APPENDIX A

DATA TABLES FOR SELECTED MODULES

The unit emissions data derived for each of the modules are
given in the following tables. The source of original data and the
assumptions made are given in footnotes to each table, so that the
calculations can be repeated. The references cited are listed at the

end of this Appendix.
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table 34.  ENVIRONMENTAL DATA FOR MODULE

Module =~
Unig -

Gas Well
106 Btu

Enviroomental Parameters

Fuel Input, Natural Gas

ir

NO,., 1b
80,., 1b
co, 1b
Perticulate, 1b

Total organic material, 1b

Heat, 10® Btu

Suspended solids, 1b
Dissolved selids, 1b

Total organic material, 1b

Heat, 106 Btu
Acid (H;S04), 1b

Slag, 1b

Ash, 1b
Sludge, 1ib
Tailings, 1b
Hagardous, 1ib

Bv-Froducts

Occupational Hezlth

Deaths
Total Injuries
¥Man Days Lost

Land Use, acre-hr/106 Btu

Avprox. Module Efficiency

23(1)

1(2)

OO0 OO

OO0000Q

iol




Footnotes for Table 34:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

a, Natural gas consumed to maintain pumping power in gas well
= 0.032 ft3/ft3 recovered.

b. NOyx emission factor®-1) = 7.3 x 1073 1b/£e3 conSumeg.

c¢. Heating value of natural gas (assumed) = 1000 Btu/ft~,

a. Natural gas loss in gas well operation(A'ls) = 0.0022 ft3/ft3
recovered, 3
b. Density of natural gas = 0,045 1b/ft~.

a. Hydrocarbon recovered (liquid phase)(A'ls) = 0.047 ft3 (equi-
valent gas volume)/ft3 recovered.
b. The hydrocarbon is assumed as heptane (Molecular weight = 96).

a. Total number of fatal injuries in oil and gas production(A-17’

A-19) = g5,
b. Total energy from oil and gas production(A'17’ A-18) -
43 x 1015 Btu.

a. Total numbeg of nonfatal injury in oil and gas production in
1969(A-17, A-19) = 9023, .

a, _Total man-days6lost in 0il and gas production in 1969 (A=17,
(A-19) = 1,49 x 10° man-days.

a. Land requirement for gas well is assumed to be the same as
that for oil well.

b. Land use for oil well (see Table A-5) = 0.06 acre-hour/lO6
Btu

a, Efficient (assumed) = 9€7%.
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TABLE 35. |, ENVIRONMENTAL DATA FOR MOﬁULE

Module - Removal of Sulfur from Natural Gas
Unit - 10% Beu (output)

Fuel Iaput,

Enviroonmental Parameters Natural Gas
ir
NO,., 1b : Nil
x-
S0, 1b . 0.025(D
co, 1ib Nil
Particulate, 1b Nil
Total organic meterial, ib Nil
Heat, 100 Btu Nil
Hater
Suspended solids, 1b ' Nil
Diesolved solids, 1b Nil
Total organic material, 1b ) ~Nil
Hezt, 108 Btu - - Nil
Acid (HpS04), 1b 0
Sclid
8lag, 1b Nil )
Ash, 1b Nil
Siludge, 1b : Nil
Tailings, 1b Nil
Hezzerdous, 1b Nil
By -Products . o 0.24(2)
Occupotional Health Not determined
Dezths Not determined
Totzl Injuries Not determined
tan Days Lost Not determined
Land Use, acre-hr /106 Btu 0.005(3)
. . (&)
Approm. Module Efficiency 100%
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Footnotes for Table 35:

(1

(2)

(3)

(4)

a. Table K-2 (in Reference A-26) gives the following 1970 data from
6 states:

S0y in Claus plants tail gas at 90% eff. = 441 T/D

S0, purged from plants not recovering sulfur = 2,335 T/D

Total gas production = 26.76 x 10° ft3/d.

b. Assume 95% efficiency for Claus plants applied to all sour

gas treatment plants, then:

(441/0.1 + 2335) ton SOp/day x .05 x 2000 lb/ton _ 1b S0,
26.76 x 107 ft3/day x 103 Btu/ft> 0.025 106 Bty

a. at 95% efficiency for the Claus plants, the amount of SO,
converted to sulfur is 19 times the amount of S0, emitted.
Therefore, the amount of by-product sulfur produced is:

’ 32 1b S N

<025 1b SOy emitted x 19 x 64 1b SO0, = 0.24 1b S

a. Land requirement for a 100 million ft3/day plant (assumed)
20 acres.

i

a. Energy requirements for desulfurization process were not
determined. <
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Teble 36.  ENVIRONMENTAL DATA FOR MODULE

¥Yodule ~ - Ga
Unit - - 10

Pipeline '
Btu

Eunvironmental Parameters

Fuel Input,
Natural Gas

Air

Solid

NQ,, 1b

80,, 1b

€C, 1b

Particulate, 1b

Total organic material, 1b
Heat, 106 Btu '

Suspended solids, 1b
Dissolved solids, 1b
Total organic material, 1b
Heat, 106 Btu

Acid (11;804), 1b

Slaz, 1b

Ash, 1b
Sludge, 1b
Teilings, 1b
Hazardous, 1b

Ey~Products

Occunationzl Hezlth

Land Use, acrc-hr/106 Biu

Deaths
Total Injuries
¥an Days Lost

Appromn. Module Efficiency

.306 (D

0
0
0
0
0
0

OO OOO

[ 2 o B o N o B o}

Not determined
Not determined
Not determined

1.0

95.9%(3)
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Footnotes for Table 36:

(1) a. Natura% gaﬁ consumed to maintain a compressor at 750 psia

(A-1

= 0,042 ft /ft° transmitted.

b. NO, emission factor for rumning gas engines
ft3 burned.

(A-15)

) = 7300 1b/10°

(2) ?A l%ind requirement for pipelines to run a 1000 MW Power Plant

= 213 acres.,

(3) a. Efficiency (assumed) = 95.9%.
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TAELE 37. ENVIRONMENTAL TMPACTS OF MODULE

Module-- Space Heating_(.l)
Unit——10" Btu (Input)

Nat.
Environmental Impacts Gas
Air
NGy, ib Gg.081
502, 1b 0.001
Co, 1b 0.015
Particulate, 1b 0.005
Total organic material, 1b 0.004
Vater
Suspended solids, 1b 0
Digsolved solids, 1b
Total organic material, 1ib 4]
Sclid
Ash, 1b 0
Sludge, 1b
Approx. Mcdule Efficiency 70%
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Footnotes for Table 37:

(1) a. Values taken from Table A-46 in reference (A-26) were corrected
to input basis.
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TABLE 38.

ENVIRONMENTAL DATA FOR MODULE

Module ~- 0il/Gas Well, Onshore

Unit -~-

108 Bru (output)

Enviromnmental Parameters

Fuel Input,
Crude Oil

.
E~‘-
L

NO,., ib

80,. ib

¢, 1b
articulate, 1b

Total or%anic material, 1b

Heat, 10° Btu
Water

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b

Heat, 100 Bru
Acid (Hp80z), 1b

Slaz, 1b

Ash, ib
Sludge, 1b
Tzilings, 1b
Hazardous, 1b

By Froducts

Occupational Hezlth

Deaths
Total Injuries
Man Days Lost

iand Use. acre-hr/100 Btu

Approu. Module Efficiency

8 10-5(1>
X

6 x 10-5¢2)
3 ¥ 10..8(3)

OCOQOQO

L g(®
19720
X 10'5(10)

0.06¢t)

W NN
a o o
o N

100%
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Footnotes for Table 38:

(1)

(2)

(3)
)
(5)
(6)

(7)
(8)

9

(10)
(11)

(12)

a. Amount of oil that becomes air pollutants per barrel of oil
produced (assumed) = 2 x 10~ 5 barrels.

b, Heating value of oil (assumed) = 6.3 x 10 Btu/bbl.

c. NOx emission factor(A-1) = 60 1b/103 gal,

d. O0il is assumed to be the same as industrial residual oil.

a, S07 emission factor(A-l) = 1578 1b/103 gal.
b. Sulfur content of oil, S (assumed) = 2.88%.

a. CO emission factor(A-l) = 0.2 1b/103 gal.
(A-1)

(A-1)

a. Particulate emission factor 23 1b/103 gal.

a. Hydrocarbon emission factor =3 1b/103 gal.

a. Dissolved solid emission comes from saltwater brine.

b. Total brine production(A'le) 25 mllllgn bbls/day.

c. Total on shore oil production rate( = 3.3 x 109 bbls/year.
d. 4% of brine goes to streams (assumed).

e. There are 100 1b of dissolved solids per barrel of oil (assumed).

a. The brine is cleaned to remove all but 50 ppm oil (assumed).

ini i : d d . .
1969?Xti} nxm?eg of fatal injury in oil and gas production in

= 95,
b. Total energy from oil and gas productlon(A 17,A-18) _

43 x
10158¢y,

?Xtil Xumbgr of nonfatal injury in oil and gas production in
1969 = 9C22,

(A-17,A-19)

a. Total ﬁan-days lost = 1.49 x 108 man-days.

a. Land requirement for an oil well producing 6200 barrels of oil
per yvear (assumed) = 1/4 acres.

a. Efficiency of operation (assumed) = 100%.
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TABLE 39, ENVIRONMENTAL DATA FOR MODULE

Module -~
Unit --

0il Pipeline
10% Btu (output)

Fuel Input,

Environmental Parameters Crude 0Oil
ks
NO,., 1b 000933
SO,, 1b 0.016 (3)
co, 1b 2 x 1072
Particulzate, 1b 0.002 (%)
Total or%anic material, 1b 0.0003(3)
Heat, 100 Btu 0.009(6)
Vater
Suspended solids, 1b 0
Dissolved solids, 1b (]
Total organic material, 1b 0
Heat, 106 Btu 0
Acid (HgS04), 1b 0
Sclid
glag, 1b 0 )
Ash, 1b 0
Sludge, 1b 0
Tailings, 1b ¢]
Hazardous, 1b 0
By-Products 0
Occupational Health
_1a(?)
Deaths 9 x 10 10

Totzl Injuries
tlan Days Lost

1and Use, acre~hr/10® Btu

Aoprow. Module Efficiency

8 x 10-8¢(8)
1.5 % 10-5¢9)

0.3(10)

99.1(M1)
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Footnotes for Table 39:

(1)

(2)
(3
(4)
(5)
(6)
)

(8)
9)
(10)

(11)

a. Fraction of crude oil transported by pipeline(A-20> =
b. Total crude oil transported in 1970 = 1.58 x 10
barrels. (A-21)
¢. Fraction of crude oil transported by diesel powered pump
= 16.3% of crude oil transported by pipeline.

. . (A=22)
d. Crude o0il consumed to supply power for pumping =
1.45 x 108 gal/year,
e. NO, emission factor(~1) = 80 1b/103 gal burned.
f. Heating value of crude oil (assumed) = 6.3 x 10° Btu/bbl.

9

a. 50, emission factor (A=1) = 142 1b/103 gal burned.
a. CO emission factor(A-l) = 0.2 1b/103 gal burned.
a. Particulate emission factor(A-l) = 16 1b/103 gal burned.

A1) _ 3 15/103 gal burned.

a., Hydrocarbon emission factor
a. Assumed efficiency of oil pipeline = 99.1%.

