONS COKE/PUSH 24,
AVG, COKING TIME,HRS, 12.5

_NO. CYCLES/DAY 118,
BULK DENSITY 50. LBS/CUBIC FT,
YIELD 10
TONS COAL/YEAR ' 1416755,
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OPERATING COST:

UNITS OPTION

PPSES: 512,

REDLER CHARGING COKE 2

CAPACTITY: <992 MILLION TONS/YEAR
CATEGORY QUANTITY RATE .ANNUAL COST ($3)
| arx UTILITIES #ee 3
_ WATER 0. MGAL/ZYR S .1595/1000 GAL 0.
ELECTRICITY 0., KWH/YR $ .0266/KWH 0,
STEAM 0. MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR $ .4180/GAL 0.
*xax OPFRATING { AROR wx2
DIRECT 8760, HRS/YR $14,.34/HR 125700, (A)
SUPERVISION 1752, HRS/YR _$17,20/KR 30100, (B)
xuxr MAINTFNANCE & SUPPLIFS wax
DIRECT LABOR 2000. HRS/YR $14,.34/HR 28700. (C)
SUPERVISION 400, HRS/YR $17,20/HR €900, (D)
MATERIALS 14300, (E)
SUPPLIES 7500. (F)
 WATER YREATYMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0.
DIRECY OPERATING COST 213200,
PAYROLL OVERMEAD =20,0X OF A+BeC+D _38300. .
PLANT OVERHEAD =50,0X% OF A+B+C+D+E+F 106600,
TOTAL OPERATING COST 358100,
OPERATING COST IN DOLLARS PER TON  PRODUCTION 236
OPERATING COSY IN DOLLARS PER TON OF DUST COLLECTED 51062.80
OPERATING COST AS PERCENT OF CAPITAL COST )
INSTALLATION TIMF IN WEFKS 8.
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (10,00X OF TOTAL CAPITAL) 0.
ADMINISTRATION OVERHEAD ( 2.,0% OF TOTAL CAPITAL) 0.
. PROPERTY TAXES 8 INS. ( 2.0X OF TOTAL CAPITAL) 0.
e T SPNTAL ANNUALIZED COST - RETROFIY 358100,
- NEW 358100,
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GENERAL INFORMATION:
UNITS OPTION

PPSES: 513, HOT LARRY CAR CHARGING COKE 2
CAPACITYS «992 MILLION YONS/ZYEAR

PARTICULATE
LOAD IN:  ,017000 LBS/TON COAL

ALLOWABLE: ,000170 LBS/TON COAL EFFICIENCY: 99,02
«03 LBS/HR ‘

880

LOAD IN: «019000 LBS/TON COAL
ALLOWABLE: ,000190 LBS/TON COAL EFFICIENCY: 99,0%
«03 LBS/HR
BAP
LOAD IN: «000035 LBS/TON COAL
ALLOWABLE: 000000 LBS/TON COAL EFFICIENCY: 99,0%
200 1 BS/HR
BENZENE
LOAD IN:® 2008000 {BS/TION COAL
ALLOWABLE: ,000080 LBS/TON COAL EFFICIENCY: 99,0X
«01 LBS/HR
DUSY COLLECTED PER DAY: o0 TONS(DRY)
TEMP DUTY OF PROCESS: 180, F
EXHAUST TEMPERATURE: 180, F
SCFM FLOW:? 0, AT 10, F
ACFM FLON: 0. AT 180, F
L/6 RATIDS )
PROCESS WATER FLOW: 0, G6PM
COOLING WATER FLOW: 0, GPM
SUSPENDED SOLIDS QuUT: 0, MG/L _XSOLIDS: 20
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GENERAL INFORMATION:
UNITS QPTION

PPSES: 513, HOT LARRY CAR CHARGING COKE e

CONTROL SYSTEM CONFIGURATION:

"HOT LARRY CAR -TOPSIDE

FEET OF ADDITIONAL DUCT: 0. DIAMETER: 0.

TOTAL PRESSURE DROP: 0. INCHES
0 FANS @ O, HP EACH SPARE_FAN CAPACITY: 0.%

OPERATING HOURS AT FULL HP: 8760,
OPERATING WOURS AT REDUCED HWP: 0,

— STACK MEIGHT? 0.  DIAMEYER: 0.
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH 24,
AVG6., COKING TIME,HRS, 12,95
NO, CYCLES/DAY 115,
BULK DENSITY S0, LBS/CUBIC FT,
YIELD o710
TONS COAL/YEAR 1416755,
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OPERATING COST:

UNITS ODPTION

PPSEST S13. MNOT LARRY CAR CHARGING COKE 2
__ CAPACIYY: === ,992 MILIION TONS/YEAR
CATEGORY QUANTITY RATE -ANNUAL COST (S)
axa UTILITIES s« R é )
 WATER 0, MGAL/YR _ §  ,1595/1000 GAL 0.
ELECTRICITY 0. KNH/YR $ ,0266/KNH 0.
STEAM 0., MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GAL/YR S  .a180/GAL 0.
wne OPERATING L ABDR sux
DIRECT 8760. HRS/YR $14,34/HR 125700. (A)
SUPERVISION 1752, HRS/YR $17,20/HR 30100, (B)
aee MAINTENANCE & SUPPLIFS s
DIRECT LABOR 0. HRS/YR $14,34/HR 0. (C)
SUPERVISION 0. HRS/YR $17,20/HR 0. (D)
MATERIALS : 0. (E)
SUPPLIES 0. (F)
WATER TREATMENT 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0.
DIRECT OPERATING COST 155800,
PAYROLL OVERHEAD =20.0% OF A+B+C+D 31200, _
PLANT OVERHEAD =50.0% OF A+B+C+D+E+F 77900,
TOTAL OPERATING COST 264900,
OPERATING COST IN DOLLARS PER TON _ PRODUCTION 27
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 22219,45
OPERATING COST AS PERCENT OF CAPITAL COST .0
INSTALLATION TIME IN WEEKS 8.
ESTIMATED LIFE OF SYSTEM IN YEARS 99.
KWH PER TON  CAPACITY o0
CAPITAL RECOVERY (10,00X% OF TOTAL CAPITAL) 0.,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 0.
_PROPERTY TAXES & INS. ( 2,0% OF TOTAL CAPITAL) 0.
“JOTAL ANNUALIZED COST » RETRQFITY 264900,
- NEW 264900,




