
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 - Gas Well 
Unit - 106 Btu 

Environmental Parameters Fuel Input, Natural Gas 

N0x, !b 
S02~ Ib 
CO, Ib 
Particulate, Ib 
Total organic material, ib 
Heat, 106 Btu 

}later 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, ib 
Heat, 106 Btu 
Acid (H2SO4) , Ib 

Solid 

Slag, ib 
Ash, 15 
Sludge, ib 
Taiiings ~, Ib 
Hazardous~ ib 

.By-Pro~uqts 

Occupational Health 

Deaths 
Total injuries 
~lan Days Lost 

Land Use~ aere-hr/!06 Btu 

Approx.. Module E[fi.eiency 

0.23( 1 ) 
0 
0 
0 
0.1(2) 
0 

0 
0 
0 
0 
0 

0 
0 
O. 
0 
0 

12.6( 3 ) 

2.2 x 10 -9 (4) 
2.1 x 10-7 (5) 
3.5 x 10-5(6) 

0.06 (7) 

96%( 8 ) 
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Footnotes for Table 34: 

(I) a. Natural gas consumed to maintain pumping power in gas well (A-15) 

b.= 0"~0~ $~i~nr~~l)= 7.3 x 10 -3 ib/ft3 c~sume~ 

c. Heating value of natural gas (assumed) = i000 u/ft [ 

(2) a. Natural gas loss in gas well operation (A'I5) = 0.0022 ft3/ft 3 
recovered. 
b. Density of natural gas = 0.045 ib/ft 3. 

(3) a. Hydrocarbon recovered (liquid phase) (A-15) = 0.047 ft 3 (equi- 
valent gas volume)/ft 3 recovered. 
b. The hydrocarbon is assumed as heptane (Molecular weight = 96). 

(4) a. Total number of fatal injuries in oil and gas production (A-17' 
A-19) = 95. 
b. Total energy from oil and gas production (A'IT' A-18) = 
43 x 1015 Btu. 

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

(6) a. Total man-days61ost in oil and gas production in 1969 (A'I7, 
(A-19) = 1.49 x I0 man-days. 

(7) 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/106 
Btu 

(8) a. Efficient (assumed) = 96%. 
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TABLE 35. , ENViRONmeNTAL DATA FOR MODULE 

l,[odule - Removal of Sulfur from Natural Gas 
Unit - 106 Btu (output) 

Fuel Input, 
Environmental Parameters Natural Gas 

N0x~ Ib Nil 
S02, !b 0.025 (1) 
C0~ ib Nil 
Particulates ib Nil 
Total organic material, Ib Nil 
Heat: 106 Btu Nil 

~Tater 

Suspended solids, Ib 
Dissolved solids, ib 
Total organic material, Ib 
Heat, 106 Btu 
Acid (H2S04) , ib 

Solid 

Slag, ib 
Ash, Ib 
Siudze, ib 
Tailings, ib 
Hazardous, !b 

By-Products 

Occupotiona! Health 

Deaths 
Total ii~j uries 
13an Days Lost 

i nnd Use,, acre-hr/!06 Btu 

/~p[,ro'.'.. ~[odule Efficiency 

Nil 
Nil 
Nil 
Nil 
0 

Nil 
Nil 
Nil 
Nil 
Nil 

0.24 (2) 

Not determined 

Not determined 
Not determined 

Not determined 

0.005 (3) 

100z(4) 
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Footnotes for Table 35: 

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

6 states: 
SO 2 in Claus plants tail gas at 90% eff. = 441T/D 
SO 2 purged from plants not recovering sulfur = 2,335 T/D 
Total gas production = 26.76 x 109 ft3/d. 
b. Assume 95% efficiency for Claus plants applied to all sour 
gas treatment plants, then: 

I I I  " ~ I ~  u ~441/0.I + 2335) ton SO2/day x 05 x 2000 Ib/ton 0.025 2- 
26.76 x 109 ft3/day x 103 Btu/ft ~ = 10 b Btu 

(2) a. at 95% efficiency for the Claus plants, the amount of SO 2 
converted to sulfur is 19 times the amount of SO 2 emitted. 
Therefore, the amount of by-product sulfur produced is: 

32 Ib S 
,025 Ib SO 2 emitted x 19 x 6& ib SO 2 0.24 Ib S 

(3) a. Land requirement for a I00 million ft3/day plant (assumed) 
= 20 acres. 

(4) a. Energy requirements for desulfurization process were not 
determined. . ,  
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Table 36. ENVIRONmeNTAL DATA FOR MODULE 

Module - - 
Unit -- 

Ga Pipeline 
I0 ~ Btu 

E1~vironmental Parameters 
Fuel Input, 
Natural Gas 

NOx, Ib 
S02, ib 
CO, ib 
Partieu!ate, Ib 
Total organic material, !b 
~eat= I0 ~ Btu 

~7~ ter 

Suspended solids, Ib 
Dissolved solids, ib 
Total organic material, Ib 
Eeat: 106 Btu 
Acid (H2S04) , !b 

Solid 

Slag, !b 
Ash, ib 
Sludge,ib 
Taiiings, Ib 
E~zardous, !b 

B b~-Products 

Occu~ationa! Health 

Deaths 
Total Injuries 
}hn Days Lost 

La~iJ Use, acre-hr/iO 6 Btu 

/_~pprox. Module Efficiency 

o.3o4 (1) 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

Not determined 
Not determined 
Not determined 

1.o (2) 

95.9  (3) 
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Footnotes for Table 36: 

(i) a. Natura~ ga~ consumed to maintain a compressor at 750 psia (A'I5) 

= 0.042 ft /ft ~ transmitted. 
b. N0 x emission factor for running gas engines (A'l) = 7300 ib/106 

ft 3 burned. 

(2) L nd requirement for pipelines to run a i000 MW Power Plant 
~A-12~ = 213 acres. 

(3) a. Efficiency (assumed) = 95.9%. 
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TABLE 37. ENViROh~IENTAL IMPACTS OF MODULE 

u~---u ~tu (Input) 

Nat. 
Environmental impacts Gas 

Air 

NOx, Ib 0.081 

SO2, ib 0.00! 

CO, ib 0.015 

Particulate, ib 0.005 

Total organic material, Ib 0.004 

W~ter 

Suspended solids, Ib 

Disso!ved solids, ib 

Total organic material, ib 

0 

0 

0 

Solid 

Ash, Ib 

Sludge, ib 

0 

0 

Appro.~:. Module Efficiency 70% 
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Footnotes for Table 37: 

(i) 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 

~Iodu!e -- Oil/Gas Well, Onshore 
Unit -- 106 Btu (output) 

Environmental Parameters 
Fuel !nput, 
Crude Oil 

N0x, !5 
S02, ib 
CO~ ib 
Particulate, Ib 
Total organic material, ib 
Heat, I0 ~ Btu 

"~7a t e_____rr 

Suspended solids, ib 
Dissolved solids, ib 
Total organic material, Ib 
Eeat, 106 Btu 
Acid (H2S04), Ib 

So!id 

Slag, ib 
Ash, ib 
Sludge, Ib 
Tai!ings, Ib 
Hazardous= Ib 

By,Products 

Occupational Hemlth 

Deaths 
Total injuries 
~n Days Lost 

iand Use, acre-hr/!06 Btu 

.Approx... Nodule Efficienc X 

8. x 10 "6(1) 
in-5(2) 6x~ 

3 x 10 -8(3) 
3 lO-6 4) 
4 x "i0 "7(5) 
0 

0 
6.2 (6) 
o.oo8(7) 
0 

a 

0 

0 
0 
0 
0 
0 

(8) 
2.2 x lO-9(9) 
2.1 x i0 ~7 
3.5 x 10 "5(10) 

o.o6(n) 

100% 
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Footnotes for Table 38: 

(1) 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 106 Btu/bbl. 

" = Ib/103 gal. N0x emission factor (A i) 60 C~ 

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

(2) a. S02 emission factor (A'l) = 157S Ib/103 gal. 
b. Sulfur content of oil, S (assumed) = 2.88%. 

(3) a. C0 emission factor (A'l) = 0.2 ib/103 gal. 

(4) a. Particulate emission factor (A'l) = 23 ib/103 gal. 

(5) a. Hydrocarbon emission factor (A'l) = 3 Ib/103 gal. 

(6) a. Dissolved solid emission comes from saltwater brine. 
b. Total brine production(A-16) = 25 million bbls/day. 
c. Total on shore oil production rate (A'IT) = 3.3 x 109 bbls/year. 
d. 4% of brine goes to streams (assumed). 
e. There are I00 Ib of dissolved solids per barrel of oil (assumed). 

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

(8) a.1969~t~_ ,n~-m~e~9 =of95.fatal injury in oil and gas production in 

b. Total energy from oil and gas production (A-17'A'IS) = 43 x 
1015Btu. 

(9) 

(IO) 

i11) 

a. T~tal number of nonfatal injury in oil and gas production in 
1969 (-17,A-19) = 9022. 

a. Total man-days lost (A-17'A-19) = 1.49 x 106 man-days. 

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

(12) a. Efficiency of operation (assumed) = 100%. 
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TABLE 39. ENViRON~.~NTAL DATA FOR ~DDULE 

Nodule -- Oil Pipeline 
Unit -- 106 Btu (output) 

Er~viron~ent al Parameters 
Fuel lnput~ 

Crude Oil 

NOx, Ib 
S02, Ib 
CO, ib 
Particulate, Ib 
Total organic material, ib 
~eat, !0 ~ Btu 

Water 

Suspended solids, Ib 
" I " !b Dzsso_vea solids, 

Total organic materia!~ Ib 
Meat: 106 Btu 
Acid (}12S04)~ !b 

Solid 

Slag, Ib 
Ash: ib 
Sludge, ib 
Tailings, Ib 
Hazardous, ib 

• . ~ j_ 

E ~, -Prooucus 

Occupational lleaith 

Deaths 
Total Injuries 
~lan Days Lost 

Land U~Q.:.. ac[ elhr/106 Btu 

Approx. Nodule Efficiency 

o.one(1) 
2 x 10 -5(3) 

0.002(4) 
o.o003(5) 
0.009( 6 ) 

0 
0 
0 
0 
0 

• 

9 x 10 -l°(7) 
8 x 10 -8(8) 
1,5 x 10 -5(9) 

0.3(10) 

99.1 (11) 
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Footnotes for Table 39: 

(1) 

(2) 

(3) 

(4) 

(s) 

(6) 

(7) 

(8) 

a. Fraction of crude oll transported by pipeline (A'20) = 
77.4Z. 
b. Total crude oil transported in 1970 (A'20) = 1.58 x 109 
barrels. 

c. Fraction of crude oil transported by diesel powered pump 
= 16.3% of crude oil transported by pipeline. 
d. Crude oil consumed to supply power for pumping (A'22) = 
1.45 x 108 gal/year. 

(A-l) N0 x emission factor = 80 ib/103 gal burned. 
f. Heating value of crude oil (assumed) = 6.3 x 106 Btu/bbl. 

e. 

a. S02 emission factor (A'l) = 142 ib/103 gal burned. 

a. C0 emission factor (A'l) = 0.2 15/103 gal burned. 

8. Particulate emission factor (A'l) = 16 Ib/103 gal burned. 

a. Hydrocarbon emission factor (A-l) = 3 Ib/103 gal burned. 

(A-21) 

a. Assumed efficiency of oil pipeline = 99.1%. 

a, Death rate in oii transportation by pipeline (assumed) = 
0.08 deaths/lO 6 man-hours. 

b. Man-hours required to transport the amount of oil for running 
a 1000 MW Power Plant (assumed) = 7 x 105 man-hours. 

a. Injury rate in oil transportation by pipeline (assumed) = 
7.22 injuries/lO 6 man-hours. 