8. Death rate in oil transportation by pipeline (assumed) =

0.08 deaths/10° man-hours.

b. Man-hours required to transport the gmount of oil for running
a 1000 MW Power Plant (assumed) = 7 x 10 man-hours,

a. Injury rate in oil transportation by pipeline (assumed) =
7.22 injuries/10® man-hours.

a. Man-days lost per death (assumed) = 6000 days/death,
b. Man-days lost per injury (assumed) = 125 days/injury.

a. Land usage for pipeline(A-lz) = 65 acres/year,
b. Period of land use (assumed) = 35 years,

a. Efficiency of pipeline operation (assumed) = 99,1%.
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TABLE 40, ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Refinery, Domestic Crude
Unit - 108 Btu (output)

Fuel Input,

Environmental Paramecters Domestic Crude(0.76% S)(l)
Alr
N0y, 1b ’ ) 0.023(?
805, 1b . 0.12(3)
coT 1b 0.003(%)
Yarticulate, 1b .0.002(53
Total organic meterial, 1b 0.025
fleat, 106 Btu o 0.10(M
Vater
Suspended solids, 1b 0.004(8)
Dissolved solids, 1b e.09(9g_o)
Total organic material, 1b 0.001(
Heat, 106 Btu . Negligible after cooling tower
Acid (HgS04), 1b | 0.0004¢
Solid ’
Slgg, 1b g
Asgh, 1b ' o
Sludge (dry weight), 1b 0.007€¢12)
Teilings; 1b : : 0
Hazaxdous, 1b 0 _
By-Products, b . 0.24(13)

Ucecupational Health

Deaths . i.3 x 10'9§i:§

Total Injuries _ 9.6 x 10-8‘\7~

Man Days Lost 2.3 x 10-5(16)
Lznd Use, acre;-hr/lﬂ6 Btu ’ _ 0.008(17)
Aprrou, Module Efficiency 901(18)




Footnotes for Table 40:

(L)
(2)

(3)

(4)
(5)
(6)
(7)

(8)
(9
(10)

(11)
(12)
(13)
(14)
(15)
(16)
17

(18)

a, Sulfur content of input crude taken as 0.76%

(8-24)

a, Average refinery energy consumption
oil processed.

= 70,400 Btu/bbl crude

b. Assume all energy supplied by combustion of crude or refinery products

c. Heating value of crude oil (assumed) = 6.3 x 106 Btu/bbl.
d. NO, emission from combustion operations (A-26) = 130 1b/10
crude oil processed,

3 bb1

a. Assume 0.75% S residual burned as refinery fuel.
b. S0, emission (A-26) = 695 1b/10 bbl crude oil processed
c. 95% removal, no Claus plant tail gas treatment.

a. CO emission from catalytic cracking catalyst regenerator (A-26) =
15 1b/10° bbl crude oil processed.

a. Particulate emission from catalytic cracking (A-26) = 12 lb/lO3 bbl
crude oil processed (after controlled by cyclones).

a. Hydrocarbon emission (A-26) = 140 lb/lO3 bbl crude oil processed,

a., Refinery energy consumption(A—za) = 704,000 Btu/bbl of crude oil
processed, 6

b. Heating value of crude oil (assumed) = 6.3 x 10~ Btu/bbl.

20 lb/lO3 bbl processed.

500 1b/103 bbl processed.

a. Total organic material emission (assumed) = 8 1b/103 bbl processed.

a. Suspended solids emission (assumed)

1]

a. Dissolved solids emission (assumed)

a., Phenol emission (assumed) = 2 lb/lO3 bbl processed.

a., Average sludge production rate(A-ZS) =.0.08 yd3/103 bbl processed,
b. Density of sludge (assumed) = 60 1b/ft”.
c. Solid content of sludge (assumed) = 307%.

a. Assume an average of 0.2% sulfur in the products.
b. Density of crude oil (assumed) = 7.29 lb/gal.

a. Deaths attributed to the operation of a refinery supplying fuel to
a 1000 MW power plant(A'lz) = 0.09 deaths.

a. Injuries attributed to the operation of a refinery supplying fuel
to a 1000 MW power plant(A'lz) = 6.4 injuries.

a. Total work days lost attributed to the o?eration of a refinery

supplying fuel to a 1000 MW power plant(‘é"12 = 1,530 man-days.

a. Minimum land requirement for refinery processing units (assumed) =
2 acres/1000 bbl/day.

a. Energy required to operate plant(A-za) = 704,000 Btu/bbl crude

oil processed.
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TABLE 41, ENVIRONMENTAL IMPACTS OF MODULE

Moduie~- Space Heating(l)

Unit--10" Btu (Input)

Dist.

Environmentel Tmpacts 0il
Alr

No_, 1b 0.135

SOZ, ib 0.263

Co. 1ib 0.030

Pzrticulate, 1b 0.017

Total orgenic material, 1b 0.004
Viater

Sugpanded solids, 1b

Dissolved solids, 1b

Total organic material, 1b 0
Sclid

Agh, 1b

Siudge, 1b
foproxn. Module Efficiency 70%
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Footnotes for Table 41:

(1) a. Values taken from Table A-46 in reference (A-26) were corrected
to input basis.
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TABLE 42, ENVIRONMENTAL DATA FOR MODULE

Module =~ Crude 0il Gasification
Unit - 106 Btu {output)

Fuel Inoput,

Envirconmental Parameters . Crude Qil

Adr
N0, 1b ~ ' 0.08(V
S0,, 1b . 0.03-0.05(%
co, 1ib Negligible
Particulate, 1b 0.002(3)
Totzl organic material, 1b 0.004 (&)
Hezat, 100 Btu . 0.3(5

Tater

Suspended solids, 1Ib

Dissolved solids, 1b ' 0,02(6>
Total organic meterial, 1b Negligible
Heat, 100 Btu . Negligible after cooling tower
Acid (Hp80z), 1b —— X
Solid
Slaz, ib ' : - -
Ash, 1b ‘ - 0.06-0.12(7)
Sludge, 1b 0.06-0.12(8)
Tailings,.1b -
Hegardous, 1b . _—
by-Praducts 1‘3__2.5(9)

Occupational Health

Deaths ) Not determined

Total Injuries ' Not determined

lan Days Lost Not determined
Land Use, acre-hr/106 Btu . 0.03—0.05(10)
Approm. Module Efficicuncy 772(11)
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Footnotes for Table 42:

Y

(2)

(3)

(4)

(5)
(6)
(N

(8)
(9)

(10)

(11)

a, Plant efficiency of crude oil SNG plant (assumed) = 77%.

b. 23% of input is consumed as liquid fuel for plant operation
(assumed).

c. NOy emission factor(A-1) = 40 1b/103 gal.

d. Heating value of input crude = 6.3 x 106 Btu/barrel (assumed).

a. Sulfur content of crude oil (assumed) = 2 to 4%.

b. Sulfur removal efficiency of Claus plant and tail gas
treatment (assumed) = 99%.

c. Density of crude oil - 7.3 1lb/gal.

a. Particulate emission factor for fluid catalytic cracking
unit(®=1) = 61 1b/103 bbl fresh feed.

b. Fraction of fresh feed to be cracked in this process (assumed)
= 1/3.
¢, Particulate removal efficiency of cyclone (assumed) = 50%,

a. Losses of crude oil to atmosphere (assumed) = 20 1b/103 bbl
input.

a. 23% of input fuel is consumed for plant operation (assumed).

a, Salt content of crude oil (assumed) = 100 1b/103 bbl.

o)

Solid waste frgm spent catalyst not worth reclaiming (assumed)
300 to 600 1b/10° bbl.

]

a. Sludges from water treatment (assumed) = 300 to 600 1b/103 bbl.

a. By-product is sulfur, Quantity derived from assumed sulfur
content of input crude (2 to 4%) and 99% recovery in Claus unit
and tail-gds treatment.

a. Land required for a 100,000 bbl/day plant (assumed) =
600 to 1000 acres.

a, Efficiency of plant (assumed) = 77%.
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TABLE 43. ENVIRONMENTAL DATA FOR HOﬁULE

¥odule = Strip~mined coal, West
Unit - 106 Btu (output)

With Land Restoration and

Envirommental Parameters ' Treatment of Acid Drainage(l)
Air
N0, 1b ' : ! . 0.00008 (Bulidozer operationfz)
SOZ’ 1b . Negligible
€0, 1b Negligible
Particulate, 1b 6.07(3)
Total organic material, 1b Negligible
Heat, 10g Btu . Negligible
Veter
Suspended solids, 1b G.28(&) )
Digegolved solide, 1b Not determined
Totzal organic material, 1b Negligibie
Heat, 100 Btu , Negligible .
Acid (H;S804), 1b Nii,
Soiid
Slag, 1b 0 )
Ash, 1b : ¢]
Sludze, 1b 0
Tailings: 1b : ; 0
Hezardous, 1b €

Fv-Products ) - None

Occupationsl Health

Deaths 6.5 = 10-9§2§

Total Injuries o 3.1=x 10‘7(7)

Mem Days Lost 9.6 x 10~
Land Use, zcre-hr/106 Bru . 0.16(®
Approx. Module Efficilency 99.8%
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Footnotes for Table 43:

(1)

(2)

3)

@)

(5)

(6)

7

(8)

(9)

.

Impacts will be negligible after laud restorations. Stated

impacts will occur during the actual operation.

a. NO, comes from a disel powered bulldozer used for reclamation.
b. Time requirement for reclamation (assumed = 4 hr/acre.

¢. Bulldozer engine power (assumed) = 150 hp.

d. Tuel consumption rate(A=1) = 0.5 1b/hp - hr.

e. NOy emission factor(A-1) = 0,37 1b/gal fuel used.

f. Average thickness of coal seam (assumed = 5 ft.

g. Coal bulk density (assumed) = 82 1b/ft3. .

h. Heating value of western coal (assumed) = 9235 Btu/l1b.

a. Emission factor (given for suspended particulate from primary
rock crushing and for mining of copper ore) = 0.1 1b/ton of
overburden,

b. Average overburden per ton of coal = 13 tons.

a.
b.
c.
d.

Rate of silt run-off (assumed) = 5000 tons/miz-year.
Average thickness of coal seam (assumed) = 5 ft.

Coal bulk density (assumed) = 82 1b/ft3.

Reclamation period (private communication, EPA) = 3 years.

Death rate for strip coal mining(A-12) = 0.12/106 ton coal.
Heating value of coal (assumed) = 18.47 x 106 Btu/ton of coal.

Injury rate for strip coal mining(A'lz) = 5,65 injurics/lO6
coal.

Man-days lost per death (assumed) = 6000 days/death.
Man-days lost per injury (assumed) = 182.6 days/injury.

Land required for 106 tons of coal(A-12)

= 112 acres.
Time requirement for reclamation (assumed) =

3 years.

Efficiency of strip mine operation (assumed) = 99.8%.
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TABLE 44,

Module -
Unit -~

ENVIRONMENTAL DATA FOR MGﬁULE

%ailroad Transpertation of Coal
i0

Btu (output) '

Environmental Parameters

Fuel Input, Coal

Air
NO,, 1b 0.02(H)
s0,, 1b 0.0014(2)
co, 1b 0.015(3)
Particulate, 1b 0.0015(%)
Total orgenic material, 1b Vegligibie
Heat, 106 Btu 0.0039(5)
Vater
Suspended solids, 1b Negligible
Dissolved solids, 1b Negligibie
Total organic material, 1b Negligible
eak, 100 Btu Negligible
Acid (H5S0z), 1b Negligibie
Sclid
Slaz, 1b Negligible
Lch, 1b Negligible
Sludge, ib Negligible
Tailings, 1b 0.083(6)
Hezerdous, 1b Negligible
Bv~Frodugks Negligible’
Occupeationzal Hezlth
Deaths 3.2 x 10-8(7)
Totzl Injuries 3.2 x 10-7(8)
Mzn Deys Lost 2.2 = 10-4(%)
Land Use, zcre-hr/10° Btu 6.29(10)
Approx. Module Efficiency 1007(11)
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Footnotes for Table 443

(1)

(2)
(3)
()
(5)

(6)

(7)

(8

(9)

(10)

(11)

Total quantity of coal transported (A=7) = 695 x 106 tons/year.
Total shipment from rail and barge(A‘S) = 8,137%.

