
SECTION ii 

ENVIRONMENTAL FACTORS 

This con:eptual plant design has been responsive to requirements for control 
of gaseous, liquid, and solid emissions from the plant units and ancillary 
facilities. The means by which emission and noise level controls have been 
accomplished are discussed in this section. 

ii.i AIR POLLUTION ABATEMENT 

The control of air contaminants released to the environment had a high 
priority in plant and process design. Applicable standards covering the pro- 
cess operations were used in design and engineering of the process and equip- 
ment. 

The major air pollution abatement effort is aimed at desulfurizing the 
gases generated during the coal conversion process. The desulfurization pro- 
cess extends to the gaseous fuels produced for inplant consumption so that 
overall plant operations generate negligible sulfur emissions. 

The units and processes utilized in the Oil/Gas plant conceptual design 
to produce the desired fuels will be briefly reviewed here to highlight the 
progressive removal from the streams of compounds or materials capable of 
contributing to air pollution. 

II.i.i GENERATION AND CONTROL OF GASEOUS CONTAMINANTS 

The air pollution abatement procedure is outlined in Figure Ii-I, 
which shows the nature and amount of all streams vented to the air; these 
streams consist for the major part of inert gases (nitrogen and carbon diox- 
ide). The effluent gases are shown vented separately to the air to identify 
the contribution of specific process units. In reality, however, all streams, 
with the exception of the particulates from the coal drying plant and the 
effluents from the process boilers, are combined into a single stack before 
venting to the air. 

(I) Coal Preparation 

Fugitive particulate emissions from coal sizing and 
handling and from residual ash disposal and prevented 
from becoming airborne by maintaining a wet condition 
when not in a closed system. 

The coal gminding and drying unit is the only source of 
particulate emissions. A cyclone system removes the 
coarse particles from the vent streams;, a subsequent 
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baghouse system removes most of the fines, with final 
emissions to the air (0.023 g/cu ft) meeting both 
Federalstandards for thermal dryer gases ~0.031 g/cu 
ft) and state standards related to coal gasification 
plants (Table 11-2). The source of heat for drying 
process is steam generated inplant. 

Ground, dry coal is fed to three reactors: the process 
gasifier, producing a syngas from which are derived 
both SNG and the hydrogen required for coal liquefac- 
tion; the dissolver, producing the liquid fuels; and 
the fuel gas gasifier, satisfying plant fuel require- 
ments. 

(2) Process Gasifier 

The process gasifier receives recycle char, steam, and 
oxygen in the lower slagging section and ground coal 

and steam in the upper section, and converts them to 
hydrogen, carbon monoxide, carbon dioxide, methane, 
hydrogen sulfide, and lesser amounts of ammonia, carbon 
oxysulfide, cyanides, and sulfur dioxide. At the 
elevated temperature, any oils or tars formed are 
expected to crack to gaseous products. The gas stream 
produced, containing entrained char, is cooled from 
1,700 to 945°F through a series of heat exchangers that 
heat the incoming gases and produce steam. Then, the 
char is separated by a cyclone system and returned to 
the gasifier. The remaining ffne particles that escaped 
the cyclone are removed by two dust filters capable of 
operating at high temperature and pressure. 

The gaseous stream is then conveyed to a shift conver- 
sion unit where the stream is enriched in hydrogen by 
reaction of carbon monoxide with water. The metal 
catalyst employed operates in a sulfided condition 
reached by initial reaction with the hydrogen sulfide 
present; when the catalyst is regenerated (approximately 
every 6 months) by passage of steam and air, the sulfur 
present is oxidized to sulfur dioxide (66.4 ton per 
reactor, three reactors used), emitted through the main 
stack over a 24- to 48-hour period. Each of the three 
shift reactors operates at a progressively lower tem- 
perature; gas cooling is provided by water spray in 
quench pots. Final cooling of the gas down to 100°F 
occurs in a series of heat exchangers and condensate 
separators. The quench pot/condensate separator system 
acts as a water scrubbing system, removing practically 
all traces of particulates from the gas stream. The 
ammonia and part of the hydrogen sulfide and hydrogen 
cyanide present are also removed. 
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• ( 3 )  

The next treatment step concerns the removal of acid 
gases. A physical solvent process removes these g, ses 
from the main stream and then, on selective regenera- 
tion, releases a stream of hydrogen sulfide containing 
part of the carbon dioxide, and a stream of nearly pure 
carbon dioxide. The hydrogen sulfide stream is sent 
to the sulfur recovery plant where it is oxidized to 
elemental sulfur; any hydrogen cyanide present Js 
oxidized concurrently. The carbon dioxide stream, con- 
taining some carbon monoxide (833 ppm) and hydrogen 
sulfide (up to i0 ppm) is vented to the air through the 
main plant stack, where overall concentrations of con- 
taminants decrease on combination with other effluents. 
The purified gas stream, consisting mainly of hydrogen, 
but with sizable amounts of carbon monoxide and methane 
present, is conveyed to the coal dissolver. 

Dissolver 

The dissolver unit receives a preheated,'pressurized 
slurry of ground coal in coal-derived solvent and hydro- 
gen and generates two product phases: a gas phase and 
a slurry phase. 

The gas phase is cooled and depressurized (recovering 
heat mld power) and then conveyed to an acid gas 
removal unit, where hydrogen sulfide and carbon dioxide 
are removed by absorption in.an amine solution. The acid 
gas stream obtained on regeneration of the amine is 
led to the sulfur recovery plant. The purified gas stream 
undergoes drying by molecular sievesand cryogenic 
separation, with hydrogen returned to the dissolver and 
hydrocarbon products fractionated to a methane-rich 
stream, LPG, and naphtha. LPG and naphtha are treated 
to reduce the sulfur level to 1 ppm or less, and the 
methane-rich stream is upgraded to SNG. The SNG pro- 
duced is essentially sulfur-free because a zinc oxide 
guard reactor removes sulfur traces prior to methanation. 