(9) 

(10) 

(11) 

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'I2) = 65 acres~year. 
b. Period of land use (assumed) = 35 years. 

ao Efficiency of pipeline operation (assumed) = 99.1%. 
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TAB!Z 40. EN-fiRON~NTAL DATA FOR MODULE 

Nodule - Conventional Refinery, Domestic Crude 
Unit - 10 6 Btu (output) 

Environmental Parameters 
Fuel Input, 

Domestic Crude(0.76% S) (I) 

Aix 

E0x, Ib 
S02, Ib 
COs ib 
Particulate~ ib 
Total organic material, Ib 
11eat, I0 ~ Btu 

~Te t e_____rr 

Solid 

Suspended solids, Ib 
Dissolved solids, !b 
Total orEanic material, !b 
Heat, 106 Btu 
Acid (H2SO4) , ib 

Slag, Ib 
Ash~ ib 
Sludge (dry weight), Ib 
Tailings ~ Ib 
Hazardous, Ib 

,By-Products, ib 

pccu~ationa.!Hea!th 

Deaths 
Total injuries 
Nan D~,s Lost 

Land Use~ acre'hr/106 Btu 

A~ero:c. Module Efficiency 

0.023 (2) 
o.12(3) 
0.003 (4) 
0.002(5) 
0.025 (6) 
0.10(7) 

0.004 (8) 
0.09(9) 
o.ool (lo) 

Negligible after cooling tower 
0.0004(11) • 

0 
0 

0.007 (]-2) 
0 
0 

o.24(13) 

1.3 x 10 -9(14) 
9,6 x 10-8 (15) 
2.3 x 10 "5(16) 

o.oo8(17) 

9o%(18) 
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Footnotes for Table 40: 

( l)  

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(to) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

a. Sulfur content of input crude taken as 0.76% 

a. Average refinery energy consumption (A-24) = 70,400 Btu/bbl crude 

oil processed. 
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 x emission from combustion operations (A-26) = 130 ib/103 bbl 
crude oil processed. 

a. Assume 0.75% S residual burned as refinery fuel. 
b. SO 2 emission (A-26) = 695 Ib/103 bbl crude oil processed 
c. 95% removal, no Claus plant tail gas treatment. 

a. CO emission from catalytic cracking catalyst regenerator (A-26) = 
15 Ib/103 bbl crude oil processed. 

a. Particulate emission from catalytic cracking (A-26) = 12 ib/103 bbl 
crude oil processed (after controlled by cyclones). 

a. Hydrocarbon emission (A-26) = 140 ib/lO 3 bbl crude oil processed. 

a. Refinery energy consumption (A-24) = 704,000 Btu/bbl of crude oil 

processed. 
b. Heating value of crude oil (assumed) = 6.3 x 106 Btu/bbl. 

a. Suspended solids emission (assumed) = 20 ib/103 bbl processed. 

a. Dissolved solids emission (assumed) = 500 ib/103 bbl processed. 

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

a. Phenol emission (assumed) = 2 ib/lO 3 bbl processed. 

a. Average sludge production rate (A-25) =30.08 yd3/lO 3 bbl processed. 

b. Density of sludge (assumed) = 60 ib/ft . 
c. Solid content of sludge (assumed) = 30%. 

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

a. Deaths attributed to the operation of a refinery supplying fuel to 
a i000 MW power plant (A-12) = 0,09 deaths. 

a. Injuries attributed to the operation of a refinery supplying fuel 
to a i000 MW power plant (A-12) = 6.4 injuries. 

a. Total work days lost attributed to the operation of a refinery 
supplying fuel to a i000 MW power plant (A-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-24) = 704,000 Btu/bbl crude 

oil processed. 
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TABLE 41. Eh~TiRONMENTAL ~IPACTS OF MODULE 

Module--Space Heating (1) 
Unit--lO 0 Btu (input) 

Environmental impacts 
Dist. 
Oil 

Air 

NOx, ib 

S02, Ib 

CO, !b 

Particulate, ib 

Total organic material, ib 

o.135 

0.263 

0.030 

0.0!7 

0.004 

Water 

Suspanded solids, Ib 

Dissolved solids, 15 

Total organic material, ib 

0 

0 

0 

Solid 

Ash, ib 

Sludge, Ib 

A~prex. 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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TAB!Z 42. ENVIRONMENTAL DATA FOR MODULE 

F~odule - Crude Oil Gasification 
Unit - 10 6 Btu (output) 

Environmental Parameters 
Fuel Input, 
Crude Oil 

N0x, ib 
S02, Ib 
CO, !b 
Particulate, Ib 
Total orsanic material, Ib 
Heat, i0 b Btu 

~7ater 

Suspended solids, Ib 
Dissolved solids, ib 
Total organic material, Ib 
Heat, 106 Btu 
Acid (H2S04) , Ib 

So].id 

Slag, Ib 
Ash, ib 
Sludge, Ib 
Taiiings,.Ib 
Hazardous, Ib 

~y-Products 

.Occupational ...Health 

Deaths 
Total injuries 
Nen Days Lost 

Lnn~ Use~ acre-hr/i06 Btu 

.ApFro:.:. ~.[odule Efficiency 

0.08(l) 
o. 03-0.05(2) 
Negligible 

0.002( 3 ) 
0. oo4 (4) 
0.3(5) 

0.02 (6) 
Negligible 

Negligible after cooling tower 

D ~  

• 0.06_0.12(7) 
O. 06-0.12 (8) 

1.3-2.5 (9) 

Not determined 
Not determined 
Not determined 

o.o3_o.o5 (l°) 

77%(11) 
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Footnotes for Table 42: 

(1) a. Plant efficiency of crude oil SNG plant (assumed) = 77%. 
b. 23% of input is consumed as liquid fuel for plant operation 
(assumed). 
c. NO x emission factor (A-l) = 40 Ib/lO 3 gal. 
d. Heating value of input crude = 6.3 x 106 Btu/barrel (assumed). 

(2) 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 Ib/gal. 

(3) a .  Particulate emission factor for fluid catalytic cracking 
unit (A-l) = 61 ib/lO 3 bbl fresh feed. 
b. Fraction of fresh feed to be cracked in this process (assumed) 
= 113. 

c. Particulate removal efficiency of cyclone (assumed) = 50%. 

(4) a. Losses of crude oil to atmosphere (assumed) = 20 Ib/lO 3 bbl 

input. 

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

(6) a. Salt content of crude oil (assumed) = I00 Ib/lO 3 bbl. 

(7) a. Solid waste from spent catalyst not worth reclaiming (assumed) 
= 300 to 600 ib/lO ~ bbl. 

(8) a. Sludges from water treatment (assumed) = 300 to 600 ib/lO 3 bbl. 

(9) 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-gas treatment. 

(I0) a. Land required for a I00,000 bbl/day plant (assumed) = 
600 to I000 acres. 

(II) a. Efficiency of plant (assumed) = 77%. 
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TABLE 43. E~qiRONMENTAL DATA FOR MODULE 

Eodu!e - Strip-mined eoai~ West 
Unit - 106 Btu (output) 

Envir o~ental Parameters 
With Land Restoration and 
Treatment of Acid Drainage(1) 

NOx~ Ib 
S02= Ib 
C0= ib 
Particuiate: Ib 
Total organic material= Ib 
~eat~ I0 ~ Btu " 

yater 

Suspended solids~ ib 
Dissolved solids, ib 
Total organic material~ ib 
Heat~ 106 Btu 
Acid (H2S04) , Ib 

Solid 

Siag~ Ib 
Ash= !b 
Sludge~ ib 
Taiiin~s~ ib 
Hazardous, !b 

Bv-ProSucts 

O.c~uF, atio.ne! Heal.t ~ 

Deaths 
Total injuries 
Emn Days Lost 

Land Use, acre-hr/!06 Btu 

Approx. Module Efficiency 

0.00008 (Bulldozer operation% 2) 
Negligible 
Negligible 

0.07(3) 
Negligible 
Negligible 

0.28( 4 ) 
Not determined 
Negligible 
Negligible 

Nil. 

0 
0 
0 
0 
0 

I None 

6.5 x 10 -9(5) 
3.1 x 10-7(6) 
9.6 x 10 -5(7) 

o.16 (8) 

99.8% 
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Footnotes for Table 43: 

(I) a. Impacts will be negligible after laud restorations. Stated 
impacts will occur during the actual operation. 

(2) a. NO x comes from a disel powered bulldozer used for reclamation. 
b. Time requirement for reclamation (assumed = 4 hr/acre. 
c. Bulldozer engine power (assumed) = 150 hp. 
d. Fuel consumption rate( A-1 ) = 0.5 Ib/hp - hr. 
e. NO x emission factor( A'l ) = 0.37 Ib/gal fuel used. 
f. Average thickness of coal seam (assumed = 5 ft. 
g. Coal bulk density (assumed) = 82 ib/ft 3. 
h. Heating value of western coal (assumed) = 9235 Btu/Ib. 

(3) a. Emission factor (given for suspended particulate from primary 
rock crushing and for mining of copper ore) = 0.I Ib/ton of 
overburden. 
b. Average overburden per ton of coal = 13 tons. 

(4) a. Rate of silt run-off (assumed) ffi 5000 tons/mi2-year. 
b. Average thickness of coal seam (assumed) = 5 ft. 
c. Coal bulk density (assumed) = 82 Ib/ft 3. 
d. Reclamation period (private communication, EPA) = 3 years. 

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

(6) a. Injury rate for strip coal mining(A'I2) = 5.65 injuries/106 
ton coal. 

(7) 

(8) 

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

a. Land re'quired for 106 tons of coal (A'I2) = 112 acres. 
b. Time requirement for reclamation (assumed) = 3 years. 

(9) a. Efficiency of strip mine operation (assumed) = 99.8%. 
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TABLE 44. ENViRON~NTAL DATA FOR MODULE 

}bdu!e - Railroad Transportation of Coal 
Unit - 106 Btu (output)' 

EnvirorL~enta! Parameters Fuel Input, Coal 

Aim 

NOx, Ib 
S02, ib 
CO, ib 
Particulate, !b 
Total organic material, ib 
Heat= I06 Btu 

Water 

Suspended solids, Ib 
Dissolved solids, !b 
Total organic material, ib 
Heat, 106 Btu 
Acid (H2S04) , !b 

So!i___~d 

Slag: ib 
Ash, ib 
Slud~e, !b 
Taiiings, ib 
Hazardous, ib 

Bv-?roducts 

Occupational Health 

Deaths 
Total Injuries 
}in Days Lost 

Laud Use, acre-hr/!06 Btu 

fipprox. Module Efficiency 

o.o2(1) 
0.0014(2) 
o.o15(3) 
o.oo15(4) 

Negligible 
0.0039(5) 

Negligible 
Negligible. 
Negligible 
Negligible 
Negligible 

Negligible 
Negligible 
Negligible 

0.083(6) 
Negligible 

Negligible" 

3.2 x 10 -8(7) 
3.2 x 10-7(8) 
2.2 x 10-4(9) 

o.2 (lO) 

lOO%(n) 
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Footnotes for Table 44: 

(I) a. Total quantity of coal transported (A'7) = 695 x 106 tons/year. 
b. Total shipment from rail and barge(A'8) = 8.13%. 
c. Total shipment from rail (assumed) = 7.13%. 
d. NO x emission per 106 hp-hr(A-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'I0) = 74.9% 

of the maximum horsepower. 
g. Ratio of average gross tonnatc to average net tonnage (A'I0) = 

2.3481. 