. Total shipment from rail (assumed) = 7.13%.

. NOy emission per 106 hp-hr(4-9) = 15.43 tons/106 hp-hr.

e. Assume a 3,000 horsepower required for each 2,000 tons of gross
load in a locomotive-train system.

f. Average horsepower of the locomotive-train system(A'lo) = 74.9%
of the maximum horsepower.

g. Ratio of average gross tonnatc to average net tonnage(A‘lo) =
2.3481. -

o P o T =l

a. SO emission per 106 hp-hr(A-9) = 1.1 tons/106 hp-hr.

a. CO emission per 106 hp-hr(A-9) = 11.9 tons/106 hp-hr.

a. Particulate emission (assumed) 10% of CO.
a. Hp-hr required to move the ton-mill of coal transported by rail
per year = 7554.6 x 106 hp-hr/yr.
b. Definition and value of the brake thermal efficiency(A’11)=
Fuel flow/Brake fuel consumption _ (100/(0.456) - 29.17
[Fuel flow] Fuel heating value  (19,156)(3.929 x 1074) e

c. Energy that the fuel carries into the locomotive = 2.59 x 1010
hp-hr/year.

a. The fraction of intransit storage-handling dust loss = 0.1%
of the total coal transported.

a. Number of death occurred on the railroad system(A'lo) = 2299
death/year. '

b. Total ton-miles shipped by rail(A-s) = 7.7 % 1011 tons/year.
¢. Ton-miles shipped for coal by rail(A-B) =1.26 x 1011/year.

a. Number of injuries occurred on the railroad systcm(A"lo) =
23356 injuries/year.

a. Man days lost per death (assumed) = 6000 man days.
b. Man days lost per injury (assumed) = 100 man days.

a. Current land rights of the railroad system(A‘lo) = 3760 sq miles.

a. Module efficiency (assumed) = 100%.
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TABLE 45. ENVIRONMENTAL IMPACTS OF MODULE

Module--_ Space Heating

(1)

Unit--10" Btu (Input)

Environmentzl Impacts

Coal (12)

Alr
NO_, 1b
802, ib
co, 1b
Particulzate, 1b
Total organic material, 1b
Suspended solide, 1lb
Dissolved solids, 1b
Total organic msterial, 1b
Solid

Ash, 1b
Sludge, 1b

X

Arprox, Module Efficiency

0.117
1.47¢2)
3.49
0.775
0.775

6.9

507%
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Footnotes for Table 45:

(1)

(2)
(3)

a.
to

Values taken from Table A-46 in reference (A-26) were corrected
input basis.

Sulfur content of coal is assumed to be 1%.

Ash content of coal is assumed to be 10%.
Heating value of coal = 13,000 Btu/lb coal.
Ash emission as particulate = 0.78 lb/lO6 Btu.
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TARLE 46.  ENVIRONMENTAL DATA FOR MODULE

Module ~ Hygas (Gasification of Coal~High Btu)
Unit - 106 Btu (output)

Envirconmental Paramcters

Fuel Input, Coal, East

Ar

Sclic

NO.., 1b
504, 1b
Co, 1b
Perticulate, 1b

Total organic material, 1b

Heat, 10° Btu

Suspended sclids, 1b
Dissolved solids, 1b

Total organic material, 1b
Heat, 106 Btu .
Phenols, 1b

Slag, 1b

Ash, 1b
Sludge, 1b
Tailings, 1b
Hazardous, 1b

By~Froducte

Occupational Health

Land Use, acre-hr /108 Btu

Approm., Module Efficiency

0.25(1)
0.55(2)

0
0.12(3)
0.0014(%)
0.34(5)

0
0

Negligible
Negligible after cooling tower
4.6 x 10-5(6)

ae)

25.8(8)
0
0

2.0(9)

5 x 10%9(10)

1.7 x 10-7(10)

&.6 x 10-5(11)
0.02(12)

667%(13)
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Footnotes for Table 46:

¢y

(2)

3)

(4)

(5)
(6)

(7)

(8)

(9

(10)

(11)

(12)

(13)

a. NO, emission comes from a 110 MJ power plant in the lygas
plant.

b. NO, emission factor (assumed) = 0.72 1b/106 Btu generated by
the power plant.

¢. Hygas plant capacity(A=6) = 80 x 106 scfd.

d. Heating value of gas produced(A=6) = 950 pru/ft3.

a. SOy emission comes from two limestone scrubbers.

b. Sulfur from limestone scrubbers(A-6) = 1300 1b/hr.

c Sulfur content of coal used in this calculation (assumed)=3%.
d. Adjustment factor for sulfur content (A=6) = 0,68,

a. Ash content of coal used in this calculation (assumed) = 14.47%.
b. Adjustment factor for ash content (A=6) = 1,31,

c. 65% of total ash goes to scrubber as particulate (assumed).

d. Limestone scrubber efficiency for removal of particulate
{assumed) = 99%.

a. Hydrocarbon emission comes from a 110 MV power plant.
b. Hydrocarbon emicsion factor (assumed) = 0.04 1b/106 Btu.

a. Efficiency of Hygas plant(A-G) = 66%.

a. Assumed to be same as for CO, acceptor (see COy Acceptor for
the detail).

a. Ash comes from boiler (bottom ash).

a. Sulfur from limestone scrubbers(A=6) = 7600 1b/hr.

b. Sulfur content of sludge = 12%.

c. Adjustment factor for sulfur content in fue1(A-6) = 0,68,

d. Sludge. comes from limestone scrubbers (limestone slurry plus
particulate collected).

2. Elemental sulfur from Claus plant is the sole by-product
(assumed).

b. Adjustment factor for sulfur content in coal = 0.68.
a. Man-hours required for a 1x1010 Bru/hr capacity Hygas plant
(assumed) = 4000 man hours/day.

b. Injury rate (assumed) = 10 injuries/106 man hours.
c. 3% of injury assumed fatal.

a. Man-days lost per death (assumed) = 6000 days/death.
b. Man-days lost per injury (assumed) = 95 days/injury.

a. Personal communication with EPA.

a. Reported by Processes Research.(A'6)

126




TABLE &47. ENVIRONMENTAL DATA FOR MODULE

Module == C

Unit ==

1

e}
0

gventional Boiler

Btu (input)

Environmental Parameters

Fuel Input,
Natural Gas

Al

NO,., 1b

§0,, 1b

c6, 1b

Particulate, 1ib

Total organic material, ib
Heat, 10 Btu '

Suspended solids, 1b
Dissolved solids, 1b

Total organic materizl, 1b
Heat, 100 Btu

Acid (HpSO4z), 1b

Solic
Siagz, 1b
Ash, 1b
Siudge, 1b
Tailings, 1b
Haszardous, 1b

Ev~Productsg

Occupztional Health

Deaths
Total Injuries
Man Days Lost

Land Use, acre=hr/10% Btu

Approz. Module Efficicney

(1)
0.39
0.0006€2)

0.
0.
0.
0.

O.
¢
0
Negligible
0

QOOOQ O

o]

0004 (3)

015(4)
04(5)
63(6)

0167

after cooling tower
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Footnotes for Table 47:

(1)

(2)

(3)

(4)

(5)

(6)
)

(8)

(9)

(10)

(11)

(12)

a., NO, emission factor(A -1) = 39 1b/10 £t3 of natural §as.
b. Heatlng value of natural gas (assumed) = 1000 Btu/ft-.

a.3 S0y emission factor for burning natural gas = 0.6 1b/106
ft-.

a.3 CO emission factor for burning natural gas = 0.4 1b/106
ft-.

a. Particulate emission factor for burning natural gas = 15 1b/
106 £t3,
a,, Hydrocarbon emission factor for burning natural gas = 40 1b/

10° £t3,
a. Efficiency of gas fired conventional boiler = 37%.

a. Suspended solid emission from a 1000 MW gas fired Power Plant
(A-12) = 548 tonms.

. . (A-12)
a. Deaths attributed to a 1000 MW gas fired Power Plant
= 0,01 death/year.

a. Injuries attributed to a 1000 MW gas fired Power Plant(A-lz)
= 0,6 injuries/year.
a. ?n dggs lost attributed to a 1000 MW gas fired Power
Plant 197 man-days/year.
(A-12)

a., Land requirement for a 1000 MW gas firad Power Plant
= 150 acres.

a. Efficiency of gas fired Power Plant (assumed) = 37%.
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TABLE 48,

ENVIRONMENTAL TMPACTS OF MODULE

Module-~ Conventional Boilexr
Unit—-10% Btu (Input)

Environmental Tmpacts

Air
NDV, ib
502, ib
Co, 1b

Terticulate, lb

Total organic material, 1b

Svuspznded solids, 1b
Dissolved colids, 1b

T

otal orzznic material, 1b

Agh, 1b
Sludze, 1b

Avrrox, Medule Efficiency

Dist. Fuel 0il (0.3% S)

0.75 )
0.336 (2
0.0003 (3
0.057 (4)
0.014 (3

6
372( )
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Footnotes for Table 48:

1)

(2)

(3)
(4)
(5)
(6)

a.
b.

Heating value of distillate fuel oil(A_l)

= 140,000 Btu/gal.
(a-1)

NOx emission factor = 105 1b/1000 gal.

Sulfur content of distillate fuel oil, S (assumed) = 0.3%.

SO2 emission factor(A_l) = 157 S 1b/1000 gal.

(a-1)

CO emission factor = 0.04 1b/102C gal.

(a-1)

Particulate emission factor = 8 1b/1000 gal.

Hydrocarbon emission factor(A-l) = 2 1b/1000 gal.

