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ABSTRACT 

This Environmental Assessment Report is an integrated 

evaluation of air emissions, water effluents, solid wastes, 

toxic substances, control/disposal alternatives, environmental 
regulatory requirements and environmental effects associated 
with Solvent Refined Coal (SRC) systems. 

Both the SRC-I (solid product) and SRC-II (liquid pro

duct) variations of solvent refining are considered in terms 
of a hypothetical facility to produce 7,950 cubic meters 
per day liquified coal products. To prevent unnecessary 
redundancy, discussions emphasize SRC-II production, identi
fying any differences applicable to SRC-1 production as 
required. Following an overview of the processes comprising 
SRC systems, characterizations of applicable input materials, 
process streams, waste streams, products and by-products are 
made. Based on available stream characterization data, 
available control and disposal options are surveyed to 
determine their applicability to the subject discharges. A 

review of potentially applicable regulatory requirements is 

made and compared to estimated afLer treatment discharge 
levels. 

In addition the environmental effects attributable to 
treated discharges are evaluated using the Multimedia En

vironmental Goals (MEGs), and Source Analysis Models (SAMs) 
methodologies. Based on SAM analysis of the existing data, 
solid wastes produced by SRC systems are considered the great
est source of current environmental concern. In terms of 
environmental assessment, the major difference between SRC-I 

& 

and SRC-II systems is the potential for particulate emissions 
in the form of SRC-I solid product dust. 
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A discussion of additional information needs for future 

environmental assessment work is presented. Supplemental 

information pertinent to the discussions presented in the 
body of the report is included in the Appendices. 
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NOMENCLATURE 

Environmental Assessment Report: An evaluation of air 
emissions, water effluents, solid waste, toxic substances, 
control/disposal alternatives, environmental regulatory 
requirements and environmental effects associated with a 
given energy process; in this case, the Solvent Refined Coal 
liquefaction process. 

MEG (Multimedia Environmental Goal): Levels of significant 
contaminants or degradents (in ambient air, water or land) 
that are judged to be (1) appropriate for preventing certain 
negative effects in the surrounding populations or ecosystems, 
or (2) representative of control limits achievable through 
technology. 

MATE (Minimum Acute Toxicity Effluent): Concentration 
levels of contaminants in air, water or solid waste effluents 
that will not produce significant harmful responses in 
exposed humans or the ecology, provided the exposure is of 
limited duration. MATEs are average daily concentrations. 

SAM (Source Analysis Model): A methodology which allows the 
identification of possible problem areas where a suspected 
pollutant exceeds the MEG. 

SRC System: A noncatalytic direct-hydrogenation coal lique
faction process for converting high-sulfur and ash coal into 
clean burning gaseous, liquid or solid fuels. 

SRC-1 Product: A solid coal like product of less than one 
(1) percent sulfur and 0.2 percent ash. 

SRC-11 Product: A low-sulfur fuel oil of 0.2 to 0.5 percent 
sulfur, and naphtha product. 
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1.0 SUMMARY 

As part of its overall goal of maintaining a healthy 
environment, the United States Environmental Protection 
Agency's (USEPA) Industrial Environmental Research Labora
tory at Research Triangle Park (IERL/RTP), North Carolina is 
directing an effort to evaluate the environmental aspects of 
emerging coal conversion technologies. Hittman Associates, 
Incorporated (HAI) is a prime contractor to IERL/RTP, re
sponsible for environmental analysis of coal liquefaction 

systems. Environmental Assessment Reports (EAR) were de
veloped to provide best available environmental assessment 
data on specified coal conversion systems in a standardized 
format, thereby facilitating utilization by EPA personnel 
and other researchers in the field. This EAR addresses 

Solvent Refined Coal (SRC) liquefaction systems. 

Solvent Refined Coal (SRC) systems convert high sulfur 
and ash coal into cleaner-burning gaseous, liquid and/or 
solid fuels by noncatalytic direct hydrogenation. There are 
two basic system variations: (1) SRC-I, which produces a 

solid, coal-like primary product of less than 1.0 percent 
sulfur and 0.2 percent ash by weight; and (2) SRC-II, which 
produces low sulfur fuel oil (0.2 to 0.5 percent sulfur by 
weight) and naphtha as primary products. Both system varia
tions produce significant quantities of gaseous hydrocarbons, 

which are further processed yielding substitute natural gas 

(SNG) and liquefied petroleum gas (LPG) products. Some 
constituents formed during coal hydrogenation may be re

covered as by-products, including sulfur, armnonia, and 
phenols. 
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1.1 Overview of Solvent Refined Coal Systems 

Solvent Refined Coal (SRC) is currently being developed 
by the Pittsburg and Midway Coal Mining Company (P&M), part 
of Gulf Oil Corporation, under sponsorship of the U.S. 
Department of Energy. The concept of solvent refining in 
this country originated with the Spencer Chemical Company in 
1962. Acquisition of Spencer Chemical Company by Gulf Oil 
Corporation transferred development responsibility to P&M. 

Much of the early development work was performed in 
bench-scale units such as those at the P&M research facilities 
in Merriam, Kansas. Subsequent contracts were negotiated 
with the Office of Coal Research (OCR) for the design, 
construction and operation of an SRC pilot plant. The pilot 
plant, located in Fort Lewis, Washington, became fully 
operational in 1974. The 45.5 Mg (SO tons)/day coal feed 
capacity pilot plant was designed by Stearns-Roger Corporation 
and built by Rust Engineering Company. 

During its four years of operation the Fort Lewis pilot 
plant has permitted numerous technical achievements. 
Process variable studies have examined the effects of varying 
coal feed rates and reactor temperatures on SRC system 
operations. About 2700 Mg (3000 tons)/day of SRC-1 product 
(solid at ambient conditions) were produced for combustion 
testing. SRC-II, an alternate mode of operation yielding 
products that are liquid at ambient conditions was tested 
successfully. SRC-11 yields were also produced in large 
quantities (about 800 m3 ) for combustion testing. A number 
of alternative methods for solids/liquids separation were 
tested. In addition most of the operating problems associated 
with pilot plant startup have been solved, permitting generally 
reliable operation of the facility. 

2 



In addition to the Fort Lewis pilot plant, a 5.5 Mg (6 
tons)/day coal feed capacity pilot plant was built in Wilson
ville, Alabama. The Wilsonville facility is operated by 
Catalytic, Inc. under sponsorship of the Electric Power 
Research Institute (EPRI). The Wilsonville facility has 

operated only in the SRC-I (solid product) mode. Table 1 
lists some noteworthy SRC milestones. 

1.1.1 SRC-II Liquefaction 

SRC systems are defined to consist of the following 

system operations, which perform specific functions essential 
to solvent refining: 

• Coal pretreatment - preparation of the coal feed to 

meet system specifications for size and moisture 

content. 

• Coal liquefaction - reaction of feed coal with 
hydrogen, yielding a three-phase mixture of increas
ed liquid and gaseous hydrocarbon content. 

• Separation - includes all necessary phase separa
tions. Gas separation and solids/liquids separa
tion processes are employed in SRC systems. 

• Purification and upgrading - a fractionation pro

cess is used to separate components of the raw 
liquid products mixture by distillation, due to 

differences in boiling points. A hydrotreating 

process may be optionally employed to upgrade the 

quality of fractionated product liquids. 
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1960 

TABLE 1. KEY EVENTS IN THE DEVELOPMENT OF SOLVENT 
REFINED COAL SYSTEMS INCLUDING PROJECTED PLANS 

1962: OCR awards research contract to Spencer 
Chemical Company. 

1965 1965: Solvent refining successfully demonstrated 
in 22.7 kg (50 lb)/hr continuous flow unit. 

1970 

1969: Stearns-Roger Corporation completes design of 
45.5 Mg (50 ton)/day Fort Lewis pilot plant. 

1972: OCR/P&M contract extended for pilot plant 
construction and eva.luation; Rust Engineering 
begins construction. 

1973: Construction of Wilsonville pilot plant. 

1975 1974: Both pilot plants become fully operational. 

1980 

1985 

1990 

1975: Fort Lewis process variable studies, SRC-I 
production runs for combustion testing. 

1977: Fort Lewis plant modified, begins SRC-II 
production; SRC-I combustion test. 

(1978: SRC-II combustion test; DOE awards design 
contracts for SRC-I and SRC-II demonstration 
plants. 

1983: Projected startup of demonstration plants 

1987: Projected startup date of commercial SRC 
plants. 
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A fully integrated SRC-II (liquid product) system flow 
scheme is shown in Figure 1. Raw coal from coal storage 
facilities is sent to the coal pretreatment operation where 
it is sized, dried and mixed with reactor product slurry 

recycled from the gas separation process. The resulting 

feed slurry is combined with recycle hydrogen from the 

hydrogen/hydrocarbon recovery pLocess and makeup hydrogen 
from the hydrogen production process. The hydrogen-rich~ 
slurry is pumped through a preheater to the liquefaction 

reactor, or dissolver. Exothermic hydrogenation reactions 

initiated in the preheater continue in the dissolver which 

typically operates between 435 and 470°C. The reactor 
product slurry is sent to the gas separation process which 
removes gaseous products of the hydrogenation reactions. 
Various auxiliary processes recover valuable constituents 

from the separated mixture of gases including recycle hydro

gen, SNG, LPG, and sulfur species which are converted to by

product elemental sulfur. Part of the separated slurry from 
gas separation is recycled to the coal pretreatment opera
tion. The remainder of the slurry, along with condensed 

oils produced during gas separation, is sent to the frac

tionator. The fractionator generates three streams: a light 

distillate which is hydrotreated to form naphtha and fuel 
oil products; liquid SRC, the primary product; and a bottom 
stream which is sent to the solids/liquids separation pro

cess. The vacuum distillation unit in solids/liquids separa

tion recovers additional SRC liquid product from the frac

tionator bottoms, yielding a residue of high mineral matter 

content. This residue is gasified in the hydrogen generation 

auxiliary process to produce makeup hydrogen for the lique

faction operation. 
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1.1.2 SRC-1 Liquefaction 

The SRC-1 (solid product) mode is illustrated in Figure 
2. Raw coal is sized and dried as in SRC-11. However, the 
prepared coal is mixed with a recycle solvent recovered in 
the fractionation process rather than slurry from the gas 
separation operation as is done in the SRC-11 system. 
Slurry preheating, liquefaction, ~nd gas separation proceed 
as described for the SRC-11 mode. Condensed oils recovered 
during gas separation are sent directly to the hydrotreating 
process for upgrading to naphtha and fuel oil. (Note that 
in the SRC-11 system condensed oils are sent to fractiona
tion.) The separated slurry from the gas separation process 
is sent to solids/liquids separation. Filtration is the 
most likely process to be employed in the SRC-1 system for 
solids/liquids separation, however alternate approaches such 
as solvent <leashing and centrifugation have been suggested. 
Filter cake produced during filtration is sent to the hydro
gen generation process where it is gasified to provide 
makeup hydrogen. Filtered product liquids are sent to the 
fractionation process. (Note that fractionation precedes 
solids/liquids separation in SRC-11.) Fractionation of the 
filtered product liquids yields three outputs: a solvent 
fraction, which is recycled to coal preparation for slurrying 
with feed coal; a wash solvent recycled to the filtration 
unit in solids/liquids separation; and SRC-1 product which 
is cooled and stored as a solid. The SRC-1 system consumes 
all light fractions (SNG and LPG) produced; hence, these 
commodities are not available as saleable products. 

1.1.3 Auxiliary Processes in SRC Systems 

The following auxiliary processes are required for 
either supply of input materials or recovery of by-products 
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in SRC systems: coal receiving and storage, water supply, 

water cooling, steam and power generation, hydrogen genera
tion, oxygen generation, acid gas removal, hydrogen/hydro
carbon recovery, sulfur recovery, annnonia recovery, phenol 

recovery, and product/by-product storage. The role of 
auxiliary processes is shown in Figure 3 and discussed below 
in brief. 

• Coal Receiving and Storage. Raw coal is typically 

delivered by rail or truck. The coal receiving 

and storage facilities stockpile raw coal until it 
is required by the coal pretreatment operation. 

• Water Supply. This auxiliary process prepares raw 

water for use in SRC system operations and other 

auxiliary processes such as water cooling, steam 

and power generation, and hydrogen generation. 

• Water Cooling. Water cooling provides cooling 

water for heat exchange applications in SRC system 

operations and auxiliary facilities including gas 

separation and steam and power generation. 

• Steam and Power Generation. Electrical power is 
consumed throughout the liquefaction plant. Steam 

is used in heat transfer applications. 

• Hydrogen Generation. Mineral residue (SRC-II 
mode) or filter cake (SRC-I mode) is reacted in a 

coal gasifier to provide makeup hydrogen to the 
liquefaction operation and hydrotreating process. 

• Oxygen Generation. Oxygen generation recovers an 

oxygen-rich fraction from air for use in the 

hydrogen generation gasifier. (Oxygen production 
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would not be necessary for hydrogen production by 
an air-fired gasifier). 

• Acid Gas Removal. Gases produced during lique
faction and hydrogen production reactions contain 
sulfur bearing constituents. Acid gas removal 
separates these constituents and carbon dioxide 
from gas mixtures. 

• Sulfur Recovery. Sulfur recovery converts sulfur
bearing acid gas constituents to elemental sulfur, 
which is stored as a by-product. 

• Hydrogen/Hydrocarbon Recovery. Purified gases 
from acid gas removal contain significant amounts 
of hydrocarbons and unreacted hydrogen. Using 
cryogenic separation techniques this process 
recycles hydrogen to liquefaction and hydrotreat
ing. Hydrocarbons are recovered as SNG and LPG 
which are used in system operations and auxiliary 
processes. Operation in the SRC-II mode produces 
excess SNG and LPG which are stored as products. 

• Ammonia Recovery. This process removes by-product 
anunonia from process wastewater before wastewater 
treatment. 

• Phenol Recovery. Phenol recovery removes by
product phenols from process wastewater prior to 
wastewater treatment. 

• Product/By-Product Storage. This area holds 
products and by-products of SRC systems until they 
may be distributed for marketing. 
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1.2 Waste Streams and Pollutants of Major Concern 

1.2.1 Waste Streams to Air 

As shown in Figure 4, air emissions are associated with 
a majority of the operations and auxiliary processes which 
comprise SRC systems. Air emissions specific to operation 
in the SRC-1 or SRC-II mode are noted. In addition to the 
air emissions sources shown, fugitive emissions, such as 
vapor leaks from pressurized process equipment may occur in 
SRC systems. An overview of emissions shown in the figure 
is given below. 

• Flue gases - flue gases are produced by combustion 
units (primarily preheaters) in the following 
system operations and auxiliary processes: lique
faction, separation, purification and upgrading, 
hydrogen generation and sulfur recovery. Assuming 
the SNG and LPG products are used as fuel in these 
units, minimal environmental effects are antici
pated. 

• Coal dust - coal handling, processing and storing 
in coal receiving and storage and coal pretreatment 
results in particulate coal dust entering the 
atmosphere. Composition of the dust is the same 
as that of the raw coal. 

• Dryer stack gas - in order to conform to system 
feed specification for moisture content, feed coal 
is dried in coal pretreatment operation. The 
stack gas produced by coal drying contains particu
late coal and possibly volatilized hydrocarbons 
present in the raw coal. 
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• Vapors and particulates from cooling - mineral 
residue resulting from solids/liquids separation 
(in the SRC-II mode) and SRC product from fraction
ation (in the SRC-I mode) require cooling. Air 
cooling of these substances may result in emissions 
of particulate solids and hydrocarbon vapors. In
sufficient data exist to characterize these emis
sions and estimate environmental effects. 

• Drift and evaporation - the cooling tower loses 
water to the environment as water vapor. Chemical 
additives used in water cooling may also be present 
in this emission. 

• Boiler stack gas - presumably coal is fired in the 
boilers of the steam and power generation auxiliary 
process. The resulting stack gas contains oxides 
of sulfur and nitrogen and particulates in the 
form of fly ash. Utilization of SRC system products 
is one alternative of minimizing these emissions. 

• Nitrogen rich gas - the cryogenic oxygen generation 
process separates an oxygen rich gas from ambient 
air for use in the hydrogen generation process. 
Other components of the air (mainly nitrogen) are 
discharged as an air emission. 

• Carbon dioxide rich gas - production of hydrogen 
by gasification produces a carbon dioxide rich gas 
during upgrading of the raw product gas. Untreated, 
the raw product gas contains about 55 percent 
hydrogen and 40 percent carbon dioxide on a volume 
basis. Process designs indicate that hydrogen 

makeup gas should be greater·than 90 percent 
hydrogen on a volume basis. A two stage amine 
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scrubber is used to remove carbon dioxide, leaving 
a treated hydrogen rich stream of the required 
purity. Gases removed in the second stage are 
predominantly carbon dioxide and have, in conceptual 
designs, been emitted directly to the atmosphere. 
Emission controls may need to be investigated when 
characterization data become available. 

• Low sulfur effluent gas - sulfur bearing acid 
gases from hydrogen generation and SRC system 
operations are treated to convert sulfur gases to 
elemental sulfur. The resulting product gas is 
flared and discharged. 

e SRC dust (SRC-I mode) and sulfur dust - handling 
and storage of SRC system solid products and by
products results in release of dust to the environ
ment. 

• Hydrocarbon vapors - liquid products of SRC systems 
contain volatile hydrocarbon components. Care 
must be exercised in handling and storage of these 
liquids to minimize emissions. 

Analysis of existing information indicates that dust 

emissions from coal receiving and storage and coal prepara
tion, low-sulfur effluent gas from sulfur recovery, boiler 
flue gas from steam and power generation, and the emission 
from the flare system should be regarded as those emissions 
to air of greatest environmental concern. (A flare system 

is used to treat hydrocarbon emissions as discussed in 
Sections 1.3 and 4.0). Component pollutants of concern are 
sunnnarized in Table 2, based on SAM/IA analysis using health
based MATE's for evaluation of potential degree of hazard. 
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TABLE 2. AIR EMISSIONS OF CONCERN* ASSOCIATED 
WITH SRC SYSTEMS BASED ON SAM/IA ANALYSIS 

Health-Ba~ed MATE, Potential 
Air F.mission Pollutant (µg/m ) Degree of Hazard** 

Particulate Aluminum 5200. -3 2.3xl0_3 -1. 7*** 
coal dust*** Arsenic 2.0 4.9xl0_2 -3.6 

Chromium 1.0 l.5xl0_2 -11.0 
Iron 1000. 1.3xl0_

3 
-9.9 

Lithium 22.0 1.4x10_3 -1.1 
Silicon 1.ox104 2. lxlO -1. 5 

Sulfur re- Carbon dioxide 9.0xlO 6 87.0 
recovery tail 
gas**** 

Boiler flue Arsenic 2.0 3.0 
gas Carbon monoxide 4.0xlo4 1.3 

Chromium 1.0 7.3 
Iron 1000. 3.7 
Nitrogen oxides 9000. 56 
Sulfur dioxide l.3xl04 49 

Flare system Carbon dioxide 4 20 
emission Carbon monoxide 4.0xlO 14 

*Based on liquefaction of "average" U.S. coal as defined in Section 3.0. 

Projected air concentration (µg/m3) 
**Potential degree of hazard • Health based MATE (µg/m3) 

***Ranges due to different types of particulate controls employed. Low 
values correspond to treatment by cyclone and baghouse filter. High 
values correspond to treatment by venturi scrubber. 

****Carbon monoxide and ammonia concentrations exceed ecological-based 
KATE but not health-based MATE 
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Two important conclusions can be drawn from Table 2. 
The first is that all emissions cited are associated with 
existing industries (coal mining, petroleum refining and 
steam-electric power generation). Concern with these emis
sions is not directly attributable to operations or auxiliary 
processes unique to SRC systems. Secondly, in the case of 
coal dust, application of the best recommended control 
technology (cyclone and baghouse filter - see Sections 1.3 
and 4.0) reduces the potential degree of hazard values below 
one i.e., below the health-based MATE value. 

1. 2. 2 Waste Streams to Water 

Sources of wastewater are shown in Figure 5, and are 
discussed below in brief. 

• Coal pile runoff - precipitation striking the raw 
coal in coal receiving and storage and coal prepara
tion infiltrates the coal pile. During this 
contact, leaching of both organic and inorganic 
constituents of the raw coal occurs. Runoff water 
is collected for treatment. 

• Thickener underflow - wastewater from the coal 
preparation operation is routed to a thickener. 
Clarified water is recycled to coal preparation. 
The underflow stream contains a high level of 
suspended solids and coal-derived organic consti
tuents. 

• Cooling tower blowdown - drift and evaporation 
from the cooling tower result in increased concen
trations of dissolved and suspended solids in the 
process cooling water. A blo.wdown or "bleed" 
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stream is withdrawn to maintain dissolved and 
suspended solids concentration within design 
specifications. 

• Process wastewater from hydrogen generation -
wastewater from hydrogen generation may contain 
tars, oils and ammonia. This stream is directed 
to the main wastewater treatment facility. 

• Process wastewater from acid gas removal - a purge 
stream is removed from the amine-based acid gas 
removal process to maintain the concentration of 
amine and to remove spent amines which have formed 
nonregenerable compounds. This stream is directed 
to the main wastewater treatment facility. 

• Process wastewater from ammonia recovery process -
wastewaters from hydrotreating, hydrogen genera
tion and hydrogen/hydrocarbon recovery contain 
significant quantities of ammonia. These waste
waters are combined and input to the ammonia 
recovery process. The effluent wastewater exiting 
ammonia recovery contains hydrogen sulfide, phenols, 
hydrocarbons and traces of ammonia. This stream 
is directed to the main wastewater treatment 
facility. 

• Process wastewater from phenol recovery process -
the gas separation operation removes gaseous 
constituents of the liquefaction reactor effluent. 

Condensation of the gases yield a phenol rich 
aqueous phase which is sent to the phenol recovery 
process. After phenol recovery the wastewater 
stream, containing hydrocarbons, ammonia, hydrogen 
sulfide and traces of phenol, is combined with 
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other process wastewaters (from hydrogen generation, 
acid gas removal and ammonia recovery) during 
wastewater treatment. 

Coal pile runoff and effluent water from the wastewater 
treatment facility are considered water effluents of concern. 
Specific pollutants of concern are shown in Table 3. The 
characteristics of coal pile runoff are not a result of SRC 
technology; however, combined wastewater characteristics do 
result from SRC liquefaction. 

1.2 .3 Solid Wastes 

Sources of solid wastes in SRC systems are shown in 
Figure 6. Sources and characteristics of solid wastes are 
described below. 

• Coal cleaning refuse - refuse is a mixture of 
mineral matter (such as slate and tramp iron), 
water and coal. Refuse is recovered during coal 
sizing and drying. 