The l i q u i d  s l u r r y  phase c o n s i s t s  of  l i q u e f i e d  coa l ,  
u n r e a c t e d  coa l ,  and ash.  Af t e r  c o o l i n g  by hea t  exchange 
and d e p r e s s u r i z a t i o n  by power r e c o v e r y  ( h y d r a u l i c  t u r -  
b i n e s ) ,  t he  s l u r r y  i s  f r a c t i o n a t e d ,  wi th  r ecove ry  of  
p rocess  so lven t  fo r  r e t u r n  to  t he  d i s s o l v e r ,  and then  
f i l t e r e d  to  s e p a r a t e  s o l i d  m a t e r i a l s  from l i q u i d  hydro-  
carbons .  The s o l i d s  ( f i l t e r  cake) a re  fed to  the  f u e l  
gas g a s i f i e r .  The l i q u i d s  ( f ue l  o i l )  r e p r e s e n t  t he  
l a r g e s t  s i n g l e  p roduc t  s t ream in the  p l a n t .  This  f u e l  
s t ream c o n t a i n s  0.4% s u l f u r  and 1 to  1.5% n i t r o g e n .  
The amount o f  s u l f u r  i s  environmentally a g c e p t a b l e ;  t he  
amount o f  n i t r o g e n  p r e s e n t ,  however,  may lead  to  
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increased production of nitrogen oxide on combustion 
with respect to crude-oil derived fuels. 

(4) Fuel Gas Gasifier 

The fue~ gas gasifier receives char, filter cake, air', 
and steam in the lower (slagging) section and coal and 
some additional air in the upper section, and produces 
primarily synthesis gas (carbon monoxide and hydrogen), 
plus nitrogen, carbon dioxide, hydrogen sulfide, and 
lesser amounts of ammonia, carbon oxysulfide, cyanides, 
and sulfur dioxide. At the elevated reactor tempera- 
ture, any oils or tars formed are expected to crack to 
gaseous products. The gas stream produced~ leaving the 
gasifier at 1,800°F, is separated from most of the 
entrained char in a cyclone system, with the char 
returned to the gasifier after using its heat content 
for filter cake drying. The gas is then cooled to 
100°F through a series of heat exchangers that heat the 
gasifier input gases and produce steam; the condensate 
formed contains all of the ammonia and part of the 
sulfides and cyanides and is treated as described below. 
The cooled gas stream passes through an electrostatic 
precipitator where most of the fine particulates sus- 
pended are removed and then is conveyed to a sulfur 
removal unit where a redox solution converts all but t 
ppm of the hydrogen sulfide and sulfur dioxide present 
to elemental sulfur. At the same time, practically 
quantitative removal of any remaining particulates is 
achieved. 

The cleaned low-Btu (145 Btu/cu ft) fuel gas is used to 
satisfy inplant energy requirements. Four-fifths (4/5) 
of this gas is used for steam generation and one-fifth 
(i/5) for process heaters. On combustion a negligible 
amount of S0~ (1411b/day) is generated by oxidation of 
the trace of-hydrogen sulfide present. The amount of 
nitrogen oxides generated is also moderate, due to the 
flame-cooling effect of the large amount of inert gases 
(carbon dioxide and nitrogen) present. Combustion 
experiments with low-Btu gas show that a maximum NOx 
concentration in the effluent gases of 50 ppm (as NO2) 
can be expected. I0 

(5) Sulfur Recovery Plant 

The sulfur recovery plant receives three hydrogen sul- 
fide streams originating from the acid gas removal unit 
on the process gasifier train, from a similar unit on 
the dissolver train, and from the sour water stripping 
unit; 95% of the sulfur present is oxidized to high- 
purity elemental sulfur, with the remaining 5% con- 
verted in a subsequent unit, the tail gas unit. The 
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tail gas treatment involves reduction of all sulfur 
species to hydrogen sulfide, absorption by a redox so- 
lution, and oxidation to give high purity sulfur. The 
final vent gas contains carbon dioxide, plus traces of 
carbon oxysulfide (80 ppm), hydrogen sulfide (1 ppmJ, 
and carbon monoxide (412 ppm). The carbon monoxide and 
carbon oxysulfide concentrations decrease on mixing 
with the other vent gases (see below). 

(6) Formation of Metal Carbonyls 

Metal carbonyls are gaseous or highly volatile compounds 
that can form when finely divided metals, such as cata- 
lyst or reduced ash particles, are in contact with 
carbon monoxide at moderate temperatures (50-750°F). 4 
Most transition metal carbonyls are highly toxic; how- 
ever, they decompose at high temperatures or at low 
partial pressures of carbon monoxide, such as in the 
atmosphere. 

A consideration of the sites in the Oil/Gas plant where 
metal carbonyls could possibly form has'identified 
three main locations: the process gasifier (and shift 
converter that immediately follows), the dissolver, and 
the fuel gas gasifier. Carbonyls are unlikely to form 
at the elevated temperatures prevailing in the process 
gasifier and the shift converter unit; furthermore, the 
hot gas cleanup system removes ash particles before the 
gas is cooled, thereby precluding the contact of 
metallic particles with carbon monoxide at lower tem- 
peratures. Elevated temperatures also prevail in the 
dissol~er unit, and the carbon monoxide concentration 
is low (3~ molar). Conditions are therefore unfavor- 
able to the formation of metal carbonyls. In the fuel 
gas gasifier train, gases are cooled in the presence of 
coal ash, and iron carbonyls could possibly form. These 
carbonyls, however, will be thermally decomposed on 
combustion of the fuel gas in plant burners; any amounts 
conveyed to the sulfur recovery plant would also be 
thermally oxidized in that unit. 

As mentioned previously, metal carbonyls decompose rapidly 
in the air. Representative half-lives where calculated and 
found to range from minutes for nickel carbonyls to hours 
for iron carbonyls. These compounds represent, therefore, 
a possible hazard to plant personnel rather than to the 
outside environment. Hazardous conditions would defi- 
nitely be present during startup and shutdown operations, 
when metal carbonyls could form in significant concentra- 
tions. Operating procedures in these circumstances in- 
-elude flaring of vent streams and protective equipment 
(oxygen respirators and protective clothing) for personnel 
opening or entering affected reaction vessels. 

1 1 - ~  



(7) Stack Arrangement 

Air effluents are emitted into the atmosphere from fo,r 
outlets: the coal drying plant (particulates), the two 
process heaters (one-fifth of fuel combustion gases), 
and the main plant stack (al! other effluents combined). 
The composition o< the effluents emitted to the air from 
the outlets specified is detailed in Table ll-1. 