Plant efficiency was assumed to be 37%.
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TABLE 49.  ENVIRONMENTAL DATA FOR MODULE

Module -- Qil Barge
Unit ~-- 10® Btu (Output)

Fuel Input,

Environmental Parameters Residual 0il
Alr
0., 1ib S 0.0013¢%)
S0, 1b . 0.0014(2)
co, 1b | 0.0011(Z>
Particulate, 1b 0.0018(%®)
Total organic material, 1b 0.0008(5)
Heat, 10° Btu . 0.005€6)
Vater
Suspended solids, 1b nil
Dissolved solids, 1b nil(7)
Total organic material, 1b 0.015
Heat, 10% Btu : nil .
Acid (H5504), 1b nii
Solid
Slaz, 1ib ‘ nil
Ash, 1b ' nil
Sludge, 1b - nil
Tailings. 1b - nil
Hazgerdous, 1b nil
By-Products ’ nil
Occupational Health
, -10(8)
Deaths 9 % 10 1(()9)
Total Injuries 8 x 1078 (10)
{an Days Lost 1.5 x 107
Lznd Use, acre-hr/i08 Btu 0(1l>'
Approm. Module Efficiency 99.62(12)
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Footnotes for Table 49:

(1)

(2)

(3)
(4)
(5)
(6)

(7)

(8)

&)

(10)

(11)
(12)

a. Assume 20,000 tons per shipment. A-1)
b. NO, emission factor for motor ship( "t = 1.4 1b/mi.
¢. Trip distance per shipment (assumed) = 325 miles.,

a. S0y emission factor for motor ship(A'l) = 1.5 1b/mi for 0.5%
sulfur content for fuel.

a. CO emission factor for motor ship(A-l) = 1,2 1b/mi.
(A-1)

(A-1)

a. Particulate emission factor for motor ship 21b/mi.

a. Hydrocarbon emission factor for motor ship 0.9 1b/mi.

a., Total heat required per 10% Btu transported (assumed) =
3800 Btu,

a. Total oil discharge in oil transport and in tank cleaning
operai:ions(A'12 = 0,27% of shipment.

a. Death rate in oil transportation by barge(A-lz) (assume that
bagge operation is similar to tanker operation) = 0.08 deaths/
10° man-hours.

b. Man-hour required to traniggfs)the amount of crude oil to
operate a 1000 MW Power Plant = 7 x 10° man-hours.

a. Injury rate in oil transportation by barge(A-lz) (assume that
barge operation is similar to tanker operation) = 7.22 injuries/

106 man~hours.

a. Man-days lost per death (assumed) = 6000 days/death,
b. Man-days lost per injury (assumed) = 125 days/injury.

a. Land requirement for port facilities not estimated,

a. Energy consumption rate per 106 Btu of crude oil transported
(assumed) = 3800 Btu.
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TABLE 50.  ENVIROMMENTAL TMPACTS OF MODULE
(1)

Module~- Conventional Boiler
Unit—10" Btu (Imput)

Environmental Impacts - 1% S Resid -
Lir
NOX, ib ) o7
SOZ’ ib 1.04
Co, 1b _ 0
Particulsate, 1b 6.05
Total orgeznic material, 1b 0.01
Vater

Suspended solids, 1b
Dissolved solids, 1b

Total orgenic material, 1b

Sclid
Agh, 1b 0
Sludge, ib : 0
Lpnrow, Module Efficiency : . 37%
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Footnotes for Table 50:

(1) a. Values were taken from Table A-43 in reference (A-26). SO

emission was corrected to 1% sulfur resid. 2




TABLE 51. .

Module =~ 0il Tanker
Unit - - i0

ERVIRONMENTATL DATA FOR MDﬁULE

Btu (Output)

Fuel Input,

Envirommental Paramcters Crude 0Oil
Air
ROy, 1b 0.0015¢%)
S0,, 1ib 0.0016¢2)
co, 1b 0.0013(23
Particulate, 1b 0.0021(‘(5)
Total organic material, 1b 9 x 1072
Heat, 100 Btu : 0.005(6)
Yater
Suspended solids, 1b 0
Digsolved solide, 1b 0 o)
Totel organic mzterial, 1b G6.015
Heat, 106 Bru 0
Acid (H7504), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0 i
Siudge, 1b 0
Teilings, 1b 0
Harardous, 1b 0
By-Products . 6]
Occupational Health
-10(8)
Deaths 9 x 10 1?9)
Total Injuries 8 x 10-8 (10)
Man Days Lost 1.5 x 1072
Land Use, acre-hr /108 Bru ) 0(11)
Aprrox. Module Efficiency 99.5(12)'
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Footnotes for Table 51:

(1)

(2)

(3)

(4)

(5)

(6)
(7

(8)

9)

(10)

(11)
(12)

a. NO, emission by oil tanker to transport crude oil for a

1000 MW Power Plant(A-12) = 51 tons/year.

a.

1000 MW Power Plant

a.

S02 emission by 21 E nker to transport crude oil for a
&1 ) = 55 tons/year.

CO emission by oil_tanker to transport crude oil for a

1000 MW Power Plant(#-12) = 44 tons/year.

de.

a.

Particulate emission bX 0il tanker to transport crude oil for
a 1000 MW Power Plant(A-12) =

72 tons/year.

Hydrocarbon emissixglgy oil tanker to transport crude oil for
a 1000 MW Power Plant

= 3 tons/year.

a, Efficiency of oil tanker operation (assumed) = 99,5%.
a, Total ?il d}scharge in oil transport and in tank cleaning
operations A-12) = 0,027% of shipment,
e . (A-12) _
a. Death rate in oil transportation by tanker = 0,08

deaths/10° man-hours.

b.

Man-hours required to transport the amount of crude oil to

operate a 1000 MW Power Plant(A-12) = 7 x 10° man-hours.

a.

Injury rate in oil transportation by tanker

injuries/10" man-hours.

a.
b.

a.

ae

Man-days lost per death (assumed) = 6000 days/death.
Man-days lost per injury (assumed) =125 days/injury.

Land requirement for port facilities not estimated.

Efficiency of oil tanker (assumed) = 99.5%.
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TABLE 5Z.

¥Module -

Unit - 106 Btu (Input)

ENVIRONMENTATL DATA FOR MODULE

Conventional Boiler (Coal)

Environmental Parameters

Fuel Input, Coal, West

Air

Water

KO,., 1b
80,, 1ib
co, 1b
Particulate, 1b

Total organic material, ib

Heat, 10® Btu

Suspended solids, 1b
Dissolved solids, 1b
Totzl organic material, 1b
Heat, 100 Btu

Acid (H5804), 1b

Slarg, 1ib

Asgh, 1b
Sludge, 1b
Teilings, 1b
Hazardous, 1b

By-FProducts

Occupaticnal Health

Deathe
Total Injuries
¥en Days Lost

Tand Use, acre-hr/100 Btu

Avprox.

Module Efficiency

Negligible

.

0.98(1)
1.65(%2)
0.05¢%
0.07(4)
0.016(5)
0.63(6)

0.025(7)

0

0.011(®)

after cooling tower

.09

OO OWO

Lo ]

10-10(10) .

3.3 %
1.4 x 10-8(10)
5.1 x

10-6(11)
0.1(12)

372.(13)
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Footnotes for Table 52:

(1)

(2)

(3)

%)

(5)
(6)
(7)

(8)
9)

(10)

(11)

(12)

(13)

a.

NOyx emission factor (A=1) = 18 1b/ton coal burned.
Heating value of western coal (assumed) 9200 Btu/lb.

b/ton coal burned.

802 emission factor(A°1) =38 S 1
= 0.8%.

Sulfur content, S (assumed)
CO emission factor A=1) =1 1b/ton coal burned.

Particulate emission factor (A1) = 16A 1b/ton coal burned.
Ash content, A (assumed) = 8.4%.

Electrostatic precipitator efficiency (assumed ) = 99%.
Hydrocarbons emission factor(A-1) = 0.3 1b/ton coal burned.

Efficiency of conventional boiler (assumed) = 37%.

Total solid to water(A-12) = 0,036 1b/106 Btu.
Fraction of suspended solid (assumed) = 70%.

Fraction of organic material in total solid (assumed) = 30%.
Ash content of coal (assumed) = 8.4%.

Man-hour required per 106 Btu for conventional power plant(A-13)

.4 x 103 man hour.

Total injuries ger 100 man~hour (A=13) =5 7,
Death rate(A=12) = 2.4% of injuries.

Days lost per death (assumed) = 6000 days/death.
Days lost per injury (assumed) = 229 days/death.

Land réquired for a 1000 M¥ power plant (assumed) = 800 acrecs.

Efficiency of conventional boiler (assumed) = 37%.
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TABLE 53. . ENVIRONMENTAL DATA FOR MODULE

Module-~- Physical Cleaning of Cozl
Unit--10° Btu (output)

With
Environmental
Environmentel Parameters Control
NO_, 1b o.ooe(i‘)
s0,, 1b 0.004(?
co, 1b -
Perticulate, 1b 0.01(3)
Totel organic material, 1b -
Suspendsd solids, 1b .Negligible
Dissolved solids, 1b Negligiblie
Totzl orzanic material, 1b Negligiblie
Lcid (HZSDA), 1b * Negligible
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0.3(4
Tailings, 1lb Negligible
Approx, Medule Efficiency 88%(5)
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Footnotes for Table 53:

(1)

(2)

(3)

(%)

(5)

a. NO from thermal dryer. Operating characteristics for evaporating
water Trom wet coal(A-2) = 550 tons of coal produced per 50 tons of
water evaporated.
b. Heat required for water evaporation = 1000 Btu/lb water.
c. Heating value of coal = 12,000 Btu/1lb of coal.
d. NO_ emission factor®1) = 18 1b/ton of coal burner.
e. No control equipment.
(a-1)
a. SO2 emission factor = 38 S 1b/ton coal burned.
b. Sulfur content of coal, S (assumed) = 3%.
¢. Lime scrubber control efficiency (assumed) = 907%.
a. Particulate emission factor for thermal dryer(A-l) = 25 1b/ton
coal product.
b. Heating value of coal product = 13,180 Btu/lb.
c. Control efficiency of multiple cyclones with wet scrubber(A_l)
99.0% removal.
a. Sludge comes from SO, and H,S0, control (assumed).
b. Sulfur content of sliidge (aSsumed) = 12%.
a. The efficiency is assumed to be 88%.
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TABLE 54.  ENVIRONMENTAL DATA FOR MODULE

.

Module ~ CAFB Boiler (Residual 0il) + Combined Cycle
tnit ~ 106 Btu (input)

Fuel Input,

Environmental Parameters " Residual 0il (Imported)
KO, b - 016
S0, 1b _ 0.45(2)
co, 1b ) o 3
Particulate, 1b 0°01(A
Totsl or%anic material, 1b 0.04(4)
Heat, 100 Btu o 0.62(5)
Veter
Suspended solids, 1b : 0
Dissolved solids, ib (¢
Total organic material, 1b 0
Heat, 100 Btu . Negligible after cooling tqwer
Acid (H9S04), 1b o
Solid
Slag, 1b 0
Ash, 1b : 3.0(6)
Sludge, 1b 4]
Tailings, 1b : 4]
Hazerdous, 1b 0
Ev=Preducts _ 1.4€7)

Occupational Health

Deaths ‘ . 2 % 10-2(8)

Total Injuries 7 x 10-8(8)

¥an Days Lost 1.7 x 1075(9)
Land Use, acre~hr/106 Bru ' . 0.06¢10)
Arprox. Module Efficiency 38%(11)




Footnotes for Table 54:

(1
(2)

3)

(4)

(5>
(6)

(7

(8)

9)

(10)

(1D

a. Experimental data obtained by Westinghouse.(A-23)

a. S0, from boiler (A~23) = 0.35 1b/106 Btu.
b. 505 from Claus unit(A=23) = 0.1 1b/106 Btu.

a. Electrostatic precipitator is employed to control particulate
emission (assumed). 6
b. Particulate emission factor(A~23) = 0.01 1b/10° Btu.

a. Hydrocarbon emission factor for burning CAFB gas (assumed) =
40 1b/106 f£t3,

a. Efficiency of the module (assumed) = 38%.

a. Sulfur content of oil (assumed) = 3%.
b. Limestone requirement per pound of sulfur = 1,75 1b.
c¢. Heating value of oil (assumed) = 6.3 x 10% Btu/bbl.

a. Sulfur content of oil (assumed) = 3%.
b. Sulfur emission = 0.225. ‘e
a. Injury rate per man hour (assumed) = 10 injuries/lO6 man hours.
b. Death rate of injury = 3%.

c. 70 men operate a 1000 MW plant (assumed).

a. Man days lost per death (assumed) = 6000 days/death.

b. Man days lost per injury (assumed) = 95 days/injury.

a. Land requirement for a 1000 MV oil-fired power plant (assumed)
= 300 acres.

b. Additional land requirement for CAFB gas unit (assumed) =

150 acres.

a. Assumed efficiency = 38%.
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TABLE 55,  ENVIRONMENTAL IMPACTS OF MODULE
(1)

¥odule~~-,Conv. Boiler with limestone scrubber
Unit—-10" Btu (Input)

Environmental Impacts Resid (3.5% 8)
N, 1b 0.7
s0,, 1b 0.366(?
co, 1b o
Particulate, 1lb ' 0.0005(3)
Total organic material, 1b 0.01

Vizter

Suspended solids, 1b
Dissolved solids, 1b

Total orgenic material, 1b

Sclid
Aeh, 1b 0
(&)
Sludge, 1b 13.8
Lyrres, Module Efficiency 377




Footnotes for Table 55:

(1)

(2)

(3)

(4)

bl
in

Ce

b.
by

Values were taken from Table A-42 in reference (A-26) except
modified below.