GENERAL INFORMATION:

UNITS OPTION

PPSES: 514, BY=PRODUCTS PLANT COKE

LAPACYITY: P2.8346 MILLION YONSZYEAR

850

e

LOAD INS 2300000 LBS/TON COAL

" ALLOWABLE: L060000 LBS/TON COAL EFFICIENCYS
27.73 LBS/HR

80,0%

AR

BENZENE

LOAD IN: «200000 LBS/TON COAL

ALLOWABLE: ,080000 iBS/TON COAL EFFICIENCY:

80,0%

18,88 LBS/HR

20 TONS(DRY)

—— DUSY COILLFCTFD PFR DAY:

TEMP OUT OF PROCESS:
EXHAUST TEMPERATURE:S

100, F
100. F

SCFM FLONW: 0.
_ ACFM F{ONW2 0.

AT
AT

10, F
100, €

L/G RATIO: .
PROCESS WATER FLOW:

.0
0. 6PM

COOLING WATER FLOW:?
SUSPENDED SOLIDS OUT:

0. 6PM
Qs MG/L XSOLIDS:

ol




GENERAL INFORMATION:
UNITS QPTION

PPSES: S1a, BY=PRODUCTS PLANT COKE 2

CONTROL SYSTEM CONFIGURATION:

- *8Y=PRODUCT CONTROLS

FEET OF ADDITIONAL DUCT: 0. DIAMETER: O,

TOTAL PRESSURE DROP? 0. INCHES
0 FANS o 0. HP EACH _SPARE FAN CAPACJTY: 0.%

OPERATING HWOURS AT FULL WPS 8760,
- OPERATING HOURS AT REDUCED HPB 0.

— STACK HEIGHTS 0. DIAMETER: 0,
NO. OF OVENS 60,
OVEN HEIGHT 6.0 METERS
OVEN VOLUME 1348, CUBIC FEET
YONS COKE/PUSH 24,
AVG., COKING TIME,HRS, 17.5
o NO. CYCLES/DAY 82,
BULK DENSITY S0. LBS/CuBIC FT, -
YIELD 70

TONS COAL/YEAR 4047868,




OPERATING COST:

UNITS OPTION
PPSES: S14. BY=PRODUCTS PLANT COKE 2

CATEGORY QUANTITY RATE ANNUAL COST ($)
s atx UTILITIES wun ERTLLT i
" ELECTRICITY 0. KWH/YR $ .0266/KnWH 0.
STEAM 0., MLBS/YR $ 4,0920/ML8B8 0.
FUEL 0. BAL/YR $ .6180/GAL 0.
xnx OPFRATING LABOR saw
DIRECY 0. HRS/YR $14,34/HR 0. (A)
SUPERVISION 0. HRS/YR $17.20/HR 0. (B)

shx MAINTENANCE & SUPPLIES =asx

DIRECT LABOR 8760, HRS/YR $14,34/HR 125700. (C)
SUPERVISION 1752, HRS/YR $17.20/HR 30100, (D) .
MATERIALS 0. (E)
SUPPLIES 23400, (F)
— WATER TREATMENTY : 0.
SOLID WASTE
DISPOSAL 0. TON/YR $ 8.25/TON 0.
DIRECY OPERATING COST 179200,
PAYROLL OVERHEAD =20.0X OF A+¢BeL+D %1200,
PLANT OVERHEAD =50,0% OF A+B+C+DeE+F 89600,
TOTAL OPERATING COSY 300000,
OPERATING COSY IN DOLLARS PER YON __PRODUCTION a1l
OPERATING COST IN OOLLARS PER TON OF DUST COLLECTED 25163,59
OPERATING COST AS PERCENT OF CAPITAL COST o0
INSTALLATION YIME IN WEEKS : : 8.
ESTIMATED LIFE OF SYSTEM IN YEARS 99.
KWH PER TON CAPACITY 0
CAPITAL RECOVERY (10,00% OF VOVAL CAPIVAL) 0.
ADMINISTRATION OVERMEAD ( 2.0% OF TOTAL CAPITAL) 0.
- PROPERTY TAXES & INS, ( 2.0X% OF TOTAL CaPITAL) . 0.
= FJOTAL ANNUALIZED COSY = RETROFIT . ~300000.

= NEW 300000,




GENERAL INFORMAT]ION:
UNITS OPTION

PPSEST 515, COMBUSTION STACK = NEW COKE 2
LAPACITYS .708 MILLION TONS/YEAR
PARTICULATE |

LOAD IN: 130000 LBS/TON COAL

ALLOWABLES ,026000 LBS/TON COAL EFFICIENCY: -80,0%
' 3,00 LBS/HR '

8S0
LOAD 1IN: «000600 LBS/TON COAL
ALLOWABLE: .000120 LBS/TON COAL EFFICIENCY: 80,0%
«01 LBS/HR
BAP
LOAD IN: °©  ,000006 LBS/TON COAL
ALLOWABLE: ,000001 LBS/TON COAL EFFICIENCY: 80,0
200 LBS/HR
DUSY COLLECTED PER DaY? «1 TONS(DRY)
TEMP OUT OF PROCESS: 450, F
EXHAUST TEMPERATURE: 450, F

SCFM FLON: 67000, AT ‘70, F
ACFM FLOW: 115000, AT 450, F

L/76 RATIO: 0
PROCESS WATER FLOW: 0. 6PM .
COOLING WATER FLOW: 0, GPM

SUSPENDED SOLIDS OUT: 0., MG/L XSOL1DS: o0

CE




GENERAL INFORMAT]ION:
UNITS OPTION

PPSES: 515, COMBUSTION STACK = NEW COKE 2

CONTROL SYSTEM CONFIGURATION:

~<HEATING CONTROL AND PATCHING

" FEET OF ADDITIONAL DUCTS 0.  DIAMETER: 6.