11.1.2 COMPLIANCE WITH SOURCE EMISSION STANDARDS 

Source emission standards for coal conversion plants have not 
been issued by the Federal Government. Of the states, only New Mexico has 
issued specific regulations covering coal gasification plants; these regu- 
lations can be considered for illustrative purposes only. The State of 
Illinois, a likely candidate for a plant site, has issued standards for petro- 
chemical processes which can be considered to be related to the Oil/Gas plant 
operation. The standards are as strict or stricter than the Federal Standards 
for petroleum refining. 

For illustrative,purposes, the Illinois and the New Mexico source 
emission standards are compared with the emissions from the conceptual design 
in Table 11-2. As shown in the table, all estimated emissions are lower than 
the ones mentioned in the standards. 

11.1.3 CARBON DIOXIDE EMISSIONS 

It is estimated that significant carbon dioxide emissions (on 
the order of 34,000 TPD; see Table ii-I) would be generated. Possible effects 
of these emissions were investigated. Carbon dioxide is not toxic, and the 
natural background concentration in the atmosphere is approximately 300 to 
500 ppm. 

Global weather modification effects have been attributed to 
increased carbon dioxide generation by fossil-fuel combustion. A gradual 
warming trend has been predicted, on the order of 0.5°C in 25 years. However, 
actual temperature trends have shown a cooling of 0.3°C from 1945 to the 
present. 

On a localized scale, no micrometeorological effects due to in- 
creased carbon dioxide have been reported. Emissions from the Oil/Gas facil- 
ity could approximately double the average atmospheric carbon dioxide concen- 
trations to 600 to 1,000 ppm in the vicinity of the plant. The lowest concen- 
tration at which some physiological effects (dyspnea and headache) have been 
observed is 30,000 ppm; therefore, no effects are expected at the levels men- 
tioned. Moreover, vegetable life has been reported to benefit from increased 
atmospheric ~oncentrations of carbon dioxide. 

11.2 SULFUR .BALANCE 

The s u l f u r  ba l a nc e  f o r  t h e  c o n c e p t u a l  d e s i g n  o f  a commercia l  Oi l /Gas  
p l a n t  i s  d e t a i l e d  in  Table  11-3. A t o t a l  o f  95% of  t h e  coa l  s u l f u r  c o n t e n t  
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is recovered as elemental sulfur, with most of the remainder present in the 
fuel oil product. The amount absorbed by the catalyst beds (mainly in the 
shift re~=ctors) would be emitted every 6 months as sulfiJr dioxide on regenera- 
tion of the catalyst. At the temperature conditions prevailing in the design 
gasifiers, it was concluded that negligible amounts of sulfur would remain 

with the ash. 

11.3 AQ!:IEOUS EFFLUENTS 

The geographic area where the Oil/Gas plant, as conceived, would be 
located :i.s the U.S. Eastern Interior (coal) Region, where an abundant supply 
of water is available. Most likely, one of the major rivers in this area 
would provide the water supply for the plant. 

Ba:!;ed on adequate availability of water, the wastewater treatment is a 

combination of recycling and discharge of aqueous effluents. The most heavily 
contaminated streams undergo steam distillation; the organic contaminants 
separated are fed with steam to the process gasifier to achieve their thermal 
destruction. Medium contaminated streams are purified physically and biolog- 
ically and are then reused for slag quenching. The lightly polluted streams 
are trea'zed to make them acceptable to the environment and are then discharged 

to the river. 

11.3.1 GENERATION AND TREATMENT OF AQUEOUS CONTAMINANTS 

The generation and treatment of aqueous contaminants is outlined 
in Figure 11-2. Wastewater sources are listed on the left-hand side of the 
figure, with the degree of pollution of the wastewater streams decreasing from 
top to bottom. The progressive treatment and disposition of tl~e streams is 
also shown and approximate flow values for streams withdrawn and returned to 

the river are reported. 

The water supply provides approximately 18,000 gpm of raw water, 
which after purification by flocculation and settling, is used for cooling 
water makeup and after further sand filtration and deionization, is used for 
boiler feedwater makeup. Potable water will be supplied by wells. The water 
supply from the river is not used for coal sizing and cleaning (a captive 
system feeding on a mine-based pond is used for this unit) or for coal grind- 
ing and drying where no wet systems are employed. 

The most highly contaminated.stream is the combined sour water 
generated as aqueous condensates by the process gasifier, the fuel gas gasifier, 
and the coa] dissolver. Major contaminants present are hydrogen sulfide, 
ammoniu~ sulfide, phenols, cresols, xylenols, and thiocyanates; cyanides and 
solids (ash and char particles) may also be present.. The gaseous contaminants 
(hydrogen sulfide and ammonia) are removed by steam stripping. Ammonia is 
separated in a proprietary process unit, regenerated by heating, and purified 
to anhydrous ammonia. Hydrogen sulfide is conveyed to the sulfur plant for 
conversion to elemental sulfur. Under the acidic conditions of the sour 
water, most cyanides present would be volatile (as hydrogen cyanide) and there- 
fore would be stripped with the hydrogen sulfide and conveyed to the sulfur 
plant, ~here they would be destroyed by thermal oxidation. The stripped 
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aqueous stream is conveyed to a high-temperature steam drum in the proces~ 
gasifier unit, where the organic contaminants volatilize and are fed with the 
steam to the gasifier to undergo thermal oxidation. The blowdown from the 
steam drum is vaporized On cooling the product gas prior to shift conversion; 
any solids present are removed by filters on the condensate return lines. 

Oily water streams produced during plant operation or colle~'ted 
as contaminated runoff from process areas are conveyed to a gravity separatc~r. 
The water phase is further purified in an oily water pond, with the effluent 
used for slag quench. The combined oil fractions are led to a separator with 
the oil phase returned to. the fractionation unit for product recovery. The 
aqueous phase is combined with the effluents from the slag settling basin and 
the sewage treatment plant and is treated in a bio-oxidation pond, which also 
provides firewater. The effluent from the biopond is also used for slag quench. 