• Excess residue (SRC-II mode) or filter cake (SRC
I) -depending on the method of hydrogen production 
employed in SRC systems, the possibility exists 
that an excess of SRC-II mineral residue or SRC-I 
filter cake will be produced. These solids consist 
of mineral matter present in the feed coal and 
high molecular weight hydrocarbon species. 

• Spent catalysts - the hydrotreating process uses a 
catalyst to upgrade coal liquids. A catalyst also 
may be employed in the shift converter to the 
hydrogen generation catalyst. In order to maintain 
conversion efficiencies, catalysts are withdrawn 
periodically and replaced with fresh ones. 
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TABLE 3. WATER EFFLUENTS OF CONCERN* ASSOCIATED 
WITH SRC SYSTEMS BASED ON SAM/IA ANALYSIS 

Health-Based MATE, Potential 
Water Effluent Pollutant (µg/m3) Degree of Hazard** 

Coal pile Aluminum 4 9.1 8.0 x 105 
runoff Calcium 2.4 x 10 1.2 

Chromium 250. 8.0 
Iron 1500. 6000. 
Manganese 250. 272. 
Mercury 10. 1.4 
Nickel 250. 4 4.3 
Sulfate 1.5 x 10 170. 

Combined Bismuth 6.1 x 10 3 5.2 
wastewater Cresols 5. 188. 

c3-phenols 5. 18.0 
Naphthols 60.0 
Phenol 5. 78.0 
Xylenol 5. 76.0 

*Inorganics based on "average" U.S. coal as defined in Section 3.0. 
Organics based on characteristics of bio-unit effluent as given in 
Section 3.0. 

**Potential degree of hazard = 
Projected water concentration (J.!&L!l 
Health-based MATE (µg/l) 
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• Sludge from water supply - demineralization of raw 
water for use in SRC systems produces a sludge. 
The sludge contains metal complexes, carbonate 
compounds, suspended solids, and other trace 
compounds present in the raw water. 

• Ash from steam and power generation - ash is the 
oxidized mineral matter present in coal fed to the 
boilers. 

• Slag or ash from hydrogen generation - gasification 
of miner~l residue or filter cake to produce 
hydrogen converts mineral matter to ash. If a 

high temperature gasifier is used, the ash may 
fuse and be recovered as a slag. 

Solid wastes of environmental concern, based on SAM/IA 
analysis with the health-based MATE's are shown in Table 4. 
API separator bottoms and biosludge from the wastewater 
treatment system and SRC mineral residues contain component 
pollutant species which exceed their MATE values. These 
solids are considered greater /isks to the environment than 
either SRC air emissions or water effluents. It is recom
mended that any excess mineral residue be gasified both for 
additional energy recovery and to reduce the toxicity of the 
material (slag) which must be disposed. The gasifier slag 
from hydrogen generation does not exceed any of the health
based MATE's. 

1.2.4 Toxic Substances 

The products resulting from operation of SRC-1 and SRC
II systems include substitute natural gas (SNG), liquified 
petroleum gas (LPG), light oils, naphthas, fuel oils, solid 

23 



TABLE 4. SOLID WASTES OF CONCERN* ASSOCIATED 
WITH SRC SYSTEMS BASED ON SAM/IA ANALYSIS 

Health-Based MATE Potential 
Solid Waste Pollutant (µg/g) Degree of Hazard** 

SRC-II mineral Aluminum 1.6 x 104 
3.7 

residue*** Arsenic 50 1.1 
Barium 1000 1.2 
Beryllium 6 4 1.2 
Calcium 4.8 x 10 2.2 
Cobalt 150 2.4 
Iron 300 310. 
Lead 50 1.4 
Manganese 50 4.8 
Nickel 45 2.1 
Potassium 6000 . 3.0 
Selenium 10 2.0 

API separator Arsenic 50 2.0 
bottoms Beryllium 6 80.0 

Cadmium 10 5.0 
Cobalt 150 2 250. 
Dysprosium 4.6 x 10 350. 
Lead 50 364. 
Mercury 530. 
Nickel 45 51.0 
Selenium 10 260. 

Bio sludge Aluminum 1.6 x 104 
1.1 

Mercury 5.0 x 101 
7.0 

Vanadium 500 1.1 

*Based on liquefaction of "average" U.S. coal as defined in Section 3.0. 

**Potential degree of hazard = Projected pollutant concentration (µg/g) 
Health-based MATE (~g/g) 

***Similar characteristics expected for SRC-I filter cake. 
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and liquid solvent refined coal product, sulfur, phenols and 
annnonia. Existing stream characterization data indicate 
toxic substances to be associated primarily with the liquid 
products and solid SRC. In addition to organic toxics, 
essentially all trace elements found in the feed are also 
present in SRC products. Toxics identified by analysis of 
SRC-II product are shown in Table 5. 

TABLE 5. SOME TOXIC SUBSTANCES ASSOCIATED 
WITH SRC PRODUCTS 

Compound 

acenaphthalene 
antracene/phenanthrene 
ethyl benzene 

fluorene 
naphthalene 
pyrene 

Light Oil 
Concentration* 

2 

25 
9800 

15 
1630 

20 

SRC Liquid Product 
Concentration* 

8 

300 
not detected 

27 
1 

280 

*Concentrations in parts per million (weight basis). 

1.3 Status of Environmental Protection Alternatives 

1.3.1 Air Emissions Controls 

Air emissions control options are illustrated in 

Figure 7. Coal dust is generated by both storage and sizing 
of the coal. Spraying the storage piles with water or a 
polymer minimizes fugitive dust emissions. A combination of 
cyclones and baghouse filters is recommended to control coal 
dust generated by coal sizing. The coal dryer stack gas 
also contains particulates. A cyclone and baghouse filter 
in combination or a wet scrubbing device such as a venturi 
scrubber are applicable control alternatives. 
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Figure 7. Controls for air emissions from SRC systems 
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Vapors and particulates are produced during the solidi
fication of residue in SRC-II systems and of SRC solid 
product when operating in the SRC-I mode. Either wet scrubbers 
or a combination of cyclones and baghouse filters can control 
the particulate emissions. 

Boiler stack gas contains particulates and sulfur 
oxides. Sulfur dioxide scrubbers are effective in reducing 
discharge levels of particulates and sulfur oxides. 

The effluent gas from sulfur recovery may be in compli
ance with applicable regulatory standards after direct-flame 
incineration. However, more stringently regulated plant 
sites may require additional treatment by a secondary sulfur 
recovery processes such as SCOT or Beavon, or by carbon 
adsorption treatment prior to incineration. 

Air emissions are also associated with the product/by
product storage area. By-product sulfur dust may be con
trolled by enclosed storage of the sulfur. Solid SRC dust 
may be minimized by methods applicable to the feed coal 
storage pile. Hydrocarbon vapors from liquid products are 
best controlled through proper storage procedures, and pre
ventive maintenance to minimize accidental vapor releases. 

Many of the processes in SRC systems generate preheater 

flue gases. It is assumed that product substitute natural 
gas (SNG) shall be fired in these units, thereby permitting 

direct discharge to the atmosphere. In addition pressure 
relief valves periodically discharge gases rich in hydro
carbons from several of the processes. These releases are 
directed to the header of the flare system. 
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1.3.2 Water Effluents Control 

Water effluent control options are shown in Figure 8. 
Wastewaters fro~ coal cleaning are sent to a thickener. 
Overflow from the thickener is recycled to coal pretreatment 
High-solids underflow from the thickener, along with runoff 
waters from coal storage areas are routed to a tailings pond 
to permit settling of solids. 

Blowdown from water cooling requires sidestream treat
ment prior to discharge to receiving waters. Ion exchange, 
electrodialysis and reverse osmosis are three processes 
connnonly employed for this purpose. 

Other process wastewaters from SRC systems are directed 
to the main wastewater treatment facility. Due to the 
similarity of wastewater from SRC with that from petroleum 
refineries, a similar approach to wastewater treatment is 
warranted. Process wastewater from annnonia recovery is 
steam stripped to remove hydrogen sulfide and any additional 
ammonia. The wastewater from phenol recovery is combined 
with the stripper effluent and directed to an API separator 
to reduce the amount of oil and grease in the water. Sour 
water from hydrogen production and acid gas removal are 
combined with the API separator outflow in an equalization 
basin. Dissolved air flotation is then employed, reducing 
levels of suspended solids and hydrocarbons in the combined 
wastewater. The-effluent water from the equalization may 
then be sequentially treated by either of the alternatives 
shown below, each of which is cotmnonly used in the petroleum 

industry. 
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Figure 8. Control of water effluents in SRC systems 
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Alternative I 

Biological treatment by 
extended aeration 
Filtration 
Discharge 

1.3.4 Control of Solid Wastes 

Alternative II 

Biological treatment by 
aerated lagoon 
Settling basin 
Discharge 

Solid waste control alternatives are shown in Figure 9. 
Sludge produced during raw water treatment is suitable 
landfill material after dewatering. It appears that sludges 
from wastewater treatment may also be disposed of in land
fills, providing proper stabilization and dispoal practices 
are employed. Additional research is required in this area. 

Catalysts are employed in the hydrotreating and hydrogen 
production areas. Such catalysts are typically returned to 
the manufacturer for regeneration. 

Mineral matter in the form of refuse, ash or slag may 
be directly disposed as solid wastes in landfills or, if the 
plant is in proximity of an abandoned mine, minefilling. 

The mineral residue or filter cake produced during 
solids/liquids separation in SRC-II and SRC-I systems respec
tively contains high molecular weight organic species. It 
is reconmended that all such material be gasified to render 
it safe for land or mine burial. Energy recovered by gasifi
cation of excess residue can be used on-site or sold as 

additional SNG product. 

1.4 Data Needs and Reconmendations 

Currently, the pilot plants at Fort Lewis (Figure 10) 
and Wilsonville are the most advanced SRC facilities in 
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Figure 10. Fort Lewis SRC pilot plant 
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existence. Information obtained during solvent refining 

operations at Fort Lewis and Wilsonville is being used to 

design SRC demonstration plants. In an analogous manner, 

data from demonstration plants will be used to permit suc

cessful commercialization of SRC systems. 

This environmental assessment is based on the best 

existing information, namely SRC pilot data, bench-scale 
data, and conceptual design studies. Just as additional 

operating data are required to permit commercialization of 

SRC systems, additional environmental assessment data are 

necessary to adequately characterize discharges, estimate 
environmental impacts, and evaluate control technology 
applicability relevant to SRC systems. Expansion of the 

existing environmental assessment data base for SRC systems 

should include the following areas: 

• SRC stream characterization - with the yurpose of 

developing representative physical, chemical 

(inorganic and organic) and biological (with bio

assays) characteristics of SRC plant streams, in 

particular before and after treatment waste streams. 

While characterization of waste streams is most 
essential to environmental assessment, better 
characterized process streams will permit construc

tion of an advanced material balance, ideally 

permitting one to "track" pollutants through the 

SRC system to the environment. 

• Determination of the variability of waste stream 
characteristics due to changes in system operating 

characteristics - an expanded data base on stream 

characteristics may permit such correlations, 

possibly suggesting ideal operating conditions for 

minimized environmental effects. 
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• Performance evaluations and costs of applicable 
control technology alternatives 

• Reassessments of environmental impacts based on 
the expanded data base. 

Due to the relative applicability of SRC pilot plant data, 
the above efforts would be more beneficial if performed at 
SRC demonstration facilities. 

Environmental assessment methodologies such as Multi
media Environmental Goals (MEGs), and Source Analysis Models 
(SAMs) have been developed to provide an organized, consistent 
approach for evaluation of emerging energy technologies such 
as SRC. Technically, there are many differences between 
existing SRC pilot facilities and the demonstration and 
conmercial plants of the future. Consequently operating 
data or process and waste stream characteristics from the 
pilot plant are only an indication of connnercial or demon
stration plant behavior. 

However, sampling, analysis and application of environ
mental assessment methodologies to pilot plant data are 
essential to permit the following prior to emergence of SRC 
systems into the commercial sector: 

• Sampling and analysis techniques may be tried and 
any problem areas identified, thereby permitting 
refinement of the techniques 

• Sampling and analysis priorities for the demonstra
tion/pilot SRC facilities may be identified based 
on pilot studies 
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• Application of the environmental assessment metho
dologies to SRC pilot data will allow additional 
development and evaluation 

• Each of the above activities will provide those 
involved with SRC systems with the necessary 
expertise to confidently assess connnercial SRC 
systems at the time technical progress and economic 
conditions permit their emergence. 

The following recommendations can be made regarding future 
environmental assessments of SRC systems: 

• Efforts to characterize waste streams, process 
streams, products and by-products should be con
tinued at an increased level of effort. In so 

doing, numerous benefits are derived including 
expansion of the preliminary data base on SRC 
systems, optimization of sampling and analysis 
procedures, and additional sophistication of 

environmental impact methodologies. Results of 

these efforts will be invaluable in establishing 
priortized research needs for environmental char
acterization of SRC demonstration/commercial 
facilities. 

• Efforts should be undertaken to define suitable 

sites for commercial SRC facilities. Subsequent 
to definition, applicable sites should be identi
fied. Information required to perform site
specific environmental impact analyses should be 
collected for those sites identified as potentially 

suitable for SRC facilities including pre-construc
tion ambient air and water quality monitoring. 
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Initiation of expanded background monitoring 
studies in applicable locations would be useful 
for environmental assessment and could hasten 
construction of commercial facilities. 

• Candidate control technologies identified as 
applicable to control of wastes from SRC systems 
should be tested at SRC pilot and demonstration 
facilities to the extent technically and economi
cally feasible. Sampling and analysis of discharge 
streams before and after treatment would greatly 
expand the environmental assessment data base. 
Small-scale, skid mounted control technology units 
could be placed on flatbed trucks and moved to 
pilot or demonstration facilities for testing with 
continuous samples of the plant's waste stream, 
thereby providing a cost-effective means of per
formance testing numerous candidate control options. 

• Continued efforts should be made to promote coopera
tion, coordination and information exchange between 
the various private and government organizations 
involved in development and environmental analysis 
of SRC systems. Preparation and presentation of 
technical papers at appropriate symposia and other 
technical meetings is an excellent way to informally 
stimulate interaction of researchers, leading to 
more formal interaction during performance of 

research. 

• As SRC systems enter the demonstration stage and 
available information applicable to environmental 
assessment increases, consideration should be 
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given to preparing separate Environmental Assess

ment Reports on the SRC-1 and SRC-II systems. 

The benefits include reduced redundance of environmental 

assessment efforts, permitting optimum utilization of avail

able research funds. 
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2.0 PROCESS DESCRIPTION OF SOLVENT REFINED COAL SYSTEMS 

2.1 Technical Overview of Solvent Refined Coal Systems 

2.1.1 Status of Development 

2.1.1.1 Origin ~nd History of Solvent Refined Coal 
Systems 

Solvent Refined Coal (SRC) Systems convert high sulfur 
and ash coal into clean-burning gaseous, liquid and/or solid 
fuels by noncatalytic direct hydrogenation. There are two 
basic system variations: (1) SRC-I, which produces a solid, 
coal-like primary product of less than 1.0 percent sulfur 
and 0.2 percent ash by weight; and (2) SRC-II, which produces 
low sulfur fuel oil (0.2-0.5 percent sulfur by weight) and 
naphtha as ·primary products. 

In 1962 the Spencer Chemical Company was awarded a 

contract by the Off ice of Coal Research (OCR) to investigate 
the technical feasibility of a coal <leashing process (1). 

The contract was successfully completed by demonstrating 

process feasibility in a 22.7 kg/hr continuous flow unit. 
This process of coal <leashing was named the Solvent Refined 
Coal (SRC) process. Further development of the <leashing 
process has led to the development of the SRC liquefaction 

systems addressed in this report. 

In the course of completing the initial contract Spencer 
Chemical Company was acquired by Gulf Oil Corporation. Sub
sequent to acquisition of Spencer Chemical Company, the con
tract was reassigned to the research department of the 

Pittsburg and Midway Coal Mining Company (P&M), also part of 

Gulf Oil Corporation (1). 
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Further development of solvent refining was facilitated 

by an OCR contract awarded to P&M to design, construct and 

operate a pilot plant with a coal throughput capacity of 
45.5 Mg/day. Stearns-Roger Corporation completed the design 

phase in 1969. In 1972, OCR extended the contract with P&M, 

authorizing construction and operation of the pilot plant. 

Construction of the pilot facility, located at Fort Lewis, 
Washington, was performed by the Rust Engineering Company 
between 1972 and 1974, when the plant became fully opera

tional (1). 

A number of significant accomplishments have resulted 

from operation of the Fort Lewis pilot plant (1). Major 
pilot plant efforts have included: 

• Tests to determine the effects of varied coal feed 

rates and dissolver (liquefaction reactor) tempera

tures on SRC system operations. 

• Production of approximately 2700 Mg of SRC for 

combustion testing by Southern Company Services' 

Georgia Power Company at Plant Mitchell, near 

Albany, Georgia in May and June of 1977. 

• Testing of various filtration alternatives for 

solids/liquids separation. 

• Studies of the SRC-11 (slurry recycle) modifica

tion of the system. 
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• Combustion testing of approximately 800 m3 of 

SRC-II liquid product produced at Fort Lewis while 

operating in the SRC-II mode. The tests conducted 
at Consolidated Edison in New York in September of 

1978, assessed the storage, handling, combustion 

and emissions characteristics of SRC-II liquid 

fuel (5). 

• Successful resolution of many mechanical problems 
identified during pilot plant startup and early 

operation. 

In a separate effort, Edison Electric Institute and 
Southern Company Services, Inc., with funding from OCR, 

began a joint study of SRC liquefaction (1). A contract was 
awarded to Catalytic, Inc. to design, build and operate a 

5.5 Mg/day SRC pilot plant located in Wilsonville, Alabama. 

The Electric Power Research Institute assumed utility industry 

sponsorship in 1973. 

In addition to the SRC pilot plant work, supporting 

research has been performed (1) including: 

• Bench-scale laboratory studies at P&M in Merriam, 

Kansas. 

• Catalyst development for desulfurization and deni

trogenation of coal liquids, performed at Oklahoma 

State University. 

• Analysis of coal mineral residues and the fate of 
trace elements in SRC systems by Washington State 

University. 
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2.1.1.2 Current Status 

The current (as of March 1978) schedule for development 
of SRC is shown in Figure 11 (2). Current efforts at Fort 
Lewis are aimed at improving existing filtration and solvent 
<leashing techniques, environmental monitoring programs, and 
toxicity studies of liquids and solids produced by the plant 
(2). Under the existing contract, pilot plant operation and 
evaluation of the SRC-II process are authorized through 
1981. Laboratory studies at P&M in Merriam, Kansas are 
scheduled for completion at the end of 1978. 

Evaluation of the SRC process development unit (PDU) in 
Wilsonville, Alabama began early in 1973. Under the existing 
contract, the PDU will continue to operate until the end of 

1979. Planned work efforts in this area are improvement of 
solid SRC production, and testing of alternatives for solids/ 
liquids separation (2). 

2.1.1.3 Announced Future Plans 

Contracts have recently been awarded to P&M and Southern 
Company Services by DOE to design demonstration plants 
employing SRC liquefaction technology (3,4). Each plant 
will have a design capacity of about 5500 Mg/day. 

The P&M design is to be based on SRC-II technology, for 
a plant that would be located near Morgantown, West Virginia. 
The Southern Company Services design will be based on the 
SRC-I operating mode, for a location near Owensburg, Kentucky 
(4). Pending DOE evaluation, follow up work could include 
implementation of the designs through construction and 
operation of the demonstration facilities. Should construe-
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tion of the demonstration plants be approved, the plants 

could begin operation as early as 1983 (4). In addition, if 

the demonstration plants operate successfully, parallel 
trains could be added to increase plant capacity to commer

cial levels producing the equivalent of around 16,000 m3/day 

of fuel (4). 

Recently, West Germany and Japan have expressed interest 
in making development of SRC-11 an interntional venture. 

Although negotiations are far from complete, the West German 

and Japanese governments are willing to assist in funding 

SRC-11 projects in exchange for access to technical data 

collected (5). 

2.1.2 Industrial Applicability of SRC Systems 

The primary product from coal liquefaction by the SRC-1 

mode is a low-ash, low sulfur coal liquid which solidifies 

between 175° and 205°C (2). The primary application of 
solid SRC is as a boiler fuel, for power generation in the 

utility industry, and for production of steam, heat and 

power in other heavy industries such as iron and steel 

manufacturing. 

The more versatile liquid product resulting from opera

tion in the SRC-II mode is also a suitable feedstock for 

industrial boilers. Application of petroleum refinery 

technology could permit upgrading of liquid SRC to distill-

ate fuels such as light and medium oils, diesel fuel, naphthas, 

kerosene, and gasoline. Alternatively, the SRC-11 product 

liquid could serve the petrochemical industry as a feedstock 

from which a wide variety of organic chemicals could be 

produced. 
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No legislation currently exists directly pertinent to 
SRC liquefaction systems (6). However, the EPA New Source 
Performance Standards for those existing industries and in
dustrial operations which are technologically similar to 
component parts of SRC systems may provide some insight as 
to the standards which will be promulgated to govern SRC 
systems discharges. The EPA industrial source categories 
most applicable to SRC systems and product utilization 
include petroleum refining, iron and steel manufacturing, 
steam electric power plants, water supply, steam supply, and 
the coal preparation segment of the coal mining industry. 
The aspects of environmental regulation of SRC systems are 
discussed in detail in Section 5.0. 

2.1.3 Input Materials, Products and By-Products 

2.1.3.1 SRC-II Mode 

An overall material balance, showing major system 
inputs, products and by-products is shown in Figure 12 (6). 
The primary liquid products are liquid SRC and fuel oil, 
although a naphtha fraction also is produced. Gaseous 
hydrocarbons formed during the reaction of the coal are 
processed to produce liquefied petroleum gas (LPG) and 
substitute natural gas (SNG). Some constituents produced by 
coal hydrogenation are recovered as saleable by-products, 
including sulfur, ammonia, and phenol (6). 

2.1.3.2 SRC-I Mode 

Operation in the SRC-I mode results in a mix of products 
and by-products significantly different than what is shown 
in Figure 12 for SRC-II. For example, lower quantities of 

hydrocarbon gases are produced (7,8). The LPG and SNG pro-
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duced by SRC-1 are consumed in meeting system heating re
quirements whereas SRC-II provides a surplus of marketable 
LPG and SNG. The quantity of liquid products exiting the 
SRC-I system is substantially smaller compared to SRC-11. 
This is due to the less extensive hydrogenation and hydro
cracking conditions present in SRC-1. As a result, sub
stantial quantities of solid SRC product are generated by 
SRC-I liquefaction, while the quantity of solids residue 
produced in SRC-11 is controlled to meet the capacity re
quired for hydrogen production (7,8). The lower reaction 
severity characteristic of SRC-I processing results in lower 
yields of by-product sulfur, ammonia, and phenols (6). 