(2) a. SO 2 emission per 106 hp-hr (A'9) = I.I tons/lO 6 hp-hr. 

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

(4) 

(5) 

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'II)= 

Fuel flow/Brake fuel consumption (I00/(0.456) 
[Fuel flow] Fuel heating value = (19,156)(3.929 x 10 -4)= 29.1%o 

c. Energy that the fuel carries into the locomotive = 2.59 x i0 I0 

hp-hr/year. 

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

(7) a. Number of death occurred on the railroad system (A'I0) = 2299 

death/year 
b. Total ton-miles shipped by rail (A-8) = 7.7 x I0 II tons/year. 
e. Ton-miles shipped for coal by rail (A'8) = 1.26 x loll/year. 

(8) a. Number of injuries occurred on the railroad system (A-IO) = 

23356 injuries/year. 

(9) a. 
b. 

(i0) a. 

Man days lost per death (assumed) = 6000 man days. 
Man days lost per injury (assumed) = I00 man days. 

Current land rights of the railroad system (A'I0) = 3760 sq miles. 

(ii) a. Module efficiency (assumed) = 100%. 
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TABLE 45. ENVIROh%IENTAL D[PACTS OF MODULE 

Nodule--6Space Heating (1) 
Unit--!0 Btu (input) 

Environmental impacts Coal (1%) 

Air 

NOx, ib 

S02, !b 

CO, !b 

Particulate, ib 

Total organic material, ib 

Water 

Suspended solids, ib 

Dissolved solids, ib 

Total organic meterial, ib 

0.117 

1.47 (2) 

3.49 

0.775 

0.775 

0 

0 

0 

Solid 

Ash, !b 

Sludge, ib 

6.9 (3) 

0 

,ApF, rO:.. Mod,~le Efficiency 50% 
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Footnotes for Table 45: 

( i )  

(2) 

(3) 

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

to input basis. 

a. Sulfur content of coal is assumed to be i%. 

a. Ash content of coal is assumed to be 10%. 

b. Heating value of coal = 13,000 Btu/ib coal. 

c. Ash emission as particulate ~ 0.78 Ib/106 Btu. 
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TABLE 46. ENViRONmeNTAL DATA FOR MODULE 

Nodule - Hygas (Gasification of Coal-lligh Btu) 
Unit - 106 Btu (output) 

Environmental Parameters Fuel input, Coal, East 

NOx, ib 
S02, Ib 
CO~ Ib 
Particulate, Ib 
Total orsanic material, Ib 
Heat, I0 ~ Btu 

~Tater 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, Ib 
Heat, 106 Btu 
Phenols, ib 

Solid 

Slag, Ib 
Ash~ !b 
Siudge~ Ib 
Taiiings~ !b 
Hazardous, ib 

By-Products 

Occupational Health 

Deaths 
Total injuries 
~Ln Days Lost 

Land Use~ acre-hrf!06. Btu 

ApUr~::. ][oduie Efficiency 

o.25(1) 
o.55(2) 
o 
o.!2(3) 
0.0014( 4 ) 
o.34(5) 

0 
0 

Negligible 
Negligible after cooling tower 

4.6 x 10 -5(6) 

0 
6.7 (7) 
25.s(s) 
0 
0 

2.o(9) 

5 x i0"9(I0) 
1.7 x 10-7(10) 
4.6 x 10 "5(iI) 

o.oe(12) 

66%(!3) 
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Footnotes for Table 46: 

(z) a. NO x emission comes from a II0 ~q power plant in the Ilygas 
plant. 
b. NO x emission factor (assumed) = 0.72 Ib/lO 6 Btu generated by 
the power plant. 
c. Hygns plant capacity(A-6) = 80 x 106 scfd. 
d. Heating value of gas produced (A'6) = 950 Btu/ft 3. 

(2) a. SO 2 emission comes from two limestone scrubbers. 
b. Sulfur from limestone scrubbers (A'6) = 1300 ib/hr. 
c. Sulfur content of coal used in this calculation (assumed)=3%. 
d, Adjustment factor for sulfur content (A-6) = 0.68. 

(3) a. Ash content of coal used in this calculation (assumed) = 14.4%. 
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%. 

(4) 

(5) 

a. Hydrocarbon emission comes from a ii0 ~# power plant. 
b. Hydrocarbon emission factor (assumed) = 0.04 ib/lO 6 Btu. 

a. Efficiency of Hygas plant (A-6) = 66%. 

(6) a. Assumed to be same as for CO 2 acceptor (see CO 2 Acceptor for 
the detail). 

(7) 

(8) 

a. Ash comes from boiler (bottom ash). 

a. Sulfur from limestone scrubbers (A-6) = 7600 Ib/hr. 
b. Sulfur content of sludge = 12%. 
c. Adjustment factor for sulfur content in fuel (A-6) = 0.68. 
d. Sludge comes from limestone scrubbers (limestone slurry plus 
particulate collected). 

(9) a. Elemental sulfur from Claus plant is the sole by-product 
(assumed). 
b. Adjustment factor for sulfur content in coal = 0.68. 

(zo) a. Man-hours required for a IxlO I0 Btu/hr capacity Hygas plant 
(assumed) = 4000 man hours/day. 
b. Injury rate (assumed) = i0 injuries/lO 6 man hours. 

c. 3% of injury assumed fatal. 

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

(12) a. Persona] communication with EPA. 

(13) a. Reported by Processes Research. (A'6) 
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TABLE 47. ENVIRON~NTAL DATA FOR MODULE 

}bdule -- Conventional Boiler 
Unit -- I0 ~ Btu (input) 

Environmental Parameters 
Fuel input, 
Natural Gas 

N0x, Ib 
S02, Ib 
CO, Ib 
Particulate, Ib 
Total organic material, ib 
~eat~ 106 Btu 

%later 

Suspended solids, 15 
Dissolved solids, ib 
Total organic material, Ib 
Heat: 106 Btu 
Acid (H2SO4) ~ ib 

Solid. 

S!ag~ Ib 
Ash, !b 
S!udze~ Ib 
Taiiings, ib 
Hazardous, ib 

~y-Products 

Occunational Health 

Deaths 
Total Injuries 
}Jan Days Lost 

Lan~ Use~ ac.re-hr/i06 Btu 

/~pT;o::. Module Efficiency 

0.39 (1) 
(2) 0,0006 . 

0.0004 (3)  
o.o15(4) 
o.o~(5) 
0 .63 (6 )  

o.o16 (7) 
0 
0 

Negligible after cooling, tower 
0 

0 
0 
0 
0 
0 

1.5 x i0 -I0(8) 
. in-9 (9) 8.9 x 
2.9. {o -6(I°) 

0.02 (11) 

37~(12) 
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Footnotes for Table 47: 

(I) a. N0 x emission factor (A'l) = 39 Ib/lO 6 ft 3 of natural ~as. 
b. Heating value of natural gas (assumed) = I000 Btu/ft . 

(2) a. SO 2 emission factor for burning natural gas = 0.6 Ib/lO 6 

ft 3. 

(3) a. CO emission factor for burning natural gas = 0.4 Ib/lO 6 
ft 3. 

(4) a. Particulate emission factor for burning natural gas = 15 Ib/ 

10 6 ft 3. 

(5) a .  Hydrocarbon emission factor for burning natural gas = 40 Ib/ 

106 ft 3 . 

(6) 

(7) 

(8) 

(9) 

a. Efficiency of gas fired conventional boiler = 37%. 

a. Suspended solid emission from a i000 MW gas fired Power Plant 

(A-12) = 548 tons. 

a. Deaths attributed to a I000 MW gas fired Power Plant (A'I2) 

= 0.01 death/year. 

a. Injuries attributed to a i000 MW gas fired Power Plant (A'I2) 

= 0.6 injuries/year. 

(io) 

(n) 

lost attributed to a I000 MW gas fired Power a. Man-days 
Plant (A'I2) = 197 man-days/year. 

a. Land requirement for a I000 MW gas fi~ad Power Plant (A-12) 

= 150 acres. 

(12) a. Efficiency of gas fired Power Plant (assumed) = 37%. 
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TABLE 48. E~fiRO~IENTAL ~IPACTS OF MODULE 

Module-- Conventiona!Boiler 
Unit--lO 6 Btu (Input) 

Environmental impacts Dist. Fuel Oil (0.3% S) 

Air 

NO , Ib 

SO 2, Ib 

CO, ib 

~articulate, lb 

lotal organic material, ib 

o. 75 (z) 

o. 336 (2) 

0.0003 (3) 

0.o57 (4) 

o. 0!4 (5) 

Suspended solids, Ib 

Dissolved solids, Ib 

Total organic material, !b 

0 

0 

0 

Solid 

Ash, Ib 

Sludge, Ib 

0 

0 

Approx. Module Efficiency (6) 
37% 
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Footnotes for Table 48: 

(I) a. Heating value of distillate fuel oil (A-l) = 140,000 Btu/gal. 

b. NO emission factor (A-l) = 105 ib/1000 gal. 
X 

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

b. SO 2 emission factor (A-l) = 157 S ib/1000 gal. 

(3) a. CO emission factor (A-l) = 0.04 Ib/1000 gal. 

(4) a. Particulate emission factor (A-l) = 8 ib/1000 gal. 

(5) a. Hydrocarbon emission factor (A-l) = 2 ib/1000 gal. 

(6) a. Plant efficiency was assumed to be 37%. 
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TABLE 49. ENViRONmeNTAL DATA FOR MODULE 

Module -- Oil Barge 
Unit -- 106 Btu (Output) 

Environmental Parameters 

',:, 

Fuel input~ 
Residual Oil 

E0x, Ib 
S02~ Ib 
CO, ib 
Particulate, Ib 
Total organic material= Ib 
Reat~ 106 Btu 

~Ta t e___~r 

Soii_~d 

Suspanded solids, Ib 
Dissolved solids, !b 
Total organic material, !b 
Heat: 106 Btu 
Acid (E2S04) , Ib 

Slag~ Ib 

Ash~ Ib 
Sludze~ Ib 
Tai!ings: Ib 
Hazardous, !b 

By-Products 

Occupationa! Health 

Deaths 
Total Injuries 
Nan Days Lost 

!en~ Use, acre'hr/i06 Btu 

Approx. Module Efficiency 

o.oo13 ({) 
o.oo14(2) 
o.oon(3) 
0.0018( 4 ) 
0.0008(5) 
o.oo4(6) 

nil 

nil- - 

0.015 (7) 
nil 
nil 

nil 
nil 
nil 
nil 
nil 

nil 

9 x zo -i°(s) 
8 x !0-8(9) 
1.5 x i0-5(10) 

o(11) 

99.6% (12) 
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Footnotes for Table 49: 

(I) a. Assume 20,000 tons per shipment. (A-I) 
b. NO x emission factor for motor ship = 1.4 Ib/mi. 
c. Trip distance per shipment (assumed) = 325 miles. 

(2) a. SO 2 emission factor for motor ship (A'l) = 1.5 Ib/mi for 0.5% 

sulfur content for fuel. 

(3) a. CO emission factor for motor ship (A'l) = 1.2 Ib/mi. 

(4) a. Particulate emission factor for motor ship (A'l) = 21b/mi. 

(5) a. Hydrocarbon emission factor for motor ship (A-l) = 0.9 ib/mi. 

(6) a. Total heat required per 106 Btu transported (assumed) = 

3800 Btu. 

(7) a. Total oil discharge in oil transport and in tank cleaning 
operations (A'I2) = 0.27% of shipment. 