The cooling tower blowdown stream is the ]argest in volume and 
is only lightly contaminated by corrosion inhibitors (zinc salts and inorganic 
phosphates). This stream is combined with ~eionizer wastes, containing mainly 
inorganic salts, ~nd with boiler blowdown, also lightly contaminated by 
corrosion inhibitors. After neutralization, the stream is treated with lime 
in a settler/clarifier. The lime sludge, containing most of the zinc and 
phosphates, is disposed of in a landfill, and the treated stream is returned to 
the river, together with any runoff collected from clean areas. If required 
by specific site conditions, a final polishing pond may be added for removal 
of suspended solids from the runoff collected. 

11.3.2 COMPLIANCE WITH EFFLUENT STANDARDS 

No aqueous effluent standards specifically addressed to coal con- 
version plants have been issued by the Federal government or by state legisla- 
tures. Standards that could be considered related to an Oil/Gas process are 
the Federal standards issued for petroleum refining. Average attainable con- 
centrations that were the base for such standards are reported in Table 11-4, 
together with the corresponding values for the aqueous effluents estimated 
for the Oil/Gas,plant. As shown in the table, these values are either the 
same or lower than the Federal parameters. 

i 

The State of Illinois has issued aqueous effluent standards appli- 
cable to all sources discharging to the natural waters of the state. These 
standards are reported in Table 11-5 and for illustrative purposes were compare¢ 
with the Oil/Gas effluents. All Oil/Gas plant effluents are estimated to 
either meet or be lower than such standards. 

11.4 SOLID WASTES 

The Oil/Gas plant generates two main types of solid waste materials: 
ash from the coal gasifier and sludge from various wastewater treatment units. 
Both materials are disposed of using environmentally acceptable procedures. 

The mining and coal cleaning and sizing operations generate sizable 
amounts of solid wastes which are disposed of at the mine site. 
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11.4.1 ASH- 

The two gasifiers included in the 0il/Gas plant design receive 
coal in the upper section and convert it to gaseous products and entrained 
char. The largest part of the char is separated from the gas stream by phy- 
sical means (cyclones) and returned to the lower section of the gasifiers 
after utilization of its heat content. There, on reaction with oxygen, the cliar 
generates hot gases and ash, which melts to slag. The slag is withdrawn 
from the bottom of the gasifiers; On quenching with water, it fragments into 
sand grarmles. Gases generated on quenching are returned to the gasifier. The 
slag slu::'ry is conveyed to a settling basin where the solids separate; they 
are then collected and transported to the mine for burial with the mine spoils. 
If outle'::s exist nearby, this material could also be utilized as filler in 
a g g r e g a t e s  f o r  c o n s t r u c t i o n  b l o c k s  o r  road  b u i l d i n g .  

The fine particles that escape'the cyclones are removed down- 
stream by more efficient devices (dust filters for the process gasifier and 
an electrostatic precipitator for the fuel gas gasifier). This material, 
because ,:)f its small size, conMsts mainly of ash particles and is similar 
to power plant fly ash; some char, however, may also be present. According to 
the present design, the material will be dispersed with the mine spoils and 
buried all: the mine site. The amounts of slag and fly ash generated by thetwo 
gasifier!~ are: 

Gasifier Slag Fly Ash 

P r o c e s s  1,200 25 

~uel gas 3,000 310 

The possibility exists of leaching trace metals from the ash in- 
to groun:l or surface waters. The difference in physical properties between 
slag and fly ash would suggest a different leaching behavior; slagged ash 
exhibits a glass matrix that would possibly inhibit leaching. Experimental 
studies have been carried out on the leaching of power plant fly^ash or 
unslagge:l bottom ash; according to the results of a recent study ~, selenium, 
chromium, and boron (and occasionally mercury and barium), were released on 
simulated.leaching, and the concentrations reached exceeded %he values recom- 
mended by EPA for public wirer supplies. To our knowledge, no leaching tests 
of slagged ash have been carried out; experiments using the slag generated by 
a slagging gasifier, such as the Bi'Gas pilot plant or a Koppers-Totzek unit, 
would be very useful. 

11.4.2 SLUDGES 

V a r i o u s  w a t e r  t r e a t m e n t  u n i t s  g e n e r a t e  s l u d g e s  ( see  F i g u r e  11-2)  
o f  o r g a n i c  and i n o r g a n i c  o r i g i n .  The s e t t l e r / c l a r i f i e r  t r e a t i n g  raw r i v e r  
wa t e r  g e n e r a t e s  an i n o f f e n s i v e  s l u d g e  t h a t  i s  r e t u r n e d  t o  t h e  mine .  The s l u d g e s  
g e n e r a t e d  on t r e a t m e n t  o f  w a s t e w a t e r ,  however ,  c o n t a i n  c o n t a m i n a n t s  t h a t  c o u l d  
p o s s i b l y  p o l l u t e  g r o u n d w a t e r  i f  b u r i e d  w i t h  t h e  mine s p o i l s ;  f o r  example ,  t h e  
s l u d g e  g e n e r a t e d  on t r e a t m e n t  w i t h  l ime o f  c o o l i n g  tower  blowdown c o n t a i n s  
s i z a b l e  amounts  o f  z i n c .  These  s l u d g e s ,  t h e r e f o r e ,  a r e  d i s p o s e d  o f  in  a l a n d -  
f i i 1 .  
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11.4.3 MINE WASTES 

The surface mining o p e r a t i o n  l ) roceeds in an o r d e r l y  f a s h i o n ,  
f o l l o w i n g  an e n v i r o n m e n t a l l y  sound mining p l an .  The to t ) so i l  is removed and 
s t o r e d ,  and t h e  ove rburden  i s  then  s t r i p p e d  and used to  r e f i l l  the  previ , ,u> 
p i t ,  in combina t ion  wi th  t he  i n o r g a n i c  was t e s  from the  coal  c l e a n i n g  and s i z -  
ing p l a n t  ( r o c k s ,  c l a y ,  and mud) and the  v i t r i f i e d  ash from the  g a s i f i e r s .  
The mined-out  a r e a  i s  r e s t o r e d  t o  a p p r o x i m a t e l y  t he  o r i g i n a l  s u r f a c e  c o n t o u r ,  
and then  the  t o p s o i l = i s  r e p l a c e d ,  f e r t i l i z e d ,  and r e s e e d e d ,  comple t i ng  the  
land r e c l a m a t i o n  c y c i e .  