TOTAL PRESSURE OROP: 0. INCHES
0 FANS @ 0. HP EACH SPARE _FAN CAPACITY: 0,.%

OPERATING HOURS AT FULL HP: 8760,
OPERATING MOURS AT REDUCED HP: 0,

STACK HEIGHT: 0.  DIAMETER: Q.
NO. OF OVENS 60.

OVEN HEIGHT 6.0 METERS

OVEN VOLUME 1348, CUBIC FEET

TONS COKE/PUSH ea,

AVG6. COKING TIME,HRS. 17.5

NO. CYCLES/DAY 82,

BULK DENSITY 50. LBS/CUBIC FT,
YIELD 70

TONS COAL/YEAR 1011967,
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OPERATING COST:
UNITS OPTION

PPSES: 515, COMBUSTION STACK = NEW COKE e
— CAPACTITYS === = L.708 MILLION TYONS/YEAR
CATEGORY QUANTITY RATE

ANNUAL C0§T (s)

wrx UTILITIES man

_WAYER 0, MGAL/YR 8 ,1595/1000 GAL VIR
ELECTRICITY 0., KWH/YR $ .0266/7KNH 0,
STEAM 0, MLBS/YR $ 4,0920/MLBS 0.
FUEL 0. GALZYR $ .4180/GAL ('R
sxx OPFRATING LABOR anw
DIRECT 8760, HRS/YR $14,34/HR 125700, (A)
SUPERVISION 1752, HRS/YR $17.20/HR 30100, (B)
et MAINTENANCE & SUPPLIES #we
DIRECT LABOR $900, HRS/YR $14,34/HR 84600, (C)
__ __ SUPERVISION 1180, HRS/YR $17,20/HR 20300, (D)
MATERIALS 21200, (E)
SUPPLIES 18900, (F)
. WATER YREAIMENT 0.
SOLID WASTE
DISPOSAL 0., TON/YR $ 8,25/TON 0.
DIRECT OPERATING COST 300800,
PAYROLL OVERHEAD =20.0X OF A+BeC+D 52100,
PLANT OVERHEAD =50,0% OF A+B+C+D+E«+F 150400,
TOTAL OPERATING COST 503300,
OPERATING COST IN DOLLARS PER TON PRODUCTION .11
OPERATING COST IN OOLLARS PER TON OF DUSYT COLLECTED 9564.39
OPERATING COST AS PERCENT OF CAPITAL COST o0
— INSYALLATION TIME IN WEFKS 8.
ESTIMATED LIFE OF SYSTEM IN YEARS 99,
KWH PER TON CAPACITY o0
CAPITAL RECOVERY (10,00X OF YOTAL CAPITAL) 0,
ADMINISTRATION OVERHEAD ( 2,0% OF TOTAL CAPITAL) 0.
PROPERTY TAXES & INS. ( 2,0 OF TOTVAL CAPITAL) 0,
# o TOTAL ANNUAL IZED COST « RETROFIY 503300,
= NEW 503300,
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GENERAL INFORMATIONS

UNITS OPTION
PPSES: S16, -QUENCHING = DIRTY WATER COKE 2
. CAPACTYYYT ===~ 2,834 MILLION TONS/YEAR
PARTICULATE
o LOAD IN: 3.200000 LBS/TON COAL
ALLOWABLE: ,960000 L8S/TON COAL EFFICIENCYS T70,0X
463,60 LBS/HR
880
LOAD IN: «006400 LBS/TON COAL
ALLOWABLE: ,00§1920 | BS/TON COAL EFFICIENCYS 70.0%
«89 LBS/HR
BAP i
LOAD IN: «000310 LBS/TON COAL
ALLOWABLE: 000093 LBS/TON COAL EFFICIENCY: T70,0%
204 L BS/HR
BENZENE

—— LOAD IN: = L000260 {BS/TON COAL

ALLOWABLE: ,000260 LBS/TON COAL
el2 LBS/HR

EFFICIENCY: «0X

DUST COLLECTED PER DaAY: 12.4 TONS(DRY)

— _JEMP OUY OF PROCESSS 200, F
EXHAUST TEMPERATURE? 200, F
SCFM FLOW? 0, AT 10, F
ACFM FLON? 0. AT 200, F
L/6 RATIOS 20
PROCESS WATER FLOW: 0. GPM
COOLING WATER FLOW: 0., GPM
SUSPENDED_ SOLIDS OUY:S 0, MG/L XSOLIDS: 20
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CAPITAL COST:

UNITS

QPTION

PPSES: S1e.

__ LAPACTITYS: =~ =~ 2.834 MILLION TONS/YEAR

QUENCHING = DIRTY WATER

COKE 2

TOTAL COST (COST BASIS IS 110,00% OF JUNE 3977 DOLLARS FOR 4078 cOST,
LCATEGORY COST IN DOLLARS
#ax DIRFCY COST ewwxx
EQUIPMENT OR MATERIAL 114100,
INSTRUMENTATION 0.
PIPING 30800, -
ELECTRICAL 6200,
FOUNDATIONS 900,
SIRUCTURAL 0.
SITE WORK 600,
INSULATION 0.
PROTECTIVE COATING. 900, _
BUILDINGS 0.
EQUIPMENT/MATERIAL LABOR 80300,
 DIRECT COST SUBTOTAL 2336800,
sar INDIRECT COST wax
FIELD OVERHEAD 45400,
CONTRACTORS FEE 27900,
. ENGINEERING 35100,
__FREIGHT 4400,