2.1.4 Energy Efficiencies 

2.1.4.1 SRC-II Mode 

Based on the Standards of Practice Manual for the 
Solvent Refined Coal Liquefaction Process (6), the thermal 
efficiency of SRC-II 'systems is 71.8 percent. Heat balance 
data are shown in Table 6. This is in good agreement with 
the energy efficiency of 70.3 percent reported by the 
developers of SRC systems (7,8). 

TABLE 6. ENERGY EFFICIENCY OF 
Inputs 

Coal 
Electrical power 

Total 
Outputs 

SNG 
LPG 
Naphtha 
Fuel oil 
Liquid SRC 

Total 

SRC-II SYSTEMS 
J/kg 

1.37 
0.05 
1.42 

0.20 
0.09 
0.05 
0.23 
1.02 
1.02 

Thermal efficiency = 71.8 percent 
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2.1.4.2 SRC-I Mode 

Exxon Research and Engineering (9) has reported a 
thermal efficiency of 63.0 percent for SRC-I systems. It is 
also noted that with improvements such as reducing hydrogen 
consumption, the thermal efficiency could be improved to 
greater than 70 percent (9). Developers of SRC systems have 
reported the thermal efficiencies of conceptual SRC-I and 
SRC-II systems to be 70.3 and 71.0 percent respectively (8). 

2.1.5 Capital and Operating Costs 

Numerous research efforts (8,10,ll,12,13,14,15) have 
investigated the economic aspects of SRC systems. One of 
the more recent efforts compares the SRC-1 and SRC-II systems 
in terms of capital and operating costs. In addition, 
minimum selling prices for SRC products are determined for 
each operating mode for selected economic scenarios. 

Table 7 shows the capital cost estimates for SRC-1 
and SRC-II plants based on conceptual design information for 

an assumed feed capacity of about 27,300 Mg of coal per day. 
This corresponds to roughly 95 percent of the capacity of 
the hypothetical facility described; costs shown in Table 7 
would be similar for the hypothetical facilities. While 
overall capital costs for the two alternatives are about the 
same there are important differences in costs for correspond
ing plant areas. Filtration, used for solids/liquids separa
tion in SRC-I is not required in the slurry recycle SRC-II 
mode. In addition, the quantity of solid carbonaceous resi

due produced by the SRC-II mode can be controlled. By 
designing so that just enough residue is generated to provide 
solidification can be obviated for the SRC-II mode. Due to 
the increased degree of hydrogenation associated with the 
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TABLE 7. SUMMARY OF CAPITAL COSTS FOR 
CONCEP!UAL SRC PLANTS* 

Plant Area 

Coal pretreatment 
Hydrogenati,on** 
Fractionation 
Hydrogen plant 
Filtration 
Product solidification 
Hydrocarbon/by-product 
recovery 

Utilities/off-sites 
General facilities 

Total Cost 

SRC-I 

81 
198 

24 
307 
172 

25 
81 

99 
77 

1064 

Cost, $ x 106 

SRC-II 

81 
367 

22 
277 

NR 
NR 

117 

114 
76 

1054 

*Basis: November 1976 dollars, based on conceptual plant 
processing of approximately 27,300 Mg coal/day 

**Includes cost of hydrogen recycle 

NR - Not required for liquefaction by SRC-II. 

SRC-II mode the capital costs associated with hydrogenation, 
hydrocarbon gas and by-product recovery is also higher than 
for the same areas of an SRC-I facility. The process 
developers (8) state that higher cost for the hydrogen plant 
in the SRC-I case is due to the fact that an ambient pressure 
gasifier will be employed because of SRC-I system characteris
tics. A less costly pressurized gasifier is specified for 
the SRC-II system (8). Annual operating costs of SRC-I and 
SRC-II systems, based on November 1976 dollars, are estimated 
to be 118 and 83 million dollars respectively. Other capital 
costs, such as land, working capital, licensing costs and 
startup expenses are estimated to be 88 million dollars for 
SRC-I and 79 million dollars for SRC-II, based on November 

1976 dollars. 
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Table 8 summarizes the selling prices required, on a 
cost per energy unit basis, for investment return assuming 
escalation rates of zero and six percent, contingencies of 
10 to 20 percent, and discounted cash flow (DCF) rates of 12 
and 15 percent for SRC-I and SRC-II plants (8). The lowest 
selling price, $2.63/GJ of SRC-II product (assuming six 
percent escalation, 10 percent contingency and 15 percent 
DCF) is still above the estimated current sales price of No. 
6 fuel oil (1% sulfur), $2.09/GJ (16,17). Although the 
economics do not appear to favor market penetration by 
synthetic fuels, either changes in oil-exporting nation's 
pricing policies or federal government subsidies for synthe
tic fuel producers or consumers could hasten commercializa
tion. 