Sulfur content of resid (assumed) = 3.5%.

S0, emission was considered twice that given in Table A-42
reférence (A-26).

SO2 removal efficiency of lime scrubber (assumed) = 90%.

(A-1)

Particulate emission factor = 8 1bs/1000 gal.

Particulate removal efficiency (assumed) = 99%.

802 in sludge [from Footnote (2)] = 3.29 1b/106 Btu.

Generally sulfur in lime scrubber sludge is assumed as 127
weight.




TABLE 56, ENVIRONMENTAL IMPACTS OF MODULE

-

Module~-, Conventionzal Boiler — No Control

Unit--10" Btu (Imput)

(1

Eovironmental Impacts

‘Resid (3.5% 8)

Air
NO., 1b
b
SOZ’ 1b
Co, 1b
Particulste, 1b

Total organic material, 1b

Wezter
Suspended solids, 1lb
Dissolved solids, 1b

Total organic materizl, 1b

Ash, 1b
Sludge, 1b

Arprox, Module Efficiency

0.7

3,66

0.05
0.01L

37%
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Footnotes from Table 56:

(@h) a. Emission values were taken from Table A-42 in reference (A-26)
except as described below.

(2) a. In this module sulfur content of resid was assumed as 3.5%.

b. Thus SO, emission was considered to be twice that given in
Table A-42 %n reference (A-26).
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TABTE 57.  ENVIRONMENTAL DATA FOR MODULE

Module - Fluid~Bed Combustion Plus Combined Cycle
Unit - 106 Btu (input to combustion cycle)

Environmental Parameters Fuel Input, Coal, East
Alr
KO,., 1b 0.1
805, 1b 0.7(2)
Co, 1ib t]
Perticulzte, 1b 0.02(3)
Totzl organic material, 1b 6 .
Heat, 100 Btu ’ 0.62(4)
atexr
Suspended solids, 1b 0
Dissolved solids, 1b 0
Total organic material, 1b 0
Heat, 100 Btu . Negligible after cooling tower
Aeid (HpS04), 1b c
Solid
Slaz, 1b 0
Ash, 1b 17.309)
Sludge, 1b 0
Tailings, 1b 0
Hozardous, 1b 0
Ry-Products 1.9(6)
Occupational Health
Deaths 1.5 x 1079(7)
Total Injuries 3.6 x 10~8(8)
Man Days Lost 1.4 % 10-5(9)
Land Use, acre~hr /106 Bru ' 0.12(10)
Approm. Module Efficiency 38%(11)
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Footnotes for Table 57:

(1)

(2)

(3)
)
(5)

(6)

M

(8)

9)

(10)

(11)

a. Average value of 0.07 and 0.22 1b/10% Btu reported in
Westinghouse Report.(A"2

a. S0, emission factor reported(A 23) = 1b§106 Btu. 3.0
b, Adjustment factor for sulfur content( A-23 0.7 (i.e. %3

a. Particulate emission factor reported(A'23) = 0.02 1b/10% Btu.
a. Efficiency of the module (assumed) = 38%.

a. Ash content of eastern coal (assumed) = 14.47%.
b. Heating value of coal (assumed) = 24 x 106 Btu/ton.
¢c. Limestone requirement per pound of sulfur = 1.75 1b.

a. The sole by=-product is elemental sulfur.

b. Sulfur content of coal (assumed) = 3%.

¢c. 907 of sulfur is collected by limestone (assumed).
d. Sulfur loss from Claus unit(A=23) = 0.35 1b/106 Btu.

a. Injuries calculated from fluid-bed combustion plant and gas-
fired power plant operations.
b. 40 men operate a 500 ton coal/hr capacity cOmbustlon plant
(assumed).
c¢. Using chemical industry data for gasification plant, injuries
per man hour(A-5) = 8.1 injuries/10% man hours.
d. Death rate (assumed) = 5% of injuries.
e. Death attributed to a 100 M4 gas-fired power plant(A-lz) =
0.01 deaths/year.

A . . (A-12) _
a. Injuries attributed to a 1000 MW gas fired power plant =
0.6 injuries/year.

a. Using chemical 1n§ustry data for ga51f1cat10n plant, man-days
lost per man hour (A 528 days/10% man hours.

b. Man days lost per death (assumed) = 6000 days/death.

c. Man days lost attributed to a 1000 MV gas fired power plant(A'lz)
= 197 man-days/year.

a. Land requirement for a 1000 MW coal fired power plant (assumed)
= 800 acres.

b. Additional land requirement for fluid-bed combustion unit
(assumed) = 150 acres.

a. Efficiency(A-23) = 38%.
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TABLE 58.  ENVIRONMENTAL DATA FOR MODULE

Module - Lurgl Gasifier and Conventional Boiler
Unit - 1095 Btu (input to comventional boiler)

Envirormentzl Parameters

Fuel Input, Coal, East

Liv

¥O.., 1b

uOr: 1b

CO ib
a:tlculcte, ib

Total organic material, 1b -

Hezt, 10° Btu

nded solids, 1b
ved solids, 1b

o
Mot
Mot
= O m
1—1 ]

w O

c
1[6 Bru
ols, 1b

"

e ey

o
pal

e}
0 =t Qe 01D
H e iy s
[ATR ) et
[ i ]
[a g

1= 1 -t

m
N He oo

ib
s, ib
us, 1b

"t%o—‘!m:om
(o}

Ohﬂ

Ev~Froducts

QOccupstional Health

Deaths
Total Injuries
Man Days Lost

Land Use, acre-hr/10% Bru

Approw. Module Efficiency

reanic material, 1b

6.20(1)
6.93€(2)
0
6.015(3)
6.11(4)
0.92(5)

0.016(6)
0
0.002(7)

Negligible after coollng tower
0.0029(8)

.82(9) -

OO0 O0OWVWO
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Footnotes for Table 58:

(@)

(2)

&)

(4)
(5)

(6)

0

(8)
9
(10)
(1

(12)

(13

(14)

(15)

a. NOy, comes from gas-fired bofler {n gasificr plant and gas-fired power plant.
b. NO, emission factor(A-1) = 0,39 1b/106 Btu for natural gas.

c. The emission factor i{s valuc for Lurgi gas combustion on the basis of heati{ng value
(aasumed).

a. Basis: 1000 MW nominal cogas power plant.(A-6)

b. Coal input rate(A-6) = 341 tons/hr.

c. 502 emission comes from gas-fired boiler in gasifier plant and gas-fired power plant.(A'6)
d. 1% of sulfur lost to atmosphere from Rasifier plant by leaking (assumption).

e. Content of H25 in Lurgi gas ptoduced( -6) = 0.105% by volume.

f. Llurgl gas production rate from the plant = 112600 lb-moles/hr.

a. Particulate emission comes from gas-fired power plant (assumed).
b. Emission factor for natural gas(A-1) = 0.015 1g/106 Btu.

c. Assumed that the emission factor for natural gas combustion is valid to Lurgi gas combus-
tion on the basis of heating value.

a., 1% of total organic matter (COS and CH;) is lost from gasifier by leaking (assumed).

a. 63% of the total input encrgy to gas-fired power plant is lost to atmosphere (based on the
assumed efficiency of the power plant).

b. Efficiency of Lurgi gasifier plant (assumed) - 70%.

c. Efficiency loss due to material loss in Lurgi gasifier plant (assumed) = 10%.

a. Suspended solid emission comes from gas-fired power plant (assumed).
b. Emission from a 1000 MW plant{A-12) = 548 tons.

a. Total organic material comes from gas-fired power plant (assumed).
b. Emission factor(A<12) = 73 tons/year for a 1000 MV plant,

a. From data supplied by T. K. Janes, EPA,

a, Ash content of coal (assumed) = 14.47%.

2, The by-product of Lurgi gasifier plant is sulfur from Claus un{t,

a8, Injuries are combined for Lurgi gasifier plant and gas-fired power plant operations.
b. 40 men operate a 500-ton coal/hr capacity Lurgi gasificr plant (assumed).

c. Using chemical industry data, injuries per man-hour A- = 8.1 injuriesllo6 man-hours,
d. Death rate (assumed) = 5% of total injuries,

e. Death attributed to a 1000 MW gas-fired power plant(A‘lz) = 0,01 death/year.

a. Injuries attributed to a 1600 MW gas-fired power planc(A'lz) = 0.6 injuries/year.

a, Using chemical industry data, days lost per man-hour{A-3) = 528 days/lO6 man-hours.

b. Man-days lost per death (assumed) = 6000 days/death

c. Man-days lost attributed to a 1000 MW gas-fired power plant(A'13) = 197 man days/year.

a8, Land requirement for a 1000 MW coal-fired power plant (assumed) = BOO acres.
b. Additional land requirement for Lurgi gasificr plant (assumed) = 150 acres.

a. Efficlency of Lurgi gasifier plant (assumed) = 70%.
b. Efficiency of gas-fired power plant (assumed) = 37%.

150



TABLE 59.

ENVIRONMENTAL IMPACTS OF MODULE

(1)

Module-- Conv. Boiler, Phys. Cleaned Coal
Unit—-106 Btu (Input)

pnvironmantal Impacts

Phys. Cleaned Coal

™
Y
~t

NO_, 1b
%
SOZ’ ib
€0, 1b
Particulate, lb

Totzl organic material, 1b

Veter

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b

Sludge, 1b

Aprroxn, Medule Efficiency

0.68
1.4
0.038
0.044
0.011

0.Q25

0.011

5.41

37%
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Footnotes for Table 59:

(1) a. Data were taken from Table A-10 in reference (A-26) except

that SO2 emlission were corrected to 1% sulfur in cleaned coal.
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TABLE 60.  ENVIRONMENTAL DATA FOR MODULE

Module ~ GCoal Liquefaction (solvent refining)
Unit - 106 Btu (output)

Environmentzl Parameters Fuel Input, Eastern Coal(l)
Air
N0, 1b ' 0.21(2)
805, 1b : 0.003(3)
cos 1b 0.012(4)
Particulate, 1b 0.27(3)
Total organic meterial, ib 0.0036(6)
12at, 106 Biu o 0.067(7)
Yztexr
Suspended solids, 1b o
Dissolved solids, 1ib c
Total organic material, 1b Trace
Heat, 100 Btu . : Negligible after cooling tower
Acid (HpSOL), 1b 0
Solid
Slag, 1ib 0 '
Ash, 1b 16.0(8)
Sludee, 1b . ¢]
Taeilinzs, 1b 0
Hazardous, 1b 4]
Ev~Praoducts o 2.95(9)

Occunational Health

Deaths 1.4 x 10"9233

Total Injuries 2.7 x 10-8

¥Men Days Lost 6.5 x 10-6(11)
Land Use, acre-hr/108 Bru 0.08(12)
Approxm. HModule Efficiency 75%(13)

(1) TImpects werc estimated based on the coal containing 14.47% ash, 3.07%
S and 2 heating value of 12,000 Btu/lb. In addition, the coal
liquefaction plant was assumed to have a capacity of 222x109Btu/day.
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Footnotes for Table 60: (Continued)

(2) a. Solvent refined coal (SRC) has a heating value of 16,000 Btu/lb,
0.05% ash, and 0.6% sulfur(A=6),
b. Plant efficiency(A~6) = 757,
c. Emission factor for NO, = 18 1b/ton of coal burned.
*d. Average heating value of consumed coal = 14,000 Btu/lb.
e. Coal consumption rate = 110 tons/hr.