OFFSITE WORK 0,
TAXES $700,
SHAKEDORWN 1300,
SPARES 3500,
CONTINGENCY 71400,

INDIRECY £OSY SUBYOTAL 194700,

INTERESTY DURING INSTALLATION 10700,

TOTAL COST 439200,

YOTAL _COSYT WITH REIROFIT $71000,
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OPERATING COST:
UNIYS __OPTION

PPSES: S16., QUENCHING = DIRTY WATER COKE 2
CAPACITY: 2,834 MILLION TONS/YEAR
CATEGORY GUANTITY RATE ANNUAL COST (8$)
ses UTILITIES sxx - )
- WAYER O, MGALZYR & ,1595/1000 GAL 0.
ELECTRICITY 0, KWH/YR $ .0266/KWH 0.
STEAM 0. MLBS/YR S 4,0920/MLBS 0.
FUEL 0. GAL/YR S .4180/GAL 0.
x2x OPERATING LABOR wnsx
DIRECT 0, HRS/YR $14,34/HR 0. (A)
SUPERVISION 0. HRS/YR $17,20/HR 0, (B)
aar MAINTENANCE & SUPPLIES axw
DIRECT LABOR 1200, HRS/YR $16.34/HR 17200, (C)
SUPERV]ISION 240, HRS/YR $17,20/HR 4100, (D)
MATERIALS 8600. (E)
SUPPLIES 4500, (F)
NATER TREATMENT 0.
SOLID WASTE
DISPOSAL 9067, TON/YR $ 8.25/TON 74800,
DIRECT OPERATING COST 109200,
PAYROLL OVERHEAD =20.0%X OF A+B+C+D 4300,
PLANT OVERHEAD =50,0% OF A+B+C+D¢E+F 17200,
TOTAL OPERATING COST 130700,
OPERATING COST IN DOLLARS PER TON _ PRODUCTION .05
OPERATING COST IN DOLLARS PER YON OF DUST COLLECTED 28.83
OPERATING COST AS PERCENT OF CAPITAL COST 22.9
INSTALLATION TIME IN WEEKS 26.
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
KWH PER TON CAPACITY .0
CAPITAL RECOVERY (11,75% OF TOTAL CAPITAL) 67100,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 11400,
PROPERTY TAXES & INS, { 2,0% OF TOTAL CAPITAL) 11400,
JOTAL_ANNUALIZ2ED COSY = RETROFIT : 220600.
- NEW 199900,
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e CAPACITY?S .= 2,834 -MILLION TONS/YEAR ——-

GENERAL INFORMATION:

_UNITS—OPTION— . .

" PPSES: S16. QUENCHING = DIRTY WATER

PARTICULATE
—LOAD IN: . 3,200000 LBS/TON COAL

COKE 3

ALLOWABLE: ,480000 LBS/TON COAL
221,80 (LBS/HR

=+ —_—

EFFICIENCY: 85,0

B8S0
LOAD IN: ,006400 LBS/TON COAL
o ALLOWABLE: _ 001600 LBS/TON COAL__ EFFICIENCYS _ 75.0% . — — . _
o714 LBS/HR
e BAP. e
LOAD IN: .000310 LBS/TON COAL
ALLOWABLE: .000062 LBS/TON COAL EFFICIENCY: 80,0%
e 03— LBS/HR o . V o
BENZENE
i i — _LOAD -IN? - — <000260 -LBS/TON COAL -oovnro e
ALLOWABLE: ,000065 LBS/TON COAL EFFICIENCY: 75.0%
.03 LBS/HR
" DUST COLLECTED PER DAY: 15.1 TONS (DRY)
_ . TEMP OUT OF PROCESS: . ... 200, F ... . e
EXHAUST TEMPERATURE$ 200, F
)  SCFM FLOW: . . 0.. AT . 70, F e
ACFM FLOW! 0. AT 200, F
L/6 RATIO! - o e iy - S i
PROCESS WATER FLOWS 1213, GPM
COOLING WATER FLOW: 0, GPM
SUSPENDED SOLIDS OUT: . . _1707. MG/L XSOLIDS: - .2




GENERAL INFORMATION:

e e e e e e INT T S e QP T ION e e
PPSES: S1e, QUENCHING = DIRTY WATER COXE 3

CONTROL SYSTEM CONFIGURATION:

QUENCH TOWER BAFFLES
COKE PLANT WASTEWATER TREATMENT

FEET OF ADDITIONAL DUCT: 0. DIAMETER: 0,

e JOTAL —PRESSURE DROP:S —— 0y INCHES -~ oom m oo e o
0 FANS B 0. HP EACH SPARE FAN CAPACITY:  0,%
OPERATING HOURS AT FULL HP: 8760,

. —o - —OPERATING HOURS AT-REDUCED HP3 —--0p - -oom o mr o

STACK HEIGHT: 0. DIAMETER: 0,
NO. OF OVENS 60,

e ~OVEN-HEIGHT .. .. . ... . . _ 6,0 METERS - ———
OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH 24,

e —AVG, -COKING -TIME MRS, « - oo = =17 g5 - o o m e
NO., CYCLES/DAY 82.
BULK DENSITY S0. LBS/CUBIC FT,

2 ' S J | SO R
TONS COAL/YEAR 4047868,

A-155




CAPITAL COST?

e e UNTTS —QPTION-

PPSES: 516, QUENCHING = DIRTY WATER COKE 3
CAPACITY: 2,834 MILLION TONS/YEAR , — -
TOTAL COST (COST BASIS IS 110,00% OF JUNE 1977 DOLLARS FOR 4078 COST.
CATEGORY COST IN DOLLARS
— - 428 _DIRECT——COST -wnw
EQUIPMENT OR MATERIAL 3141700,
INSTRUMENTATION 424400,
- ___PIPING - S 745400, i S
ELECTRICAL 233900,
FOUNDATIONS 131400,
RS - {1113 {117 YU— - 130500, -
SITE WORK 166600,
INSULATION 121100,
e PROTECTIVE COATING .. — 89200, —
BUILDINGS 546000,
EQUIPMENT/MATERIAL LABOR 321600,
S --DIRECT.COST-SUBTOTAL - — 6011800,-
#*% INDIRECT COST was
o . FIELD OVERHEAD 1034500, ——
CONTRACTORS FEE 228100,
ENGINEERING 633400,
e FRETGHT - oo 38500 e - -
OFFSITE WORK 149600,
TAXES 126300,
__SHAKEDOWN. . . .. . .. 209800, . . _
SPARES 124100,
CONTINGENCY 1559900,
: . INDIRECT-COST_SUBTOTAL-— - 8334200 g — e
INTEREST DURING INSTALLATION 982500,
) “ ~ TOTAL cOST o 11128500,
- . TOTAL COST WITW RETROFIT - 13398200, -~ - - —
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OPERATING COST: | :
SR e e YNFT S ———OPTION - -