TABLE 8. REQUIRED SELLING PRICE FOR INVESTMENT RETURN -
SRC-I AND SRC-II MODES 

Constant Dollars (assumes 0% escalation) SRC-I SRC-II 

Contingency: 10% 20% 10% 

Selling price* (assumes 12% DCF): 3.34 3.49 3.24 

Selling price (assumes 15% DCF): 3.84 3.99 3.74 

Current** dollars (assumes 6% escalation) SRC-I SRC-II 
~~~~~~~ 

Contingency: 10% 20% 10% 

Selling price (assumes 12% DCF): 2.63 2.70 2.51 

Selling price (assumes 15% DCF): 2.95 3.03 2.83 

* All selling prices in $/GJ 

**Based on November 1976 dollars. 
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2.1.6 Comm.ercial Prospects 

2.1.6.1 SRC-I Mode 

Current government policy advocates increased domestic 

utilization of coal. Combustion of high-sulfur coal requires 
stack gas scrubbing to meet emissions standards. Solvent 
refining reduces the sulfur content of feed coals, permitting 
combustion while eliminating the need for stack gas scrubbing. 
The SRC-I combustion test indicates that SRC-I solid fuel is 

a potentially acceptable boiler fuel which complies with 

existing EPA emissions standards (18). Endorsement of SRC-1 
as a boiler fuel by Southern Company Services, Inc. indicates 
the evident utility demand and potential market penetration 
of SRC-I fuel. 

Successful completion of the SRC-1 demonstration program 

discussed earlier will help to determine the technical and 

economic viability of commercial SRC-I facilities. Commercial 
prospects of the SRC-I system will be greatly enhanced if 
the filtration and product solidification areas can be 

operated efficiently at the demonstration level. Operation 

of the demonstration facility will also permit better defini
tion of the cost of comm.ercially producing solid fuel with 
the SRC-I system. 

2.1.6.1 SRC-II Mode 

Commercial prospects for the SRC-II system appear to be 

more cost dependent than the SRC-1. The problems associated 
with filtration and product solidification in the SRC-1 mode 
do not exist since they are not part of the SRC-II pro

cessing scheme. The SRC-II demonstration program will 

further refine commercial production cost estimates. Once 
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SRC-II liquids can be sold at prices competitive with natural 
petroleum products, market penetration could begin in any of 
the numerous applicable areas where SRC-II liquid products 
can be substituted for natural petroleum products. 

2.2 Description of Processes 

This subsection discusses those processes which comprise 
the SRC-I and SRC-II systems. Discussions are based on the 
generalized flow diagrams shown in subsection 2.2.l; however, 
it should be noted that no fixed flow chart exists for 
either SRC-I or SRC-II cormnercial facilities at this time. 
Possible variations are identified in the individual process 
discussions. Process discussions emphasize the SRC-II mode 
because of information developed during a previous work 
effort (6); however, significant differences between the 
SRC-I and SRC-II modes are identified and discussed where 
appropriate. 

2.2.1 Generalized System Flow Diagrams 

To facilitate an understanding of the basic components 
of the SRC systems, a modular approach is taken. In the 
modular approach, the SRC systems are subdivided into opera
tions. Each operation is accomplished by carrying out a 
group of processes, a process being the smallest unit of the 
overall system. Auxiliary processes perform functions 
incidental to the functions of system operations. All 
processes may be represented visually by process modules 
which display process input and output stream characteris
tics. Sets of process modules may be used to describe SRC 
system operation, the overall SRC-I and SRC-II systems, or 
the entire coal liquefaction energy technology. Control 
equipment facilities and final disposal processes are 
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discussed in Section 4.0. The SRC-I and SRC-II systems are 
described using the modular approach in the following sub
sections. 

2.2.1.1 SRC-II Mode 

Figure 13 is a generalized flow diagram of the opera
tions, auxiliary processes, control equipment facilities and 
final disposal processes comprising SRC-II systems. Coal 
from storage is sized, dried, and mixed with recycled product 
slurry recovered from the gas separation process. The 
mixture of coal and recycled slurry is pumped, along with 
hydrogen from the hydrogen production and hydrocarbon recovery 
processes, through a preheater to a liquefaction reactor, 
commonly referred to as a dissolver. The ratio of slurry to 
coal in the feed mixture is typically 1.5 to 2.5. The 
hydrogen to coal ratio is about 1,250 scm/Mg (8). 

The reaction mixture exits the preheater at a tempera
ture of about 370°-400°C. The increase in temperature due 
to preheating initiates hydrogenation and hydrocracking 

··reactions in the coal/slurry/hydrogen mixture. Heat produced 
by these reactions raises the temperature to about 435°-
4700C in the liquefaction reactor. 

The product slurry exiting the dissolver enters the gas 
separation process where gaseous species produced in the 
reactor are removed utilizing flash separators, heat ex
changers, and condensers. Condensed oils recovered from the 
flashing process are sent to the fractionation process. The 
mixture of noncondensible gases is further processed, to 

remove gaseous sulfur species and recover the sulfur as a 
by-product, to recover unreacted hydrogen for recycle to the 
coal pretreatment operation and to recover gaseous hydro-
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carbons as both SNG and LPG. Part of the recovered hydro
carbon gases can be used· to provide plant fuel requirements. 
The slurry exiting the flash separator passes to the fractiona
tion process to separate the mixture of hydrocarbons and 
solids into the major products of the system. A portion of 
the slurry, however, is diverted from fractionation back 
to coal pretreatment for mixing with feed coal and hydrogen. 

In the fractionation process, an atmospheric distilla
tion unit separates the entering slurry into a naphtha 
stream, a middle distillate stream, and a bottoms stream. 
The naphtha and middle distillate may be stored as products 
or be further upgraded in the hydrotreating process. Al
though hydrotreating is not included in many recent SRC 
conceptual designs (8) it has been retained in this design 
(6) to permit environmental assessment of the wastes poten
tially exiting a connnercial SRC facility which may elect to 
hydrotreat the products. 

The bottoms stream from the atmospheric distillation 
unit is sent to a vacuum still in the solids/liquids separa
tion process. Overhead from this unit is similar to the 
middle distillate exiting the atmospheric still. (This 
stream also may be optionally hydrotreated.) The bottoms 
from the vacuum distillation unit, consisting of undissolved 
mineral matter and high-boiling hydrocarbon residuals is fed 
to the hydrogen generation auxiliary process as a feedstock 
from which makeup hydrogen is produced. 

In addition to the hydrogen generation process the 
following auxiliary processes are present in the SRC-II 
system: coal receiving and storage, water supply, water 
cooling, steam and power generation, oxygen generation, acid 
gas removal, hydrocarbon and hydrogen recovery, anmonia 
recovery, phenol recovery and product/by-product storage. 
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Detailed discussions of the operations and auxiliary 
processes which comprise the SRC-11 system may be found in 
subsections 2.2.2 through 2.2.8. 

2.2.1.2 SRC-I Mode 

The SRC-1 system is shown in Figure 14. The major 
differences between it and the SRC-11 system lie· in the 
location of the solids/liquids separation process and the 
separation method employed. Instead of vacuum distillation, 
filtration is used for solids/liquids separation. Filter 
cake produced by the filtration process, along with supple
mental coal from the coal pretreatment operation is gasified 
to provide makeup hydrogen. The quantity of hydrocarbon 
gases recovered in SRC-1 meets plant fuel demands, however, 
there is no marketable surplus of gas as in SRC-11 operation. 
Solids/liquids separation will precede fractionation in SRC
I. The opposite is true in the SRC-II syst~m. In the 
fractionation process, part of the feedstream is recycled to . 
the coal pretreatment area as recycle solvent as opposed to 
the slurry mixture recycled in SRC-11. One fractionation 
output stream, the middle distillate, is recycled to the 
filtration process as a wash solvent. The other operations 
and auxiliary processes of the SRC-1 system operate gen
erally the same as in the SRC-11 mode. 

Subsections 2.2.2 through 2.2.8 discuss the system 
operations and auxiliary processes of the SRC-II system. 
Where applicable, significant differences in the SRC-I 
system are also noted. 

2.2.2 Coal Pretreatment 

Figure 15 is a schematic flow diagram showing the pro
cesses comprising the coal pretreatment operation. Coal re-
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ceiving and storage facilities are also shown. Coal is re
claimed from the coal receiving and storage area by a bucket
wheel which feeds the coal going to a transverse conveyor to 
one or two belt conveyors. A transverse conveyor takes the 
coal from either of the belt conveyors and delivers it to a 
receiving hopper. The reclaiming system will handle up to 
1,182 Mg of coal per hour. Coal is discharged to a 1.5 m 
reciprocating plate feeder onto a 1.2 m belt driven conveyor, 
fitted with a magnet to remove tramp iron. The coal is con
veyed to a 7.6 cm scalping screen, which separates out over
size coal (7.6 cm plus) and allows broken coal (7.6 cm 
minus) to pass through. The oversize coal is charged to a 
rotary coal breaker, where it is crushed to less than 7.6 
cm. Oversize refuse present in the coal is separated in the 
coal breaker. The broken coal is placed on a 1.2 m belt 
conveyor, where it is combined with the undersize coal from 
the scalping screens and discharged to a 9,100 Mg storage 
pile (6). 

The raw coal stockpile of coal receiving and storage 
and the broken coal storage pile of the coal pretreatment 
operation provide a total storage capacity of approximately 
95,055 Mg of coal. A polymer coating may be applied to each 
pile to minimize oxidation. Most rainfall coming in contact 
with coated storage piles will run off while only a small 
percentage will infiltrate. Assuming a storage pile is 
conical and 7.6 m tall, its total area has been calculated 
to be approximately 33 Km2 (6). 

Coal is withdrawn from the minus 7.6 cm, ground coal 
storage pile and conveyed to the washing plant for cleaning 
and reduction. A series of jigs, screens, centrifuges, 
cyclones, and roll crushers clean the coal and reduce it to 
minus .3 mm in pulverizers. The pulverized coal is suitable 
for slurry feed mixing. 
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The dried, pulverized coal is transferred by conveyor 
to the coal/solvent tank, in which 18,182 mg of coal and 
36,364 mg of unfiltered slurry are mixed per day. The feed 
slurry is then pumped to the preheater. 

2.2.2.1 Input Streams 

A block flow diagram of the coal pretreatment operation 
is shown in Figure 16. Quantities indicated for the streams 
are based on an SRC-II design (6). Major input streams 
identified include raw coal from coal receiving and storage, 
recycle process slurry from the separations operation, air 
used to dry the coal, and makeup water for coal cleaning. 
Stream 2, recycled process slurry, would be recycled process 

solvent if SRC-I operation was assumed. 

2.2.2.2 Output Streams 

Output streams, including waste streams, exiting the 
coal pretreatment operation are also shown in Figure 16. No 
major variation in stream characteristics or quantities 
would be expected if SRC-I operation was assumed. Key 
output streams are described below. 

• Dust from coal sizing processes - The dust consists 
of coal particles, typically one to 100 microns in 
size, with composition similar to that of the 
parent coal. The SRC-II material balance (6) is 
based on Illinois No. 6 seam coal. Proximate and 
ultimate analyses of Illinois No. 6 coal can be 
found in Table 9, an ash analysis is presented in 
Table 10. Data in Table 11 suggest that coal dust 
will contain significant concentrations of the 
trace elements titanium, magnesium, boron, fluorine, 
zinc, and barium. 
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3 COAL 
PRETREATMENT 

4 
OPERATION 

5 

6 

STREAM QUANTITY (Mg[da~) 

COAL FROM STORAGE STOCKPILE 29732 
RECYCLE PROCESS SLURRY 36364 
AIR TO COAL DRYERS 29827 
MAKEUP WATER 2028 
FUEL GAS/AIR MIXTURE 3601 
MOISTURE FROM ENVIRONMENT 60.6 

COAL DUST 15 
TRAMP IRON/REFUSE 1495 
REFUSE FROM CLEAN~NG PROCESSES 6217 
COAL PILE RUNOFF 60.6 

THICKENER UNDERFLOW (35% SOLIDS) 3120 
COAL TO HYDROGEN PRODUCTION (2% MOISTURE) 1392 
COAL TO STEAM GENERATION (2% MOISTURE) 940 
FEED SLURRY TO LIQUEFACTION 54916 
DRYER STACK GAS 29856 
GLAND WATER NOT QUANT! FI ABLE 
FLUE GAS 3601 

Figure 16. Block flow diagram of coal pretreatment 
operation (SRC-II mode) 
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TABLE 9. RUN OF MINE (ROM) ILLINOIS 
NO. 6 COAL ANALYSIS (14) 

Proximate analysis (weight percent) : 

Moisture 
Ash 
Volatile matter 
Fixed carbon 
Heating value 

Ultimate analysis (weight percent): 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 

Total 

2.70 
7.13 

38.47 
51. 70 
30 MJ/kg 

70.75 
4.69 
1. 07 
3.38 

10.28 
90.17 (balance is moisture 

and ash, as shown in 
proximate analysis) 

TABLE 10. AVERAGE ASH ANALYSIS OF ILLINOIS 
NO. 6 COAL (19) 

Component 

Si02 
Al 2o3 
Fe2o3 
Ti02 
P205 
cao 
MgO 
Na2o 
K20 
so3 
Others (not specified) 

Total 

61 

Percent of Ash 

44.4 
21. 0 
22.1 
1.1 
0.1 
5.2 
1. 0 

0.5 
2.0 
1. 7 
0.9 

100.0 



TABLE 11. TRACE ELEMENT COMPOSITION OF 
ILLINOIS NO. 6 COAL SAMPLES (20) 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Bromine 
Cadmium 
Calcium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Dysprosium 
Europium 
Fluorine 
Gallium 
Germanium 
Hafnium 
Indium 
Iodine 
Iron 
Lanthanum 
Lead 
Lutetium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 

Concentration, ppm 
(wt. basis) 

13,500 
0.98 
5.9 

111 
1. 5 

135 
15 
<4 

7690 
13 
1. 2 

1600 . 
20 
6.6 

13 
1.0 
0.25 

63 
3.1 

<5. 6 
0.52 
0.14 
1. 9 

18,600 
7 

27 
0.08 

510 
53 
0.18 
9.2 

22 
45 

1700 
16 
1. 2 
2.6 
2.2 

26,800 
0.03 

660 
36 

(continued) 
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TABLE 11. 

Element 

Tantalum 
Terbium 
Thallium 
Thorium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zirconium 

(continued) 

Concentration, ppm 
(wt. basis) 

0.16 
0.17 
0.67 
2.2 
4.7 

700 
0.7 
1. 6 

33 
0.54 

420 
52 

• Coal pile runoff - Coal pile runoff results from 
rainfall and infiltration waters that come into 
contact with the stored coal. The resulting 
leachate may contain oxidation products of metalic 
sulfides; it is frequently acidic, with relatively 
high concentrations of suspended and dissolved 
solids, sulfate, iron, calcium, and other coal 
constituents. The quantity and concentration of 
coal pile runoff water generated is dependent on 
the type of coal used; the history of the pile; 
and the rate, duration, frequency, and pH of 

precipitation. 

Assuming a stormwater runoff coefficient of 0.7, 
the mass flow rate of coal pile runoff waters has 
been calculated to be 67 Mg/day. This figure 

includes runoff from the coal receiving and storage 
stockpile and the storage pile in the coal prepara
tion operation. This quantity of runoff is based 
on the average annual rainfall (108 cm/yr) for the 
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state of Illinois (a likely location for SRC 

plants) and the total coal storage area (33 Km2), 
(22,23). 

• Refuse from reclaiming and crushing - Refuse from 
the reclaiming and crushing processes is composed 
chiefly of tramp iron, slate, coal and "bone." 
These materials are naturally present in the coal 
seam. Particle size is greater than 7.6 cm. 

• Refuse from pulverizing and drying - This refuse 
stream is generated after screening with the 
double deck refuse screen. The stream contains 
slate, coal, and water added during screening. 
Both refuse streams are stockpiled before final 
disposal. 

• Thickener underflow - Wastewater generated from a 
number of processes in the coal pretreatment 
operation is routed to a thickener where particu
lates are removed and clarified water is recycled. 
The underflow stream has a flow of 3,120 Mg/day, 
with a suspended solids loading of 1,092 Mg/day 
which corresponds to a concentration of 35 percent 
suspended solids. The wastewater is expected to 
contain a substantial quantity of coal-derived 
organic constituents prior to wastewater treatment. 

• Gland water - Gland water is generated from leaks 
in the piping system; hence, it has not been 
quantified. It may contain substantial concentra
tions of particulate and organic matter. Gland 
water may be collected in a sump and pumped to 
treatment. 
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2.2.3 

• Gaseous emission from drying - This waste stream 
has been calculated to carry 2,983 Mg/day of 
moisture and 29 Mg/day of particulates for the 
SRC-II plant (6). A significant concentration of 
coal-derived organics is also expected to be 
present in this stream. Gas from fuel combustion 
is composed of carbon dioxide, water, carbon mon
oxide, nitrogen, oxygen and unreacted hydrocarbons. 

Liquefaction 

A process module diagram of the liquefaction operation 
is shown in Figure 17. 

In the liquefaction operation, the resultant coal/slurry 
mixture from coal pretreatment is first injected with hydro
gen gas. The hydrogen gas is a mixture of recycle hydrogen 
and synthesis gas from the hydrogen production module and 

has a total hydrogen content of 97 percent by volume. The 
gas/slurry stream is pumped to a dissolver preheater elevating 
the pressure to about 11.9 MPa. The preheater increases the 
temperature to approximately 454°C. The preheater is fired 
by fuel gas (6,14). 

The heated mixture is then introduced into a dissolver 
where the coal is depolymerized and hydrogenated. The 
solvent is hydrocracked to form hydrocarbons of lower mole
cular weight, ranging from light oil to methane; organic 
sulfur is hydrogenated to form hydrogen sulfide. The tempera
ture and pressure in the dissolver are about 454°C and 11.7 
MPa, respectively (6,14). 

The resultant product stream contains gases, liquids, 
and solids. It is removed from the dissolver reactor and 
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Figure 17. Process moduie diagram of the coal liquefaction operation 



transferred to a series of vessels to separate various 
products. 

2.2.3.l Input Streams 

A block flow diagram of the SRC-II liquefaction opera
tion with input and output streams is shown in Figure 18. 
Input streams' composition and quantity would be similar for 
SRC-I operation except the feed mixture, previously discussed 
in Section 2.2.2.1. Other input streams include process 
water, hydrogen-rich gases from the hydrogen production and 
hydrocarbon/hydrogen recovery processes, and fuel and air to 
the preheater. 

2.2.3.2 Output Streams 

There are four output streams associated with the 
liquefaction operation. The reactor product slurry passes 
to the gas separation process for additional processing. 
Table 12 summarizes the estimated composition of the reactor 

product slurry. 

TABLE 12. COMPOSITION OF LIQUEFACTION 
REACTOR PRODUCT SLURRY 

Constituent 

Liquid product 
Residue and ash 
Light and heavy oils 
Hydrogen sulfide 
Ammonia 
Nitrogen 
Carbon monoxide 
Carbon dioxide 
Unconsumed hydrogen 
Water 
Gaseous hydrocarbons 

67 

quantity, Mg/day 

44,675 
2. 784 
3,174 

426 
55 
17 

361 
263 
513 

3,042 
3,224 
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Figure 18. Block flow diagram of 
liquefaction operation (SRC-II Mode) 
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Accidental material spills may result during system shutdown 
or reactor servicing. Reactor pressure release values emit 
hydrocarbon vapors requiring treatment. Preheater flue gas, 
consisting of nitrogen, carbon dioxide, oxygen, and water 
vapor is vented to the atmosphere. 

2.2.4 Separation 

2.2.4.1 Gas Separation Process 

The gas separation process separates hydrocarbon 
vapors and other gaseous products from the dissolver effluent 
slurry stream and directs the solids/liquid portion of the 
coal slurry to other processing areas. There are five unit 
processes within this module: high pressure separation, 
condensate separation, intermediate flashing, intermediate 
pressure condensate separation, and low pressure condensate 
separation. A process module diagram of the process is 

provided in Figure 19. 

The reactor product slurry from the dissolver is first 

introduced into a high pressure separator where the hot 
vapor is separated from the slurry under dissolver outlet 
pressure (i.e., 11.4 to 11.7 MPa). The temperature is 
maintained at about 292°C. Since the influent slurry is 
usually around 454°C, an air cooled heat exchanger may be 
used ahead of the separator to aid in reducing the slurry 
temperature. The separated gases are then directed through 
a water cooled condenser to a high pressure condensate 
separation vessel along with hydrogen sulfide, nitrogen, 
ammonia, carbon monoxide and carbon dioxide. The uncondens
ed vapors are sent to gas purification and the condensate is 

directed to a low pressure condensate separator. The remain
ing solid/liquid slurry from the high pressure separator is 
directed to an intermediate flash vessel (6,24). 
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The solid/liquid slurry from the high pressure flash 
separator enters an intermediate flashing vessel where the 
pressure is descreased to approximately 3.4 MPa under a 
constant temperature of 292°C (6,24). The reduced pressure 
vaporizes numerous hydrocarbons which are discharged to the 
intermediate pressure condensate separator. The remaining 
slurry, consisting mostly of original solvent, dissolved 
coal, and undissolved coal solids, is split into two streams. 
The majority of the slurry flow is recycled back to the coal 
preparation operation. The remaining slurry is routed to 
the fractionation operation. If SRC-1 operation is assumed, 
all slurry is sent to the solids/liquids separation process. 
Process-derived solvent, used for slurry preparation in SRC-
1, is recovered during fractionation of the filtered product 
liquids. 

The vapors from the intermediate pressure flash separa
tors are directed through a water cooled condenser prior to 
entering the intermediate pressure condensate separator. 
Heavier-than-water hydrocarbons are separated from water and 
lighter hydrocarbons and routed to the fractionation process. 
Uncondensed gases are directed to the acid gas removal 
process. The water and light hydrocarbon stream is combined 
with the vapor stream from the filter feed flash unit (solids/ 
liquids separation) and the gas-liquid stream flows through 
another condenser. The condensed mixture is charged to a 
low pressure condensate separator in which the hydrocarbon, 
water, and gaseous phases are separated. The light hydro
carbons are routed to fractionation process. Sour water is 
directed to by-product recovery processes. The uncondensible 
gases flow to the gas purification module for the removal of 
hydrogen sulfide and carbon dioxide. 
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2.2.4.1.1 Input Streams 

Two input streams are associated with gas separation. 
The major input stream is the reactor product slurry exiting 
the dissolver of the liquefaction operation. The other 
input stream is composed of flash gases from solids/liquids 
separation. A block flow diagram of gas separation, with 
input and output streams is shown in Figure 20. 

2.2.4.1.2 Output Streams 

Seven output streams are shown in Figure 20. The 
solids/ liquids slurry exiting the operation is split into 
two streams. Part of the slurry is sent to fractionation, 
as are oils condensed during the flashing process. The 
majority of the stream is recycled to coal pretreatment. 
Flashed gases are sent to an auxiliary process which recovers 
the valuable hydrogen and hydrocarbon constituents from the 
mixture. A sour water stream is generated and sent to 
phenol and ammonia recovery processes. Other output streams 
consist of vapor discharges and material spills. 

2.2.4.2 Solids/Liquids Separation Process 

The objective of solids/liquids separation is to remove 
mineral matter, char and unreacted coal from the product 
slurry, thereby yielding liquid products. Numerous approaches 
have been considered to meet this objective including filtra
tion, vacuum distillation, centrifugation and solvent <leash
ing. Recent SRC-1 and SRC-11 conceptual designs specify 
utilization of filtration and vacuum distillation respectively 
to perform solids/liquids separation. 
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Figure 20. Block flow diagram of gas 
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The following description is applicable to SRC-II 
liquefaction. A process flow schematic of the operation is 
shown in Figure 21. Concentrated slurry from fractionation 
is charged to a feed flash vessel. Flashed gases are returned 
to gas separation. The remaining slurry exiting the feed 

,.flash vessel is processed in a vacuum still which removes 
additional liquid SRC product from the slurry, leaving a 
high-solids content residue. After secondary flashing to 
remove additional liquid SRC, a solidification process is 
employed to cool the hot liquid residue exiting the vacuum 
distillation unit. There are a number of different solidifi
cation units available, the most promising being the metal 
belt, rotating drum, and rotating shelf types (6,17). The 
solidification process involves feeding the liquid stream 
onto a moving heat transfer surface. Cooling water is 
sprayed on the other side of the heat transfer surface to 
initiate cooling. Additional cooling may be provided by 
passing refrigerated air over the product stream (6,17). 
The cooled solid residue is scraped off the heat transfer 
surface with a knife and is transferred to hydrogen genera
tion and/or disposal by screw conveyor. Figure 22 shows 
schematics of two types of solidification units. 

Several differences should be noted if SRC-1 operation 
is assumed. Solids/liquids separation would be performed 
prior to fractionation. Filtration rather than vacuum dist
illation would be utilized. A wash solvent, derived from 
fractionation of raw SRC product liquids would be used in 
the filtration process. Collected solids would be in the 
form of filter cake rather than a hot residue. A solidifi
cation process of greater capacity would be required as part 
of the SRC-l fractionation operation to cool SRC-1 product, 
a solid at ambient conditions. 
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2.2.4.2.1 Input Streams 

The major input to solids/liquids separation (Figure 
23) is the bottom stream produced in the fractionation 
operation. Fuel gas and air is used to fire the preheater. 
Input cooling water is used in the solidification process. 

2.2.4.2.2 Output Streams 

Residue produced by solids/liquids separation is divided 
into two streams. A portion of the residue is used to 
produce hydrogen by gasification. Excess residue will 
require disposal. Gases produced by flashing are returned 
to gas separation. Liquid SRC produced by solids/liquids 
separation is collected and stored as a product. Other 
output streams are preheater flue gas, vapor losses (particu
larly from the solidification process), accidental material 
spills and output cooling water. 

2.2.5 Purification and Upgrading 

2.2.5.1 Fractionation 

The main functions of fractionation in SRC-11 operation 
are: (1) to separate the high boiling liquid SRC product 
from lower boiling fractions; (2) to combine low boiling 
fractions for hydrotreating into light products; and (3) to 
produce a bottom stream of high solids control for solids/ 
liquids separation. 

In commercial SRC-1 designs solids/liquids separation 
is performed prior to fractionation. Vacuum distillation 
and filtration, the respective solids/liquids separation 
methods for SRC-11 and SRC-1 have been described in the pre-
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ceding subsection. The functions of fractionation in SRC-1 
are to: (1) separate SRC product (solid at ambient conditions) 
from lower boiling fractions; (2) recover a solvent fraction 
for recycling to coal pretreatment; (3) to combine light 