(8) a. Death rate in oil transportation by barge (A-12) (assume that 
ba~ge operation is similar to tanker operation) = 0.08 deaths/ 

I0 u man-hours. 
b. Man-hour required to tran$Ror~.the amount of crude oil to 
operate a i000 MW Power Plant t -i ) = 7 x 105 man-hours. 

(9) a. Injury rate in oil transportation by barge (A-12) (assume that 
barge operation is similar to tanker operation) = 7.22 injuries/ 

106 man-hours. 

(io) 

(ll) 

(12) 

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. ENViRO~IENTAL ]}[PACTS OF MODULE 

Nodule--Conventional Boiler (1) 
Unit--!06 Btu (input) 

Environmental Impacts i% S Resid- 

Air 

N0x, Ib 

S02, Ib 

C0, Ib 

Particulate, ib 

Total organic material, ib 

.7 

1.04 

0 

0.05 

0.01 

~ter 

Suspended solids, I b 

Dissolved solids, ib 

Total organic material, Ib 

Sol~d 

Ash, Ib 

Sludge, Ib 

Aporo:,:. Module Efficiency 37% 
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Footnotes for Table 50: 

(I) a. Values were taken from Table A-43 in reference (A-26). SO 2 
emission was corrected to i% sulfur resld. 



tABLE 51. ENViRON~NTALDATA FOR MODULE 

E~dule -- Oi~ Tanker 
Unit -- lOb Btu (Output) 

Environmental Parameters 
Fuel Input, 
Crude Oil 

7~x 

E0x, Ib 
S02, ib 
CO, ib 
Particu!ate, Ib 
Total organic material, Ib 
Heats !0 ~ Btu 

~Tmte____! 

Suspended solids, ib 
Dissolved solids, Ib 
Total organic material~ Ib 
Eeat~ 106 Btu 
Acid (H2S04) , !b 

Solid 

Siag= Ib 
Ash, Ib 
Sludge, ib 
Tailings, !b 
Hazardous, Ib 

By-Products 

Occu?ationai Health 

Deaths 
Total Injuries 
Nan Days Lost 

Land Use~ acre-hr/i06 Btu 

/~_Tro:.:. Module Efficienc ~ 

o.oo15 0-) 
0.0016 (2) 
o.ool3(3) 
o.oo21(4) 
9 x 10 -5(5) 
0.005 (6) 

0 
0 
0,015 (7) 
0 
0 

0 
0 
0 
0 
0 

0 

9 x 10 -10(8) 
8 x 10 -8(9) 
1.5 x 10 -5(1°) 

o(11) 

99.5(12). 
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Footnotes for Table 51: 

(I) a. N0 x emission by oil tanker to transport crude oil for a 
I000 MW Power Plant (A-12) = 51 tons/year. 

(2) a .  S02 emission by ?~I ~anker to transport crude oil for a 
I000 MW Power Plant I ) = 55 tons/year. 

(3) a. CO emission by oil tanker to transport crude oil for a 
1000 ~ Power Plant (A-12) = 44 tons/year. 

(4) a. Particulate emission b7 oil tanker to transport crude oil for 
a I000 MW Power Plant (A'I2) = 72 tons/year. 

emiss" n_bv il tanker to transport crude oil for (5) a. Hydrocarbon ~-12) o 
a I000 MW Power Plant = 3 tons/year. 

(6) 

(7) 

(8) 

(9) 

(1o) 

a. Efficiency of oil tanker operation (assumed) = 99.5%. 

a. Total oil discharge in oil transport and in tank cleaning 
operations (A'I2) = 0.027~ of shipment. 

a.deaths/10Death6rateman.hours~in oi transportation by tanker (A'I2) = 0.08 

b. Man-hours required to transport the amount of crude oil to 
operate a I000 MW Power Plant(A'I2) = 7 x 105 man-hours. 

a. Injury ~ate in oil transportation by tanker (A'I2) = 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. 

(II) a. Land requirement for port facilities not estimated. 

(12) a, Efficiency of oil tanker (assumed) = 99.5%. 
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TABLE 52. , ENVIRONMENTAL DATA FOR MODULE 

~odule - Conventional Boiler (Coal) 
Unit - 106 Btu (Input) 

. . . . . . . .  ..- ,, 

Environmental Parameters Fuel Input, Coal, West 

EOx, ib 
S02, Ib 
CO, ib 
Particulate, 15 
Total organic material, ib 
Heat, 106 Btu 

~ater 

Suspended solids, !5 
Dissolved solids, 15 
Total organic material, ib 
heat, 106 Btu 
Acid (H2S04)~ !b 

Sol id 

Slag, Ib 
Ash, Ib 
Sludge, ib 
Tailings, lb 
Eazardous, Ib 

By-Product s 

Occupational Health 

Deaths 
Total Injuries 
llen Days Lost 

iend Use~ acre-hr/106 Btu 

Approx. Module Efficiency 

o.gs(1) 
1.65(2) 
0.054(3) 
o.o7(4) • 
o.o16( 5 ) 
0.63(6) 

o.o2s(7) 
o 
o.on (s) 

Negligible after eoolin~ tower 
0 

0 
9.0(9) 

0 
0 
0 

-- 0 

3.3 x 10 "1°(l°) 
1.4 x 10 "8(10) 
5.1 x 10-6( 11 ) 

0.1(12) 

37z(13) 
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Footnotes for Table 52: 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(lO) 

(II) 

(12) 

(13) 

a. NO x emission factor (A'l) = 18 Ib/ton coal burned. 
b. Heating value of western coal (assumed) 9200 Btu/Ib. 

a. SO 2 emission factor( A'l ) = 38 S Ib/ton coal burned. 
b. Sulfur content, S (assumed) = 0.8%. 

a. CO emission factor (A'l) = 11b/ton coal burned. 

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

c. Electrostatic precipitator efficiency (assumed) = 99%. 

a. Hydrocarbons emission factor( A-1 ) = 0.3 ib/ton coal burned. 

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

a. Total solid to water(A-12) = 0.036 ib/106 Btu. 
b. Fraction of suspended solid (assumed) = 70%. 

a. Fraction of organic material in total solid (assumed) = 30%. 

a. Ash content of coal (assumed) = 8.4%. 

a. Man-hour required per 106 Btu for conventional power plant (A'I3) 
= 2.4 x 10 -3 man hour. 
b. Total injuries per 106 man-hour(A-13) = 5.7. 
c. Death rate(A'I2) = 2.4% of injuries. 

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

a. Land required for a i000 MW power plant (assumed) = 800 acres. 

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

Module--=Physical Cleaning of Coal 
Unit--!0 ~ Btu (output) 

Enviro~mn~nta! Parameters 

With 
Environmental 

Control 

Air 

NO . ib 
X" 

S02, tb 
CO : ib 

P~_ Lzcu!~Le, ib 

Total organic material, Ib 

o.oo6 (l) 

o.oo4 (2) 
m - -  

o.oz (3) 

Wst£ r 

Suspended solids, Ib 

Dissolved solids, Ib 

iot=l organic material, ib 

Acid (H2SOA) , !b 

Negligible 

Negligible 

Neg!igibl@ 

Negligible 

Solid 

Slag~ !b 

Ash, Ib 

Sludge. ib 

Tailings. Ib 

0 

0 

0.3(4) 
Neg!igib !e 

Approx. Modulc Efficienc I 88%(5) 
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Footnotes for Table 53: 

(i) a. NO from thermal dryer. Operating characteristics for evaporating 
water ~rom wet coal(A-2) ffi 550 tons of coal produced per 50 tons of 
water evaporated. 

bQ 

C. 

d. 

e. 

a, 

b. 

c. 

Heat required for water evaporation = i000 Btu/ib water. 

Heating value of coal = 12,000 Btu/Ib of coal. 

NO emission factor (A-l) = 18 ib/ton of coal burner. 
x 

No control equipment. 

(2) SO 2 emission factor (A-l) = 38 S ib/ton coal burned. 

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

Lime scrubber control efficiency (assumed) = 90%. 

(A-l) 
(3) a. Particulate emission factor for thermal dryer 

coal product. 

b. Heating value of coal product = 13,180 Btu/ib. 

~. Control efficiency of multiple cyclones with wet scrubber ~A-IJ'' 

99.0% removal. 

(4) 

ffi 25 ib/ton 

a. Sludge comes from SO9 and HgSO L control (assumed). 
b. Sulfur content of sl~dge (a§su~ed) = 12%. 

(5) a. The efficiency is assumed to be 88%. 
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TABLE 54. ENVIRONMENTAL DATA FOR MODULE 

~bdule -CAFB Boiler (Residual Oil) ~ Combined Cycle 
Unit - 106 Btu (input) 

Environmental Parameters 
Fuel input, 

Residual Oil (Imported) 

E0x, ib 
SO2, I~ 
CO, Ib 
Particu!ate~ Ib 
Total orsanic material~ Ib 
Meat, I0 D Btu 

Water 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, Ib 
~eat~ i06 Btu 
Acid (H2S04), Ib 

Solid 

Slag, Ib 
Ash~ ib 
Sludge, ib 
Tai!ings, ib 
Emzardous, ib 

~v-Products 
= w  . . . . . . . . .  

Occupational Health 

Deaths 
Total Injuries 
~n Days Lost 

l~and Use r acre-hr/]06 . . . . . . .  Btu 

A r ,  F, r o x .  ~4odu!e Efficiency 

0.16 (1) 
0.45 (2) 
0 
0.0!(3) 
0.o4..(4) 
0.62(5) 

0 

0 
0 

Negligible after cooling tqwer 
0 

0 
3.0(6) 
0 
0 
0 

1.4 (7) 

2 x I0"9 (8) 
7 x 10"8(8) 

1.7 x 10 -5(9) 

0.06 (1o) 

3S7o(11) 
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Footnotes for Table 54: 

(I) a. Experimental data obtained by Westinghouse. 

(2) a. SO 2 from boiler (A'23) = 0.35 Ib/106 Btu. 
b. SO 2 from Claus unit (A'23) = 0.i Ib/lO 6 Btu. 

(A-23) 

(3) a. Electrostatic precipitator is employed to control particulate 
emission (assumed). 
b. Particulate emission factor (A'23) = 0.01 ib/106 Btu. 

(4) a. Hydrocarbon emission factor for burning CAFB gas (assumed) = 
40 ib/106 ft 3. 

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

(6) a. Sulfur content of oil (assumed) = 3%. 
b. Limestone requirement per pound of sulfur = 1.75 lb. 
c. Heating value of oil (assumed) = 6.3 x 106 Btu/bbl. 

(7) 

(8) 

a. Sulfur content of oil (assumed) = 3%. 
b. Sulfur emission = 0.225. 

a. Injury rate per man hour (assumed) = I0 injuries/106 man hours. 
b. Death rate of injury = 3%. 
c. 70 men operate a I000 ~4 plant (assumed). 

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

(io) a. Land requirement for a I000 ~4 oil-fired power plant (assumed) 
= 300 acres. 
b. Additional land requirement for CAFB gas unit (assumed) = 
150 acres. 