(3) a. Total sulfur content in the input coal = 30,833 1b/hr.
b. Total sulfur content in the SRC = 3.469 lb/hr.

¢c. Sulfur emitted as SOp = 0.1% total sulfur off gas-liquid
separator.

(4) a. CO emission factor(A-1) =1 1b/ton of coal burned.
b. No control equipment.

(5) a. Particulate emission factor (A-1) = 16A 1b/ton of coal burned.

b. Emission control efficiency (assumed) 987%.

c. Average ash content of consumed coal, A = 7.23%.

(6) a. Total organic material emission factor = 0.3 1lg/ton of coal
burned.

b. No control equipment.
(7) a. Total heat released = 0.308 x 1010 Btu/hr.

(8) a. Total ash input rate = 148,000 1b/hr.
b. Total ash output rate in SRC = 289 1b/hr.

(9) Elemental sulfur product = 99.9% of total sulfur-off gas, liquid
separator.

(10) a. Assumption: 80 men operate a 1,000 tzi./hr capacity solvent
refining plant.
b. Use chemical industry data, injuries per man hour (A=5) = 8.1
injuries/106 man hours.
c. Use chemical industry data, days lost per man hour (A-5) = 528
days lost/106 man hours.
d. Death rate = 5% of total injuries (assumed).

(11) Man days lost per death (assumed) = 6,000 days/death.
(12) Land required for a 222 x 109 Btu/day plant (assumed) = 750 acres.

(13) Plant efficiency(A=6) = 75%,.
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TABLE 61. ENVIRONMENTAL DATA FOR MODULE

Module = Conventional Boiler
Unit - 106 Btu (imput)

Fuel Input,

Environmental Paremeters : Solvent Refined Coal (Eastern)
Alr
N0, 1b 0.56(1)
s0,, 1b . . 0.71(2%
co, 1b 0.037(3)
erticulate, 1b . 0.0003 (4)
Total orgamic material, ib 0.01(5)
Heat, 10® Btu : 0.63(6)
Veater
Suspended solids, 1b : 0.025(7)
Dissolved solids, 1b )
Total organic material, 1b 0.011
Heat, 100 Btu . Wegligible after cooling tower
Acid (H,504), 1b 0
Sclid
Siaz, 1b 0
Ash, 1b 0.031(9) -
Sludge, 1b (]
Teilinges, 1b o
Hazerdous, 1b 0

By-Products

Occupnational Health

Deaths 3.3 x 10-10(10)

Total Injuries 1.4 x 10-8(10)

Man Days Lost 5.1 x 10-6(11)
Land Use, acre-hr/108 Bt . . 0.09¢(12)
Approx. Madule Efficiency 372(13>
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Footnotes for Table 61:

(L

(2)

3)
4)

(5)
(6)
¢))

(8)
9)
(10)

an

(12)

(13)

a'
b.

NO, cmissions fa.ctor(A D 2 18 1b/ton coal burned.
Heatlng value of solvent refined coal (SRC) (assumed) =

16000 Btu/1b.

ae

Sulfur content of solvent refined coal, S (assumed) = 0.6%.
S02 emission factor(A-1) =38 s 1b/ton coal burned.

€O emission factor(A=1) =1 1b/ton coal burned.

Ash content of SRC, A (assumed{ 0.05%.

Particulate emission factor (A = 16 A 1b/ton coal burned.
Electrostatic precipitator efficiency (assumed) = 99%.
Hydrocarbon emission factor (A=1) = 0.3 1b/ton coal burned.

Efficiency of conventional boiler (assumed) = 37%.

Total solid to water(A™12) = 0.036 1b/10% Btu.
Fraction of suspended solids (assumed) = 707%.

Fraction of organic material in total solid (assumed) = 307%.

- Ash content of coal (assumed) = 0.05%.

Man-hour required per 106 Btu for conventional power plant(A'13)

= 2.4 x 1073 man hour/106 Btu

b.

Total injuries per 10® man hour(A-13) = 5.7,
peath rate(A-12) = 2,47 of injuries.

Days lost per death‘(assumed) = 6000 days/death.
Days lost per injuries (assumed) = 229 days/injury.

Land requirement for a 1000 M{ power plant (assumed) = 700 acres.

Efficiency of conventional boiler (assumed) = 37%.
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TABLE 62.

ENVIRONMENTAL DATA FOR MODULE

Module ~ Conventional Boiler and Limestone Scrubbing
Unit - 106 Btu (input)

Envirt

onmental Parameters

Fuel Imput, Coal, East

Lir

NO,., 1b
80,, 1b
Co, 1b
Pzrticulzte, 1b

Totsl organic material,

Hezt, 10% Btu

Suspended solids, 1b
Dissolved solids, 1b

Totzl organic material,

Heat, 100 Btu
Acid (H,S0.), 1b

Slag, 1b

Ash, 1t
Sludge, 1b
Tailings, 1b
Hazardous, 1b

By~Products

Occup

ationzal Health

Llzand

eaths
Totzal Injuries
¥Man Days Lost

Use, zcre~hr/106 Btu

Approx. Module Efficiency

b

6.60(1)
6.50(2)
0.042(3)
6.1(&)
0.013(5)
6.65(6)

0.025(7)

v
0.011(8)

Negligible after cooling tower
0 A

ib

c
2.4(9)
27.3(10)

3.3 x 107001
1.4 x 10-8(11)
5.1 x 10-6(12)

0.1(13)

357,(1%)
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Footnotes for Table 62:

(1
(2)

3)
)

(5)
(6)
7

(8)
%)
(10)

(11)

(12)

(13)

(14)

a'
b.
c.

a.
b.
cl
a.
a.
b.
c.

a.

d.

NO, emission factor (A1) = 18 1b/ton coal burned.
Heatzng value of eastern coal (assumed) = 12000 Btu/lb.
NO, removal efficiency by limestone scrubber (assumed) = 20%.

Sulfur content of eastern coal, S (assumed) = 37%.

SO, emission factor(A-1) = 38 5 1b/ton coal burned.
Limestone scrubber efficiency (assumed) = 90%.

CO emission factor(A=1) =1 1b/ton coal burned.

Ash content of eastern coal, A (assumed) = 14.4%.
Particulate emission factor (A-1) = 16 A 1b/ton coal burned.
Scrubber efficiency for particulate removal = 997%.

Hydrocarbon emission factor(A=1) = 0.3 1b/ton coal burned.

Efficiency of conventional boiler with limestone scrubbing

(assumed) = 35%.

a.
b.

a.

a.

a.

a.

Total solid to water(A™12) = 0,036 1b/106 Btu.
Fraction of suspended solids (assumed) = 707%.

Fraction of organic material in total solid (assumed) = 30%.
Ash content of eastern coal (assumed) = 14.4%. 207 to bottom ash.
Sulfur content of sludge (assumed) = 12%. Add fly ash collected.

Man-hour required per 106 Btu for conventional power plant(A 13)

= 2.4 x 10-3 man hour/106 Btu.

b.
C.

a.
b.

Q.

a.

Total injuries ger 106 Man hour (A-13) = 5,7,
Death rate(A-1 2.4% of injuries.

Days lost per death (assumed) = 6000 days/death.
Days lost per injury (assumed) = 229 days/injury.

Land requirement for a 1000 MJ power plant (assumed) = 800 acres.

Efficiency of conventional boiler with limestone scrubbing

(assumed) = 35%.
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TABLE 3.

ENVIRONMENTAL DATA FOR MODULE

Module =~ Comventional Boiler & MgO-Scrubbing
Unit - 108 Btu {Input)

Environmental Parameters

Input: Eastern Coal

it

NO.., ib
S0,, 1b
€0, 1b
Particulate, 1b

Total organic materizl, 1b |

¥eat, 10° Btu
Vater

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b
Heat, 100 Btu :
Acid (H5504), 1b

Slaz, 1b

Ash, 1b
Sludge, ib
Teilings, 1b
Hazardoug, 1b

Iy~Products

Occupational Health

Dezsths
Total Injuries
Yan Days Lost

iend Use, acre-hr/108 Btu

Approx. Medule Efficiency

0.60€1)
0.50(2)
0.042(3)
0.1(&)
6.013(5)
0.65(6)

0.025(7)

0
0.611(8

Negligible after cooling tower
0

0
2.4(9)

o ...
10.4(10)
0
6.13(11)

3.3 x 10-10(12)
1.6 x 10-8(12)
5.1 x 10-6(13)

0.1(14)

35%(15)




Footnotes for Table 63:

¢ D)
(2)

(3)
)

(5)
(6)
(7

(8)
(9)
(10)

(11)

(12)

(13)

(14)

(15)

a. NOy, emission factor (A1) = 18 1b/ton coal burned.

b. Heating value of eastern coal (assumed) = 12,000 Btu/lb.

c. NO, removal efficiency by MgO-scrubber (assumed) = 207%.

a. Sulfur content of eastern coal, S (assumed) = 3%.

b. 8504 emission factor (A-1) = 38 S 1b/ton coal burned.

¢. MgO-scrubber efficiency (assumed) = 90%.

a. CO emission factor(A-1) =1 1b/ton coal burned.

a. Ash content of eastern coal, A (assumed) 14.4%.

b. Particulate emission factorzA‘l) = 16 A 1b/ton coal burned.

¢. Scrubber efficiency for particulate removal = 99%.

a. Hydrocarbon emission factor(A-l) = 0.3 1b/ton coal burned.

a. Efficiency of conventional boiler with MgO-scrubbing (assumed)
= 35%.

a. Total solid to water(A-12) = 0,036 1b/106 Btu.

b. Fraction of suspended solids (assumed) = 707%.

a. Fraction of organic material in total solid (assumed) = 30%.
a. Ash content of eastern coal (assumed) = 14.4%. 20% to bottom ash,
a. MgO reacts with SOp to product 807% of MgSO3-6H20 and 20% of

b.
c-

a.
bl

a.
= 2.
b.
c.

a.
b.

a.

a.

MgS0y - THpO (assumption).

17 blowdown of MgSO3°6H,0 and MgSO4 - 7H20 (assumed).
loss in regeneration (assumed) = 5%. Add fly ash collected.

Sulfur reacted with MgO is regenerated in the form of H,S0,.
Regeneration efficiency (assumed) = 100%.

Man~-hour required per 10 Btu for conventional power plant(A‘13)
4 x 10”3 man-hour/106 Btu.

Total injuries per 106 man hour(A-13) = 5.7,

Death rate(A"123 = 2.4% of injuries.

Days lost per death (assumed = 6000 days/death.
Days lost per injury (assumed) = 229 days/injury.

Land requirement for a 1000 MW power plant (assumed) = 800 acres.