The coal  c l e a n i n g  and s i z i n g  p l a n t  is  l o c a t e d  in p r o x i m i t y  of  
t he  mine. This a r rangement  min imizes  t h e  exposure  to  t h e  a i r  o f  mine spoi Is ,  
w i th  consequent  n e g l i g i b l e  o x i d a t i o n  of  coal  p y r i t e s  to  oxygena ted  s u l f u r  a c i d s .  

11.5 NOISE 

Noise control will be an integral part of the layout and design of the 
Oil/Gas commercial plant. The Occupational Safety and llealth Act of 1970 
regulates the amount of weighted noise a worker may be exposed to in order to 
prevent ear damage. Local codes usually regulate the level of noise that a~ 
industrial plant is permitted to generate at the property line above the nor- 
mal ambient background level. The applicable regulations and codes will be 
used as the design basis for noise control in plant design and layout. 

S p e c i a l  a t t e n t i o n  w i l l  be g iven to  t he  coal  g a s i f i e r  and oxygen i ) lant  
f ans ,  compresso r s ,  and p r e s s u r e  letdown v a l v e s .  The sound exposure  s t a n d a r d s  
w i l l  be met by a combina t ion  o f  n o i s e - r e d u c t i o n  e n g i n e e r i n g  t e c h n i q u e s ,  such 
as the  s o u n d - p r o o f i n g  o f  t u r b i n e s ,  s i l e n c i n g  o f  v a l v e s ,  and use  o f  sound and 
v i b r a t i o n  a b s o r p t i o n  m a t e r i a l s .  P rocess  u n i t s  not  r e q u i r i n g  c l o s e  o b s e r v a t i o n  
and capab le  of  high n o i s e  l e v e l s ,  such as oxygen c o m p r e s s o r s ,  w i l l  be b a r r i c a d e d .  

II~6 TRACE ELEblENTS 

Due to its organic origin and its intimate commixture with crystal for- 
mations, coal contains a large number of elements in minor or trace quantities. 
Actually, out of 92 known nontransuranic elements, only 16 (Ar, Ac, At, Fr, He, 
I r ,  Kr, Ne, Os, Pa, Pm, Re, Ru, Tc, Tm, and Xe) have not  y e t  been found in coa l .  

For illustrative purposes average amounts of trace and other elements 
for 82 coals from the Illinois basin are shown in Table 11-6. When the coal is 
cleaned using flotation procedures (as in the Oil/Gas process), it becomes 
enriched in elements having higher affinity for the organic phase; a rating of 
elements according to their affinity for the organic or inorganic phase for an 
Illinois No. 6 coal is shown in Table 11-7. 

A number of  s t u d i e s  have a n a l y z e d  the  b e h a v i o r  o f  t r a c e  e l e m e n t s  in 
c o a l - f i r e d  t)ower p l a n t s ,  q'11 In g e n e r a l ,  t he  e l emen t s  have been d i v i d e d  i n t o  
two groups,  the  ones appea r ing  maifl ly in t he  bottom ash ( e l e m e n t s  or  ox ides  
having lower v o l a t i l i t y )  and the  ones a p p e a r i n g  ma in ly  in  t h e  f l y  ash ( e l e -  
ments or  ox ides  having high v o l a t i l i [ y J .  For power p l a n t s  u s i n g  d ry  p a r t i c u -  
l a t e  c o l l e c t i o n  d e v i c e s  { e . g . ,  e l e c t r o s t a t i c  p r e c i p i t a t o r s ) ,  i t  was b e l i e v e d  

11 1~ 



t h a t  the  most v o l a t i l e  e l e m e n t s ,  such as mercury  and s e l e n i u m ,  could a c t u a l l y  
escape  a!: t he  e l e m e n t a l  s t a t e  wi th  t he  f l u e  g a s .  Wet s c r u b b e r s ,  however,  were 
b e l i e v e d  capab le  of  removing most o f  the  e l emen t s  from the  gas s t r eams  and 
t r a n s f e r c i n g  them to  t h e  l i q u i d  e f f l u e n t .  

In t h e  Oi l /Gas  p l a n t ,  no I ) a r t . i c u l a t e s  from coal  combust ion e scape  in to  
the  atmo:~phere; a l l  p a r t i c u l a t e  s t r eams  a re  c o l l e c t e d  q u a n t i t a t i v e l y  and e i t h e r  
r e t u r n e d  to t he  lower s e c t i o n  o f  the  g a s i f i e r s ,  where t h e y  melt  and a re  
removed as s l a g ,  or removed as f l y  ash and d i s p o s e d  of  as ment ioned in s~d)- 
s e c t i o n  .1-4.  Any even tua l  d i s p e r s i o n  o f  t h e  e l e m e n t s  p r e s e n t  depends on the  
l )Oss ib i l i . ty  of  l e a c h i n g ,  d i s c u s s e d  in  t h e  s e c t i o n  quoted .  The on ly  c o n c e r n ,  
t h e r e f o r e ,  i.s to  i d e n t i f y  e l emen t s  t h a t  may be o c c u r r i n g  in the  gaseous  s t a t e .  
The redu..:ing a tmosphere  p r e s e n t  in t h e  middle  and top p a r t  o f  tile g a s i f i e r  may 
a l s o  f avo r  d i f f e r e n t  chemica l  combina t ions  a b s e n t  in the  o x i d i z i n g  a tmosphere  
of  a power p l a n t .  