(II) a. Assumed efficiency = 38%. 
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TABLE 55. ENViRON!.~ITAL i~ACTS OFNODULE 

Nodule--.Conv. Boiler with limestone scrubber (1) 
Unit--10 ~ Btu (input) 

Enviror~nental Impacts Resid (3.5~ S) 

Air 

NOx, Ib 

SO2, !b 

CO, Ib 

Particulate, Ib 

Total organic material, Ib 

0.7 

0.366 (2) 

0 

0.0005 (3) 

0.01 

Water 

Suspended solids, Ib 

Dissolved solids, Ib 

Total organic material, ib 

Solid 

Ash, Ib 

Sludge, ib 

0 

i3.8 (4) 

Apprc:.:. Nodule.Efficiency 37% 
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Footnotes for Table 55: 

( l )  

(2) 

(3) 

(4) 

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

a. Sulfur content of resid (assumed) = 3.5%. 

b. SO_ emission was considered twice that given in Table A-42 
in reference (A-26). 

c. SO 2 removal efficiency of llme scrubber (assumed) = 90%. 

a. Particulate emission factor (A-l) = 8 ibs/1000 gal. 

b. Particulate removal efficiency (assumed) = 99%. 

a. S02 in sludge [from Footnote (2)] = 3.29 ib/106 Btu. 

b. Generally sulfur in llme scrubber sludge is assumed as 12% 
by weight. 
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T~_B LE 56. ENVIRONMENTAL IMPACTS OF MODULE 
(i) 

Module--.Conventional Boiler - No Control 
Unit--10 0 Btu (input) 

Environmental Impacts "Resid (3.5% s) 

Air 

N0, Ib 

S02, !b 

CO, Ib 

Particulate, Ib 

Total organic material, ib 

0.7 

3.66 (2) 

0 

0.05 

0.0! 

~ter 

Suspended solids, Ib 

Dissolved solids, ib 

Total organic material, ib 

0 

0 

0 

Solid 

Ash, Ib 

Sludge, Ib 

0 

0 

AFF, rO.~:. Module Efficiency 37% 
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Footnotes from Table 56: 

(i) 

(2) 

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

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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TABLE 57. ENViRONmeNTAL DATA FOR >IODULE 

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

Enviro~nenta! Parameters Fuel Input, cqa!, East 

Ai__~r 

E0x, Ib 
S02, !b 
CO, Ib 
Particulate, Ib 
Total organic material, ib 
Heat, 106 Btu 

}later 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, Ib 
H~at~ 106 Btu 
Acid (H2S04), ib 

So!~d 

Slag, ib 
Ash, Ib 
Sludge, ib 
Tailings, ib 
Hazardous i Ib 

By-Products 

Occunationa! Health 

Deaths 
Total injuries 
}Jan Days Lost 

Lanai Use, acre-hr/i06 Btu 

.Approx. l.[odu!e E.fficiency. 

o. 14 (1)  
0.7(2) 
0 
0.02(3) 
0 
0.62( 4 ) 

0 
0 
0 

Negligible after cooling tower 
0 

• i~.3(5) 
o 
o 
0 

1.9 (6) 

1.5 x 10 -9(7) 
3.6 x 10 -8(8) 
1.4 x 10-5(9) 

O. 12(10)  

38Z(11)  
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Footnotes for Table 57: 

( i )  

(2) 

(3) 

a. Average value of 0.07 and 0.22 Ib/lO 6 Btu reported in 
Westinghouse Report. (A-23) 

a. SO 2 emission factor reported(A'23) = I ib/106 Btu. 
b. Adjustment factor for sulfur content (A-23) = 0.7 (i.e.,~).3"O 

a. Particulate emission factor reported (A'23) = 0.02 Ib/106 Btu. 

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

(5) a. Ash content of eastern coal (assumed) = 14.4%. 
b. Heating value of coal (assumed) = 24 x 106 Btu/ton. 
c. Limestone requirement per pound of sulfur = 1.75 lb. 

(6) a. The sole by-product is elemental sulfur. 
b. Sulfur content of coal (assumed) = 3%. 
c. 90% of sulfur is collected by limestone (assumed). 
d. Sulfur loss from Claus unit (A-23) = 0.35 Ib/106 Btu. 

(7) 

(8) 

a. Injuries calculated from fluid-bed combustion plant and gas- 
fired power plant operations. 
b. 40 men operate a 500 ton coal/hr capacity combustion plant 
(assumed). 
c. Using chemical industry data for gasification plant, injuries 
per man hour(A'5) = 8.1 injuries/106 man hours. 
d. Death rate (assumed) = 5% of injuries. 
e. Death attributed to a I00 ~ gas-fired power plant (A-12) = 

0.01 deaths/year. 

a. Injuries attributed to a I000 MW gas fired power plant (A-12) = 
0.6 injuries/year. 

(9) a. Using Chemical industry data for gasification plant, man-days 
lost per man hour(A'5) = 528 days/106 man hours. 
b. Man days lost per death (assumed) = 6000 days/death. 
c. Man days lost attributed to a I000 ~ gas fired power plant (A'I2) 

= 197 man-days/year. 

(io) a. Land requirement for a I000 ~q coal fired power plant (assumed) 
= 800 acres. 
b. Additional land requirement for fluid-bed combustion unit 
(assumed) = 150 acres. 

(II) a. Efficiency (A-23) = 38%. 
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TABLE 58. ENViRONMENTAL DATA FOR >DDULE 

~du!e - Lurgi Gasifier and Conventional Boiler 
Unit - 106 Btu (input to conventional boiler) 

Enviro~ental Parameters 

NOx, Ib 
c ~02= !5 
CO= ib 
Parti=ulate= lh 
Total orsanic material= lb 
E~et= I0 D Btu 

Water 

Suspended solids, 15 
DissolvEd solids, ib 
Tote! organic material= Ib 
~eat: i06 Btu 
Phenols: ib 

So!zo 

Slag= Ib 
Ash: Ib 
Sludges Ib 
Tailings~ Ib 
E~zardous, Ib 

~v-Products 

Occu?ationa!_Hea!th 

Deaths 
Total Injuries 
Nan Days Lost 

Land Use: .acre-hrEl0 6 Btu 

Ap~.ro:<. ~.[odule Efficiency 

Fuel Input, Coal, East 

0.4o( i ) 
0.93(2) 
0 
0.015(3) 
o.n(4) 
0.92(5) 

0.016(6) 
0 
0.002(7) 

Negligible after cooling tower 
0.0029 ( s ) 

0 
9.82( 9 ) 
0 
0 
0 

i .  9 (!o) 

!.5 x 10 "9(11) 
3.6 x 10"8( 12 ) 
9.4 x 10 -6 (13) 

o.12 (14) 

25.9%(15) 
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Footnotes for Table 58: 

(1) a. NO x comes from gas-fired boiler in gasifler plant and gas-fired power plant. 
b. NO x emission factor(A'l) = 0.39 lb/106 Btu for natural gas. 
c,  The emiss ion  f a c t o r  i s  v a l u e  f o r  i u r g i  gas combus t ion  on the bas i s  o f  h e a t i n g  v a l u e  
(assumed),  

(2) a. Basis: tO00 HW nominal cogas power plant.(A-6) 
b. Coal input rate(A'6) = 341 tons/hr. 
c. SO 2 emission comes from gas-fired boiler in gasifier plant and gas-flred power plant.(A'6) 
d. IZ of sulfur lost to atmosphere from gasifier plane by leaking (assumption). 
e. Content of H2S in Lurgl gas produced(A-6) = 0.I05% by volume. 
f. Lurgl gas production rate from the plant = 112600 lb-moles/hr. 

(3) a. Particulate emission comes from gas-fired power plant (assumed). 
b. Emission factor for natural gas(A-l) = 0.015 Ig/lO 6 Btu. 
c. Assumed that the emission factor for natural gas combustion is valid to Lurgl gas combus- 
tion on the basis of heating value. 

(4)  a. 1% o f  t o t a l  o r g a n i c  m a t t e r  (COS and CH4) i s  l o s t  from g a s i f i e r  by l e a k i n g  (assumed).  

(5) a.  63% o f  the t o t a l  i n p u t  energy  to  g a s - f i r e d  power p l a n t  i s  l o s t  to  atmosphere (based on the 
aesumed e f f i c i e n c y  of the power plant). 
b. Efficiency of Lurgi gasifier plant (assumed) - 7OZ. 
c. Efficiency loss due to material loss in Lurgl gaslfier plant (assumed) = I0~. 

(6) a. Suspended s o l i d  emiss ion  comes from g a s - f i r e d  power p l a n t  (assumed).  
b. Emiss ion from a 1000 MW p l a n t ( A - 1 2 )  = 548 t ons .  

(7) a. Total organic material comes from gas-flred power plant (assumed). 
b, Emission factor(A'I2) = 73 tons/year for a I000 ~4 plant. 

(8) a. From data supplied by T. K. Janes, EPA. 

(9)  a.  Ash con ten t  o f  coa l  (assumed) = 14.4%. 

(10) a. The by-product of Lurgi gasifier plant is sulfur from Claus unit. 

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

- _(A-5) ¢. Using chemical industry data, injuries per man-nou~ = 8.1 Injuries/106 man-hours. 
d. Death rate (assumed) = 5% of total injuries. 
e. Death at'tributed to a 1000 MW gas-flred power plant(A'I2) = 0.01 death/year. 

(12) a. Injuries attributed to a I000 ~ gas-fired power plant (A'I2) = 0.6 injuries/year. 

(13) a. Using chemical industry data, days lost per man-hour (A'5) = 528 days/lO 6 man-hours. 
b. Man-days lost per death (assumed) = 6000 days/death 
c. Man-days lost attributed to a i000 M~' gas-fired power plant (A'I3) = 197 man days/year. 

(14) a. Land requirement for a 1000 I~4 coal-fired power plant (assumed) = 800 acres. 
b, Addlt~onal land requirement for Lurgi gasificr plant (assumed) = 150 acres. 

(15) a. Efficiency of Lurgi gaslfier plant (assumed) = 70%. 
b. Efficiency of gas-flred power plant (assumed) = 37%. 
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TABLE 59. ENr%TiRO~IENTAL I~IPACTS OF MODULE (!) 
Module-- Cony. Boiler, Phys. Cleaned Coal 

Unit--lO 6 Btu (Input) 

~nv~ror~entai Impacts Phys. Cleaned Coal 

Air 

NO, 15 0.68 

S02, ib 1.44 

CO, Ib 0.038 

Particulate, Ib 0.044 

Total organic material, ib 0.0!i 

Water 

Suspended solids, Ib 

Dissolved solids, ib 

Total organic material, ib 

o.o25 

0 

0.0ii 

Solid 

Ash, ib 

Sludge, Ib 

5.41 

0 

Ap>rox. Nedulc Efficiency 37% 

151 



Footnotes for Table 59: 

( i )  a, Data were taken from Table A-IO in reference (A-26) except 
that SO 2 emission were corrected to 1% sulfur in cleaned coal. 
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I~ABLE 60. ENViRON~NT_AL DATA FOR MODULE 

~bdule - Coal Liquefaction (solvent refining) 
. Unit - 106 Btu (output) 

Environmental Parameters Fuel Input, Eastern Coal(1) 

/dx 

N0x, ib 
S02, Ib 
CO, ib 
Particulate, Ib 
Total organic material~ i5 
E~t~ 10 ~ Btu 

W~te.___E 

Suspended solids, ib 
Dissolved solids, !b 
Total organic material~ ib 
H~at= 106 Btu 
Acid (H2SO4) , Ib 

.Solid 

Slag, ib 
Ash, Ib 
S!udge: !b 
Tai!ings~ Ib 
Hazardous, Ib 

By-Products 

.Occupational Hea!th 

Deaths 
Total Injuries 
}fan Days Lost 

Land Use~ acre-hr/i06 Btu 

A~pro:.:. MOdule Efficiencx 

o.2!(2) 
o. oo3 (3) 
o. o12 (4) 
0.27 (5) 
0.0036( 6 ) 
0.067 (7) 

0 
0 

Trace 
Negligible after cooling tower 

0 

0 : 

16,0( 8 ) 
0 
0 
0 

/ .  2.95(9 ) 

1.4 x 10 "9(10) 
2.7 x 10-8(I0) 
6.5 x 10 "6(11) 

0.0S(12) 

75%(13) 

(!) impacts were estimated based on the coal containing 14.4% ash, 3.0% 
S and a heating value of 12,000 Btu/ib. In addition, the coal 
liquafaction 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/Ib, 
0.05% ash, and 0.6% sulfur(A-6). 
b. Plant efficiency(A'6) = 75%. 
c. Emission factor for NO x = 18 Ib/ton of coal burned. 
"d. Average heating value of consumed coal = 14,000 Btu/Ib. 
e. Coal consumption rate = II0 tons/hr. 