PPSES: S16. QUENCHING = DIRTY WATER COKE 3
e CAPACITY S - - 2,834 MILLION TONS/YEAR -~ ———
CATEGORY QUANTITY RATE ANNUAL COST (S)

LR UYILITIES LR R

e WATER - —— o = MGALZYR 8 159574000 GAL— P m—"
ELECTRICITY 4250262, KWH/YR $ ,0266/KNH 113100,
STEAM 1062566, MLBS/YR $ 4,0920/MLBS 4348000,

e FUEL —— —— 2312143, -GAL/YR ———8 —34480/6AL ————— 866500, -—

——— e o : = e e — otk OPERATING LABOR 2 — - - .. o

DIRECT 8760, HRS/YR $14,36/HR 125700, (A)
e SUPERVISION . .——-_. .1752, -HRS/YR . —817,20/HR - 30100,--(B)

e e e e e # % MAINTENANCE 8 -SUPPLIES -w## - ——

DIRECT LABOR 17200, HRS/YR $14,34/HR 246700, (C)
- SUPERVISION . = - 3840, HRS/YR -...—817,20/HR oo __§9200, D)
MATERIALS 238100, (E)
SUPPLIES 367700, (F)
; -~ WATER TREATMENT R = : - D e a0,
SOLID WASTE _
DISPOSAL 11010, TON/YR $ 8,25/TON 90800,
DIRECT OPERATING COST 6585900,
PAYROLL OVERHEAD 220,0X% OF A4B+4C4D -~ - -- - —~ - . 92300,
PLANT OVERHEAD =50,0% OF A+B+C+D¢E+F 533800,
TOTAL OPERATING COST 7212000,
OPERATING COST IN DOLLARS PER TON - PRODUCTION o - ... - - 255
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 1310,06
OPERATING COST AS PERCENT OF CAPITAL COST 53.8
CINSTALLATION TIME IN WEEKS - - i : 104,
ESTIMATED LIFE OF SYSTEM IN YEARS 15,
KWH PER TON CAPACITY 37.4
i .. .. CAPITAL RECOVERY (13.15% OF TOTAL CAPITAL) - . .- 1761500,
ADMINISTRATION OVERHEAD ( 2,0% OF TOTAL CAPITAL) 268000,
PROPERTY TAXES & INS, ( 2.0X% OF TOVAL CAPITAL) 268000,
« ————— TOTAL ANNUALIZED COST = RETROFIT ——-= 9509500,
e NEW 9120300,

A~157




GENERAL INFORMATION:

e e GAPACITYE o o2 B34 MILLTION-TONS/YEAR —

PARTICULATE

ALLOWABLES 160000 LBS/TON COAL
73.93 (BS/HR

EFFICIENCYS

LOAD -IN: —3,200000-LBS/TON -COAL -

COKE

S e e —UNITS —OPTION - -
PPSES: 516, QUENCHING = DIRTY WATER

4

95,0%

8S0
LOAD IN: 2006400 LBS/TON COAL

i e ALLOWABLES ——s000960 .BS/TON COAL-——EFFICIENCYI—85.,0%——

«44 | BS/HR
S — Y ) S e -
LOAD IN:
ALLOWABLE: ,000046 LBS/TON COAL

BENZENE
—— - — == . --LOAD IN: - 4000260 LBS/TON-COAL

«000310 LBS/TON COAL

- 402 ALBS/HR - - — -

EFFICIENCY: 85,0

ALLOWABLE: ,000065 LBS/TON COAL  EFFICIENCY: 75,0%
«03 LBS/HR
DUST COLLECTED PER DAY: 16,9 TONS(DRY)
- TEMP. OUT -OF PROCESS: —-—.-.-.-200, F e
EXHAUST TEMPERATURE: 200, F
SCFM FLOW:  __ .0, AT 70, F
ACFM FLOW: 0, AT 200, F
S L/6 RATIOS . - oo g - -
PROCESS WATER FLOW: 1213, GPM
COOLING WATER FLOW:S 0. GPM
... ... _SUSPENDED SOLIDS OUT: ~ 1707, MG/L - XSOLIDS: -2
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GENERAL INFORMATION:

e e e NTTS e QPTION o
PPSES: S16, QUENCHING = DIRTY WATER COKE 4

CONTROL SYSTEM CONFIGURATION:
QUENCH TOWER BAFFLES ' i
COKE PLANT WASTEWATER TREATMENT

FEET OF ADDITIUNAL DUCT: 0. DIAMETER: 0,
&~ -.. ___TDTAL. PRESSURE DROP:__ _ .. ____ 0, INCHES . : S
0 FANS @ 0. HP EACH SPARE FAN CAPACITY:  0,.X
OPERATING HOURS AT FULL HP: 8760,
. w—-- _OPERATING -HOURS -AT _REDUCED-MP 2 -y -+ - - - om oo o =
STACK HEIGHT: 0, DIAMETER: 0,
NO. OF OVENS 60.
. . DVEN HEIGHT _ . . 6,0 METERS — . . ... _. _
OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH 24,
. _AVG. COKING TIME,HRSe - - - — oo A TgS e cme e — o o o e e
NO, CYCLES/DAY 82.
BULK DENSITY S0, LBS/CUBIC FT,
et NTELD e me sz QT e e
TONS COAL/YEA 4047868,
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CAPITAL CDST.

PPSESS 516.