Efficiency of conventional boiler with MgO-scrubbing

(assumed) = 35%.
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TABLE 64, ENVIRONMENTAT, DATA FOR MOﬁULE

Module =  Conventional Boiler.
Unit - 106 Btu (Input)

Frnvironmental Parameters ' Fuel Input, Eastern Coal
i
NO,., 1b ~ : 0.75(1)
502, 1b . 4.75(2)
co, 1b 0.042(3)
Perticulate, 1b ' 0 1(&)
Total organlc material, 1b 0.013(3)
Heat, 10% Btu . 0.63(6)
Wzter
Suspended solids, 1b '0.025(7)
Dissolved solids, 1b
Total organic material, 1b 0.011(8)
Heat, 10® Bru . Negligible after cooling tower
Acid (H,S04), 1b ‘ 0
Solid
Slas, 1b e
Ash, 1b : 12.0(9
Siudge, 1b : 0
Tailings, 1b o
Hazardouvs, 1b o
Eyv~Producks 0

QOccupational Health

Deaths : 3.3 x 10710(10)

Total Injuries 1.4 x 10-8(10)

¥en Days Lost 5.1 x 10-6(11)
Lend Use, acre=hr/10° Btu 0~1(12)
Appron. Module Efficiency 37%(13)
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Footnotes for Table 64:

(1) a. NO, emission factor (A-1) 18 1b/ton of coal burned.

(2) a. 80, emission factor (A=1) = 38 § 1b/ton of coal burned.
b. Sulfur content, S (assumed) = 37%.

(3) a. CO emission factor(A—l) = 1 1b/ton coal burned.

(4) a. Particulate emission factor(A'l) = 16A 1lb/ton coal burned.
b. Ash content, A (assumed) = 14.47%.
c. Electrostatic precipitator efficiency (assumed) = 99%.

(5) a. Hydrbcarbons emission factor(A'l) = 0.3 1b/ton coal burned.

(6) a. Efficiency of conventional boiler (assumed) = 37%.

(7) a. Total solid to water(A-lz) = 0.036 1b/10% Bru.
b. Fraction of suspended solid (assumed) = 70%.

(8) a. Fraction of organic material in total solid (assumed) = 30%.
(9) a. Ash content of coal (assumed) = 14.47%
6 (A-13)
(10) a. Man=-hours required per 10~ Btu for conventional power plant
= 2.4 x 1073 man-hour/106 Btu.
b. Total 1n3ur1ei ger 106 man hour (A~ -13) - 5,9,

c. Death rate( = 2.4% of injuries.

(11) a. Days lost per death (assumed) = 6000 days/death.
b. Days lost per injury (assumed) 229 days/injury.

(12) a. Land required for a 1000 M{ power plant (assumed) = 800 acres.

(13) a. Efficiency of conventional boiler (assumed) = 37%.
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TABLE 65. ENVIRONMENTAL DATA FOR MODULE

Module ~ Strip Mined Coal, East
Unit - 100 Btu (output) *

Envirommental Parameters

With Land Restoration and 1
Treatment of Acid Drainage( )

Alx

NO., 1b

80, . ib

Co, 1b

Particulate, 1b

Totzl organic material, 1b
Hezt, 10° Btu ’

YVeter

Suspended solids, 1b
Dissolved solides, 1b

Totel organic material, 1b
Heat, 106 Btu

Acid (HS04). 1b

Sclid
Slag, 1ib
Ash, 1b
Siudge, 1b
Tailings, 1b
Hzzardous, 1b

By=Products

Uccupationzl Health

Deaths
Total Injuries
dMan Days Lost

Lard Use, acre-hr/106 Bru

Approu. Module Efficiency

0.0002(2)
Negligibie
Negligible

0.14(3)
Negligible
Negligible

0.55®)
0.18
Negligible
Hegligible
Nil

0
0 .
0.2£(5)
gegligible

None

- 10—9(6)

2 2(7)
2.5 x 10~
272 = 10-5®)

0.3

09.6%(10)
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Footnotes for Table 65:

(1)

(2)

3)

(%)

(5)

(6)

&)

(8

(9)

(10)

Impacts will be negligible after land restoration. Stated impacts
will occur during the actual operation.

a.

NO_ relcased to atmospherc from reclamation operation was

deriveﬁ based on the assumption that a diesel powered bulldozer is
used for reclamation.

b.
c.

Time requirement for reclcmation (assumed) = 4 hr/acre.
Bulldozer engine power (assumed) = 150 hp.

Fuel consumption rate A-1) = 0.5 1b/hp-hr,

Emission factor(A-1) =0.37 1b NO,/gal of fuel used.
Average thickness of coal seam (assumed) = 2 ft.

Coal density (assumed) = 82 1b/ft3,

Heating value of coal (assumed) = 12,000 Btu/lb.

Emission factor (same as primary rock crushing and copper

mining) = 0.1 1b/ton of overburden.

b. Average overburden per ton of coal (private communication, EPA)
= 33 tons.

a. Rate of silt run-off (assumed = 5000 tons/Mi2-year.

b. Average thickness of coal seam (assumed) = 2 ft.

Coal bulk density (assumed) = 82 1b/ft3.
Reclamation period (assumed) = 3 years

Dissolved solids (CaSO;) and sludge (FeOHg) come from acid

treatment (assumed).

b.

Drainage water discharge rate for a strip coal mine with a

capacity of 106 ton coal/year (assumed) = 10°® gal/day.

Acidity of drainage water (assumed) = 1000 ppm.

Death rate for strip coal mining(A'lz) = 0.12/106 ton coal.
Heating value of coal (assumed) = 24 x 106 Btu/ton coal.

Injury rate for strip coal mining(A'lz) = 5.65 injuries/lO6
coal. .

Man-days lost per death (assumed) = 6000 days/death.
Man-days lost per injury (assumed) = 180 days/injury.

Land required for 108 tons of coal(A-12) = 230 acres.
Time required for reclamation (assumed) = 3 years.

Efficiency of strip mine operation (assumed) = 99.6%.
Depletive waste not included.
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TABLE 66. ENVIROMNMENTAL TMPACTS OF MODULE

Module-- Coke Oven

(1)

Unit--106 Biu (Input)

Environmental Impacts Coal, West
Air
NO_, 1b 0.0017%
S0, 1b 0.83
co, 1b 0.053(%
P rticulate, ib 0-146(2)
Total organic material, 1b 0.175(2)
Water
Suspsnded solids, 1b _—
Dissolved solids, 1b _—
Toral organic material, 1b —_
Sclid
Ash, 1b 0
Siudge, 1b 0
Approx. Module Efficiency 70%
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Footnotes for Table 66:

(L a. Low sulfur coal (0.95% S) was assumed in the coke oven
operation.

b. Heating value of coal (assumed) = 12,000 Btu/lb coal.
(2) a. Emission factors were taken from reference (A-1).

(3) a. Based on assumption that 507 of sulfur in coal remains in
the coke and 507 ultimately is emitted as SOZ'
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TABLE 67.

Module--_Space Heating

EXVIROMMENTAL IMPACTS OF MODULE

L

Unit-~10" Btu (Input)

Environmental Impacts

Resid (3.5%Z S)

Lir

NO., 1D
=
502, ib
€o, ib
Perticulste, 1b

Total orgenic material, 1b

Veater

Suspended solide, 1b
Dissolved solids, 1b

Totel orgenic meterial, 1b

Leh, 1b

Sludge, 1b

Approx, Module Efficiency

0.135
3.068(?
0.030
0.017
0.00%
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Footnotes for Table 67:
(1) a. Values were taken from Table A-46 in reference (A-26) except

as modified below.

(2)

a. 502 emission was modified based on sulfur content of fuel oils.
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TABLE 68, ENVIRONMENTAL TMPACTS OF MODULE

Module--_Space Heating

&h)

Unit--10" Btu (Imput)

Environmental Impacts

"Coal (3% 8)

Air

NO_, 1b
%
502, ib
€O, 1b
Farticulate, 1b

Total organic material, 1b

Jzter

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b

Solid

Ash, 1b
Sludge, 1b

Appron. Module Efficiency

0.177
i.410¢%)
3,490
0.775

0.775

50%
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Footnotes for Table 68:
(1) a. Values were identical to those in Table A-12 except as modified
below.

(2) a. SO2 emission was modified based on sulfur content of coal.
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APPENDIX B

CALCULATION OF PREDICTED AMBIENT AIR
QUALITY FOR THE TNDTANAPOLIS AQCR

The czlculations required for the determination of ambient air
quality to be expected from fuel combustion in the Indianapolis AQCR
zccording to projections based on Scenario 1 and Scenario 3 are presented
in this appendix., The Indianapolis AQCR inventory was modified as .
indiczted in the discussion in the body of the report. The resulting
base-case data are given in Table 69. These data refer to 1971 fuel
quantities and the emissioms and AAQ are based on the use of all clean fuel,

The approach will be illustrated by describing the calculations
required for 1975. The base-case data (Table 69) were first increased
by z growth factor, 1.101, determined by dividing the Dupree and West
projected cozl use as fuel im 1975 (13,675 x 1012 Btu) by the actual 1971
velue (12,420 x 1012 Btu). The results of the growth factor muliiplica-
tion are civen in the first three limes of Table 70. These data represent
the cozl use for the Indianapolis AQCR for 1975 and the 50, emissions and
AAQ which would result if 21l the coal were low sulfur coal.

The total coal use was broken down into high- or low-sulfur coal
use znd into various emergy techmology applications in direct proportion
to the fuel utilization projections developed in the body of the report.
For convenience, the coal allocations for 1975 were summarized from
Tebles 6, 7, and 8 for Scemario 1 and from Tables 19, 20, and 21 for
Scerario 3. This summery is given im Table 71. For certain of these
ailocations the percentage of the total is also given in Table 71. Foxr
exarnle, in Scenario 1 the high-sulfur coal use in the electrical sector
was projected to be 5,775 x lOlthu, or 42.23 percent of the total. These
percenteges were then applied to- the total coal use projected for the
Iindianzpolis AQCR in 1975, Thus, in Scenario 1, 42.23 percent of the
projected total cozl, or 1,807,146 tons per year, are allocated as high-
sulfur coal to the electrical sector. The resulis of these calculations
zre given im the coal-use column of Table 70. The quantities of low-suliur

coal were adjusted to balance the subtotals for each sector.
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Each coal-use quantity was multiplied by the emission factor

appropriate to the coal type or applied energy technology to obtain the
equivalent 802 emissions in tons per day as given in Table Table 70.

The SO2 emissions were summed for each sector and the resulting
AAQ contribution calculated for each sector in proportion to the
corresponding base-case values. The necessary calculations are shown in
Table B=-2.

Finally, the sector contributions to AAQ were summed to obtain
the total predicted AAQ from coal combustion according to Scenario 1,
43,15 ug/m3, and according to Scenario 3, 105.16 ug/m3.

These calculations were repeated for the remaining years and the
resulting data are given in Tables 72 and 73 for 1980, in Tables 74
and 75 for 1985, and in Tables 76 and 77 for 2000.