(3) a. Total sulfur content in the input coal = 30,833 Ib/hr. 
b. Total sulfur content in the SRC = 3.469 ib/hr. 
c. Sulfur emitted as SO 2 = 0.1% total sulfur off gas-liquid 
separator. 

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

(5) a. Particulate emission factor(A-l) = 16A Ib/ton of coal burned. 
b. Emission control efficiency (assumed) 98%. 
=. Average ash content of consumed coal, A = 7.23%. 

(6) a. Total organic material emission factor = 0.3 Ig/ton of coal 
burned. 
b. No control equipment. 

(7) a. Total heat released = 0.308 x I0 I0 Btu/hr. 

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

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

(I0) a. Assumption: 80 men operate a 1,000 to~,/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). 

(II) 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%. 

154 



TABLE 61. ENVIRON>~NTAL DATA FOR ~DDULE 

~duie - Conventional Boiler 
." Unit - 106 Btu (input) ' 

Environmental Parameters 
Fuel Input, 

Solvent Refined Coal (Eastern) 

NOx, Ib 
S02, Ib 
CO, Ib 
~artieuiate, Ib 
Total organic material, ib 
Eeat~ 106 Btu 

~ater 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, ib 
Eeat: 106 Btu 
Acid (H2SO4) , ib 

Soii___~d 

Slag, ib 
Ash, Ib 
Sludge, Ib 
Tailings'~ Ib 
Eazardous~ !b 

B~-Products 

Occupational Health 

Deaths 
Total Injuries 
}~n Days Lost 

~an~ Use~ acre-hr/106 Btu 

Appro>:. No du I e.....E.f f icienc Z 

o.56(i) 
o.71(2) 
0.037 (3) 
o.ooo3 (4) 
o.oi(5) 
0.63( 6 ) 

0.025(7) 
o 
o.on(8) 

Negligible after cooling, tower 
o 

o 
0.031( 9 ) 
0 
0 
0 

3.3 x !0-10(Io) 
1.4 x 10-8( 10 ) 
5.1 x 10-6(11) 

0.09(12) 

37Z(13) 

155 



Footnotes for Table 61: 

(i) a. NO x emissions factor (A'l) = 18 Ib/ton coal burned. 
b. Heating value of solvent refined coal (SRC) (assumed) = 
16000 Btu/Ib. 

(2) 

(3) 

a. Sulfur content of solvent refined coal, S (assumed) = 0.6%. 
b. SO 2 emission factor(A-l) = 38 S ib/ton coal burned. 

a. CO emission factor( A'l ) = 1 Ib/ton coal burned. 

(4) 

(5) 

a. Ash content of SRC, A (assumed). = 0.05%. 
b. Particulate emission factor (A'l) = 16 A Ib/ton coal burned. 
c. Electrostatic precipitator efficiency (assumed) = 99%. 

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

(6) 

(7) 

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

a. Total solid to water (A'I2) = 0.036 ib/106 Btu. 

b. Fraction of suspended solids (assumed) = 70%. 

(8) a. Fraction of organic material in total solid (assumed) = 30%. 

(9) 

(io) 

a. ~ Ash content of coal (assumed) = 0.05%. 

a. Man-hour required per 106 Btu for conventional power plant(A'I3) 
= 2.4 x 10 -3 man hour/10 b Btu. 
b. Total injuries per 106 man hour(A'I3) = 5.7. 
¢. Death rate (A-12) = 2.4% of injuries. 

(il) 

(12) 

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

a. Land requirement for a I000 MW power plant (assumed) = 700 acres. 

(13) a. Efficiency of conventional boiler (assumed) = 37%. 
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~BLE 62. ENVIRONmeNTAL DATA FOK MODULE 

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

Environmental Parameters F u e l  Input, Coal, East 

N0x, ib 
S02, !b 
CO~ ib 
Particulate, Ib 
Total organic material, Ib 
Eeat~ 106 Btu 

Water 

Suspended solids, iB 
Dissolved solids, ib 
Total organic material, ib 
Eeat~ 106 Btu 
Acid (E2S04) , ib 

Solid 

Slag~ Ib 
Ash= Ib 
Sludge, Ib 
Taiiings, Ib 
Hazardous, ib 

By-Products 

,0ccupa,tional Health 

Deaths 
Total Injuries 
~n Days Lost 

~and ,UAe ~ acre-hr/106 Btu 

Appro',:. Module Efficiency, 

0.6o( 1 ) 
0.5o(2) 
0.042(3) 
0.i(4) 
o. 013 (s) 
o. 65 (6) 

0.025(7) 
0 
0.091( 8 ) 

Negligible after cooling tower 
0 

0 
2.4( 9 ) 
27.3(I0) 
0 
0 

0 

3.3 x 10 "1°(11) 
!,4 x 10"8( 11) 

5.1 x 10"6(12) 

o.1(13) 

35z(14) 
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Footnotes for Table 62: 

(i) a. NO x emission factor (A'I) = 18 Ib/ton coal burned. 
b. Heating value of eastern coal (assumed) = 12000 Btu/ib. 
c. NO x removal efficiency by limestone scrubber (assumed) = 20%. 

(2) a. Sulfur content of eastern coal, S (assumed) = 3%. 
b. S02 emission factor(A'l) = 38 S Ib/ton coal burned. 
c. Limestone scrubber efficiency (assumed) = 90%. 

(3) a. CO emission factor (A'l) = i Ib/ton coal burned. 

(4) a. Ash content of eastern coal, A (assumed) = 14.4%. 
b. Particulate emission factor( A'l ) = 16 A Ib/ton coal burned. 
c. Scrubber efficiency for particulate removal = 99%. 

(5) a. Hydrocarbon emission factor (A'l) = 0.3 Ib/ton coal burned. 

(6) 

(7) 

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

a. Total solid to water (A'I2) = 0.036 Ib/lO 6 Btu. 
b. Fraction of suspended solids (assumed) = 70%. 

(8) a. Fraction of organic material in total solid (assumed) = 30%. 

(9) a. Ash content of eastern coal (assumed) = 14.4%. 20% to bottom ash. 

(io) 

(11) 

a. Sulfur content of sludge (assumed) = 12%. Add fly ash collected. 

a. Man-hour required per 106 Btu for conventional power plant (A'I3) 
= 2.4 x 10-3 man hour/106 Btu. 
b. Total injuries per 106 Man hour (A'I3) = 5.7. 
c. Death rate(A'I2) = 2.4% of injuries. 

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

(13) a. Land requirement for a I000 ~ power plant (assumed) = 800 acres. 

(14) a. Efficiency of conventional boiler with limestone scrubbing 

(assumed) = 35%. 
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TABLE 63. ENV!RONS~NTAL DATA FOR MODULE 

}~dule - Conventional Boiler &MgO-Scrubbing 
Unit - 106 Btu (Input) 

Enviror~ental Parameters input: Eastern Coal 

N0x, ib 
S02= IB 
C0~ Ib 
Particulate, ib 
Total organic material, Ib 
Eeat= !0 ~ Btu 

Wate._____Er 

Suspended solids, Ib 
Dissolved solids, !b 
Total organic material, ib 
Eest~ 106 Btu 
Acid (H2S04) , Ib 

Solid 

Slag, ib 
Ash: ib 
Sludge~Ib 
Tellings, ib 
Eazardou~, Ib 

~j-Products 

Occupational Health 

Deaths 
Total injuries 
}~n Days Lost 

~an~ Use~ acre-hr/!06 Btu 

Appro~!. ' l.[odule Efficiency 

0.60(1) 
0.50(2) 
0.042 (3) 
0.1(4) 
0.0Z3(S) 
0.65( 6 ) 

o.o25(7) 
o 
o.on(8) 

Negligible after cooling tower 
0 

0 
2.4(9) 
0 

10.4(f0)-" 
0 

6.13 (!I) 

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

0.1(14) 

35Z(15) 
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Footnotes for Table 63: 

(i) 

(2) 

a. NO x emission factor (A'l) = 18 ib/ton coal burned. 
b. Heating value of eastern coal (assumed) = 12,000 Btu/ib. 
c. NO x removal efficiency by MgO-scrubber (assumed) = 20%. 

a. Sulfur content of eastern coal, S (assumed) = 3%. 
b. SO 2 emission factor( A'l ) = 38 S Ib/ton coal burned. 
c, MgO-scrubber efficiency (assumed) = 90%. 

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

(4) 

(5) 

a. Ash content of eastern coal, A (assumed) 14.4%. 
b. Particulate emission factor (A'l) = 16 A Ib/ton coal burned. 

c. Scrubber efficiency for particulate removal = 99%. 

a. Hydrocarbon emission factor (A'l) = 0.3 Ib/ton coal burned. 

(6) a. Efficiency of conventional boiler with MgO-scrubbing (assumed) 

= 35Z. 

(7) a. Total solid to water (A-12) = 0.036 Ib/106 Btu. 
b. Fraction of suspended solids (assumed) = 70%. 

(8) a. Fraction of organic material in total solid (assumed) = 30%. 

(9) a. Ash content of eastern coal (assumed) = 14.4%. 20% to bottom ash. 

(lo) a. MgO reacts with SO 2 to product 80% of MgSO3.6H20 and 20% of 

MgSO4.TH20 (assumption). 
b. 1% blowdown of MgSO3"6H20 and MgSO4-TH20 (assumed). 
c. Loss in regeneration (assumed) = 5%. Add fly ash collected. 

(n )  

(12) 

a. Sulfur reacted with MgO is regenerated in the form of H2SO 4. 
b. Regeneration efficiency (assumed) = 100%. 

a. Man-hour required per 106 Btu for conventional power plant(A'I3) 
= 2.4 x 10 -3 man-hour/106 Btu. 
b. Total injuries ~er 106 man hour(A-13) = 5.7. 
c. Death rate (A'I2j = 2.4% of injuries. 

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

(14) a. Land requirement for a I000 ~ power plant (assumed) = 800 acres. 

(15) a. Efficiency of conventional boiler with MgO-scrubbing 

(assumed) = 35%. 
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TABLE 64. ENViRONmeNTAL DATA FOR MODULE 

Module - Conventional Boiler 
Unit - 106 Btu (Input) 

~nvironmental Parameters 

EOx, Ib 
S02, ib 
CO~ Ib 
Particulate, Ib 
Total organic material, ib 
Heats 106 Btu 

Wate___rr 

Suspended solids, Ib 
Dissolved solids, Ib 
Total organic material, ib 
Eeat~ 106 Btu 
Acid (H2SO4) , ib 

So!i____~d 

Slag, Ib 
Ash, Ib 
Sludge,-lh 
Taiiings, ib 
Eazardous, ib 

~v-Eroducts 

OccuDationa! Health 

Deaths 
Total injuries 
~.en Days Lost 

Land Use r acre-hr/i06 Btu 

Ap>rox. ~[odule Efficiency 

Fuel Input v Eastern Coal 

0.75 (1) 
4.75 (2) 
o. 0,, 2 (3) 
0.!<4) 
0.0!3 (5) 
0.63 (6) 

.0.025 (7) 
0 
o.o11(s) 

Negligible after cooling tower 
0 

0 
12.0( 9 ) 
0 
0 
0 

I 

0 

3.3 x 10 -10(10) 
1.4 x 10"8( 10 ) 
5.1 x 10"6( 11 ) 

o.1 (12) 

37z(13) 
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Footnotes for Table 64: 

(I) a. NO x emission factor (A-I) = 18 Ib/ton of coal burned. 