SEE—— Y 7Y.$ § AA

e UNITS —-QPTION —me o~ -—
QUENCHING = DIRTY WATER COKE 4

24830 MILLION -TONS/YEAR — S —

TOTAL COST (COST BASIS IS 110.00% OF JUNE 1977 DOLLARS FOR 4G78 COS
CATEGORY | COST IN DOLLARS :
— c e e —aa #-DIRECT—COS T4 - o s
EQUIPMENT OR MATERIAL 3956000,
INSTRUMENTATION 455200,
i i e PIPING e - e e e 327800, - —-
ELECTRICAL 227700,
FOUNDATIONS 130500,
- - - BTRUCTURAL- oo o o o 4 BB g -+ - o o - e = - =
SITE WORK 174800,
INSULATION 129000,
e e o —PROTECTIVE—COATING - - - —- — o 51800 - — R
BUILDINGS 546000,
EQUIPMENT/MATERIAL LABOR 896000,
S . —— —DIRECT -COST--SUBTOTAL - - e e 425300 g~ —— -mm e — -
wasx INDIRECT COST was
e ~FIELD OVERHEAD -.-. —— ... __ 1059500, SO
CONTRACTORS FEE 539000,
ENGINEERING 842500,
.- e o FREIGHT ..l 28100 o e
OFFSITE WORK 193600,
TAXES 169000,
- — . SHAKEDOWN _ . __. .. e 274900, L
SPARES 164600,
CONTINGENCY 2126500,
- eeei =« . — INDIRECT-COST SUBTOTAL— - —om—5393700, - - - - .
INTEREST DURING INSTALLATION 1126900,
TOTAL cOST 13945900,
- TOTAL COST WITH RETROFIT 17060800, - — -
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OPERATING COST:
- — e e UNITS —QPTION

PPSES: 516, QUENCHING = DIRTY WATER COKE 4
fee——GAPACITY? ——— -~ —2,834-MILLION TONS/YEAR » - e -
CATEGORY QUANTITY RATE ANNUAL €OST (

1L UTILITIES "R 5

e WATER e 0, MGAL/YR.-——8 - 1595/4000-GAL 0,
ELECTRICITY 4250262, KWH/YR $ .0266/KWH 113100,
STEAM 1062566, MLBS/YR $ 4,0920/MLBS 4348000,

. _ FUEL_ 2312143, GAL/YR . § . 4180/GAL —— . 966500,

e A% QPERATING LABOR 44w - . -

DIRECY 8760, HRS/YR $14,34/HR 125700. (a
SMPERVI§IDN-WMHWM._."4152,_HRS/!R“_mn.SII.EOIHR.muﬁm—_*ﬁ_~mu»_30100. (8

%% MAINTENANCE 8 -SUPPLIES —aas. e

DIRECT LABOR 20000, HRS/YR $14,34/HR 286900, (C
o ... _SUPERVISION _ . __ . ___ 4000, HRS/YR _._._$17,20/HR 68800, (D
MATERIALS 344300, (E
SUPPLIES 391100, (F
oo - WATER .TREATMENT Y 2
SOLID WASTE
DISPOSAL 12306, TON/YR $ 8,25/TON 101500,
DIRECT OPERATING COST 6776000,
- - -PAYROLL_OVERHEAD -220,0% OF A4B+CeD ... . — ... ... 102300,
PLANT OVERHEAD =50.0% OF A¢B+C+D+E+F 623500,
TOTAL OPERATING COST 7501800,
__OPERAYING COST _IN DOLLARS PER TON _ PRODUCTION . ..__ ._ . .2465
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 1219.26
OPERATING COST AS PERCENT OF CAPITAL COST 44,0
~~ INSTALLATION TIME IN WEEKS - - comome e e - .. 104,
ESTIMATED LIFE OF SYSTEM IN YEARS 15,
KWH PER TON CAPACITY 37.4
o —iee. . .CAPITAL.-RECOVERY (13,15% OF TOTAL CAPITAL) — .. 2243100,
ADMINISTRATION OVERHEAD ( 2.0% OF TOTAL CAPITAL) 341200,
PROPERTY TAXES 8 INS, ( 2.0% OF TOTAL CAPITAL) 341200,
- ~YOTAL -ANNUALIZED €OST = RETROFIT =~ -~ . . — .. .. 10427300,
- NEW 9893100,
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GENERAL INFORMATJION:

" PPSES: 516, GQUENCHING = DIRTY WATER

—UNITS —_OPTION — . -

COKE 5
i . ——CAPACITYS. .. 2,834 MILLION TONS/YEAR — - N
PARTICULATE
LOAD _IN:..__3,200000 LBS/TON COAL . R _
ALLOWABLE: ,032000 LBS/TON COAL EFFICIENCY: 99,0%
18,79 LBS/HR

8S0
LOAD IN: «006400 LBS/TON COAL
i ALLOWABLES . ,000064 | BS/TON .COAL
«03 LBS/HR

BAP . .

ALLOWABLE: ,000003 LBS/TON COAL

....... e el . _o0D _LBS/HR . ... ...

BENZENE
S e - - -LOAD IN: - 4000260 LBS/TON COAL -
ALLOWABLE: ,L,000003 LBS/TON COAL
«00 LBS/HR

_ TEMP OUT OF PROCESS: - - - 200, F — —— —

EXHAUST TEMPERATURE: 200, F

SCFM FLOW: 549000, AT 70, F
ACFM FLOW: 683000, AT 200, F

- .L/6 -RATIO® T

PROCESS WATER FLON' 1213, GPM
COOLING WATER FLONW: 0, GPM
- SUSPENDED -SOLIDS OUT: ... 1707, MG/L

_EFFICIENCYS--99,0% — . .-

LOAD IN: «000310 LBS/TON COAL
EFFICIENCY:

DUST COLLECTED PER DAY: 17,6 TONS(DRY)

EFFICIENCY.