Panong the  t r a c e  e l emen t s  p r e s e n t  in coal  wi th  r e c o g n i z e d  t o x i c  p r o p e r -  
t i e s ,  t he  high v o l a t i l i t y  e l emen t s  b e r y l l i u m ,  mercury ,  and lead do not form 
gaseous h y d r i d e s ,  w i l l  condense  on c o o l i n g ,  and v e r y  l i k e l y  w i l l  be a lmost  
c o m p l e t e l y  removed by t h e  aqueous c o n d e n s a t e s  formed on gas cool.ing a n d / o r  
p u r i f i c a i : i o n .  A r s e n i c ,  ant imony,  and se l en ium h a v e ' l o w e r  v o l a t i l i t y  but can" 
form gaseous ( c o v a l e n t )  h y d r i d e s ,  namely a r s i n e ,  s t i b i n e ,  a n d ' h y d r o g e n  s e l e -  
n ide .  These comt)ounds, however,  have s t a b i l i t y  c h a r a c t e r i s t i c s  t h a t  p r e c l u d e  
t h e i r  f o r m a t i o n  a t  the  t e m p e r a t u r e  and p r e s s u r e  p r e v a i l i n g  in the  Oi l /Gas  
p l a n t  g a s i f i e r s .  From g e n e r a l  chemica l  p r i n c i p l e s ,  i t  would aPl)ear,  t h e r e -  
f o r e ,  t h a t  harmful  t r a c e  e l emen t s  a r e  no t  r e l e a s e d  to  t h e  atmosl)here ,  l!xper- 
imenta l  c o n f i r m a t i o n ,  however,  i s  d e s i r a b l e  and should  be o b t a i n e d  firom 
s p e c i f i c  p i l o t  p l a n t  s t u d i e s .  

11.7 INCREMENTAL COST 01: POLLUTION ABATEMENT 

Ten units in the Oil/Gas plant contrib{~ted to the facility capability 
to meet environmental requirements. These units are higMighted with heavy 
frames in Figure 11-3. The environmental concern addressed by the unit, the 
equipment required, and capital and operating costs are shown in Table ii-i0. 

The total capital cost for environmental pollution abatement, approxi- 
mately $152.5 million, corresponds to 12.5% of the total capital cost for the 
plant ($1,225 million). The total operating costs for pollution abatement, 
(approxinately $14.7 million, correspond to 7.6% of tile total operating costs) 
for the l,lant ($192.9 million). These costs represent a sizable fraction of 
the tota, investment. They are coral)arable to percentage costs quoted by the 
EPA 1,6 for l,ollution abatement in large-size oil refineries; for these facil- 
ities, b(,th capital and operating costs were estimated to range l)etween 6 and 
12% of tl'.e total costs of the plants. 

] 1.8 O(:CUPATI ONAI, SAFFTY 

Occupational lleai th and Safety Administration (OSHA) and Mining Enforce- 
ment and S a f e t y  Admin i l s t ra t ion  (MESA) s t a n d a r d s  c o n c e r n i n g  the  h e a l t h  and 
safety of tile workers who would be running the Oil/Gas plant will be strictly 
adhered to. 



Of p a r t i c u l a r  ~ n t e r e s t  in coal  c o n v e r s i o n  p r o j e c t s  is the, i+t,ssibl{ ̀  t , )r-  
mat ion o f  c a r c i n o g e n i c  compounds dur ing  hydro.~emllion ;~Jl{l pyr(>l:si:a ,~t" c(~:,t. 
These compounds a re  usual  ly found in coal t a r s  and c~ml-dc.ri :(,d ¢~i ls t,i ~ h 
b o i l i n g  l )o in ts  h i g h e r  than 480°F; t h e y  c o n s i s t  mainly  <~t" p ( , l y c y c l i c  ;lrom.'~ ic 
hydr t )carbons and amines ,  wMch a re  l i p i d  s o l u b l e  and can e n t e r  cel  l~ c,;l::.i 1',. 
The ca rc inog .en ic  a c t i v i t y  i s  b e l i e v e d  to  lye a t t r i b u t a l ) l e  t,~ t t~cir  m,~lc.cnl:,r 
simpe, which p e r m i t s  them to  f i t  i n to  the  s t r t l c tu rc .  O [" IINA alld c~Ju~e s c l f -  
r ep roduc i  ng mutat  ions .  

S t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e s  in the  i n c i d e n c e  (,f sk in  and Imp:,,, 
c a n c e r  were obse rved ,  e s p e c i a l l y  f o r  coke oven work(:rs who aVL' exposed to 
c o n t a c t  and i n h a l a t i o n  of  coa l  t a r  p r o d u c t s .  These finding.~, led the  lcdc, ral  
(;overnment to  i s s u e  an O,qlb\ S tanda rd  o f  0.2 mg/l l l  18-]lotlr  ;iveF~l~.~c.~ t'ol" L'(~;{I 
t a r  p i t c h  v o l a t i l e s  ( a n t h r a c e n e ,  benzo(a ) l )y rene  , p h e n a n t h r e n e ,  a c r i d i n e ,  
c h r y s e n e ,  and p y r e n e ) .  

For both  humans and l a b o r a t o r y  an ima l s ,  o c c a s i o n a l  exposure  to  the  c a r -  
c inogens  i s  not s u f f i c i e n t  f o r  c a n c e r  deve lopment .  Rats deve loped  tumors 
a f t e r  t he  chemica l  a g e n t s  were a p p l i e d  2 to 3 t imes  per  week to  the  shaved 
sk in  f o r  a p p r o x i m a t e l y  1 y e a r .  The s h o r t e s t  exlSosul:e t ime  r e c o r d e d  f o r  the  
development  o f  sk in  c a n c e r  in workers  h a n d l i n g  coal  h y d r o g e n a t i o n  p r o d u c t s  was 
n ine  months 22 • The Federa l  s t a n d a r d  ment ioned  r e p r e s e n t s  t he  con'sensus ~f  
governmenta l  and i n d u s t r i a l  h y g i e n i s t s  on a t h r e s h o l d  l i m i t  va lue  t h a t  w(nJld 
minimize  exposure  r i s k s .  

O i l s  and t a r s  a r e  not expec ted  to  be formed trader the  o l ) e r a t i ng  cond i -  
t i o n s  o f  the  e n t r a i n e d  g a s i f i e r s  used in the  Oi l /( ;as p l u n t .  The e n t i r e  d i s -  
s o l v e r  t r a i n ,  however,  ha nd l e s  c o a l - d e r i v e d  oi ts nnd ~vi 11 t h e r e f o r e  re{lui re 
s t r i c t  a p p l i c a t i o n  o f  i n d u s t r i a l  hyg iene  p r a c t i c e s .  