(2) a. SO 2 emission factor (A'l) = 38 S Ib/ton of coal burned. 
b. Sulfur content, S (assumed) = 3%. 

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

(4) a. Particulate emission factor (A-l) = 16A ib/ton coal burned. 
b. Ash content, A (assumed) = 14.4%. 
c. Electrostatic precipitator efficiency (assumed) = 99%. 

(5) a. Hydrocarbons emission factor (A-l) = 0.3 Ib/ton coal burned. 

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

(7) a. Total solid to water (A-12) = 0.036 Ib/lO 6 Btu. 
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) = 14.4% 

(I0) a. Man-hours required per 106 Btu for conventional power plant (A-13) 
= 2.4 x 10 -3 man-hour/106 Btu. 
b. Total injuries per 106 man hour (A'I3) = 5.7. 
c. Death rate (A'I2) = 2.4% of injuries. 

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

(12) a. Land required for a i000 MW 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 }llned Coals East 
Unit - 106 Btu (output) ~" 

Environmental Parameters 
With Land Restoration and 
Treatment of Acid Drainage (I) 

E0x~ !b 
S02~ Ib 
CO," Ib 
Particulate, lh 
Total organic material~ Ib 
Eeet~ 106 Btu 

Water 

Suspended solids, !b 
Dissolved solids, !b 
Total organic material, !b 
Heat, 106 Btu 
Acid (H2S04) , !b 

Soli___~d 

Slag, !b 
Ash, Ib 
Sludge, ib 
Tailings, ib 
Hazardous, ib 

~F-Products 

.Occupational Health 

Deaths 
Total injuries 
~n Days Lost 

Land Use~ acre-hr/106 Btu 

.Appro:c. Module Efficienc Z 

o.ooo2(2) 
Negligible 
Negligible 
0.14(3) 

Negligible 
Negligible 

0.55( 4 ) 
0o 18 

Negligible 
Negligible 
Nil 

0 
0 
0.24 (5) 
Negligible 
0 

None 

5 x 10 -9(6) 
2.5 x 10-7(7) 
7.4 x 10 -5(8) 

0.3( 9 ) 

99.6%(10) 
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Footnotes for Table 65: 

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

(2) a. NO released to atmosphere from reclamation operation was 
derive~ based on the assumption that a diesel powered bulldozer is 
used for reclamation. 
b. Time requirement for reclamation (assumed) = 4 hr/acre. 
c. Bulldozer engine power (assumed) = 150 hp. 
d. Fuel consumption rate (A'l) = 0.5 ib/hp -hr. 
e. Emission factor( A'l ) = 0.37 Ib NOx/gal of fuel used. 
f. Average thickness of coal seam (assumed) = 2 ft. 
g. Coal density (assumed) = 82 Ib/ft 3. 
h. Heating value of coal (assumed) = 12,000 Btu/Ib. 

(3) a. Emission factor (same as primary rock crushing and copper 
mining) = 0.i ib/ton of overburden. 
b. Average overburden per ton of coal (private communication, EPA) 
= 33 tons. 

(4) a. Rate of silt run-off (assumed = 5000 tons/Mi2-year. 
b. Average thickness of coal seam (assumed) = 2 ft. 
c. Coal bulk density (assumed) = 82 ib/ft 3. 
d. Reclamation period (assumed) = 3 years 

(5) a. Dissolved solids (CaSO 4) and sludge (FeOH 2) come from acid 
treatment (assumed). 
5. Drainage water discharge rate for a strip coal mine with a 
capacity of 106 ton coal/year (assumed) = 106 gal/day. 
c. Acidity of drainage water (assumed) = I000 ppm. 

(6) a. Death rate for strip coal mining(A-12) = 0.12/106 ton coal. 
b. Heating value of coal (assumed) = 24 x 106 Btu/ton coal. 

<7) a. Injury rate for strip coal mining (A-12) = 5.65 injuries/106 

ton coal. 

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

(9) a. Land required for 106 tons of coal (A'I2) = 280 acres. 
b, Time required for reclamation (assumed) = 3 years. 

(i0) a. Efficiency of strip mine operation (assumed) = 99.6%. 
b. Depletive waste not included. 
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TABLE 66. ENViRO~.IENTAL ~IPACTS OF MODULE 

Module-- Coke Oven (1) 
Unit--!06 Btu (input) 

Environmental Impacts Coa!~ West 

Air 

N0x, Ib 0.0017 (2) 

S02, Ib 0.8(3) 

CO, Ib 0.053(2) 

Particulate, lh 0.146(2) 

Total organic material, Ib 0.175( 2 ) 

Wat£r 

Suspended solids, Ib 

Dissolved solids, ib 

Total organic mmterial, Ib 

m w  

Solid 

Ash, Ib 

Siudge, Ib 

0 

0 

Approx. Mqd.ule Efflc.iency 70% 
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Footnotes for Table 66: 

( i )  

(2) 

(3) 

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

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

a. Emission factors were taken from reference (A-l). 

a. Based on assumption that 50% of sulfur in coal remains in 
the coke and 50% ultimately is emitted as SO 2. 
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TABLE 67. Eh'ViRO~[ENTAL IMPACTS OF MODULE 

Nodule--.Space Heating (1) 
Unit--!0 ~ Btu (Input) 

Environmental l~,pacts Resid (3.5% S) 

Air 

NOr, Ib 0.135 

S02, Ib 3.068 (2) 

CO, ib 0.030 

Particulate~ ib 0.017 

Total organic material, Ib 0.004 

W~ter 

Suspended solids, lh 

Dissolved solids, ib • 

2otal organic material, ib 

0 

0 

0 

Solid 

Ash, Ib 

Sludge, !b 

0 

0 

~,ppro.~,:. l,~odule Efficiency 70% 
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Footnotes for Table 67: 

(1) 

(2) 

a. Values were taken from Table A-46 in reference (A-26) except 
as modified below. 

a. SO 2 emission was modified based on sulfur content of fuel oils. 
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TABLE 68. Eh~ziRONMENTAL IMPACTS OF MODULE 
(!) 

Module--&Space Heating 
Unit--!O v Btu (Input) 

Environmental I~pacts Coal (3% S) 

Air 

NOx, Ib 

S02, Ib 

CO, ib 

Particulate, Ib 

Total organic material, Ib 

0. i77 

4.410 (2) 

3.490 

O. 775 

O. 775 

WEter 

Suspended solids, lb 

Dissolved solids, Ib 

Total organic material, ib 

0 

0 

0 

Solid 

Ash, Ib 

Sludge, Ib 

6.9 

0 

AF.prO:,:. Nodule Efficiency 50Z 
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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. SO 2 emission was modified based on sulfur content of coal. 
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APPENDIX B 

CALCULATION OF PREDICTED A_MBiENT AiR 
~UALiTY FOR THE LNDiANAPOL!S AqCR 

~ne calculations required for the determination of ambient air 

quality to be expected from fuel combustion in the Indianapolis AQCR 

according to projections based on Scenario i and Scenario 3 are presented 

in this appendix. The indianapolis AQCR inventory was modified as 

indicated 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 emissions 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 a gro~Tth factor, I.I0!, determined by dividing the Dupree and West 

projected coal use as fuel in 1975 (13,675 x 1012 Btu) by the actual 1971 

value (12,420 x 1012 Btu). The results of the growth factor multiplica- 

tion are given in the first three lines of Table 70. These data represent 

the coal use for the indianapolis AQCR for 1975 and the SO 2 emissions and 

~#~Q which would result if all the coal were low sulfur coal. 

The total coal use was broken do~,rn into high- or low-sulfur coal 

u~e end into various energy technology 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 

Tables 6, 7, and 8 for Scenario i and from Tables 19, 20, and 21 for 

Scenario 3. TT~is s~ary is given in Table 71. For certain of these 

allocations the percentage of the total is also given in Table 71. For 

e~<~-pie, in Scenario ! the high-sulfur coal use in the electrical sector 

~¢as projected to be 5,775 x 1012Btu, or 42.23 percent of the total. These 

percentages were then applied to the total coal use projected for the 

indianapolis AQCR in 1975. Thus, in Scenario I, 42.23 percent of the 

projected total coal, or 1,807,146 tons per year, are allocated as high- 

sulfur coal to the electrical sector. The results of these calculations 

ere given in the coal-use column of Table 70. The quantities of lo~,7-sulfur 

coa! ~ere 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 SO 2 emissions in tons per day as given in Table Table 70. 

The SO 2 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 i, 

43.15 ~g/m 3, and according to Scenario 3, 105.16 ~g/m 3. 

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 i 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 I, and that the low sulfur coal projection 

for Scenario i is reduced by the same amount to balance the subtotal. Also 

assume that the stack gas cleaning capacity projected for Scenario i 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: 
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SO 2 Emissions, AAQ-RB3 
Tons/Day ~g/m 3 

Scenario ! 

Electrical Sector 313.8 14.7 
Other Sectors 91.2 54.6 

Totals 405.0 60.3 

Scenario 3 

Electrical 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 

Scenario 3 is still more than twice that for Scenario !. 
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TABLE 69. INDIANAPOLIS BASE CASE-1971 (a'b) 

Coal use, S02 Emissions, AAQ-Recep~or 33, 
Tons/Year Tons/Da Y ~g/m 

3,001,038 156.9 7.35 

885,697 40.7 24.39 

3,886,735 197.6 31.74 

Electrical Sector 

Other Sectors 

Totals, All Sectors 

(a) Assumed all clean fuels. 

(b) Processing plants have been excluded from this table. Seven plants 
emitted 3.29 T/D SO 2 and contributed 14.78 ~g/m 3 to Receptor 33. 
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T_ABLE 70. PREDICTED ~iBIENT AIR QUALITY - 1975 

actor/Combustion Mode 

Coal Use, SO 2 Emissions, 
Tons/Year Tons/Day 

AAQ - Receptor 33 
~glm = 

ndian~colis Base Case 
Growth Factor. 1.101. aD~!ied to 1971 Base Case) , - --, , , 

Electrical Sector 
other Sectors 

Tota!s~ all sectors 

cEnario i 

Electrical Sector 
Stack gas cleanin~ 
High sulfur coal, w/o cont. 
Lcv ~u!fur toe! 

Sub~ota!s 

O=h~r Sectors (Unchanged) 

Tota!s~ eli sectors 

=enario 

Electrical Sector 
Stack gas cleanin~ -~ - 
High sulfur coa!~ w/o cont. 
Low ~ulfur coal 

Sub~ota!s 

Osh~r Sectors 

High ~u!fur coa!~ ~/o cont. 
Low ~ulfur coal 
Suhtc~!s 

Totals, all sectors 

3= 30'~, 143 
975=152 

4=27~=295 

21q,099 (5.12%) 
1,807,146 (42.23%) 
1,277~898 (Ba!.) 

3 ~ 30q ~ 143 

975,152 

4~279,295 

219,099 (5.12%) 
946,580 (22.12%) 

2= 138=099 (Bal.) 