99,0%

99 02

-%*S0LIDS:

e
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GENERAL INFORMATION:

- —UNITS -—OPTION - oo o
PPSES: Sle6. QUENCHING = DIRTY WATER COKE S

CONTROL SYSTEM CONFIGURATION:

DRY QUENCHING 2
COKE PLANT WASTEWATER TREATMENT

FEET OF ADDITIONAL DUCT: 0. DIAMETER: 15,
et o —FOTAL—PRESSURE-DROPS - —— - ——— 0y ~INCHES - ————
0 FANS @ 0., HP EACH SPARE FAN CAPACITY:  0.%
OPERATING HOURS AT FULL HP: 8760,
e ——-OPERATING -HOURS -AT-REDUCED HPE 0, ~ -+ - - - -
STACK HEIGHT: 0. DIAMETER:
NO. OF OVENS 60,
.- - -OVEN HEIGHT .- o - oo e 4 O METERS - —omome m o e e
OVEN VOLUME 1348, CUBIC FEET
TONS COKE/PUSH 24,
—AVG, COKING TIME,HRS, — —— == 17,5 = = e o o
NO. CYCLES/DAY 82.
BULK DENSITY 50, LBS/CUBIC FT,
e o NTIEWLD - - e e U U
- TONS COAL/YEAR 8047868,

0.
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CAPITAL COST:

~——UNITS ——OPTION

PPSES: 516, QUENCHING = DIRTY WATER COKE 5
CAPACITYS — oo 2,838 -MILLION FONS/YEAR - . R
TOTAL COST (COST BASIS IS 110,00% OF JUNE 1977 DOLLARS FOR 4G78 COS
CATEGORY COST IN DOLLARS :
s %% _DIRECT —COST —wn S R
EGUIPMENT OR MATERTAL 12393000,
INSTRUMENTATION 424400,
— e PIPING _ 214600, _
ELECTRICAL 227700,
FOUNDATIONS 130500,
e - e _STRUCTURAL - — o oo 41305004 s e o
SITE WORK 166000,
INSULATION 121100,
_ . PROTECTIVE COATING — — ' o B300%. - o
BUILDINGS 546000,
EQUIPMENT/MATERIAL LABOR 4736600,
e i .. .. _DIRECY COST_SUBTOTAL - — — - o — 19638700 ¢ — -
axx INDIRECT COST wax
. . __FIELD OVERHEAD ... .. — . __3398600, R
CONTRACTORS FEE 1791500,
ENGINEERING 1074800,
. R o o FREIBHT oo e e e 28800y e
OFFSITE WORK 554200.
TAXES 570100.
_SHAKEDOWN ] ] 922800, - - e -
SPARES 192500,
CONTINGENCY 6379400,
~ .-—INDIRECT--COST -SUBTOTAL -~ -- . - --14908000, --
INTEREST DURING INSTALLATION 4075500,
TOTAL COST 38622200,
TOTAL COST WITH RETROFIT o - 43553400, - -
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OPERATING COST:

516,

PPSES:

e e YNITS —QPTION ——— -

"QUENCHING = DIRTY WATER COKE 5
- — CAPACITY? 24834 -MILLION -TONS/YEAR — e
CATEGORY QUANTITY RATE ANNUAL COST (:
axs UTILITIES waw 2
e WATER — - e O MBALAYR——$ 5159574000 —GAL 0, —
ELECTRICITY 26918328, KWH/YR $ L0266/KHH 716600,
STEAM 1204241, MLBS/YR $ 4,0920/MLBS 0.
FUEL e 2312143 —BAL/YR ——me $ —y4180/6AL - —-——-—966500,
e —— k. OPERATING LABOR -#%2 — - - - - — -
DIRECT 17520, HRS/YR $14,34/HR 251300, (A
SUPERVISION -~ 3504, HRS/YR - — $17420/HR —— - — e ——60300, (B
o —ane MAINTENANCE-8 SUPPLIES ### - — ..
DIRECT LABOR 78337, HRS/YR $14,34/HR 1123700, (C
SUPERVISION e — 15667, -HRS/YR - — 817 ,20/HR - — e e ... 269500, (D
MATERIALS 676600, (E
SUPPLIES 596600, (F
WATER TREATMENT - o0 o et oo tmct o f o e e e L,
SOLID WASTE
DISPOSAL 6412, TON/YR $ 8,25/TON 52900,
DIRECT OPERATING COST 4714000,
PAYROLL OVERNEAD =20,0% OF A+B+4C+D - - - - - 341000,
PLANT OVERHEAD £50,0X OF A+B4C+D¢E+F 1489000,
TOTAL OPERATING COST 6544000,
OPERATING COST IN DOLLARS -PER JON -—PRODUCTION — - . - C2.31
OPERATING COST IN DOLLARS PER TON OF DUST COLLECTED 1020.61
OPERATING COST AS PERCENT OF CAPITAL cOST 15.0
INSTALLATION TIME IN WEEKS - 130,
ESTIMATED LIFE OF SYSTEM IN YEARS 15,
KWH PER TON CAPACITY 45,4
CAPITAL RECOVERY (13.15% OF -TOTAL CAPITAL) — - - 5726100,
ADMINISTRATION OVERHEAD ( 2.,0% OF TOTAL CAPITAL) 871100,
PROPERTY TAXES & INS, ( 2,0% OF TOTAL CAPITAL) 871100,
.- TOTAL ANNUALIZED COST = RETROFIT- el 2218012300,
- NEW 13166600,
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APPENDIX B

EXAMPLE COMPUTER PRINTOUT
FOR COST UPDATE PROGRAM

This appendix illustrates the output of the cost update
program. In the example provided, the cost of Option 5, the
enclosed hot car for the coke pushing source, has been adjusted
by changing the cost basis from fourth quarter 1978 to mid-1979,
assuming a 7 percent inflation rate., Also the cost of labor has
been increased 10 percent. These increases are arbitrary and
used only as an example. When the cost update program is run,
one or all of the functions can be updated by using the data
cards for whichever cases are to be modified.