streams for hydrotreating; and (4) to recover a wash solvent 
employed in the filtration process used for solids/liquids 
separation in SRC-1. 

The following description of the fractionation process 
is applicable to the SRC-11 mode. Separated slurry exiting 
gas separation passes through a gas-fired preheater in which 
it is heated to a temperature of 427° to 467°C (6,13). The 
hot stream is charged to a vacuum flash drum, in which 
lighter fractions are separated from high-boiling slurry 
constituents. The light fractions are combined with condensed 
oils from gas separation. Fractionator products consist of 
raw naphtha and fuel oil, SRC liquid, and the. fractionator 
bottoms (concentrated slurry which is sent to solids/liquids 
separation). A schematic illustration of fractionation is 
provided in Figure 24. 

2.2.5.1.1 Input Streams 

Input and output streams associated with the fractiona
tion process are shown in Figure 25. Two of the inputs, 
separated slurry and condensed oils, are received from gas 
separation. Input fuel and air are necessary to operate the 
preheater. 

2.2.5.1.2 Output Streams 

As shown in Figure 25, seven output streams exit frac
tionation. SRC liquid is collected as a product. Raw fuel 
oil and raw naphtha which may be optionally collected as 
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products are upgraded by a hydrotreating process. (This 
report assumes inclusion of raw fuel oil and raw naphtha 
hydrotreating to permit discussion of pertinent environmental 
aspects.) Preheater flue gas is an environmental discharge 
which may require treatment, depending on composition. The 
bottoms (concentrated slurry) from fractionation are further 
processed in the solids/liquids separation process. Vapor 
discharges and accidental material spills may occur. 

2.2.5.2 Hydrotreating Process 

Hydrotreating involves the reaction of raw hydrocarbon 
streams with hydrogen to remove contaminants such as organic 
sulfur and nitrogen compounds, and to improve combustion 
characteristics so that they may meet commercial specifica
tions. In the process, organic sulfur and nitrogen compounds 
are converted to hydrogen sulfide and ammonia, which are 
stripped from the product stream. The hydrogenation reaction 
also serves to increase the hydrogen-to-carbon ratio, which 
improves the .smoking characteristics of the fuel. It should 
be noted that hydrotreating may optionally be used in SRC 
systems; in fact, recent conceptual designs (8) do not 
specify hydrotreating of SRC products. The hydrotreating 
option has been retained in this discussion to permit complete 
environmental assessment. 

In the flow schematic shown in Figure 26, raw naphtha 
and fuel oil streams from fractionation are mixed with 
synthesis gas from hydrogen generation (85 percent H2 by 

volume) and pumped through a gas-fired preheater into an 
initial catalyst-guard reactor to permit the deposition of 
any remaining carbon on low surface-to-volume pelletized 
catalyst in order to prevent plugging of the main hydrotreat
ing reactor. From the guard reactor, the fuel oil or naphtha 
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stream is fed into a three section downflow hydrotreating 
reactor. Quench hydrogen injection points are spaced along 
the length of the reactors at appropriate locations for 
temperature control (6,25). Hydrotreating catalysts, such 
as cobalt molybdate are used. Space velocity is typically 
between 0.5 and 2 hour-l (6,26). 

The gas-liquid product is cooled in a heat exchanger 
and fed to a high-pressure flash drum where fuel oil (or 
naphtha), water, and gas separation occurs. Approximately 
60 percent of the gas is recycled into the hydrotreaters 
while the remainder is routed to the acid gas removal process 
(6,25). 

About half the separated fuel oil or naphtha is recycled 
to the hydrotreaters. The remainder is depressurized into a 
receiving tank where the water fraction is separated from 
the solvent. The solvent fraction is pumped into a stripping 
tower where hydrogen sulfide and ammonia are taken off the 
top (6,25). The gas product of the stripper is sent to gas 
cleanup. Product fuel oil and naphtha streams are routed to 
product storage facilities. 

Water formed by the hydrotreating reaction is separated 
from the hydrocarbon phase in the decanter. The water may 
contain substantial amounts of ammonia and organics. This 
wastewater is routed to the ammonia stripping column of the 
ammonia recovery process. Any remaining hydrogen sulfide or 
ammonia in the main product stream is stripped and the off
gas is routed to gas purification. 
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2.2.5.2.1 Input Streams 

A block flow diagram of the hydrotreating operation is 
shown in Figure 27. Raw naphtha and fuel oil are inputs as 
hydrotreater feedstocks. Hydrogen-rich synthesis gas is 
introduced to react with these feedstocks. Makeup catalyst 
is added to sulfur guard reactors and the main hydrotreaters 
to maintain desired product quality. Fuel gas and air are 
fired in preheaters. Water is used in the decanter. 

2.2.5.2.2 Output Streams 

Product, process and waste streams are produced during 
hydrotreating. Products consist of hydrotreated fuel oil 
and naphtha. Spent catalysts from both sulfur guard and 
main hydrotreating reactors are solid wastes. (Catalysts 
from sulfur guard reactors contain significant quantities of 
carbon residues.) Vapor discharges from pressure vessels 
and preheater flue gases are air emissions from the process. 
Wastewater from the decanter, after processing to recover 
by-products, is sent to wastewater treatment. Accidental 
material spills will occur occasionally during normal opera
tion of the system. Gases produced by flashing are sent to 
g~s separation. 

2.2.6 Auxiliary Processes 

This subsection discusses auxiliary processes associated 
with SRC systems including: coal receiving and storage, 
water supply, water cooling, steam and power generation, 
hydrogen production, oxygen production, acid gas removal, 
hydrogen/hydrocarbon recovery, sulfur recovery, ammonia 
recovery, phenol recovery, and product/by-product storage. 
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Figure 27. Block flow diagram of hydrotreating 
process (SRC-II Mode) 
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2.2.6.1 Coal Receiving and Storage 

Mine-delivered coal may be received either by rail or 
truck. lt has been calculated that about 29,740 Mg/day of 
coal would be needed for the hypothetical SRC-11 facility. 
If coal is received by rail, a railroad hopper car dumps 
each carload into a hopper below rail level. Coal also can 
be received from mine trucks, where it will also be unloaded 
into a receiving hopper. A vibratory feeder transfers the 
coal from the hopper to a belt conveyor, which in turn 
transfers it to a rail-mounted slewing stacker. The slewing 
stacker may move along the length of a belt, forming a 
stockpile on one or both sides of the belt. The stockpile 
has been designed to hold a three day supply of coal. The 
stockpiling system will gather up to 1,182 Mg of raw coal 
per hour. This stockpile does not include the storage 
capacity of the coal pretreatment operation, since minus 7.6 
cm coal (after reclaiming and crushing) is stored there. 
Coal rece1v1ng and storage, as described, is applicable to 
both the SRC-1 and SRC-11 modes. 

2.2.6.1.1 Input Streams 

The only input to coal receiving and storage is delivered 
coal. Assumed coal characteristics are described in subsec
tion 2.2.2, which describes the coal preparation operation. 
A block flow diagram is shown in Figure 28. 

2.2.6.1.2 Output Streams 

Three output streams are associated with coal receiving 
and storage. Dust is produced during coal handling. Coal 
pile runoff results from rainfall striking and permeating 
the coal stockpile. The major output stream, coal from the 
stockpile, is sent to the coal pretreatment operation. 
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2.2.6.2 Water Supp!_y 

A continuous supply of water is needed in the lique
faction operation for makeup water in the cooling towers and 
for boiler feedwater softening and demineralization operations. 
It is also needed in the waste disposal treatment facilities 
and as a general supply of potable, fire, and domestic 
water. Water usage is dependent upon the size of the plant, 
housekeeping practices, process operations, and pollution 
control technologies. A typical raw water treatment process 
is shown in Figure 29 (6,27). Characteristics of raw water 
are site specific for illustrative purposes. Illinois's 
Wabash River is of a capacity sufficient to meet the require
ments of SRC plants. In addition it is located near abundant 
coal reserves. Raw water characteristics for water taken 
from the Wabash River are given in Table 13. 

The following processing procedure applies to both SRC-
1 and SRC-Il systems. Raw water is usually pumped to a 
treatment plant after being screened to remove large debris. 
Chemicals are then added to the raw water in a rapid mix 
chamber as aids in settling out suspended matter and heavy 
metals in subsequent flocculation, sedimentation, and filtra
tion unit operations. Softening agents are also added in 
the rapid mix chamber. The water usually drains from the 
sand filters to a clear well where it is lifted to a raw 
water storage tank. Water is pumped from the storage tank 
to the cooling towers and potable water storage area as 
needed. Chlorination injection facilities are located on 
the outlet end of the raw water storage tank pumps. 

89 



CHEMICAL 
INJECTION 
SYSTEM 

RAW WATER . .._....,. 
INTAKE 

RAW WATER 
PUMP 
STATION 

SAND FILTER 
EFFLUENT 
PUMP 
STATION 

CLARIFIER: 

RAW WATER 
STORAGE TANK 

SAND FILTER 

PUMP 

COOLING 
TOWER 
SYSTEM : 

POTABLE 
~~..,.WATER 

STORAGE' 
CHLORINE 
STORAGE ....__~ 

Figure 29. A typical raw water treatment process 



TABLE 13. TYPICAL CONSTITUENTS IN RAW WATER 
FROM THE WABASH RIVER 

Parameter 

Specific conductance 
(umhos) 

Temp (°F) 

pH (units) 

Calcium 

Magnesium 

Bicarbonate 

Carbonate 

Sulfate 

Chloride 

Fluoride 

Nitrate 

Phosphorous 

Dissolved solids 
(residue at 180°C) 

Hardness as CaCO~: 
.) 

Calcium, magnesium 
Noncarbonate 

Detergent (MBAS) 

Suspended solids 

Range (ppm ) 

207-794 

34-86 

68-74 

29-94 

16-32 

110-228 

0 

36-180 

8-42 

0.2-0.4 

0.6-24 

0. 21-1. 3 

201-508 

134-350 
44-153 

0.0-0.1 

91 

Ave. (ppm· ) 

535 

61 

7.6 

66.5 

24 

199 

0 

83 

25 

0.3 

12.3 

0. 75 

355 

242 
97 

0.1 

40 



2.2.6.2.1 Input Streams 

A block flow diagram of the water supply auxiliary 
process is shown in Figure 30. These are two input streams 
to the process: raw water and treatment chemicals. The 
treatment chemicals consist of lime (6.9 Mg/day) and sodium 
carbonate (7.0 Mg/day). 

2.2.6.2.2 Output Streams 

Output streams from water supply consist of sludges 
produced during raw water treatment and treated water to 
various areas of the plant. Water requirements for steam 
production a~d water cooling, the two largest consumers of 
water, have been quantified and reported separately from 
remaining plant water requirements. 

2.2.6.3 Water Cooling 

Cooling water, an essential component of a coal lique
faction plant, is needed to cool reactor vessels within the 
plant and to cool directly various process streams. Cooling 
towers maintain a continuous supply of cooling water. In 
addition to the basic cooling tower structure, piping, and 
other appurtenances, water treatment facilities are also 
essential components of the cooling tower system since the 
effective operation of towers can only be maintained by 

recirculating relatively clean water. A flow diagram of a 

typical cooling tower system is shown in Figure 31 (6,28). 

Cooling water is directed from the cooling tower through 
closed piping to plant heat exchangers. Before recirculation 
back to the cooling tower, a portion of the cooling water is 
directed through a side-stream (blowdown) treatment operation. 
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This is incorporated into the process to maintain a constant 
level of dissolved solids in the recirculating cooling water 
stream. With sidestream treatment, typical blowdown rates 
are 3 to 5 percent of the makeup water rate (6,28). Side
stream treatment facilities used include reverse osmosis, 
electrodialysis, or ion exchange. The wastewater from the 
treatment process is generally discharged to the river. Raw 
water is added to the cooling tower influent as makeup water 
to replace the water lost by heat dissipation (evaporation) 
in the cooling towers, by cooling tower blowdown, and by 
leakage. Evaporation represents the most significant source 
of cooling water lost in the system. 

2.2.6.3.1 Input Streams 

Makeup water from the water supply process is an input 
to water cooling. In addition to makeup water, water is 
returned from system operations, auxiliary processes and 
treatment facilities comprising SRC systems. Solids produced 
by scaling during utilization of heat exchange equipment, 
are present in these streams. More definitive characteriza
tion is provided in Section 3.0. Input and output streams 
associated with water cooling are shown in the block flow 
diagram, Figure 32. 

2.2.6.3.2 Output Streams 

There are two environmental discharges resulting from 
the operation of the cooling towers: drift and evaporation 
and blowdown. Other output streams are process cooling 
water and plant water. 

Control measures for drift and evaporation from the 
cooling towers are facilitated only through the design of 
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STREAM QUANTITY (Mg/day) 
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9. COOLING TOWER SLOWDOWN 693 

l 0. COOLING WATER 1145455 

Figure 32. Block flow diagram of water cooling process 
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the towers. The concentration of chemicals which may be 
discharged with the drift may, however, be controlled by 
varying the rate of blowdown and/or by increasing the degree 
of raw water treatment. A portion of the circulating cooling 
water is continuously purged in order to maintain a dissolved 
solids level of about 50,000 ppm. 

2.2.6.4 Steam and Power Generation 

Steam and electric power are usually generated on-site 
in order to make a coal liquefaction plant self-sufficient. 
There may be times, however, when it is more cost-effective 
to purchase the required power off-site than to produce it. 
In this report, it is assumed that power will be purchased. 
This significantly reduces the on-site coal consumption, 
cooling water requirements, and gaseous emissions to the 
environment. It is estimated that about 110 MW are required 
for the SRC-11 facility described (6,13). 

The quantity of steam which must be produced on-site is 
dependent upon the volume of steam produced by various pro
cesses and the volume of steam which is consumed. 

Steam may be produced indirectly in waste heat boilers 
located throughout the plant. This reduces the volume of 
steam which must be produced and provides a means of cooling 
hot effluents from various unit operations. Usually steam 
at 4.1 MPa is produced in coal-fired boilers to fulfill the 
plant steam requirements (6,13). 

Most steam produced in the plant is recycled to the 
boilers in a closed conduit for reuse. In some instances, 
e.g., hydrogen production, steam may be introduced directly 
into reactor vessels where it becomes part of the process 
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stream. Makeup water, therefore, must be continuously added 
to the steam generating facilities. 

Typical steam generation facilities are shown in Figure 
33 (6,13). Since boiler water must be of high purity, raw 
makeup water is demineralized prior to entering the boiler 
water circuit. In order to maintain relatively low concentra
tions of dissolved solids in the circuit, a blowdown stream 
also is continuously discharged. This stream is directed to 
the cooling tower system. Slowdown rates are approximately 
0.1 to 1.0 percent of the steam flow (6,29). 

2.2.6.4.1 Input Streams 

Three materials are required to produce steam: water, 
fuel, and air. Coal, available in abundance at the SRC 
facility, is assumed as fuel. Due to water losses during 
steam utilization, makeup water must be supplied from the 
water supply process. 

2.2.6.4.2 Output Streams 

In addition to steam produced to meet system require
ments, several other output streams result. The boiler 
stack gas produced is an air emission which contains particu
lates and sulfur oxides. Two effluents are produced. The 
first is the waste produced during demineralization of 
boiler feedwater. The second is the boiler blowdown withdrawn 
to maintain desired water purity levels within the boiler. 
Ash, produced by coal combustion, is a solid waste produced 
during steam production. Figure 34 is a block flow diagram 
of the process. 
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Figure 34. Block flow diagram of steam generation 
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2.2.6.5 Hydrogen Generation 

Hydrogen is an essential reactant used in SRC systems. 
In order to produce liquid fuels from coal, it is necessary 
for the hydrogen/carbon ratio by weight in coal to be on the 
order of 1:(6-10) (6,25). Since the hydrogen/carbon ratio 
in unprocessed coal is only about 1:(15-20), hydrogen must 
be supplied on site either by generation from the gasifica
tion of coal, carbon residues, and/or char or by the recovery 
of hydrogen from gases generated during the liquefaction 
process (6, 25). This auxiliary process produces hydrogen 
from coal and coal products. Numerous alternatives are 
available for producing hydrogen. Figure 35 shows the 
hydrogen generation unit considered for this design (30). 

The four main processing steps employed in the produc
tion of hydrogen from coal are gasification, quenching, 
shift conversion, and hydrogen compression. Numerous pollu
tion control devices are also used to purify the hydrogen 
gas stream prior to its distribution to liquefaction and 
hydrotreating operations. 

Mineral residue from solids/liquids· separation, which 
contains heavy products, ash, and undissolved coal, is mixed 
with coal and subsequently introduced into a Koppers-Totzek 
gasification unit. Oxygen and steam are injected into the 
coal/residue mixture prior to entering the gasifier. The 
gasifier operating conditions are 1815° to 1930°C and atmo
spheric pressure (6,30). 

A mixture of hydrogen, carbon monoxide, carbon dioxide, 
hydrogen sulfide, water, and other trace gases are produced 
in this process. Approximately 50 percent of the slag also 
produced in this process is carried along with the product 
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gas (6,30). The remainder drops to the bottom of the gasifier 
where it is water quenched. The slag slurry is then sent to 
a clarifier where it is concentrated. 

Prior to entering a venturi scrubber, the high tempera
ture gasifier product gas produces steam in a waste heat 
boiler. Cooling water recirculated from the slag clarifier 
is introduced into the scrubber to remove more than 99 
percent of the remaining slag from the product gas (6,30). 
This slag slurry is then mixed with the slag from the gasifier 
and concentrated in a clarifier prior to removal to a landfill. 
The gas is then water quenched to remove impurities such as 
tar acids, ammonia, hydrogen sulfide, carbon dioxide, and 
slag. The sour water stream is sent to an ammonia recovery 
process. 

The quench tower effluent process stream is sent to a 
shifting process where carbon monoxide reacts with steam to 
produce hydrogen and carbon dioxide. This operation supple
ments the hydrogen already present in the product gas stream. 
Temperatures and pressures in the shift reactor are expected 
to range from 340° to 371°C and 1.0 to 9.7 MPa (6,24). A 
catalyst is needed in this process. Foul water from the 
shift reaction is directed to ammonia recovery. 

An amine scrubbing unit removes both hydrogen sulfide 
and carbon dioxide from the clean product gas stream. A 
subsequent carbon dioxide scrubbing unit removes most of the 
remaining carbon dioxide. The gases removed from the first 
unit are sent to sulfur recovery while the carbon dioxide 
removed from the second scrubbing unit is vented to the 
atmosphere. 
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The clean product gas is then compressed and distributed 
to hydrotreating and liquefaction. 

2.2.6.5.1 Input Streams 

The following input materials are reactants in the 
hydrogen generation process: oxygen, steam, water and a 

mixture of coal and residue from solids/liquids separation. 
Input fuel gas and air are combusted to preheat the reaction 
mixture to the desired gasifier inlet temperature. Mono
ethanolamine (MEA) solution is used in the amine scrubber to 
remove acid gas constituents from the mixture of gases 
produced in the gasifier. Makeup catalyst is periodically 
charged to the shift converter to maintain catalyst effi
ciency. Figure 36 shows a block flow diagram of hydrogen 
generation with appropriate input and output streams. 

2.2.6.5.2 Output Streams 

From Figure 36 it can be seen that output streams from 
the hydrogen production process include waste streams and 
process streams. Accidental material spills, vapor discharges 
and spent catalysts are three periodic outputs which may 
require additional processing or treatment prior to disposal. 
Output streams discharged on a regular basis include the 
following: 

• Wastewater streams, possibly containing ammonia, 
tars and oils are continuously discharged from 
hydrogen generation to wastewater treatment facili
ties. 

• Acid gases (carbon dioxide and sulfur gases, 
primarily hydrogen sulfide) are discharged from 
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HYDROGEN 
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6. FUEL GAS 
7. AIR 

8. MAKEUP CATALYST TO SHIFT CONVERTER 
9. SLAG/WATER MIXTURE (60 WT. % SLAG) 

10. WASTEWATER 
11. ACID GAS 
12. CARBON DIOXIDE FROM SCRUBBER 
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17. VAPOR DISCHARGE 
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NOT QUANTIFIED 
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Figure 36. Block flow diagram of hydrogen 
generation process 
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the amine scrubber to sulfur recovery. Other 
impurities such as cyanides, nitrogen oxides and 
ammonia also may be present in this output streams. 

• Carbon dioxide is vented to the atmosphere from 
the carbon dioxide scrubber. 

• Slag, removed from the gasifier and venturi scrub
bers, is concentrated in a clarifier for disposal. 
Most of the water recovered in the clarifier is 
recirculated to the venturi scrubbers, however 
excess water is returned to the cooling tower. 

• Spent MEA solution from the scrubbers is discharged 
along with the slag. 

• Flue gas is discharged as a result of the operation 
of the gasifier. 

• The hydrogen-rich product gas is used as a reactant 
in liquefaction and hydrotreating. 

2.2.6.6 Oxygen Generation 

The hydrogen production process used in SRC plants to 
produce makeup hydrogen for the hydrogenation reactors, may 
require large quantities of oxygen which must be produced on 
site. A cryogenic air separation system, consisting of air 
compression, cooling, and purification, air separation by 
distillation, and oxygen compression, is normally used to 
produce the required volume of oxygen. Figure 37 depicts a 
conventional air separation system (6,31). 
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In a conventional cryogenic air separation system, air 
is introduced into a four stage compression chamber which 
compresses the air to approximately 20.3 MPa. The gas is 
cooled between each compression stage and condensed water is 
removed. The compressed gas passes through a water quench 
tower and heat exchanger where the gas is cooled and contamin
ants are deposited within the exchanger. The gas is then 
further cooled to about -30°C by ammonia refrigeration. The 
cooled gas enters the combined liquefier-distillation chamber 
where the temperature is decreased to -191°C and the liquid 
oxygen and nitrogen separated. The products are returned to 
the heat exchanger. Nitrogen is discharged as a waste 
product along with trace contaminants such as carbon dioxide, 
argon, xenon, radon, krypton, oxygen, and water (6,31). The 
purified oxygen is compressed, cooled, and forwarded to the 
gasifiers. 

Studies have indicated that about 1.5 Mg of oxygen must 
be provided per Mg of carbon and hydrogen processed in the 
gasifiers (6,32). Based on this factor and 3,000 Mg/day of 
coal and residue containing 61 percent carbon and hydrogen, 
approximately 2,495 Mg of oxygen must be separated per day. 

2.2.6.6.1 Input Streams 

Air and cooling water are the only input streams to 
oxygen generation. Air serves as a feedstock from which the 
desired component (oxygen) is recovered. Cooling water is 
used in the four stage compression and cooling process to 
provide initial cooling of input air. The block flow diagram 
of this process is shown in Figure 38. 
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2.2.6.6.2 Output Streams 

Four output streams are associated with oxygen genera
tion. The oxygen-rich product gas is utilized in hydrogen 
generation. Condensed water is produced during initial 
cooling (dehumidification) of air. After use, cooling water 
is recirculated to the cooling tower. The waste gases 
remaining after oxygen is separated from input air (primarily 
nitrogen) are released to the atmosphere. 

2.2.6.7 Acid Gas Removal 

The gas separation and the hydrotreating processes 
generate gases contaminated with hydrogen sulfide, ammonia, 
carbon dioxide, and small amounts of carbon disulfide and 
carbonyl sulfide. The substances are formed from the hydro
genation of phenols, aromatic amines, and mercaptans and 
sulfides naturally present in the parent coal. Reaction of 
the coal polymer and hydrogen yields these contaminant gases , 
along with more saturated hydrocarbon species (desired 
product). Most of the contaminated gases also contain 
significant amounts of unreacted hydrogen and light hydro
carbon fractions. The acid gas removal (gas purification) 
process removes ammonia, hydrogen sulfide, carbon disulfide, 
carbon dioxide, and carbonyl sulfide from the gas stream, 
and leaves a purified gas which can be separated into hydrogen 
for recycle substitute natural gas, liquid petroleum gas and 
light oils. 

A number of available candidate acid gas removal pro
cesses may be employed in SRC plants. The SRC-11 system 
described in this section is based on an earlier report (6) 
which assumes that the amine-based monoethanolamine (MEA) 
process is used for acid gas removal. Figure 39 presents a 
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schematic flow diagram of the MEA process. The module con
sists of a number of parallel process trains, with each 
train carrying out a similar function. A representative 
process train is depicted in this figure. 

Generally, a gas stream entering the process would 
first be pumped to the acid gas removal section, consisting 
of an amine absorber. The gas stream is passed countercur
rently through a 15 to 20 percent solution of MEA in the 
amine absorption tower (6,33). Hydrogen sulfide and carbon 
dioxide, present along with trace amounts of carbon disulfide 
and carbonyl sulfide, form complexes with the MEA, described 
by the following reactions: 

(1) HOCH2ctt2NH2 + tt2s ~ HOCH2ctt2NH3Hs 4'1----

(2) 2HOCH2cH2NH2 + co2 + H20~(HOCH2cH2NH3 ) 2co3 
(3) HOCH2ctt2NH2 + cs2 ---- HOCH2ctt2NH2cs2 

(4) HOCH2ctt2NH2 + cos ---- HOCH2cH2NH2cos 

Only reactions (1) and (2) are reversible. The absorp-
tion process is essentially insensitive to the partial 
pressure of acid gases. Removal efficiencies have been 
estimated to be approximately 99.6 percent for hydrogen 
sulfide and 88 percent for carbon dioxide (6,33). 

The MEA absorbent is regenerated by thermal decomposi
tion at elevated temperatures. Only hydrogen sulfide and 
carbon dioxide can be removed in this manner, with carbon 
disulfide and carbonyl sulfide forming nonregenerable com
pounds with the amine. Off-gas from the amine regenerator, 
containing almost all of the hydrogen sulfide and carbon 
dioxide, is sent to sulfur recovery (6,13). 
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The nonregenerable organic complexes are removed by a 
purge stream from the regenerator. Caustic added to the 
regenerator to precipitate metals also forms nonvolatile 