It was pointed out in the body of the report that the total
emissions calculated for Scenario 3 were larger than for Scenario 1 in
1980, 1985, and 2000 as a result of removing some stack gas cleaning
capacity to balance the coal subtotal in the electrical sector. The same
result is, of course, observed in Tables 72, 74, and 76. However, it
should be noted that it is not the increase in emissions per se which is
responsible for the large increase in AAQ observed for Scenario 3, but
rather, it is the occurrence of increased emissions in the nonelectrical
sectors which is responsible for the increased AAQ. For example, consider
the year 2000, Table 76; assume that the same quantity of high sulfur
coal (1,131,813 tons/year) projected for Scenario 3 is included in the
electrical sector for Scenario 1, and that the low sulfur coal projection
for Scenario 1 is reduced by the same amount to balance the subtotal. Also
assume that the stack gas cleaning capacity projected for Scenario 1 is
retained in Scenario 3 and the low-sulfur coal in Scenario 3 is reduced to
balance the subtotal. Now the only difference between the two scenarios
is the interchange of high- and low-sulfur coal between the electrical and
the nonelectrical sectors. When the AAQ calculations are repeated with

these modified coal-use quantities, the results are as follows:

174



SO2 Emissions, AAQ-R33

Tong /Day p,g/m3
Scenario 1
Electrical Sector 313.8 14,7
Other Sectors 91.2 54,6
Totals 405.0 60.3
Scenario 3
Electricel Sector 192.2 9.0
Other Sectors 218.3 130.6
Totals 410.5 139.6
in this case the total emissions are nearly equal, yet the AAQ for

(9]

cenario 3 is still more than twice that for Scenario 1.
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TABLE 69. INDIANAPOLIS BASE CASE~1971(a’b)

Coal use, SO02 Emissions, AAQ-Receptor 33,

Tons /Year Tong /Day ug/m
Electrical Sector 3,001,038 156.9 7.35
Other Sectors 885,697 40,7 24,39
Totals, All Sectors 3,886,735 197.6 31.74

(a) Assumed all clean fuels.

(b) Processing plants have been excluded from this table. Seven plants
emitted 3.29 T/D SOy and contributed 14.78 ug/m3 to Receptor 33,
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TAELE 70. PREDICTED AMBIENT AIR QUALITY - 1975

Cozal Use, 80, Emissioms, AAQ - Rgc%ator 33
ector/Cezbustion Made Tons/Year Tons/Day ug/m
ndiznerolis Base Case
Crewth Factor, 1.101, applied to 1971 Base Case)
Elertriczl Sector 3,304,143 172.8 8.09
Other Sectors 975,152 - 44,8 26.85
Totzls, &ll sectors 4,279,295 217.6 34,95
cenario 1
Electrical Sector :
Stzck ges cleaning 219,099 (5.12%) 3.60
Eigh Llfu; cozl, w/o cont. 1,807,146 (42.23%) 282.20
Low sulfur cozl 1,277,898 (Bal.) 62.31
Subrctals 3,304,143 348,11 16.30 (348.11/172.8 = 8.09)
Other Sectors (Unchanged) 975,152 44,8 26.85
Totels, all sectors 4,279,295 392,93 43.15
Scenaric 3
Electrical Sector
Stark gzg cleanins 219,099 (5.127) 3.60
High sulfur cozl, w/o cont. 946,580 (22.12%) 147.88
Low sulfur coal 2,138,099 (Bal.) 104.25
Subtotals 3,304,143 255.73 11.98 (255.73/172.8 = 8.09)
Qther Scctors
Hich sulfur ecczl, w/o cont. 860,201 (20,11%) 148,95
Low sulfur eozl 114,951 (Bzl.) 5.60
Subtotzle 975,152 155,58 93.18 (155.55/44.82 % 26.85)
Tetzls, 211 sectors 4,279,295 411,28 105.16
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TABLE 71. YEAR 1975 COAL ALLOCATIONS

Scenario 1 Scenario 3
12 Percent 12 Percent
Sector 10" "Btu of Total 10""Btu of Total
Residential/Commercial
Low sulfur coal 325 80
High sulfur coal 0 245
Industrial
Low sulfur coal 4,450 1,945
High sulfur coal 0 2,505
Totals, R/C plus Industrial
Low sulfur coal 4775 2025
High sulfur coal 0 2,750 20,11
Electrical
Low sulfur coal 2,425 5,175
Stack gas cleaning 700 5.12 700 5.12
High sulfur coal 5,775 42,23 3,025 22,12
Total, all sectors 13,675 13,675
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TABLE 72. PREDICTED AMBIENT AIR QUALITY - 1980

Coal Use, 80, Emissious, AAQ - Rec%ptor 33
Sector/Combustion Mode Tons/Year Tons/Day ug/m
Indienzpolis Base Case
(CGrowth Factor, 1,273, =zpplied to 1971 Base Case)
Electrical Sector 3,820,321 199.7 9.36
Other Sectors 1,127,492 51.8 31.05
Totals 4,947,813 251.5 40.41
Scenaric 1
Electrical Sector -
Steck gas clezning 1,121,622 (42.887%) 34,88
High suvifur cozil, w/o cont. - 178,616 (3.61%) - 27.89
Low sulfur ceozl 1,520,083 (Bzl.) 74,11
Subtotzals 1,820,321 136,88 6.42 (136.88/197.7 = 9.36)
Other Sectors (Unchanged) 1,127,492 51.8 31.05
Totzls, a2ll sectors +,947,813 188.68 37.47
Scenzric 3
Electricel Sector
Stack gas cleaning 1,412,600 (28.55%) 23,22
Righ sulfur cozl, w/o cont. 0
Low sulfur coal 2,407,721 (Bal.) 117.39
Subtotzals ; 3,820,321 140,61 6.59 (140.6/199.7 = 9.36)
Qther Sectors
tigh sulfur cozl, w/o cont. 887,638 (17.94%) 138.62
Low sulfur coal 239,855 (Bal.) i1.69
Subtctals 1,127,492 150.31 g0.1 (150.3/51.8 x 31.05)
Torsls, all sectors 4,947,813 290,92 96,69
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TABLE 73. YEAR 1980 COAL ALLOCATIONS

Scenario 1 Scenario 3
12 Percent 12 Percent
Sector 10" "Btu _of Total 10 “Btu of Total
Residemtial/Commercial
Low sulfur coal 300 75
High sulfur coal 0 225
Industrial
Low sulfur coal 4,550 1,993
High sulfur coal 0 2,557
Totals, R/C plus Industrial
Los sulfur coal 4,850 2,068
High sulfur coal 0 2,282 17.94
Electrical
Los sulfur coal 3,450 6,232
Stack gas cleaning 6,650 42,88 4,428 28.55
High sulfur coal 560 3.61 0
w/o control
Total, all sectors 15,510 15,510
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TABLE Tl

PREDICTED AMBIENT AIR QUALITY ~ 1985

Coal Use, S0, Emissions, AAQ - Receptor 33
ector/Cozbustion Mode Tone/Year Tons/Day pg/m3
idiznzrolis Base Case
rowth Factor, 1.65%4, zpplied to 1971 Base Gase)

Electriczl Sector 4,963,717 259.5 12.16
Other Sesctors 1,464,943 67.4 40,34
3
Totzle 6,428,660 326.9 52.50
renzrioc 1
Electricel Sector
Fluidized-hed 134,359 (2.097) 3.1
Lew Btu 161,359 (2.51%) 4,9
Liguefaction 100,300 (1.57%) 2.3
Stzck ges cleaning 2,337,461 (36.36%) 38.4
Lo sulfur cozl 2,230,238 (Bzl.) 108.7
Eich sulfur cczl, w/o cont. 0
Subiotals 4,963,717 137.4 7.4 (157.4/259.5 = 12.16)
Other Secters (Unchangsd) 1,664,943 67.4 £0.3
Terzls 6,428,660 224.8 47.7
cenzrioc 3
Electrical Sector
Fluidized-hed 134,359 (2.09%) 3.1
Lew Btu 161,354 (2.09%) 4.9
Ligusfzction 100,300 (1.57%) 2,3
Stzck gas clesning 1,083,579 (21.83%) 17.8
Icw sulfur cozl 3,484,120 (Bzl.) 169.9 -
Igh sulfur eozl, w/o cont. 0
Subtotzls 4,963,717 198.0 9.3 (198.0/259.5 = 12.16)
Othe=r Sectors
Figh sulfur cozl, w/o cont, 921,227 (14.33%) 143.9
Low sulfur cozl 543,716 (Bal.) 26.5
Subtetals 1,464,943 170.4 102.0 (170.4/67.4 x 40.3%&)
Tetals, 211 sectors 6,428,660 368.4 ii1.3




TABLE 75.

YEAR 1985 COAL ALLOCATIONS

Scenario 1

Scenario 3

12 Percent 12 Percent
Sector 10 " Btu of Total 107"Btu  of Total

Residential/Commercial

Low sulfur coal 100 25

High sulfur coal 0 75

w/0 control

Industrial

Low sulfur coal 4,820 2,113

High sulfur coal 0 2,707
Totals, R/C plus Industrial

Low sulfur coal 4,920 2,138

High sulfur coal 0 2,782 14,33
Electrical

Fluidized-bed combustion 400 2.09 400 2.09

Gasification, low Btu 480 2.51 480 2.51

Liquefaction 300 1.57 300 1. 57

Stack gas cleaning 6,960 36.36 4,178 21.83

Low sulfur coal 6,080 8,862

High sulfur coal, 0 0

w/o control

Totals, all sectors 19,140 19,140
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TABLE 76.

PREDICTED

AMBIENT AIR QUALITY - 2000

Cocl Use, S0, Emissions, AAQ - Recegtor 33
ector/Centustion dMode Tous/Year Tons/Day pe/m
ndiznepelis bzse Case
Growth Factor, 2.24. spplied to 1971 Base Case)

Electrical Sector 6,722,325 351.5 16.46
Othcr Sectors 1,983,961 91,2 54,64
Totzls 8,706,286 422.7 71.10
ceneric 1
Electrical Sector
Fluidized~bed combustion 1,140,523 (13.1%) 26.2
Low Btu gesification 1,453,950 (16.7%) 44,5
Liguefaction 957,691 (11.0%) 22.4
Stazck gas cleaning 1,715,138 (19.7%) 28.2
Low suifuxr coal 1,455,023 (Bal.) 70.9
Bigh sulfur cozl, w/o cont. 4]
Scbtotals 6,722,325 192.2 9.0 (192.2/351.5 = 16.46)
Other Secters (Unchanged) 1,983,961 91.2 34.6
Tetals, 21l sectors 8,706,286 283.4 53.6
cerzric 3
Electriczl Sector
Fluidized~bed combustion 1,140,523 (13.1%) 26.2
Low Bty gasification 1,453,950 (16.7%) 44,5
Liquefaction 957,691 (11.0%) 22.4
Stazchk gas cleanins 583,321 (6.7%) 9.6
Low sulfur cozl 2,586,840 (Bal.) 126.1
Bigh sulfur eczl, w/o cont. t]
Subtotals 6,722,325 228.8 " 10.7 (228.8/351.5 x 16.46)
Qther CSectors
Fich sulfur cozl, w/e cont. 1,131,817 (13.0%) 176.7
Low sulfur cozl 852,144 (Bzl.) 41.5
Subtotals 1,983,961 218.3 130.6 (218.3/91.2 x 54.64)
Totzie, z11 sectars 8,706,286 447,1 141.3
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TABLE 77. YEAR 2000 COAL ALLOCATIONS, EXCLUDING
COAL FOR HIGH Btu GASIFICATION

Scenario 1 Scenario 3
12 Percent 12 Percent
Sector 10" Btu  of Total 10""Btu of Total

Residential/Commercial

Low sulfur coal 0 0

High sulfgr coal 0 0
Industrial

Low sulfur coal 5,300 3,323

High sulfur coal, 0 2,977

w/0 control

Totals, R/C plus Industrial

Low sulfur coal 5,300 2,323

High sulfur coal 0 2,977 13.0
Electrical

Fluidized-bed combustion 3,000 13.1 3,000 13.1

Low Btu 3,820 16,7 3,820 16.7

Liquefaction 2,500 11.0 2,500 11.0

Stack gas cleaning 4,500 19.7 1,523 6.7

Low sulfur coal 3,700 6,677

High sulfur coal, 0 0

w/o control

Totals, all sectors 22,820 22,820
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