1I.  9 FUEL REGISTRATION REGULATIONS 

Under a u t h o r i t y  o f  t h e  (:lean Air  Act ,  thevEPA has i s s u e d  r e g u l a t i o n s  
c b n c e r n i n g  the  r e g i s t r a t i o n  o f  commercial  f u e l s ; '  one of  t he  r e q u i r e m e n t s  i s  
t e s t i n g  f o r  p o t e n t i a l  p u b l i c  h e a l t h  e f f e c t s ,  i n c l u d i n g  c a r c i n o g e n i c  e f f e c t s .  
C a r c i n o g e n i c  a c t i y i t y  f o r  l a b o r a t o r y  animals  has be~!n obse rved  f o r  the  h i g h e r  
b o i l i n g  f u e l  o i l s  o b t a i n e d  from p e t r o l e u m  r e f i n i n g ;  t h e s e  p r o d u c t s  have 
o b t a i n e d  r e g i s t r a t i o n ,  i t  i s  t h e r e f o r e  e x p e c t e d  t h a t  c o a l - d e r i v e d  f u e l  o i l s  
w i l l  a l s o  be c a n d i d a t e s  f o r  r e g i s t r a t i o n .  B i o l o g i c a l  t e s t s  of  t h e s e  com- 
pounds a r e  be ing  programmed. 

The regulations also cover air emissions ~enerated on combustion of 
fuels. As mentioned above, the synthetic fuel oil produced may contain 1 to 
1.5% nitrogen, an amount ¢omparab'le to the original nitrogen content of the 
coal; the amount of nitrogen oxides produced on combustion is therefore 
expec ted  to  be h i g h e r  than  f o r  c o r r e s p o n d i n ~  pe t ro leum d e r i v e d  f u e l s .  However, 
o i l  combust ion lends  i t s e l f  t o . a  number o f  n i t r o g e n  ox ide  aba tement  p r o c e d u r e s ,  
such as low excess  a i r  f i r i n g ,  s t a g e d  combust ion ,  and f l u e  gas r e c i r c u l a t i o n .  
These p r o c e d u r e s  a r e  e x p e c t e d  to  r educe  n i t r o g e n  ox ide  e m i s s i o n s  to  v a l u e s  t h a t  
meet the  p r e s e n t  Federa l  s t a n d a r d  (0.3 lb o f  n i t r o g e n  d i o x i d e  pe r  m i l l i o n  Btu 
o f  fue l  h e a t  " c o n t e n t ) .  



l l . l O  SOCIOECONOMIC II~IPACT 

'[':m Oi l / ( ; a s  f a c i l i t y  and the  a s s o c i a t e d  coal  mine aye e x p e c t e d  to 
requ i i ' e  :l t o t a l  f o r c e  o f  ap p rox i .ma t c ly .2 ,350  p e o p l e .  Assuming, us ing  a v e r a g e  
economic d a t a ,  t h a t  each d i r e c t  worker  g e n e r a t e s  two induced j o b s  and t h v t  
each income prodimer  s u p p o r t s  a f ami ly  o f  2.5 p e o p l e ,  a t o t a l  o f  17,01~0.1~cople 
would be a s s o c i a t e d  wi th  the  o p e r a t i o n  o f  t h i s  coal  mining and s y n t h e t i c  f~,cl 
f a c i  1 i ty .  

Tile p r o j e c t  is  t h e r e f o r e  bound t o  cause  rood i l l ' c a t i o n s  of  the  s o c i a l  and 
economic s t r u c t u r e s  in the  s i t e  a rea  and could  s e r i o u s l y  tax  the  in t : r a s t r t~c t~ rc  
s e r v i c e s  o f  an e s t a b l i s h e d  community. A l i s t  o f  some o f  tile s e r v i c e s  r e q u i r e d  
i n c l u d e s  hous ing ,  t r a n s p o r t a t i . o n ,  e d u c a t i o n a l  f a c i l i t i e s ,  meet ing  and shopping 
conven i endes ,  r e c r e a t i o n a l  f a c i l i t i e s ,  houses  o f  wor sh ip ,  medical  f a c i l i t i e s ,  
and secu: : ' i ty .  The p o s i t : l y e  economic a s p e c t s  o f  the  p r o j e c t  could  be welcomed 
in  e c o n o m i c a l l y  d e p r e s s e d  a r e a s ;  t hey  cou ld  a l s o  be f e a r e d  in w e l l - e s t a b l i s h e d  
communit ies  where the  i n h a b i t a n t s  would r a t h e r  f o r e g o  t he  a d d i t i o n a l  i.ncome 
g e n e r a t e d  than f a c e  d i s l o c a t i o n s  o f  p e o p l e ,  homes, s o c i a l  cus toms,  or  l i v i n g  
p a t t e r n s .  Foremost  f o r  a s u c c e s s f u l  e s t a b l i s h m e n t  o f  the  new communit,v is  tile 
amount o:i' p r e l i m i n a r y  p l ann ing  d e d i c a t e d .  A c c u r a t e  i n v e s t i g a t i o n s  o f  community 
f e e l i n g s  w i l l  r e v e a l  i f  new deve lopments  and l o c a l  growth a re  d e s i r e d  or  i f  i t  
were pre::. 'erable to  p lan  a new c i t y  f o r  t h e  p l a n t  worke r s .  The s h o r t  term 
impacts  o f  t h e  i n f l u x  o f  c o n s t r u c t i o n  workers  wi l ]  a l s o  have to  be c o n s i d e r e d .  
t tere too.., p r e l i m i n a r y  p lann ing  w i l l  e n s u r e  a smooth t r a n s i t i o n  from t empora ry  
to  permanent  f a c i l i t i e s  and a minimum d i s r u p t i o n  o f  the  l o c a l  economy. 