salts with the amine complexes, which are discharged as 
blowdown. Pure MEA is distilled off the regenerator and 
recycled to the absorption unit (6,13). The purified gas 
flows into the hydrogen and hydrocarbon recovery process 
where it is separated into hydrogen for recycle, substitute 
natural gas, liquefied petroleum gas, and light oils. 

2.2.6.7.l Input Streams 

Figure 40 is the block flow diagram for acid gas removal. 
Gases produced during gas separation and hydrotreating are 
combined and charged to the acid gas removal process. 
Makeup water and MEA are added to maintain MEA solution 
concentration and absorption efficiency. Caustic, a chemical 
additive, is used in the amine regenerator. Steam is also 
input for regeneration of the MEA solution. 

2.2.6.7.2 Output Streams 

Two process streams are produced as a result of pro
cessing the inlet gases. Acid gas constituents are concen
trated and sent to a sulfur recovery process. Nonacidic 
constituents of the inlet gas, or "purified gas" (as shown 
in Figure 40), are sent to the hydrocarbon/hydrogen recovery 

process. 

Waste streams are also present in acid gas removal. 
The major wastewater streams are blowdown from the amine 
generator and ammonia scrubber effluent. An intermittent 
wastewater stream is backwashed from the amine filter in the 
acid gas removal unit. Frequency of backwash will depend on 
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114 



the flow rate and solids content of the amine stream. 
Accidental spills will also be a source of intermittent 
wastewater generation. Fugitive vapor discharges and vents 
from storage and sump facilities are periodic emissions to 
air associated with acid gas removal. 

2.2.6.8 Sulfur Recovery 

Acid gas from the acid gas removal process contains 
approximately nine percent by volume hydrogen sulfide. It 
is feasible to convert the hydrogen sulfide gas to elemental 
sulfur, using the Stretforc. sulfur recovery auxiliary process. 

The Stretford process is applicable to gases with a 
hydrogen sulfide content no greater than 15 percent. Concen
trations as low as 5 to 10 ppm hydrogen sulfide can be 
achieved for industrial gases, using the Stretford process 
in combination with the high temperature hydrolysis recovery 
system (6). 

In the process schematic, shown in Figure 41, (6) feed 
gas from acid gas removal and hydrogen generation passes 
through a packed absorber where hydrogen sulfide is absorbed 
in the Stretford solution. The solution consists mainly of 
sodium metavanadate, sodium anthraquinone disulfonate 
(ADA), sodium carbonate, and sodium bicarbonate in water. 
The absorbed hydrogen sulfide is oxidized to elemental 
sulfur by the reduction of sodium metavanadate. The reduced 
vanadium compound is in turn oxidized by anthraquinone 
disulfonate. The ADA is regenerated by air oxidiation in an 
oxidizer tank. Sulfur floats to the surface as a froth and 
can be processed by either filtration or centrifugation. 
Filtrate and wash waters from sulfur separation are returned 
to the absorption unit. 
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About 400 percent excess air is used to facilitate 
oxidation and flotation. The overall process reaction is 
described below (6): 

+ 1/2 02 s + 

A properly designed Stretford absorber and oxidizing 
tank will lose about 1 percent of its sulfur production to 
sodium thiosulfate formation, as shown by the following 
overall reaction (6). 

+ 

Hydrogen cyanide present in the feed gas will be com
pletely converted to sodium thiocyanate in the following 
manner: 

HCN + Na 2co3 NaCN + NaHC0 3 

NaCN + NaHS + 1/2 02 --- NaCNS + NaOH 

Sulfur dioxide present in the feed gas will be con
verted to sodium sulfite in the absorber and oxidized to 
thiosulfate form in the oxidizer, as follows: 

+ 

Continuous purging of the Stretford solution steam 
prevents the build-up of sodium thiocyanate and sodium thio
sulfate to the crystallization point. The purge stream has 
a total salt content of 20 to 25 percent by weight (6). 
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The Stretford solution purge stream is decomposed by a 
high temperature hydrolysis technique, in which vanadium is 
recovered in solid form, along with sodium carbonate and 
some sodium sulfide and sulfate. Hydrogen cyanide is com
pletely converted to carbon dioxide, water, and nitrogen, 
while sodium thiosulfate is converted to hydrogen sulfide 
and water. 

In the process, the liquid is first concentrated in an 
evaporator. The concentrated solution is fed to a cocurrent 

' high temperature hydrolyzer, where the solution is evaporated 
to dryness and decomposed in a high temperature reducing 
atmosphere. The reducing atmosphere is produced by the 
stoichiometric combustion of fuel. Gases leaving the process 
are cycloned to remove recyclable solids and are fed to the 
Stretford absorber. The solids containing vanadium and 
sodium are dissolved and recycled to the Stretford plant. 

The nitrogen and water formed during the hydrolysis 
step are recycled along with the gas stream through the 
absorber and are eventually vented to the atmosphere in the 
tail gas. 

2.2.6.8.1 Input Streams 

Figure 42, the block flow diagram of sulfur recovery, 
shows six input streams. Two of these, the gases from acid 
gas removal and hydrogen generation are the feedstock from 
which sulfur is recovered. Air is used in the oxidizer to 
convert absorbed hydrogen sulfide to elemental sulfur. Fuel 
gas, air and water are used in the hydrolyzer which recovers 
salts used in the Stretford absorber. 

118 



STREAM QUANTIT1 (Mg/day) 

1. GAS FROM ACID GAS REMOVAL 705 

2. GAS FROM HYDROGEN GENERATION 5912 

3. WATER 74 

4. AIR FOR OXIDATION 4730 

5. FUEL GAS 8 

6. AIR FOR COMBUSTION 146 

7. EFFLUENT GAS 10979 

8. BY-PRODUCT SULFUR 443 

9. FLUE GAS 154 

10. VAPOR DISCHARGE (OXIDIZER VENT GAS) NOT QUANTIFIED 

11. ACCIDENTAL MATERIAL SPILLS NOT QUANFITIABLE 

Figure 42. Block flow diagram of sulfur recovery 
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The major output streams from sulfur recovery are the 
recovered elemental sulfur, which is stored as a by-product 
and the essentially sulfur-free effluent gas. This gas will 
contain mostly water, carbon dioxide, oxygen, and nitrogen 
with trace amounts of hydrogen sulfide, carbon monoxide, 
anunonia, and nitrogen oxides. Other output streams consist 
of flue gas from the absorber, the oxidizer vent gas, which 
consists of air and water vapor, and accidental material 
spills. 

2.2.6.9 Hydrocarbon/Hydrogen Recovery 

Purified gases entering the hydrocarbon/hydrogen recovery 
process are cryogenically separated into recycle hydrogen 
(99 percent pure), substitute natural gas, liquefied petroleum 
gas, and light oils. A flow diagram of a theoretical cryogen
ic separation process is shown in Figure 43. 

Generally, purified gas from acid gas removal flows to 
a series of cryogenic separators. The gas stream is first 
compressed and condensed in a multistage ref~igeration unit, 
then charged to a flash tower. The liquid stream consists 
of light oils, water, and dissolved ammonia. The liquid 
stream is charged to a fractionation tower where various 
hydrocarbon streams are taken off as product. The water and 
ammonia are removed as a separate side stream and routed to 
wastewater treatment. The flash gas contains lighter hydro~ 
carbons, hydrogen, nitrogen, carbon dioxide, and carbon 
monoxide. The flash gas is compressed and condensed in 
another multistage refrigeration unit and is charged to a 

de-ethanizer column. Liquefied petroleum gas (propane and 
butane) is taken off the bottom, while the overhead gases 
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are charged to another refrigeration unit and distillation 
column (6,26,33). 

Pure hydrogen is taken off the top and combined with 
hydrogen from gasification for recycle to the hydrogenation 
module. Substitute natural gas consisting mostly of methane, 
ethane, and carbon monoxide is taken off as the condensed 
stream and used for fuel gas or is sold as product. 

The process scheme above is one of several alternatives 
for hydrocarbon/hydrogen recovery, depending on the desired 
end products. 

2.2.6.9.1 Input Streams 

Figure 44, a block flow diagram of hydrocarbon/hydrogen 
recovery, shows input and output streams associated with the 
process. The major input to the process is the effluent gas 
from acid gas removal which contains significant quantities 
of molecular hydrogen and volatile hydrocarbons. Process 
cooling water and steam are used in process heat exchange 
equipment such as the condensers and reboiler. 

2.2.6.9.2 Output Streams 

Substitute natural gas (SNG), liquefied petroleum gas 
(LPG), and light oils are products from hydrocarbon/hydrogen 
recovery. Recovered hydrogen is recycled to liquefaction 
and hydrotreating. Condensed steam and used cooling water 
are recycled to their respective auxiliary processes. A 
wastewater stream, possibly containing ammonia and phenols, 
is produced by the fractionator. Other output streams 
consist of accidental material spills and fugitive discharges 
from the process equipment. 
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2.2.6.10 Ammonia Recovery 

Ammonia is present in and may be recoved from waste-
wa ters produced by hydrotreating and hydrocarbon/hydrogen 
recovery. Depending on the composition, wastewaters from 
hydrogen production may be processed to recover ammonia, 
although it was not considered in this particular design 
(6). The characteristics of wastewaters produced during 
hydrogen production depend·on a number of factors including 
the gasification process selected and feedstock used (34). 
Ammonia-bearing wastewaters are directed to a two-stage 
ammonia re~overy stripping tower system (6,35). The process 
schematic of a typical ammonia recovery process is shown in 
Figure 45 (6,35). 

In order to remove ammonia from the combined wastewater 
stream, the pH must first be raised to approximately 11.0 by 
the addition of calcium oxide. .T?e wastewater then passes 
through a clarifie~~ to remove any. excess lime as sludge, 
prior to entering the first stripping tower. This sludge is 
recycled through a lime recovery unit to the lime slaker 
hopper. 

In the first stripping tower, the ammonia wastewater 
stream flows downward through a packing media where it 
contacts countercurrently with air. This air stream removes 
a significant portion of the ammonia from the wastewater. 

A second tower is used further to increase the quantity 
of ammonia recovered from the wastewater. Upwards of 90 
percent ammonia removal may be expected with this method 
(6,35). 
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2.2.6.10.1 Input Streams 

The major input to the ammonia recovery process is the 
combined wastewater stream, consisting of wastewaters from 
hydrotreating and hydrocarbon/hydrogen recovery. Additional 
inputs are calcium hydroxide solution (used for pH adjustment) 
and air (used in the stripping columns). Input and output 
streams are shown in Figure 46. 

2.2.6.10.2 Output Streams 

Air stripping of ammoni·1 results in two output streams. 
The first is the air, containing stripped ammonia. The 
second is outgoing wate~ which has a reduced ammonia content 
~nd increased calcium oxide concentration and pH level as a 
result of processing. 

2.2.6.11 Phenol Recovery 

One of the most common methods used for rec.overing 
phenol is solvent extraction. It is proposed to use product 
naphtha to recover phenol in the by-product recovery area. 
Approximately 99 percent of the phenol is expected to be 
removed (6,36). A typical phenol recovery auxiliary process 
is shown in Figure 47- (6,36). 

The pH of the phenolic water from gas separation is 
first adjusted to about 4.0 by the addition of hydrochloric 
acid. The acidic wastewater is then directed through a 
series of vessels where it contacts naphtha solvent. The 
naphtha solvent and wastewater streams pass countercurrently 
through the vessels so that the most concentrated solvent 
stream is contacted by the most concentrated phenolic waste
water stream. The amount of phenol which can be removed is 
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dependent upon the number of vessels and the ratio of phenol 
to solvent flow. Economic considerations determine the 
number of vessels and solvent flow rate to be used. Since 
detailed economic analyses were not considered in the earlier 
report (6), it was assumed that the solvent flow rate would 
be equal to the phenolic wastewater flow rate and that an 
unspecified number of vessels would be required to remove 99 
percent of the phenol. The effluent from the extraction 
process is directed to the wastewater treatment facilities. 

In addition to extracting phenols, the solvent also 
extracts other hydrocarbons from the wastewater. In the 
process of extracting hydrocarbons, however, a small portion 
of the naphtha is partitioned into the wastewater, since it 
is slightly soluble in water. 

The phenol/solvent stream is sent to a fractionation 
tower where the phenol is separated from the solvent. The 
solvent is recycled back to the extractio~ process, and the 
phenol is directed to by-product storage. 

2.2.6.ll.l Input Streams 

Wastewater to phenol recovery is input from the gas 
separation process. Hydrochloric acid is fed to the process 
to control the pH of the incoming wastewater. Makeup naphtha 
solvent is used to replace solvent lost during the extraction 
process. Figure 48 is the block flow diagram for phenol 

recovery. 

2.2.6.11.2 Output Streams 

Recovered phenols are sent to product/by-product storage 
facilities. The wastewater, now reduced in phenols content 
and of lower pH is sent to the ammonia recovery process. 
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2.2.6.12 Product/By-Product Storage 

There are a number of products and by-products stored 
on-site such as liquid petroleum gas, naphtha, SRC fuel oil, 
sulfur, ammonia and phenols. Pipeline gas is also produced 
but sent directly into a gas pipeline grid for distribution. 
Liquefied petroleum gas is normally stored and shipped in 
atmospheric pressurized tanks. All storage tanks have gas 
vents which return hydrocarbon vapors to the gas purifica
tion area. This system prevents hydrocarbon vapor leakage 
in the storage area. Solid SRC is stored in open piles or 
hoppers. 

Various by-products such as sulfur, ammonia, and phenols 
are removed from process waste strea~s, purified, and also 
sent to storage. Ammonia and phenols are stored in tanks; 
sulfur is stored outdoors in piles, or in an enclosed area. 

2.2.6.12.1 Input Streams 

A block flow diagram of product/by-product storage is 
shown in Figure 49. It should be noted that the diagram is 
applicable to the SRC-11 system (6). Product inputs consist 
of liquid SRC, fuel oil, naphtha, SNG and LPG. Sulfur, 
ammonia and phenols are by-product inputs. If solid-mode 
SRC-1 operation is assumed, solid SRC rather than liquid SRC 
is input to product/by-product storage facilities. 

2.2.6.12.2 Output Streams 

No assumptions were made in the previous design (6) 
regarding product/by-product storage capacity. Consumer 
demand and selling price will influence the rates at which 
the various products and by-products of SRC systems are dis-

131 



1. 

2. 
3. 

4. 
5. 

6. 
7. 
8. 

9. 
10. 

11. 

12. 

STREAM 

LIQUID SRC 
FUEL OIL 
SUBSTITUTE NATURAL GAS 
LIQUEFIED PETROLEUM GAS 
NAPHTHA 
SULFUR 
AMMONIA 
PHENOL 

PRODUCT/ 
BY-PRODUCT 

STORAGE 

ACCIDENTAL MATERIAL SPILLS 
FUGITIVE VAPOR DISCHARGES 
FUGITIVE OUST FROM SULFUR STORAGE PILE 
PRODUCTS/BY-PRODUCTS TO DISTRIBUTION 

----9 

----11 

----1 

QUANTITY (Mg/day) 

5527 
2591 

1312 

821 

518 
443 

64 
34 

NOT QUANTIFIABLE 
NOT QUANT! FIABLE 

NOT QUANTIFIED 
11 '310 

Figure 49. Block flow diagram of product/by-product 
storage facilities (SRC-II Mode) 

132 



tributed for marketing. Other outputs from product/by
product storage are accidental material spills, fugitive 
vapor discharges and dust emissions from the sulfur storage 
pile. For SRC-1 systems dust emissions will also result 
from storage of solid SRC product. 

2.3 Process Areas of Current Environmental Concern 

This subsection briefly identifies known environmental 
problems associated with the system operations and auxiliary 
processes comprising SRC systems. Detailed characterization 
of the streams cited is performed in Section 3.0. Environ
mental control technology considerations are made in Section 
4.0. 

2.3.1 Coal Pretreatment 

Numerous waste streams are generated from the coal pre
treatment operation. These include coal dust particulate 
emissi.ons, refuse, coal pile runoff, flue gases from coal 
dryers, and wastewater produced during coal washing. Despite 
the number of wastes produced by coal pretreatment, and the 
fact that waste characteristics can be influenced by many 
factors, including feed coal characteristics and equipment 
selection (such as dry cleaning methods as opposed to wet 
methods), the coal pretreatment operation is not considered 
an area of major environmental concern. This is because the 
processes employed in the operation have been used by coal 
mining and coal-consuming industries for many years and 
during this time control methods have been developed to 
minimize environmental problems caused by such wastes. 
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2.3.2 Coal Liquefaction 

Wastes from the liquefaction operation consist of pre
heater flue gas, the only continuous discharge, and inter
mittent spills and vapor discharges. Fugitive vapors and 
accidental spills, although no major threat to the local 
environment could pose serious problems for workers at the 
liquefaction plant, because of the possibility of exposure 
to toxic gases and liquids during attempts to control or 
abate such discharges. For discharges of this type preven
tion is as important as control. 

2.3.3 Separation 

2.3.3.1 Gas Separation Process 

As in the coal liquefaction operation, material spills 
and/or vapor discharges may occur within the gas separation 
process. Again, problems may exist in the work place but 
(assuming the accidental spill or vapor discharge is con
trolled) there should not be any significant effect beyond 
the SRC system boundary. A sour water stream is discharged 
from the process. Major components of this water are hydrogen 
sulfide, ammonia and phenol; however, other organic species 
are probably present in lesser amounts. Better characteriza
tion of these materials and assessments of their toxicities 
and amenability to control by existing methods must be 
determined in order to evaluate the relative hazard of this 
effluent stream. 
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2.3.3.2 Solids/Liquids Separation Process 

The mixture of mineral matter, unreacted coal and 
liquid organics processed in solids/liquids separation must 
be given consideration when selecting prevention and control 
methods for possibly hazardous material spills or vapor 
discharges. This is true for both SRC-1 (which uses filtra
tion) and SRC-11 (which uses vacuum distillation) systems. 
Both systems, although employing different processes to 
perform solids/ liquids separation, may have a common problem 
concerning solid waste generation. Depending on the extent 
to which residues from gasification (in SRC-11) or filter 
cake (in SRC-1) can be utilized in the hydrogen generation 
process, significant quantities of these solid wastes could 
require disposal. -Both residues and filter cake need to be 
studied to determine what tteatment measures (if any) should 
be practiced prior to disposing of these solid wastes. 

2.3.4 Purification and Upgra9ing 

2.3.4.1 Fractionation 

In many instances fractionation includes an oil/water 
separator (25) although it is not included in the SRC-11 
system (6) highlighted in this report. If an oil/water 
separator is employed in the fractionation it is believed 
that the wastewater characteristics would be similar to 
those of the sour water produced in gas separation and that 
the quantity of wastewater produced would be less than 
produced by gas separation (11). The possibility of spills 
or vapor leaks exist in fractionation just as it does in the 
liquefaction and gas separation operations. Assuming the 
situation to be controllable, environmental problems should 
be contained to the work place. 
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2.3.4.2 Hydrotreating Process 

Wastes discharged from the hydrotreating process consist 
of wastewater, spent catalysts and accidental spills/vapors 
Existing wastewater treatment technology used for wastewaters 
generated from hydrotreaters employed in the petroleum in
dustry should, perhaps with minor modifications, minimize 
environmental concerns regarding this stream. Spent catalysts 
may either be disposed or regenerated. Disposal seems the 
most likely option for the carbon residue and spent catalyst 
withdrawn from the sulfur guard hydrotreating rea~tor. 
Minor quantities of spent catalyst.are produced. Envirori
mental effects from their disposal should be correspondingly 
small. As in several of the .other s'ystem operations, spills 
and vapor discharges from the hydrotreating operation may 
intermittently create problems for workerB within the lique
faction plant. 

2.3.5 Auxiliary Processes 

No environmental problems are anticipated for several 
of the auxiliary processes used in SRC systems because the 
processes are employed in numerous industrial systems without 
causing environmental hazards. Such processes include coal 
receiving and storage, water supply, water cooling, steam 
and power generation, and oxygen generation. In addition 
the sulfur, hydrocarbon/hydrogen, ammonia and phenol recovery 
processes do not directly generate significant waste streams. 
Instead they process output streams from other processes in 
the SRC systems to recover useful products and by-products 
from these streams prior to treatment and disposal. The 
remaining auxiliary processes, hydrogen generation, acid gas 
removal and product/by-product storage, produce output 
streams which could cause environmental concern. These 
processes are addressed in the remainder of this subsection. 
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Spills and vapor discharges, while presenting potential 
localized problems in nearly all operations and processes of 
SRC systems, are especially dangerous in the product/by
product storage area where, due to quantities of flammable 
hydrocarbon liquids stored, great care must be exercised to 
prevent fires or explosions. In addition fugitive dust 
emissions from storage piles or solid SRC (SRC-1 mode) and 
by-product sulfur must be contended with. 

The hydrogen production process is an area of potential 
environmental concern. Significant quantities of wastewater 
and solid wastes are generated. The quantity and composition 
of these waste streams are dependent on both the gasifica
tion process and processing scheme selected as well as the 
gasifier feedstock (coal, filter cake, vacuum residue or 
mixtures of these materials) (34). Finalization of the 
hydrogen generation technique and detailed characterization 
of the wastes produced are required 'to ascertain the extent 
of possible environmental problems. 

As in hydrogen generation, several proce~s alternatives 
are available for acid gas removal in SRC systems. Most 
acid gas removal processes produce a small quantity of 
wastewater, including a blowdown stream of the solution used 
for acid gas absorption. Detailed characterization of these 
discharges (after final designation of the acid gas removal 
process) is necessary to determine the extent of possible 
environmental problems. 
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3.0 CHARACTERIZATION OF INPUT MATERIALS, PRODUCTS, AND 
WASTE STREAMS 

3.1 Summary of Sampling and Analytical Activities 

3.1.1 IERL/RTP Environmental Assessment Activities 

In July 1978, the EPA/IERL at Research Triangle Park, 
North Carolina, issued a report setting forth the general 
guidelines for the development of conceptually sound site
specific environ~ental assessment sampling and analysis 
·plans (referred. to as test plans) for coal gasification 

plants (37). These guidelines appear to be broadly applic
able to Solvent Refined Coal liquefaction system(s), as 
illustrated ip Figure 50. 

Within the limits imposed by any of the predetermined 
test plan objectives, the performance of an engineering 

·analysis is a basic requirement in the development of the 
sampling and .analytical strategies. Another important 
aspect of an environmental test plan is referred to as data 
managemen~, en'compassing the following areas (37): 

• Planning and statistical design of experiments 
• Data validation 
• Data evaluation, and 
• Data handling. 

The various types of source tests and descriptions of 
test objectives are as follows (37): 
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Figure 50. Interrelationships among general areas involved in 
preparing an environmental test plan (37) 



Test Type 

Waste stream 
characterization 

Control equipment 
characterization 

Process stream 
characterization 

General Statement of Test Objectives 

To identify and quantify the pollutants 
found in a facility's multimedia (gase
ous, liquid, and solid) waste streams 
and to evaluate their health and eco
logical effects. 

To determine the effectiveness of 
existing or developing control equipment 
for removing pollutants from waste 
streams. 

To determine the origins and fates of 
pollutants as they pass through select
ed processes and to evaluate the effects 
that process operating parameters have 
on pollutant types and concentrations. 

These source tests may be conducted during one or more 
of the following process or plant operating conditions: (1) 
normal operation; (2) start-up; (3) shutdown, and (4) emer
gency upsets (37). With regard to the waste stream char
acterization test, the EPA has established guidelines for 
Levels 1 to 3, and multimedia environmental goals for the 
evaluation of health and ecological effects or hazards from 
toxic substances (38,39,40). For a detailed discussion .of 
the several key areas shown in Figure 50, the reader should 
consult Reference 37, page et al. (1978). 

3.1.1.1 Level 1 Assessments of SRC-II by Hittman 
Associates, Inc. 

In March 1978, Hittman Associates, Inc., conducted a 
partial Level 1 environmental assessment of the SRC-II pilot 
plant at Fort Lewis, Washington (41). In this initial 

assessment, grab sampling was performed 0nly on certain 
liquid/slurry streams and solids streams of some main unit 
operations (e.g., SRC products and by-products), and on 
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certain streams of the wastewater treatment system. The 
rationale for sampling and analysis of the wastewater treat
ment process was to obtain an estimate of the efficiencies 
of the various treatment units (e.g., the flottazur effi
ciency) in lowering the concentrations of organic and in
organic pollutants contained in the multimedia waste streams 
discharged from specific treatment units. Such information 
could be useful in the final design of a wastewater treatment 
plant for a commercial SRC system. The sampling points 
designated for this particular source test are given else
where (41). 

Grab sampling was also performed on the SRC liquid 
product and the naphtha and middle distillate streams from 
the fractionation unit, and the residue from the heavy 
bottoms stream from the solids/liquids separation process. 
During· the grab sampling effort, the feed coal used in the 
SRC-11 pilot system was Illinois No. 6 coal, containing 
about four percent sulfur, 14 percent ash and 18 percent 
moisture, as received. Moisture-free coal was fed to the 
liquefaction unit at.a rate of 27,194 kg per day. Coal 
dissolution was carried out at an average temperature of 
454.9°C and a pressure of 13.3 MPa (41). The reader is 
advised that data from pilot plant facilities cannot be 
translated directly into a standard-size (28,000 Mg of feed
coal per day) commercial SRC system, without further testing 
under demonstration plant conditions. 

The results obtained on the effectiveness of the several 
treatment units in removing organic and inorganic pollutants 
were assessed, keeping in mind the factors that differentiate 
between the SRC pilot plant and a commercial system, as 
follows ( 41): 
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• The wastewater feed from the SRC-11 pilot plant tb 

the waste disposal treater is considered to be 
diluted from 5 to 8 times more than that of a 