COST UPDATE OF COKE OVEN
MODEL COST FUNCTIONS
BASIS: 2079
OFERATING COST:

UNITS  OPTION

SOURCE: 2 COKE 3
CAPACITY: .272 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST (%)

ss3 UTILITIES #3%

UATER 2450. MGAL/YR $ .1600/1000 BAL 392.
ELECTRICITY 1603. KWH/YK $ .0266/KWH 43.
STEAN 0. NLBS/YR $ 4.0920/MLBS 0.
FUEL 258563. GAL/YR $ .4180/6AL 108079.

s«¢ OPERATING & MAINT LABDR *e:

DIRECT 8000. HRS/YR $15.77/HR 126160, (A)
SUPERVISION 1600. HRS/YR $17.20/HR 27520. (B)

*sx MAINT & SUPPLIES s#s

MATERIALS 114800. (O)
SUPPLIES 38600. (D)
SOLID WASTE
DISFOSAL 686. TONS/YR $ 8.25 9659,
DIRECT OPERATING COST 421253,
PAYROLL OVERHEAD =20.0X OF A+B 30736.
PLANT OVERHEAD =50.0% OF A+B+C+D 153540.
TOTAL OPERATING COST 423096.
ESTIMATED LIFE OF SYSTEM IN YEAKS 20,
CAPITAL RECOVERY (11,70X OF TOTAL CAPITAL) 659888,
ADNINISTRATION OVERHEAD ¢ 2.00X OF TOTAL CAPITAL) 112801,
PROPERTY TAXES & INS. ( 2.00X OF TOTAL CAPITAL) 112801.
TOTAL ANNUALIZED COST- RETROFIT - 1308587.
- NEW 1228087.
TOTAL CAPITAL COST - RETROFIT 9640046,
- NEW 3127333.



COST UPDATE OF COKE OVEN
MODEL COST FUNCTIONS
BASIS: 2079
OPERATING COST:

UNITS  OPTION

SOURCE: 2 COKE d
CAPACITY: <405 MILLION TONS/YEAR
CATEGORY QUANTITY RATE ANNUAL COST ($)

sxs UTILITIES #*+

WATER 3643. MGAL/YR $  .1600/1000 GAL 383.
ELECTRICITY 2385. KWH/YR $ .0266/KWH 63.
STEAM 0. NLBS/YR $ 4.0920/KLES 0.
FUEL 384576. GAL/YK $ .4180/6AL 160753.

*++ OPERATING & MAINT LABOR #*#%

DIRECT 8000. HRS/YR $15.77/HR 126160. (A)
SUPERVISION 1600, HRS/YR $17.20/HR 27520. (B)

sxx NAINT & SUPPLIES %:#s

NATERIALS 114800. (O)
SUPFLIES ' 38600. (I
SOLID WASTE
DISFOSAL 1020. TONS/YR $ 8.25 8413,
DIRECT OPERATING COST 476894.
PAYROLL OVERHEAD =20.0X OF A+E 30736,
PLANT OVERHEAD =350.0% OF A+B+C+D 153540,
TOTAL OPERATING COST 478737,
ESTIMATED LIFE OF SYSTEM IN YEARS 20,
CAPITAL RECOVERY (11.70X OF TOTAL CAPITAL) 712685,
ADMINISTRATION OVERHEAD ( 2.00% OF TOTAL CAFITAL) 121827.
PROPEKTY TAXES & INS. ( 2.00% OF TOTAL CAFITAL) 121827,
TOTAL ANNUALIZED COST- RETROFIT 1435075,
- NEW 1348135.
TOTAL CAPITAL COST - RETROFIT 6091328,
- NEW 9537571,



COST UPDATE OF COKE OVEN
NODEL COST FUNCTIONS
BASIS: 2079
OPERATING CODST:

UNITS  OPTION

SOURCE: 2 COKE 3
CAPACITY: .708 MILLION TONS/YEAKR
CATEGORY QUANTITY RATE ANNUAL COST (%)

#s3 UTILITIES s+

WATER 6375. NGAL/YR $ .1600/1000 GAL 1020.
ELECTRICITY 4173. KWH/YR $ .0266/KWH 1.
STEAN 0. MLBS/YR $ 4.0920/MLBS 0.
FUEL 672958. GAL/YR $ .4180/GAL 28129¢.

¥k OFERATING & MAINT LABOR s#s

DIKECT 8000. HRS/YR $15.77/KR 126160. (A)
SUPERVISION 1600. HRS/YR $17.20/HR 27520. (B)

#33 MAINT & SUPPLIES s»%

MATERIALS 114800. ()
SUFFLIES 3gs00. (D)
SOLID WASTE
DISFOSAL 1785. TONS/YR $ 8.25 14726.
DIRECT OPERATING COST 604234,
PAYROLL OVERHEAD =20.0X OF Atk 30736.
PLANT OVERHEAD =50.0X BF A+B+C+D 153540,
TOTAL OPERATING COST 606076,
ESTIMATED LIFE OF SYSTEM IN YEARS : 20.
CAFITAL RECOVERY (11,70% OF TOTAL CAPITAL) 794305.
ADMINISTRATION OVERHEAD ( 2.00% OF TOTAL CAFITAL) 135779,
PROPERTY TAXES & INS. ( 2.00X OF TOTAL CAFITAL) 135779.
TOTAL ANNUALIZED COST- RETROFIT 1671939.
- NEW 1575043,
TOTAL CAPITAL COST - RETROFIT 6788936.
- NEW _ 6171760.



COST UPDATE OF COKE OVEN
MODEL COST FUNCTIONS
BASIS: 2079

REGRESSION ANALYSIS:

UNITS  OFTION
SOURCE: 2 COKE 3

.1938

CAFITAL COST - NEW 453443, 0(CAPACITY) CAPACITY IN UNITS PER YEAR

»1938

CAPITAL COST - RETROFIT 498787 .3(CAFACITY) CAPACITY IN UNITS PER YEAR

.2613

ANNUALIZED COST - NEW 46504.8(CAFACITY) CAPACITY IN UNITS PER YEAK

.2573

ANNUALIZED COST - RETROFIT= 52125.7 (CAPACITY) CAFACITY IN UNITS PER YEAR
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