11-1.~ 
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Table  l l - 1  - E f f l u e n t s  E m i t t e d  to  t h e  A i r  

O u t l e t  Gaseous  E f f l u e n t  Amount C o n c e n t r a t i o n  

Main stack 

Process heater ] 

Process heater 2 

Coal drying plaRt 

Carbon dioxide 

Carbon monoxide 

Carbon oxysulfide 

Hydrogen s u l f i d e  

Sulfur d i o x i d e  

Nizrogen oxides 

Carbon dioxide 

Sulfur dioxide 

Nitrogen o x i d e s  

Carbon dioxide 

Sulfur dioxide 

Nitrogen oxides 

Partioulates 

31,024 TPD 

"I].7 TPD 

0.S TPD 

3]6 Ib/day 

113 ib/day 

4 ,5  TPD 

],528 TPD 

14 Ib/day 

0.6 TPD 

ij528 TPD 

14 ]b/day 

0.6 TPD 

0 .95  TPD 

166 ppm 

3 ppm 

2 ppm 

O. 3 ppm 

39 ppm 

0.4 ppm 

50 ppm 

0 .4  ppm 

50 ppm 

PreceSug pate blank 
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Table 11-3 - Sulfur Balance [TPD) 

Total Input from the Typical Feed Coal 1,312.7 

Outputs: As elemental sulfur 

In Zhe fuel oil 

As carbon oxysulfide emissions 

Adsorbed on c a t a l y s t  beds 

Total 

1,252.3 

S9.9 

0.2 

0.3 

1,312.7 

Table 11-4 - Comparison of Aqueous Effluents with 
Federal Petroleum Refinery Standards a 

Federal Standards, Aqueous Ef f luen t s ,  
Parameter Petroleum Refinery Oil/Gas Plant  [mg/£] 

BOD s 

COD 

Total organic carbon 

Suspended solids 

Oil and grease 

Phenol 

Ammonia-N 

Sulfide 

Cr, tertiary 

Or, h~xavalent 

IS 

100 

33 

i o  

S 

0.1 

80% removal  

O.1 

O. 2S 

O. 005 

I0 

i00 

33 

io 

S 

Ni l  

Ni l  

h'i 1 

Nil 

Nil 

aAver.age attainable concentrations from the application of best 
praeticab]e control technology currently available, 3 
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T a b l e  1 l -5  - Aqueous E f f l u e n t  S t a n d a r d s ,  S t a t e  of: l l l i n o [ s  

Max i mum Cone ent  r a t  t on 
C o n s t i t u e n t  (m;~/Z/ 

A r s e n i c  ( t o t a l )  

ga r l  ~n ( ' t o t a l )  

BOD 5 

Cadmium (total) 

Chromium ( t o t a l  h e x a v a l e n t )  

C h r o m i u m ( t o t a l  ~ r i v a t e n t )  

0.25 

2.0 

I0,0 

0.15 

0.3 

1.0 

Copper (total) 

Cyan2de 

Fluoride (total] 

Iron (total] 

Iron (dissolved) 

Lead ( t o t a l )  

Manganese ( t o t a l )  

N e r c u r y  ( t o t a l )  

Nicke l  ( t o t a l )  

1.0 

0.025 

15.0 

2.0 

0.5 

0.I 

1.0 

O. 0005 

1.0 

O i l  (he×ane s o l u b l e s  or  e q u i v a l e n t )  

pH 

Pheno l s  

Se len ium ( t o t a l ]  

S i l v e r  

Zinc  ( t o t a l )  

T o t a l  suspended  s o l i d s  

15 .0  

r ange  5 t o  10 

0 . 3  

1 .0  

0 . [  

1 .0  

12 .0  
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Tab le  11-6 - Mean A n a l y t i c a l  Va lues  f o r  82 Coa]s .£ rom t h e  I l l i n o i s  Bas in  5 

C o n s t i t u e n t  Mean C o n s t i t u e n t  Mean 

As 14.91 

B 113.79 

Be ].72 

Br 15.27 

Cd 

Co 

ppm 

ppm 

ppm 

ppm 

2.89 ppm 

9.15 ppm 

C1 

Fo 

K 

Na 

Si 

C~ 

Cu 

F 

Ga 

Ge 

Hg 

Mn 

Mo 

Ni 

P 

Pb 

Sb 

So 

14.10 

14,09 

59.30 

3.04 

7.51 

0.21 

53.16 

7.96 

22.35 

62.77 

39.83 

1.35 

i .99 

ppm Ti 

ppm ORS 

ppm FYS 

ppm SUS 

ppm TOS 

ppm SXRF 

ppm ADL 

ppm MOIS 

ppm . VO L 

ppm 

ppm 

ppm 

ppm 

Sn 

V 

Zn 

ZT 

A1 

Ca 

4.56 ppm 

33.13 ppm 

333.04 ppm 

72.10 ppm 

1.22% 

0.74% 

FIXC 

ASH 

Btu/ib 

C 

H 

N 

0 

HTA 

LTA 

I 

0.15% 

2.(}6% 

0.16% 

0.05% 

0.05% 

2.39% 

0.06% 

1.54% 

1.88% 

0.09% 

3.51% 

3.19% 

7.70% 

10.02% 

39.80% 

48.98% 

"11.28% 

12,748.9] 

70.69% 

4.98% 

1.35% 

8.19% 

11.]8% 

15.22% 

Not e : A b b r e v i a t i o n s  o t h e r  t han  s t a n d a r d  cHemi.cal s } ~ b o l s :  o r g a n i c  
sulfur (ORS3, pyritic sulfur (PYS), sulfate sulfur (SUS), 
total sulfur (TOS), su]fuv by X-ray fluorescence (SXRF), air- 
dry  l o s s  (ADL), m o i s t u r e  (MOI£), v o l a t i l e  m a t t e r  (VOL), f i x e d  
ca rbon  (FIXC), h i g h - t e m p e r a t u r e  a sh  ( I~A),  l o w - t e m p e r a t u r e  
ash (LTA). 
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Table 11-7 - Affinity of Elements for Pure Coal 
and for hlineral Matter, as Determined 

from Float-Sink Data 5 

l ter~-in !No. (,i 
Coa 1 

Clean coal - lightest specific gravity fraction 
[elements in "organic combination'") 

&lineral matter - specific gravity ~reater Than 1.60 
[elements in "inorganic combination") 

C,O 

B 

Be 

Sb 

V 

6a 

P 

Se 

Ni 

Cr 

(do 

Cu 

T i  

Zr  

Pb 

Mn 

AS 

Cd 

Zn 

Hg 
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