commercial SRC system estimated to use about 
32,000 Mg of water per day. 

• The rate of production of.the process related 
wastewater in the SRC-11 pilot plant amounted to 
only about one percent of the total feed to the 
wastewater treater system, compared to about 25 
percent for a commercial SRC system. 

• Phenols were not stripped from the SRC pilot plant 
wastewater, as will probably be done in a commer
cial SRC system. 

• The sole point source effluent discharge from the 
SRC-11 pilot plant is reported to be the filter 
backwash tank effluent. 

Within the constraints imposed by the above factors, 
the following observations appear pertinent: 

• Results from the infrared analyses of the biounit 
streams suggested that the following classes of 
hydrocarbons remain in wastewater following bio
logical treatment but below the Washington State 
effluent requirements (41): 

aromatics, including substituted benzenes, 
naphthalenes, and other polynuclear hydro
carbons. 
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compound classes with carbon-oxygen single 
and double bond stretches representing alde
hydes, acids, and esters. 

aliphatic hydrocarbons, or alipathic sub
stitution on ring compounds. 

compounds with carbon-nitrogen double bond 
stretches including amines. 

phenols. 

• The c8-c16 hydrocarbons were concentrated in the 
flottazur skimmings. 

• The biounit treatment removed 99 percent of the 
c8-c16 hydrocarbons remaining in the flow from 
flottazur through the biounit. 

•· The carbon filter unit (the last in the wastewater 
treatment unit chain) proved effective in removing 
certain organics which were refractory to biologi
cal treatmerii. 

• The net reduction of dissolved solids by the 
treatment system amounted to approximately 14 
percent; this finding is relevant in that the 
majority of the trace elements were found to occur 
as dissolved solids rather than suspended solids. 
The data from spark source analysis of the waste
water streams suggested that calcium, sulfur, 
vanadium, and fluorine exhibited poor removal 
efficiencies; the relatively high concentrations 
of sulfur and vanadium may warrant serious atten
tion in the final treatment design. 
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• Based on the high removal efficiency of the treat
ment system for heavy metals, it appears that 
these elements (e.g., Sb, Sn, and Ti) are largely 
present on the suspended solids. 

• The source of the high concentrations of poly-

3.1.1.2 

nuc lear aromatic hydrocarbons found in the feed to 
the wastewater treatment system undoubtedly arose 
from leaks in the washdown of process areas and 
accidental discharges. Such leaks and spills 
would likely be minimized in a commercial SRC 
.system ( 41). 

Studies on Leachates from SRC Liquefaction 
Re~idues by the Illinois State Geological 
Survey (42) 

Leachates from the SRC liquefaction dry mineral residue 
(from Kentucky No. 9 coal) were analyzed for 43 soluble 
constituents using atomic absorption and colorimetric techni
ques. Soluble constituents in 'the SRC ·mineral residue were 
measured in leachate~ (1~ percent slurries), under conditions 
of chemical equilibrium in the laboratory (e.g., from 3 to 6 
months time) on duplicate sets of slurries over the pH range 
from 2.9 to 10.2. Soluble constituents in SRC leachate 
whose equilibrium concentration in the aqueous phase exceeded 
recommended water quality levels were: boron, calcium, 
ammonium (NH~) and sulfate (42). 

In studies of the capacity of three different Illinois 
soil types to attenuate the behavior of chemical consti
tuents in leachates from SRC liquefaction solid wastes, the 
results indicated that the degree of removal from leachates 
of the pollutants Fe, Zn, and B varied directly with the 
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cation exchange capacity (CEC) of the soil clay and organic 
colloidal fractions. From this investigation, the cation 
magnesium was found to present the greatest problem as a 
possible pollutant from land disposal in two of the three 
soil types, referred to as the Catlin silt loam and Ava 
silty clay loam. For example, it was found that the concen
tration of Mg in the original leachate, compared to that in 
the filtrate (after elution from soil columns) showed a 20-
fold increase; this cation-exchange reaction has been found 
sufficient to cause increases in the hardness of ground 
waters around waste disposal sites with these soils (42). 

3.1.1.3 Site-Specific Evaluation of the Conceptualized 
SRC-11 System by Hittman Associates, Inc. (43) 

An effort was made to estimate the potentially adverse 
effects of major polluant stressors predicted to emanate 
from a hypothetical; standard-sized SRC-~l sys~em presumed 
to be located and operated along th.e W.abash River in White 
County, Illinois (43). The Standards of Practice Manual for 

·the SRC Coal Liquefaction Process (6), prepared earlier by 
Hittman Associates, served as the conceptualized basis for 
said effort. The White County study includes updated informa
tion on the identity and levels of emissions, effluents, and 
solid wastes associated with the construction and operation 
of an SRC-11 system, conceptually using about 28,000 Mg 
Illinois No. 6 coal per day. In addition, updated informa
tion on the existing regulatory requirements applicable to 
the SRC-ll system, and on the Multimedia Environmental Goals 
(MEGs) and the Source Analysis Methodology (SAM) concepts 
was used to evaluate the environmental goals and apparent 
safe limits for the various pollutants resulting from the 
operation of the White County SRC-11 facility (43). 
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Finally, a detailed description was made of the total 
White County environment, as it presently exists, without· 
the proposed SRC-11 system. Generic and site-specific 
environmental issues and constraints were identified. A 
detailed discussion was also made of the influence of known 
environmental dissipative, and/or exacerbative forces (physi
cal, chemical, and biological) that may act to decrease, 
increase, or sometimes neutralize the adverse effects of 
pollutants. For example, the chemical form of a pollutant 
in combination with other pollutants appears determinant to 
pollutant action via absorption, metabolism, excretion, and 
bioaccumulation (43). 

The highlights of this site-specific evaluatiqn with 
respect to the expected pollutant discharges are reported as 
follows (43): 

• Emissions to the atmosphere during the operation 
of the. SRC-11 system are expected to arise primarily 
from the auxtliary processes; these discharges 
include flue g~ses and fugitive emissions from 
coal pretreatment and the dryer stack.gas. Emis
sions from the main uriit operations of the $RC 
system are (mostly) expected to come from leaks in 
pump seals, joints and flanges, and from product/by
product handling and storage activities; these 
emissions should be monitored in the workplace on 
a regular basis since present evidence suggests 
the likely presence of hydrocarbons, toxic aroma
tics, and metal carbonyls. 

Trace elements present in fugitive emissions 
(i.e., dusts) from the coal pretreatment area 
include aluminum, chromium, and nickel among 
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others. Present evidence suggests that the fugitive 
particulates escaping from treated stack gases are 
enriched in copper, molybdenum, selenium, zinc and 
zirconium. Unquantified amounts of polynuclear 
aromatic hydrocarbons (PAH) were reported to be 
associated with the particulates that ~scape air 
pollution control equipment. Carbon dioxide 
emanations from the SRC-11 system were .reported to 
be about 20,000 Mg/day. 

• Insofar as the SRC process wastewaters will be 
treated and recycled and not discharged, 
there appears to be nominal concern for any 
untoward effects from cyanides, phenols,. sulfides, 
and ammonia. This is not true for the dissolved 
solids (TDS) in wastewater streams with TDS levels 
ranging up to 44,000 mg/litei. Efflu~nt discharges 
from the main unit opera tion~s of the SRC .sys tern 
are expected to arise primarily from emergency 
shutdown, cleanup and startup, and. from acGidental 
spills during the handling of the process and 
product aqueous streams. Until full scale demon
stration plant tests are completed, however, the 
actual degree of hazard from PAHs, .trace elements, 
and other toxic substances cannot.be established 
for these discharges. 

The SRC process wastewaters reportedly contribute 
essentially all of the organic polluants generated 
in the system; however, the precise identity and 
level of toxic organics in wastewaters cannot be 
fully assessed until the demonstration plant(s) 
are in operation. 
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• One of the largest categories of solid waste to be 
disposed of from the SRC-II system (excluding the 
coal pretreatment operation) is the hydrogen 
production slag (40 percent water), at 1538 Mg/day. 
This solid waste will, like the coal operation 
wastes, be. sent to disposal at the mine site. In 
the biological treatment unit sludge (discharged 
at about 0.5 Mg/day) the mercury and nickel levels 
may present a potential health hazard. 

The 11,368 Mg/day of liquid SRC product, and the naphtha 
and middle distillate by-products reportedly contain appre
ciable levels of naphthalenes, alkyl benzenes, phenanthrenes 
and other aromatics in the 343°-511°C fraction. The effect 
of the several process variables (e.g., pressure, temperature . , 
and time) on the distribution of these suspected hazardous 
substances is poorly understood and requires resolution in a 
large-scale SRC-II demonstration system (43). 

3.1.1.4 Estimation of the Average and the Maximum 
Composition of Process and Waste Streams 
by Hittman Associates, Inc. (44) 

In the present state-of-the-art, estimates of pollutant 
levels in SRC process and waste streams are sometimes based . 
on one sample of coal of unreported composition. In develop
ing a technique for predicting the pollutant com~osition of 
process and waste streams of a conceptualized SRC system, 
there is some merit in establishing sets of values for U.S. 
coals, referred to as the "average" and the "maximum" element
al composition of U.S. coals. These values may be used, in 
turn, to predict the average and the maximum possible pollu
tant concentration (usually for the inorganics) in various 
process and waste streams of the system, provided that one 
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derives a set of partitioning factors for the various pollu
tants in the several streams of interest. 

The averag~ and the maximal average composition of U.S. 
coals (largely bituminous) was estimated simply by treating 
the published average and maximal values for the constituents 
as if they were raw data (44). Partitioning factors were 
next derived by using the data of Filby et al. (45), and of 
Dailey, et al. (46), whereupon sets of partitiofting factors 
(F), where: 

p 

F = 
x(ps or ws) 

Px coal feed 

where (px) is the average or maximal concentration of the 
pollutant (x) is either a process stream (ps), or a waste 
stream (ws), and Px in the average or maximal concentration 
of the same inorganic element (x) found in the feed coal. 
Thus, the partitioning factors are based on actual analyses 
of the process or waste streams; it is assumed that these 
factors have equal rank with any other actual stream analysis, 
since these factors allow the data to be generalized to any 
feed coal. Hence; once the composition of a given feed coal 
is known, one may estimate the composition of the product, 
process, and waste streams (44). 

Implicit in these derivations are several other assump
tions as follows: (1) that the concentration of the pollutant 
in a given stream is rather more affected by the feed coal 
composition than by the usual variations in SRC-11 process 
parameters, and (2) that every constituent in every particle 
of coal in the United States acts similarly to those con-
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stituents in every other particle of coal in the United 
States. These assumptions neglect any matrix effects and 
other unidentified interactions (44). Results obtained by 
use of this concept for multimedia waste streams of the 
conceptualized SRC-II. system are presented in Sections 3.5 
to 3.7. 

3.1.1.5 Radionuclides in Feed Coal and SRC 
Samples ( 47) 

Hittman Associates, ·rnc., conducted analytical studies 
of the levels of major radionuclides and their potential 
health hazard in Kentucky and Illinois bituminous coals, and 
in the SRC-I product, SRC fly ash, and Kentucky coal fly ash 
obtained from a combustion test at the Georgia Power Company's 
Plant Mitchell during May and June 1977. Two sets of samples 
were analyzed for radionuclides in the Georgia Power system, 
taken from the 10-micron, 3-micron, and 1-micron cyclones, 
and from the filters of Kentucky Coal Run No. 1 and SRC Run 
No. 2 (47). Theoretical analyses were also carried out on 
the Illinois No. 6 feed coal required to operate the concept
ualized SRC-II system discussed in previous reports (43,6). 

Results obtained from these studies strongly supports 
the view that thorium arid its daughter products occur mainly 
in the SRC bottom ash and the SRC particulates (i.e., the 
collected fly ash). However, the levels of thorium, uranium, 
and their daughter products that may be discharged from an 
operational, standard-size SRC system (as dusts and bottom 
ash from 28,123 Mg/day of Illinois No. 6 coal) were about 
290 mCi (43). 

With regard to the degree of radiological exposure of a 
worker breathing 350 grams of coal dust (Illinois No. 6 
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coal) containing 290 mCi of radioactivity, and considering 
the total number of radionuclide disintegrations, the energy 
of each disintegration, and the relative biological effective
ness of each disi_ntegration, the conclusion was reached that 
the cumulative exposure of a worker during the 30-year life
time of a commercial SRC facility (260 days worked per year) 
would be 3.5 x 10-9 rad or 3.0 x 10- 8 rem. This exposure 
level was found to be well below the maximum permissible rem 
for a worker breathing 350 grams of coal dust per year. 
However, since it is generally accepted that at least 90 
·percent of the uranium and its daughters (e.g., polonium-
210; radon-222; polonium-210 and thorium-230), and of thorium 
and its daughters (e.g., radium-228; thorium-228, and radon-
220) may be retained in the collected fly ash and bottom 

· ash, caution must be exercised in the land disposal of these 
wastes where the rate of discharge exceeds 40 Mg/day (43). 

3 .1. 2 Non-IERL/RTP Evaluations of the SRC Systems 

Besides EPA, the United States Department of Energy 
·(DOE) is the othe~ sponsor of SRC environmental assessment 
activities. A summary of programs for which published data 
are available is.presented in Table 14. 

3.1.2.1 Pittsburg and Midway Engineering and 
Health Program (48) 

The Pittsburg and Midway Coal Mining Company (P&M), the 
prime DOE contractor, is in charge of the overall Fort Lewis 
pilot plant operations. In addition to overseeing the 
engineering aspects of plant operations, P&M conducts a 
health program composed of the following: an industrial 
hygiene monitoring program, designed to provide quantitative 
data of the contaminant levels to which employees are exposed 
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TABLE 14. DOE SRC CONTRACTS AND SUBCONTRACTS HAVING PUBLISHED REPORTS 
OF ENVIRONMENTAL ASSESSMENT ACTIVITIES 

Contractors and 
Subcontractors 

Pittsburg & Midway 

Washingto~State 
University 

Alsid, Sno~den & 
Associates 

Battelle Northwest 
Laboratories 

Report 
Reference 

(48) 

(49) 

(50) 

(51) 

Area of Research 
a Reported on 

• Health Programs: 
Industrial hygiene program 

Clinical examination program 

Educational program 

• Chemical Programs: 
Analysis of trace element 
distribution in SRC-I 

• Environmental sampling/ 
monitoring program 

•.Chemical Program: 
Sampling and analysis char
acterization of SRC products, 
by-products and effluents 

(continued) 

Program Technical Approach 

Monitoring in pilot plant for 
potential air and skin contamina
tion. 
Periodic visual skin examinations 
and pulmonary function tests. 
Health protection indoctrination 
presentations 

Utilization of neutron activation 
analysis (NAA) and atomic absorp
tion spectroscopy (AAS) 

Ongoing air, water and foliage 
monitoring (sampling and analysis) 
studies of environment surrounding 
SRC pilot plant 

Development of appropriate sampling 
techniques. Inorganic analysis by 
utilizing NAA, x-ray florescence 
(XRF) and chemical speciation 
methods. During organic analysis, 
extracts are partitioned into 
acidic, basic, polynuclear aromatic 
and neutral fractions which are 
then analyzed by gas chromatography/ 
mass spectroscopy. 



a 

b 

Contractors and 
Subcontractors 

Consolidated Edison 
of NY and Electric 
Power Research 
Institute 

Report 
Reference 

( 

TABLE 14. (continued) 

Area of Research 
a Reported on 

SRC-II combustion test
~mission data comparison to 
EPA standards 

The Fort Lewis pilot plant is~the sample source of all programs listed 

Subcontractors to Pittsburg and Midway 

Program Technical Approach 

4500 barrels of SRC-II fuel 
were burned, followed by a 
comparison burn test using 
low-sulfur oil 

c Work is still being conducted on the burn test. A final report is therefore 
not yet available 



at various locations in the plant; a clinical examination 
program, an educational program, and a toxicological program. 
The employee orientation and education program has been 
generally successful. The toxicological program, which will 
utilize animal bioassays to determine toxicity of various 
materials, is in its early stages. A data summary of these 
four health program efforts for the period January 1, 1974 
to June 30, 1977 follows. 

The major industrial hygiene monitoring studies accom
plished thus far include the following results: 

• Airborne Organic Vapors - 120 organic vapor samples 
were collected and results indicate that in-plant 
concentrations of organic vapors and hydrocarbon 
gases were generally less than 0.1 ppm. 

• Benzene Surv.ey - two liquid streams (naphtha and 
middle distillate) in the SRC process have benzene 
concentrations great enough to require actions to 
comply with the Benzene Standards as proposed by 
the Occupational Safety and Hea~th Administration 
(29 CFR Part 1910, Federal Register dated May 27, 
1977). Each of these two streams ·normally has a 
benzene concentration greater than 0.1 percent but 
less than 1 percent volume percent. Air sampling 
results indicate occupational exposures to benzene 
were far below the 1 ppm time weighted average 
level as· specified in the proposed standard. 

• Suspended Particulates - nearly two hundred sus
pended particulate samples have been collected 
with high volume air samplers and personal air 
sampling pumps. In addition to determination of 
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total mass collected, some of these samples have 
been analyzed for benzene soluble fractions and 
specific polynuclear aromatic hydrocarbon compounds. 
Analytical data so far showed fairly inconsistent 
and scattered results in terms of the ratio between 
benzene soluble fraction versus the total mass 
concentration for particulates from the same plant 
areas. 

• Welding Fumes Study - this is a study of welders' 
exposure to coal tar and liquids when cutting or 
welding contaminated parts. Results so far show 
that welders ~ould be exposed to high concentra
tions of coal-derived materials as evidenced by 
the presence of elevated benzene solubles fractions 
in the welding fumes. 

• Asbestos Survey - the only known source· of asbestos 
is the filter aid (basecoat) material, "Fibra
Flow." Results of several surveys show that 
occupational exposures to asbestos have been 
brought under control by the installation of an 
asbestos handling glove box and by stringent work 
practices and respiratory protection. Later air 
sampling results showed asbestos concentration of 
less than 0.1 fiber per ml of air. 

• Free Silica and Mineral Residue Dust - several 
types of calcined diatomaceous earth containing 50 
percent by weight of free silica were used as 
filter aid in the filter preparation building. 
Dust concentrations as high as 10 mg/m3 have been 
monitored. The situation is controlled by a 
mandatory respirator program. The mineral residue 
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contained an average of 4.5 percent free silica 
as ~-quartz. Occupational free silica exposure 
could become a problem for future commercial SRC 
facilities because of the large quantities of 
mineral residue to be handled. 

• Hydrogen Sulfide Study - potential H2s release 
sources in the pilot plant were identified. 
Thirty-four H2s samples showed H2S concentration 
mostly below 0.1 ppm, indicating insignificant 
chronic H2s exposure problem. It is predicted 
that H2s will not present a chronic occupational 

·exposure problem for future commercial-sized SRC 
facilities. 

• Sulfur Dioxide Study - potential so2 release 
sources in the pilot plant have been identified. 
Forty-two so2 samples collected showed less than 
0.1 ppm so2 , indicating no occupational exposure 
problem. It is predicted that so2 will not present 
a serious threat to the health and safety of plant 
workers in future commercial-sized SRC operations. 

• Phenols Study - phenolic compounds exist in large 
quantities in many liquid streams. However, 78 
samples showed virtually no airborne phenols in 
the workplace. It is concluded that phenolic 
compounds may present serious occupational skin 
contact hazards in SRC processing but present no 
inhalation hazard. 

• Noise Survey - plant noise and occupational noise 
exposure surveys were conducted. Results indicate 
that the SRC pilot plant has minimal occupational 
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noise exposure as defined by noise dosimetry 
personnel monitoring. 

• Carbon Monoxide Study - results of plant CO survey 
show that the major CO hazard in the SRC pilot 
plant was related to the use of plant inert gas 
which contains 1.5 percent CO. For a full-sized 
SRC facility, CO should be much less in the inert 
gas because of better combustion control and 
better inert gas generation equipment. 

• Settleable Particulates - monthly samples of 
settleable particulates have been collected at six 
fixed sampling stations. Results indicate that, 
except for one month (November 15 to December 15, 
1976), dustfall concentrations reported from the 
SRC pilot plant's sampling stations were consider
ably lower than those reported from a nearby urban 
community. 

• Skin Contamination Study - preliminary work has 
been done towards developing a method for determin
ing skin contamination by coal derived liquids. 
This methodology is still under development and no 
data are yet available from the study. 

P&M's clinical program has been in effect since 1974 
primarily for preemployment medical examinations and an 
annual follow-up. The purpose of the program is to detect 
at an early stage any changes in the various bodily functions. 
To date, there have been a few cases of mild transient 
photodermatitis from exposure to the SRC materials but no 
permanent or serious problems have been identified at this 

time. 
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The education program has also been in effect since 
1974, primarily to advise the employee of potential health 
hazards, protective measures, and personal hygiene practices. 
New employees receive a health protection indoctrination 
which includes an audio-visual slide presentation and a 
health protection manual. Periodically, additional presenta
tions are made to all employees on various health aspects, 
such as first aid, health and hygiene, and toxic hazards. 
Generally, such presentations are now scheduled at a frequency 
of about three per year. 

The toxicological program is still in the early stages 
with only pilot studies (dose levels) and part of the acute 
inhalation study completed. Substantial mice mortalities 
were experienced in initial skin painting trials with the 
light oil, wash solvent, and wet mineral residue, probably 
because of improper dose levels when phenol concentrations 
in these materials are taken into consideration. A pilot 

study was then performed to establish dose levels, but, near 
the end of the study, some corneal opacity was detected in 
some of the animals, including the controls .. A further 30-
day inhalation study was then initiated to study this effect 
further, but, to date, this effect has not reappeared. Some 
analytical development work remains to be completed for a 

procedure to sample and analyze the atmosphere in the inhala
tion chambers prior to the initiation of the long-term 
inhalation studies. These and the two-year skin painting 
studies are expected to be initiated in the near future. 
The toxicology program is in a state of revision; details of 
the revised program are not yet available. 
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3.1.2.2 Trace Element Investigation by Washington 
State University 

Washington State University, subcontractor to Pittsburg 
and Midway Coal Mining Company, is conducting an analytical 
study of the distribution and fate of 34 trace elements in 
the SRC process. A report of work.performed during the 
period of August 1, 1974 to July 31, 1976 is available (49). 

Neutron activation analysis was used to determ.ine Ti, 
V, Ca, Mg, Al, Cl, Mn, As, Sb, Se, Hg, Br, Co, Ni, Cr, Fe, 
Na, Rb, Cs, K, Sc, Tb, Eu, Sm, Ce, La, Sr, Ba, Th, Hf, Ta, 
Ga, Zr, and Cu in feed coals, process solvent, SRC, mineral 
residues, wet filter cake, by-product solvents, process and 
effluent waters and by-product sulfur'. The sample points 
were chosen such that the major process streams·were adequate
ly described and that the major input and· output materials 
were included. Atomic absorption spectrophotometry was used 
to measure the toxic elements Pb, Cd, and Be in plant-
derived solvents, effluent water and Hamer .. Marsh water. 
Hamer marsh is located in the vicinity of the SRC pilot 
plant at Fort Lewis, Washington and receives treated SRC 
wastewater. Specific methods were developed for·analysis of ,, 
a wide range of material compositions.. The neutron activa-
tion analysis procedures were divided into short and long 
irradiation procedures for elements with short half lives 
(less than 3 hours) and intermediate to long half lives (8 
hours to 5.2 years). 

Data are presented for preliminary SRC-1 process 
materials and also for a set of materials taken during 
operation of the pilot plant but not under equilibrium 
conditions. 
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Two separate sets of samples were taken when the pilot 
plant had operated continuously for seven days and composite 
samples were collected for each process fraction over a 24-
hour period. These are designa~ed Equilibrium Sets 1 and 2. 
A material balance (or budget) was calculated for each 
element from the c9ncentration data and the yields of each 
process fraction for each equilibrium set in the SRC process. 
The SRC and insoluble residue account for more than 95 
percent of the input of each element (except for Hg and Co 
in Equilibrium Set 1) with other process fractions contri
buting little to the trace element balance. Except for Cl, 
Br, and Ti, each element was substantially lower in the SRC 
compared to the original feed coal. 

3.1.2.3 Environmental Impact Assessment at 
Alsid, Snowden and Associates 

Alsid, Snowden and Associates, subcontractor to Pittsburg 
and Midway Coal Mining Company, are conducting an environ
mental sampling/monitoring program to determine whether the 
SRC pilot plant has had any measureable impact on air 
quality, water quality, and vegetation in the surrounding 
environment. 

Baseline studies were made on air and water quality 
(December 1972 to December 1973) prior to pilot plant con
struciion. Ongoing monitoring studies of air and water 
quality and foliage effects were made (and are continuing) 
during plant operations. The published report (50), sum
marizing the environmental program for January 1, 1972, 
through June 30, 1977, indicates that the pilot plant had 
virtually no measureable impact on air and water quality in 
the surrounding environment. Foliage studies made during 
plant operations at areas that would be receptors of plant 
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emissions and at control areas indicate that the pilot plant 