3=304,143 

860~201 (20.117=) 
114,951 (Bal.) 
975 ~ 152 

4,279,295 

172.8 
C 44.8 

217.6 

3.60 
282.20 
62.31 

348. ii 

44.8 

392.93 

3.60 
147.88 
104.25 

255 • 73 

149.95 
5.60 

155.58 

411.28 

8.09 
26.85 

34.95 

16.30 (348.11/172.8 x 8.09) 

26.85 

43.15 

11.98 (255.73/172.8 x 8.09) 

93.18 (155.55/44.82 x 26.85) 

105 • 16 
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TABLE 71. YEAR 1975 COAL ALLOCATIONS 

Sector 

Scenario 1 

lol2Btu 
Percent 
of Total 

Scenario 3 

1012Btu 
Percent 
of Total 

Residential/Commercial 

Low sulfur coal 

High sulfur coal 

Industrial 

Low sulfur coal 

High sulfur coal 

Totals, R/C plus Industrial 

Low sulfur coal 

High sulfur coal 

Electrical 

Low sulfur coal 

Stack gas cleaning 

High sulfur coal 

Total, all sectors 

325 

0 

4,450 

0 

4775 

0 

2,425 

700 

5,775 

13,675 

5.12 

42.23 

80 

245 

1,945 

2,505 

2025 

2,750 

5,175 

700 

3,025 

13,675 

20.11 

5.12 

22.12 
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TABLE72. PREDICTED AMBiENT AIR QUALITY - 1980 

Coal Use, SO 2 Emissions~ AAQ - Receptor 33 
5ector/Cc~bustion Mode Tons/Year Tons/Day ~g/m ~ 

Indianepo!is Ease Case 
(Growth Factor~ 1.273= ape!led to 1971 Base Case) 

Eicctrical Sector 
Other Sectors 

Totals 

Scenario 1 

Electrical Sector ~- 
S~ack gas cleaning 
High sulfur coal, w/o cont. 
Lo~ sulfur coal 

Su~eta!s 

Other Sectors (Unchanged) 

Totals, all sectors 

Sca~erio 3 

Electrical Sector 
Stack gas cleanin~ 
High sulfur coal, w/o cont. 
L~ sulfur coal 

Subtotals 

Other Sectors 
}!i~h sulfur coal, w/o cont. 
Low sulfur coal 

5ubtcte!s 

Totals= a!l sectors 

3,820,321 199.7 9.36 
1,127,492 51.8 31.05 

',, 947,813 25 I. 5 40.41 

~,12!,622 (42.88%) 34.88 
178,616 (3.61%) 27.89 

1,520,083 (Bal.) 74.11 

~,820,321 136.88 

[,127,492 51.8 

4,947,813 188.68 

1,412,600 (28.55%) 23.22 
0 

2,407,721 (Bal.) 117.39 

3,820~321 140.61 

887,638 (17.94%) 138.62 
239,855 (Bal.) 11.69 

i=127,492 150.31 

4~947,8!3 290.92 

6.42 (136.88/197.7 x 9.36) 

31.05 

37.47 

6.59 (140.6/199.7 x 9.36) 

90.1 (150.3/51.8 x 31.05) 

96.69 
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TABLE 73. YEAR 1980 COAL ALLOCATIONS 

Sector 

Scenario 1 

1012Bt u 
Percent 
of Total 

Scenario 3 

1012Bt u 
Percent 
of Tota] 

Residemtial/Commercial 

Low sulfur coal 

High sulfur coal 

Industrial 

Low sulfur coal 

High sulfur coal 

Totals, R/C plus Industrial 

Los sulfur coal 

High sulfur coal 

Electrical 

Los sulfur coal 

Stack gas cleaning 

High sulfur coal 
w/o control 

Total, all sectors 

300 

0 

4,550 

0 

4,850 

0 

3,450 

6,650 

560 

15,510 

42.88 

3.61 

75 

225 

1,993 

2,557 

2,068 

2,282 

6,232 

4,428 

0 

15,510 

17.94 

28.55 
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TABLE 74. PREDICTED AMBIENT AIR QUALITY - 1985 

Coal Use, SO 9 Emissions, AAQ - Receptor 33 
~ctor/Cor~ustion ~de Tons/Year "Tons/Day ~g/m 3 

dianapo!is Base Case 
;rovth Factor~ !.65&~ auplied to 197! Base Case) 

Electrical S~ctor 4,963,717 259.5 12.16 
0=her Sectors 1,464,943 67.4 40.34 

Totals 6,428,660 326.9 52.50 

~enerio 1 

Electrical Sector 
Fluidized-bed 134,359 (2.09%) 3.1 
Lo~ Btu 161,359 (2,51%) 4.9 
Liquefaction 100,300 (1.57%) 2.3 
Stack ga~ cleanin~ 2,337,461 (36.36%) 38.4 
L~ sulfur coal 2,230~238 (Bal.) 108.7 
Ei~h sulfur cca!: w/o cont. 0 

Subtotals 4,963~717 157.4 

O~her Sectors (Unchanged) 1,464,943 67.4 

Tot~!~ 6,428,660 224°8 

:enario 3 

Electrical Sector 
F!uidized-bed 134,359 (2.09%) 3.1 
Lcu Btu 161,354 (2.09%) 4.9 
Liquefaction 100,300 (1.57%) 2.3 
Stack ga~ c!eaniz~ i,083~579 (21.83%) 17.8 
lcu sulfur toe! 3=484,120 (Bal.) 169.9 
Ei~h sulfur coal= w/o cont. 0 

Suh~cta!e 4~963,717 198.0 

Other Sector~ 

High sulfur coal, w/o cont. 921,227 (14.33%) 143.9 
Lo~ sulfur coal 543,716 (Bal.) 26.5 
Subtcta!s 1,464,943 170.4 

Totals~ all sector~ 6,428~660 368.4 

7.4 (157.4/259.5 x 12.16) 
& 

40.3 

47.7 

9.3 (198.0/259.5 x 12.16) 

102.0 (170.4/67.4 x 40.34) 

111.3 
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TABLE 75. YEAR 1985 COAL ALLOCATIONS 

Sector 

Scenario 1 

lol2Bt u 
Percent 
of Total 

Scenario 3 

1012Btu 
Percent 
of Total 

Residential/Commercial 

Low sulfur coal 

High sulfur coal 
w/o control 

Industrial 

Low sulfur coal 

High sulfur coal 

Totals, R/C plus Industrial 

Low sulfur coal 

High sulfur coal 

Electrical 

Fluidized-bed combustion 

Gasification, low Btu 

Liquefaction 

Stack gas cleaning 

Low sulfur coal 

High sulfur coal, 
w/o control 

Totals, all sectors 

i00 

0 

4,820 

0 

4,920 

0 

400 

480 

300 

6,960 

6,080 

0 

19,140 

2.09 

2.51 

i .57 

36.36 

25 

75 

2,113 

2,707 

2,138 

2,782 

400 

480 

300 

4,178 

8,862 

0 

19,140 

14.33 

2.09 

2.51 

i. 57 

21.83 
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TABLE 76. PREDICTED AMBIENT AIR QUALITY - 2000 

~ctor/Ccmbustion Mode 
Coal Use, SO 2 Emissions, AAQ - Receptor 33 
Tons/Year Tons/Day ~g/m ~ 

idienapelis Base Case 
~ro~cth Factor 7 2.24~ applied to 1971 Base Case) 

Electrical Sector 
Other Snctors 

6,722,325 
1,983,961 

Totals 8,706,286 

:enario i 

Electrical Sector 
Fluidizcd-bed combustion 
Lov Etu gasification 
Liquefaction 
Stack gas cleaning 
Lcv sulfur coal 
High sulfur coal, w/o cont. 

1,140,523 
1,453,950 

957,691 
1,715,138 
1,455,023 

0 

(13.1%) 
(16.77~) 
(11.0%) 
(19.7%) 
(Bal.) 

Subtotals 6,722,325 

Other Sectors (Unchanged) 1,983,961 

Totals, all sectors 8,705,286 

cenario 3 

Electrical Sector 
Fiuidized-bed combustion 
Lay Ere gasification 
Liquefaction 
Stack ~as cleaning 
Lo~ sulfur coal 
High eu!fur ceai~ ws'o cont. 

Subtotals 

1,140,523 
1,453,950 

957,691 
583,321 

2,586,840 
0 

6,722,325 

(13.1%) 
(16.7%) 
(n.0~) 
(6.7%) 
(Bal.) 

Other Sector~ 
Ei?h sulfur coal= w/o cont. 
Lo~ sulfur coal 

1,131,817 
852,144 

(13.0%) 
(~al.) 

Subtote!~ 1,983,961 

8,706,286 Tctai~ eli seetore 

351.5 
91.2 

422.7 

26.2 
44.5 
22.4 
28.2 
70.9 

192.2 

91.2 

283.4 

26.2 
44.5 
22.4 
9.6 

126. I 

228.8 

176.7 
41.5 

218.3 

447. I 

16.46 
54.64 

71. i0 

9.0 (192.2/351.5 x 16.46) 

34.6 

63.6 

10,7 (228o8/351.5 x 16.46) 

130.6 (218.3/91.2 x 54°64) 

141~ 3 
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TABLE 77. YEAR 2000 COAL ALLOCATIONS, EXCLUDING 
COAL FOR HIGH Btu GASIFICATION 

Sector 

Scenario i 

1012Btu 
Percent 
of Total 

Scenario 3 

1012Btu 
Percent 
of Total 

Residential/Commercial 

Low sulfur coal 

High sulfur coal 

Industrial 

Low sulfur coal 

High sulfur coal, 
w/o control 

Totals, R/C plus Industrial 

Low sulfur coal 

High sulfur coal 

Electrical 

Fluidized-bed combustion 

Low Btu 

Liquefaction 

Stack gas cleaning 

Low sulfur coal 

High sulfur coal, 
w/o control 

Totals, all sectors 

0 

0 

5,300 

0 

5,300 

0 

3,000 

3,820 

2,500 

4,500 

3,700 

0 

22,820 

13.1 

16.7 

ii .0 

19.7 

3,323 

2,977 

2,323 

2,977 

3,000 

3,820 

2,500 

1,523 

6,677 

0 

22,820 

13.0 

13.1 

16.7 

ii.0 

6.7 
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index was developed for comparison of the potential usefulness of the energy 
technologies ~der consideration. Research and development priorities were 
recc~ended. 

17, Key Wori<Z and Docu:r. en~ Ar_~ly~sis. 17a. Descriptors 

Air pollution, Air pollution control, Fuel combustion, Ambient Air Quality, 
~uc! cleaning, Fuel conversion, Technology assessment. 

R~produced by 
NATIONAL TECHNICAL 
INFORMATION SERVICE 

US Depadmant of CommerCe 
Sprlngfield, VA. 22151 

17k. Ic~, rtifiers/Op_m-En-~ed Te . r~  

17c. <.C%ZTI FieldlG~cL 7 E?d S TO 
] 8. ,a ~ .:i! :~bili~ T Sta~e=eE, z 19.. Secv-rhy Class  (This 

Report) 
UNCLASSIFIED 

20. Security Class  (This 
Page 

UNCLASSIFIED 

J21. No. of Pages 

USCOMM-DI~ 1495Z-Fa72 



| 1  

I l l  

a}'o 

I i  I I  0 

w ~ 

~ , c  : N 

o o__w. 

e - E -  :: 

* -  

[, 

O 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About NTIS 

NTIS collects scientific, technical, engineering, and related 
business information- then organizes, maintains, and 
disseminates that information in a variety of formats -including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
htt p ://www. nti s.(jov. 

Ensuring Permanent, Easy Access to 
U.S. Government Information Assets 



f o ,  c% 

U.S. DEPARTMENT OF COMMERCE 
Technology AdministTation 

National Technical Information Service 
Springfield, VA 22161 (703) 605-6000 