operation has had no discernible effect upon the vegetation. 

In assessing air quality, samples of the following were 
collected and measured: suspended particulates, gaseous 
hydrocarbons, sulfur dioxide, oxides of nitrogen, carbon 
monoxide and carbon dioxide. 

Water samples were collected once or twice monthly 
(during sampling phases) from eleven sampling stations and 
analyzed for the following physical, chemical and bacterio
logical parameters: tempP.rature, dissolved oxygen (DO), dis
solved oxygen percent saturation, specific conductance, tur
bidity, color, pH, sulfate, phenol, chemical oxygen demand 
(COD), total organic carbon (TOC), coliforms, nitrogen, 
phosphorous and various trace elements. 

Foliage samples were collected1 to determine if growth 
abnormalities were present. Samples from all sites were 
compared in the field to determine variation between sites. 

3.1.2.4 Three-Point SRC Program at Battelle 
Northwest 

Battelle Northwest Laboratories is conducting three SRC 
studies - a chemical program, an ecological program, and a 
biomedical program. The chemical program will be discussed 
in this section, with the organic and inorganic analysis 
data being presented in other parts of Section 3.0. No 
published data are presently available from the biomedical 
and ecological program, although reports are to be issued in 
the near future. 
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The objective of the chemical program is to characterize 
products, by-products and effluents from the SRC conversion 
process. Inorganic analysis data of the feed coal, mineral 
residue, product solids and liquids, process liquids and 
effluent gases taken from the SRC pilot plant indicate that 
except for mercury, titantium and bromine, most elements 
appear to remain with the mineral residue. For the case of 
bromine, approximately 84 percent remains with the product, 
whereas for titanium, approximately 56 percent remains with 
the product. In the case of mercury, 89 percent is unaccount
ed for in the solid and liquid products and is presumably 
emitted in the process offgas. Product and effluent organic 
analysis data are presented in Section 3.4. 

A major component of the Battelle chemical program are 
studies to determine aspects of SRC sampling and analysis 
~h~ch should be considered in order to be most effective in 
the following: 

• Taking representative samples 
• Interfacing with the plant and its personnel 
• Avoiding sample contamination and degradation 
• Choosing analytical techniq~es which minimize 

matrix effects. 

These aspects of the chemical program are presented in 
Fruchter and Peterson, 1978 (51), and will also be incorp
orated in a "program planning document," presently being 
prepared by Battelle. 
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3.1.2.5 Combustion of SRC by EPRI and Consolidated 
Edison 

Consolidated Edison of New York and the Electric Power 
Research Institute recently participated with DOE in conduct
ing a burn test of 4500 barrels of SRC-II fuel. The purpose 
of the test was to determine if SRC-II was a satisfactory 
substitute for low-sulfur oil and if it would meet the EPA 
proposed emission standards. Although work is still being 
done with regard to the burn test and a final report is not 
yet available, reported results appear "very encouraging" 
with regard to the combustion and emission qualities of SRC
II. Data from this study are presented in Section 5.5. 

3.2 Input Materials 

Input streams are the raw materials that must be supplied 
to the processes of the SRC-11 system. These input streams 
will include primary and secondary raw materials, and the 
output streams from other processes. The primary raw materials 
used in the SRC-Il system consist of coal, water and air. 
The· secondary. raw materials consist of dete.rgents, catalysts, 
and additives produced by technologies other than the SRC-lI 
system. The raw materials used in the four system· operations 
of the SRC system, per sey are shown in Table 15~ while 
those used in various auxiliary processes are shown in Table 

16. 

3.2.l Regional Characterization of U.S. Coals 

Because the chemical composition and other characteris
tics of the coal and water materials that are supplied to 
processes of .the SRC-II system are quite site-specific, it 
is essential to resor~ to generalized characterization of 
these materials on a regional basis. 
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TABLE 15. PRIMARY AND SECONDARY RAW MATERIALS SUPPLIED TO 
SRC OPERATIONS AND AUXILIARY PROCESSES (6) 

Process or Secondary 
Operation Primary Raw Materials Mg/day Raw Materials 

-
Coal pretreat- •coal from.coal re- 29,732 • fuel sas/air mixture 
ment ceiving and storage 

• air to coal dryers 29,827 

• makeup water 2,028 

• moisture from environ- 60.6 
ment 

Liquefaction • treated water from water 2,411 • fuel gas to preheater 
supply 

• air to preheater 12,725 

Separation 

Gas separation None None 

Solids/liquids • cooling water for ·solid- unquanti- • fuel gas/air mixture 
separation ifying the SRC-11 residue f ied 

Purification & 
UEgrading 

Fractionation None • fuel gas/air mixture 

Hydrotreating • water to oil-water separa- 775 • fuel gas/air mixture 
tor (decanter) 

• catalysts 

Mg/day 

3,601 

691 

4,537 

7,579 

1,543 

unquanti-
f ied 



Process 

• Coal receiving 
and storage 

• Water supply 

• Water cooling 

• Steam and power 
...... generation 
°' VI 

• Hydrogen gen-
eration 

• Oxygen genera-
tion 

• Acid gas re-
moval 

TABLE 16. PRIMAR".f AND SECONDARY RAW MATERIALS 
SUPPLIED TO AUXILIARY PROCESSES (6) 

Primary Raw 
Mg/day 

Secondary 
Materials Raw Materials 

raw coal 29,740 

raw water .32,057 chemicals used in 
water treatment 

makeup water 23,092 chlorine disinfect-
boiler blowdown ant plus chromate 

inhibitor 

coal 929 recycled water from 
makeup water 4,677 
air 11,087 

coal 1,392 oxygen 
water 671 steam 
air 965 monomethanolamine 

sol. 
fuel gas 
makeup catalyst to 
shift converter 

cooling water 14,913 
air 11,650 

makeup water 3 stream to amine re-
generation 

monoethanolamine 

(continued) 

Mg/daJ: 

14 

unquantified 

13,345 

2,551 
4,064 

0.9 

52 
unquantified 

unquantified 

0.8 



TABLE 16. (continued) 

Primary Raw Secondary 
Process Materials M.g/dal Raw Materials Mg/day 

• Sulfur recovery water 74 fuel gas 8 
air for oxidation 4,882 
air for combus-

tion 146 

• Hydrocarbon & cooling water unquantified steam unquantified 
hydrogen re-
covery 

• Ammonia recovery air 14,786 calcium hydroxide 7 
solvent 

.... • Phenol recovery none makeup naphtha sol- 3 
°' °' vent 

hydrochloric acid 31 



The coal characteristics considered to be of greatest 
importance in the siting and operation of SRC systems include 
the following (52): 

• Coal rank (characterized as bituminous, subbitumin
ous, and lignite) determines the size of equipment 
required to clean the coal 

• Recoverable coal resources and reserves (surface 
and underground) determine the siting of SRC 
liquefaction systems 

• Proximate analyses (moisture, ash, volatile matter, 
heating value and fixed carbon) 

• Ultimate analyses (carbon, hydrogen, oxygen, 
nitrogen, and sulfur) 

Seven regions of major coal reserves have been included in 
this study; these regions and associated coal types are 
shown in Table 17. 

Both the chemical and physical propertie~ of coal_ will 
exert an effect on the performance and size of the equipment 
needed for the operation of the SRC system. The proximate 
and ultimate coal ~nalyses presented in Tables 18 and 19 
include only sulfur, nitrogen, and ash as major non-fuel 
components. Most of these parameters will require evaluation 
when a specific site is selected for the commercial SRC 
system: 

• Sulfur - three forms of sulfur can occur in coal, 
organic, pyritic, and sulfate. In general, sulfate 
sulfur amounts to only a few percent of the total 
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TABLE 17. GEOGRAPHICAL DISTRIBUTION OF MAJOR COAL 
RESOURCES AND RESERVES (53) 

States Included 
EPA Regions Coal Region ~wholll or in Eart} Coal Rank 

III,IV,V Appalachian Pennsylvania Bituminous 
Ohio 
West Virginia 
Kentucky 

IV,V Eastern Interior Illinois Bituminous 
Indiana 
Kentucky 

VI Texas Gulf New-Mexico Sub bituminous 
Texas Lignite 

VIII Fort Union - North Dakota Lignite and 
Powder River -South Dakota Subbituminous 

Montana 
Wyoming 

VI, VIII, IX Fou:r Corners New Mexico Subbituminous 
Colorado 
Utah 
Arizona 

x Northern Alaska Alaska Bituminous and 
Subbitumious 

* does not include South Dakota resources or reserves 
**does not include Colorado and Utah resources or reserves 

Surface Mineable Coals 
Resources Reserves 

15,124 3,727. 

16,230. 4,002. 

2,631 181 

25,136.* 18,347 

3,556.** 2,772.** 

14,219 106,000 



TABLE 18. AVERAGE PROXIMATE ANALYSIS OF COAL BY REGIONS 

Region 

Appalachia 
Eastern Interior 
Fort Union 
Powder River 
Four Corners 

(1) As received basis 

Coal Rank 

Bituminous 
Bituminous 
Lignite 
Sub- B i"tumi nous 
Sub-Bituminous 

Heating 
Value 
Btu/1 b 

13570 
11630 

6870 

9780 

10160 

Moisture(l) Volatile Fixed 
Matter Carbon 

% % % 

3.4 30.6 56.5 
11. 2 35.2 40.7 
37.5 27.6 2 8. 1 
19. l 34.4 40.6 
11. 4 33.8 40.0 

(2) Sulfur is distributen between the volatil~ matter as organic sulfur and 
the ash (or mineral matter} as pyrite. 

TABLE 19. ULTIMATE ANALYSIS OF COAL BY REGION (53) 

Region Moisture Ash c H 0 N 

Appalachian 3.40 7.70 76.37 4.45 5.27 1. 01 

Eastern Interior 11. 20 9.40 64.32 4. 15 ~. 15 1.28 

For.t Uni on 37.50 6.20 4 l. l 3 2.73 l l. 03 0.81 

Powder River 19. l 0 5.30 56.70 4.00 13.00 l. 30 

Four Corners 11 . 40 14. l 0 58.29 3.90 10.29 l. 32 

(1) In percent 

Ash Sulfur (53)· 

% % 

7.7 1. 8 

9.4 3.5 
6.2 0.6 

5.3 0.6 

14. l 0.7 

s 

1.80 
3.50 
0.60 
0.60 
0.70 



sulfur and tends to be associated with the mineral 
matter. Organic and pyritic sulfur are the more 
important forms. 

Organic sulfur compounds which are reported to 
exist in coal and in crude coal-derived products 
include mercaptans, sulfides and disulfides, and 
homoglogs of thiophene. Organic sulfur makes up 
from 20 percent to 80 percent of the total sulfur 
content of coal. Distribution of organic sulfur 
is relatively uniform from top to bottom of the 
coal seam. Sulfur organically bound to the coal 
structure cannot be effectively removed by mechan~
·cal or wet cleaning methods. 

Sulfur present as iron pyrite, FeS, is part of the 
mineral matter. It can occur associated with 
inclusions of other minerals in the coal seam, as 
inclusions of pyritic masses, or as veins of 
particles.distributed throughout the seam. Some 
seams have higher concentrations of pyritic sulfur 
at the. top and bottom than throughout. Depending 
upon the manner of occurrence, crushing or grinding 
·may be used to physically separate the pyritic 
material from the coal. The higher density of the 
pyrite then permits its separation to a greater or 
lesser extent from the bulk of the coal by gravit'y 
techniques. 

• Ash - ash or mineral matter occurs in coal as true 
mineral components, rock, overburden, partings, 
and pyrite or to a lesser extent as mineral forming 
inorganic elements combined chemically into the 
coal structure. Some water in the form of water 
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of hydration may be present in the mineral matter. 
Ash constitues varying percentages of the coal 
and, if it originates from overburden included 
during mining, may be higher in the_mined coal 
than in the seam proper. Crushing and cleaning 
can be used to reduce mineral matter resulting 
from partings, inclusions, overburden, and pyrites. 

Other major components and minor or trace elements 
can include virtually all the other mineral elements. 
Mineral elements in coal can influence filtration 
capacities, the amount of slag generated, and the 
ease of dissolution of coal in the liquefaction 
process. For example, coals with high sodium or 
iron content are reportedly more readily dissolved 
than low-iron coals. Coals having low amounts of 
these promoters may require the outright addition 
of catalysts that promote dissolution. Combustion 
of coal converts mineral matter to oxides· which 
form ash or slag depending upon temperature. Some 
oxides such as those of lead, mercury, vanadium, 
and boron may be volatilized. 

Fusion temperature and viscosity are the physical 
properties of the ash which are of interest. 

• Moisture - coal moisture content is affected by 
moisture added to the coal by washing or weathering, 
and moisture lost from the coal by exposure to dry 
air. In some formations, the coal seam may be an 
aquifer yielding higher as-mined moisture content. 
Surface moisture usually is not included in coal 
moisture. 
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Moisture reduces the available heat from a given 
coal by two mechanisms. Its presence increases 
the total weight of the coal contributing nothing 
to the heating value. In combustion, the moisture 
is heated from ambient temperature to the exhaust 
temperature of the combustion gas and the coal 
moisture, as ·water vapor or steam, carries with it 
sensible heat, heat of vaporization and superheat, 
all of which are unrecoverable. 

• Oxygen - excess oxygen in the coal requires more 
hydrogen gas to convert it to water. 

• Nitrogen - nitrogen in coal is exclusively asso
ciated with the organic mat~ials. Possible modes 
of occurrence are as amines and heterocyclic 
nitrogen compounds. Nitrogen contents of coal are 
on the order of a few percent maximum. Because 
nitrogen is relatively inert it is primarily a 
diluent in the coal. However, compounds which may 
be produced in coal liquefa~tion processes may be 
undesirable. For example, the amine or ring 
compounds may be retained as intact constituents 
of the products in liquefaction processes. 

• Chlorine, Phosphorus, and Other Elements - other 
elements present in the coal are not usually 
reported in the Ultimate Analysis. Chlorine is an 
example and, although analytical techniques for . 
its determination exist, it usually is not deter
mined unless a specific need for its analysis 
exists. Chlorine usually amounts to only a 
fraction of a percent. Phosphorus, associated 
with the mineral matter, usually is not determined, 
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although its level may present environmental 
problems in some coals. 

Coals containing unusually high concentrations of 
specific elements, for example selenium, fluorine, 
vanadium, or arsenic may pose special pollution or 
boiler fouling problems; these would require 
evaluation on a site-specific basis. 

• Physical Properties - grinding, washing, and 
plastic properties of the coal are of importance 
in determining the coal pretreatment steps required 
prior to use Jn the SRC-11 system. Processing 
equipment for coal pretreatment will depend upon 
the grinding characteristics of the coal used. 
Grindability is influenced by other coal properties 
such as hardness and strengtli. 

Washability tests are conducted to determine the 
ability of the coal to be cleaned of mineral 
matter (including pryitic sulfur) prior to use. 
Float/sink separations indicate the appropriate 
gravities which separate heayier minerals contain
ing refuse from relatively cleaner coal. 

The plastic properties of coal are related to the 
softening of the material during heating. Tests 
to measure these characteristics are gen-erally 
empirical. Fusible coals will require blending 
with other coals or pretreatment to control this 
property to acceptable levels prior to use in some 
refining processes. 
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3.2.1.1 Estimation of the "Average" and "Maximum" 
Composition of U.S. Coals 

In developing a technique for estimating the average 
and maximum composition of SRC process and waste streams 
(i.e. the worst case) sets of values for the "average" and 
the "maximum" elemental composition of all U.S. coals were 
first established. In this approach, the rationale was to 
treat all published averages and maximum as if they were raw 
data. The next important step was to derive from the pub
lished data of Filby et al. (49) and of Gehrs et al. (54) on 
SRC wastes and residues applicable partitioning factors, as 
discussed in Section 3.1.1.4. Since the coal composition 
estimated by use of the partitioning factors are based on 
actual data that have been generalized to all U.S. coals, it 
appears desirable, on the basis of th.e need in the SRC 
ass~ssment to establish realistic worst cases for the element
al composition of coals, t0 use thes~ deri~ed values in pre
ference to actual composition based, generally, on bne 

sample of coal whose composition was not reported. For the 
purposes of this report, the "average" U.S. coal is defined 
as that coal whose elemental composition is specified in 
Table 20, column 2, under the term "arithemetic mean." The 
"maximum" U.S. coal (i.e., the worst case) is that coal 
whose elemental composition, as specified in Table 20, 
column 5, under the heading "range", is described by the 
highest {or last) number. 

3.2.2 Regional Characterization of U.S. Surface and 
Groundwaters 

Some indication of the great variations in the quality 
of surface and groundwaters of the ·United States can be 
found in the series of hydrologic and related maps presented 
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TABLE 20. AVERAGE AND MAXIMUM ELEMENTAL COMPOSITION 
OF ALL U.S. COALS FOR WHICH DATA HAVE BEEN PUBLISHED 

Number Unbiased 
of Arithmetic Geometric Standard 

Name Surveys Mean* Mean* Deviation* Range* 

Aluminum 6 13,400 13,000 3,600 9700-18,500 
Antimony 12 2.2 1.8 9.3 0.48-5 
Arsenic 26 10.9 7.5 9.3 0.828-35 
Barium 8 500 
Beryllium 11 1.4 1.1 0.9 0.2-3. 
Boron 27 55. 42. 37. 7.-120. 
Bromine 8 16. 14. 10. 4.7-36.1 
Cadmium 16 3.4 1.4 4.5 0.1-16.2 
Calcium 9 7700. 6400. 4700. 2000.-17,000. 
Cerium 4 18. 17. 6. 11.-25. 
Cesium 6 1.2 0.83 0.76 0.11-2. 
Chlorine 7 1000. 890. 510. 300-1700. 
Chromium 32 16.3 13.8 8.0 1.5-39.4 
Cobalt 31 10.2 8.0 6.5 1. 02-25. 
Copper 29 12.7 11.2 6.6 3.2-33.8 
Dysprosium 3 1.3 1. 2 0.9 0.63-2.3 
Europium 5 0.32 0.31 0.12 0.2-0.52 
Fluorine 20 78. 73. 34. 30.-160. 
Gallium 11 4.4 4.1 1.5 2.-7. 
Germanium 10 6.2 4.5 4.5 0.91-14. 
Hafnium 5 0.82 0.80 0.24 o. 54-1. 2 
Indium 4 0.17 0.16 0.06 0.1-0.23 
Iodine 3 1.3 1.1 0.7 o. 52-1. 7 
Iron 10 14800 11900 9500 2890-33dOO. 
Lanthanum 13 9.6 9.1 3.2 5.1-15. 
Lead 22 13. 3.4 19. 0.02-64.9 
Lithium 15 35. 29. 22. 11-78. 
Lutetium 4 0.13 0.12 0.07 0.07-0.22 
Magnesium 6 1120. 900. 890. 500-2800. 
Manganese 25 36. 23. 34. 1.42-138. 
Mercury 19 0.15 0.11 0.15 0.012-0.73 
Molybdenum 29 5.2 4.0 3.1 0.08-12. 
Nickel 30a 19.a 15.a 21. a 3.3-121a 
Niobium 2 1.8 1. 7 0.4 1.5- 2 
Phosphorus 4 104. 97. 43. 64.-150. 
Potassium 10 2300. 1900. 1300. 500-5000 
Rubidium 8 28. 18. 30. 4.6-100. 
samarium 4 1.53 1.34 0.84 0.61-2.6 
Scandium 9 3.5 3.2 1.5 1. 43-5. 89 
Selenium 26 4.0 3.4 2.3 0.8-10.4 

(continued) 
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TABLE 20. (continued) 

Number Unbiased 
of Arithmetic Geometric Standard 

Name Surve.ys Mean* Mean* Deviation* Range* 

Silicon 5 22800 22500 4300. 17000-28000 
Silver 5 0.17 0.06 0.30 0.02-0.1 
Sodium 13 2000. 18000. 14000. 7600-36000 
Strontium 7 120. 90. 0.09 0.15-0.33 
Sulfur 3 22000. 18000. 14000. 7600-36000 
Tantalum 5 0.24 0.22 0.09 0.15-0.33 
Tellurium 3 0.025 0.025 0.005 0.02-0.03 
Terbium 4 0.20 0.13 0.13 0.02-0.34 
Thallium 1 0.66 
Thorium 12 4.5 4.0 2.2 1. 9-9. 7 
Tin 21 2.0 1. 7 1.2 0.4-5. 
Titanium 14 530. 250. 340. 0.052-1135. 
Tungsten 4 0.72 o. 72 0.09 0.62-0.82 
Uranium 17 2.2 1.8 1. 7 0.68-8.1 
Vanadium 29 26. 24. 11. 4.-so. 
Yttrium 5 10.4 10.1 3.0 7.4-14. 
Ytterbium 5 0.63 0.61 0.17 0.38-0.83 
Zinc 28 120. 36. 280. 0.0S-1460 
Zirconium 21 57. 49. 25. 7.6-110. 

*ppm, wt. basis 

a deletes one survey of Pennsylvania coal which had 4,480 ppm nickel. 
Next highest nickel concentration was 121 ppm in a Utah coal. 

176 



in Appendix C. Any narrative summary of water quality in an 
area as large as the U.S., with its broad variations in 
natural and cultural features, is extremely difficult. All 
of this suggests the truism that there is a wide range of 
water quality indices in the United States. Aside from 
this, however, it is possible to summarize those aspects of 
water quality which might present problems to the operation 
of SRC-II systems in coal-bearing states of the various EPA 
regions. 

3.2.2.1 

3.2.2.1.l 

EPA Regions III, IV and V (Pennsylvania, Ohio, 
West Vi!g~ni~, Kentucky, Illinois, and Indiana) 

Pennsylvania, .Ohio, West Virginia, 
Eastern Kentuch 

The quality of surface water in these coal bearing 
states is affected by changes in water and land use patterns 
(industry, surface mining, etc.), high and low flow patterns, 
degree of weathering and accelerated erosion, and rock 
types. In the greater part of the region, the concentration 
of total dissolved solids (TDS) in surface waters is less 
than 300 ppm, with a range from 50-5000 ppm (53). Selected 
water quality characteristics for major drainage basins in 
these regions are shown in the Appendices. 

Existing uses of surface waters include: municipal; 
industrial; irrigation of crops and food processing; mining 
and steam electric stations. The riparian concept of surface 
water rights is adhered to throughout these regions. Some 
of the states have adopted the rule that surface water can 
be utilized so long as the proposed use is consistent with 
similar uses by other riparian owners (53). Groundwater 
quality in most locations is satisfactory for domestic and 
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other uses; however, some problems may arise from SRC-II 
systems in some areas having unusually hard waters, excess 
iron, and salinity. In many river basins of these regions, 
groundwater will continue to be a major source of water 
supply for industrial use (53). 

3.2.2.1.2 Illinois, Indiana, Western Kentqcky 

In parts of these regions, surface water quality pro
blems occur as a result of acid mine drainage and the dis
charge of industrial wastes (53); these and related problems 
will need careful attention on a site-specific basis. The 
hardness of surface waters is a problem in the northern 
portions of Illinois, and dissolved solids may range from· 
200- 700 ppm (or higher) during stream low flow.s of the 
summer months, during which time the groundwater contributes 
extensively to stream low-flows. Recent stream quality data 
from these regions indicate that ~he trace elements occur at 
higher levels in surface waters in these regions than in any 
of the others (55). In fact, many of the metals exceeded 
the stringent aquatic-life standards at several of the 

. .,. 
National Stream Quality Accounting Network (NASQAN) stati-ons 
(U.S.). Suspended sediment concentrations range from over· 
1900 ppm, in western and southern Illinois to le~s than 270 
ppm in western Kentucky. The riparian .concept of surface 
water rights is adhered to in these states. 

Groundwater quality varies widely depending upon depth 
and type of aquifer. For example, in the alluvial and 
glacial drift aquifers, the water quality is good, but the 
iron content exceeds 0.3 ppm and water harndess exceeds 250 
ppm. In the deep aquifers, water hardness ranges from 300-
500 ppm, salinity exceeds 1000 ppm and sulfate concentration 
can exceed 250 ppm. Groundwater is heavily used by rural 
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homes, cities, towns, and industries in these regions. In 
some river basins, all of the municipal water supply is 
obtained from aqufiers (53). 

3.2.2.2-

3.i.2.2.1 

EPA Region VI (Northeastern Texas and 
Northwestern New Mexico 

Northeastern Texas . 

As would be expected, the surface water quality in this 
area is very sit~ specific. For example, salinity problems 
occur in the tributaries abutting oil fields (brines). The 
Trinity River basin reportedly suffers from.perious pollution 
from municipal dis~harges; these produce severe dissolved 
oxygen deficits at times. The Brazos and Colorado Rivers to 
the south suffer from chornic salinity problems due to the 
inflows of naturally saline· watets. In the Navasota River 
basin, oil field wastes produce periodic problems in the 
tributaries and main stream of the Navasota River. In the 
Guadaiupe and San Antonio R~ver basins, dissolved solids are 
a problem, ranging from 300 ppm up to more than 600 ppm at 
low flows .. Work has been initiated to improve the surface 
water quality in thes~ areas. 

Surface water supplies are most plentiful in the northern 
portion of this area. The combined water surpluses for the 
Sulphur, Cypress and Sabine basins in the year 2020 reportedly 
will exceed 400,758 m3 per year. If additional reservoirs 
can be realized, more than 2.426 million m3 per year of 
additional water per year would be available. The avail
ability of surface waters descreases to the south of the 
Sabine River. The demand for water in the Neches, Trinity, 
Guadalupe and San Antonio basins reportedly will exactly 
balance the supply, after augmentation from the Texas Water 
System or from other basins (53). 
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The water rights doctrine presently in use includes 
both the ripiarian and appropriation doctrines. Riparian 
rights exist incidental to land ownership, while the Texas 
Water Rights commission has discretionary powers of appro
priation. 

Groundwater availability is reported to be maximal, 
both with reference to the estimated safe yield and surplus 
of the Texas Water Plan for the counties of Brazos, Burleson, 
Washington, and Bastrop. However, througho~t the Texas 
lignite area, aquifer recharge atid water transmission will 
present some problems in water availability (53). 

3.2.2.2.2 Northwestern New ~exico 

The San Juan River displays increasing levels of dis
solved solids, hardness, and sulfate as one proceeds down
stream toward Farmington, New Mexico. Suspended sediment 
loads are reported to be highest during summer storm flows 
in the San Juan River. 

Water use in New Mexico 
River Basin Compact of 1922, 
about 11 percent, or 790,262 

is regulated by the Colorado 
wherein New Mexico is allocated 
m3 per year, from the Upper 

Colorado River Basin system. The largest current allocation 
in New Mexico goes to the Navajo Indian Reservation Project 
(58). Irrigation is the largest water use in the San Juan 
River, at an estimated 264,451 m3 per year. 

Alluvial aquifers in the mainstem of the San Juan River 
valley are reported to have an assured and constant recharge. 
Wells in certain alluvial aquifers may yield more than 500 
gpm at depths of about 21.3 m. The general yields, however, 
range from 18.5-185 gpm. 
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Groundwater quality of bedrock aquifers in the San Juan 
basin is considered poor with a dissolved solids content of 
more than 1,000 ppm, with some exceptions such as the San 
Jose and Nacimiento formations where the dissolved solids 
may be lower or higher than 1,000 ppm (53). 

3.2.2.3 EPA Region VIII (Western North Dakota, 
Eastern Montana, Eastern Wyoming, Eastern 
Utah, and Northwestern Colorado) 

Information on average dissolved chloride, dissolved 
sulfate, alkalinity, cissolved fluoride, hardness, dissolved 
solids, total nitrogen, and phosphorus for this region is 
given in the Appendix for the Missouri, Yellowstone and 
Bighorn Rivers and their tributaries. In the Western Dakota 
sub-basin, surface water quality of most streams is considered 
poor because of excessive, periodic overland flows (i.e., 
surface runoff) intermittent stream flows, and leaching of 
rocks and soils containing high concentrations of water 
soluble salts (53); these salts include sodium sulfate, 
chloride, and bicarbonates. 

Crop irrigation is considered the major water use in 
this region; however, extensi~e ind{istrial options and 
applications for water in this region range from 0.878 
million to 2.529 million cubic meters per year. Water 
rights in this region are regulated by each state under the 
so-called appropriation doctrine. For example, under the 

' Yellowstone River Compact of 1950, 80 percent of the unused 
and unappropriated water of the Bighorn River is apportioned 
to the state of Wyoming and 20 percent to the state of 

Montana ( 53). 
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Groundwater quality of this region is highly variable, 
with hardness ranging from hard to very hard. The type of 
groundwater varies from calcium bicarbonate or calcium 
sulfate, to sodium or magnesium sulfate in the more widespread 
glacial-drift and outwash aquifers. Bedrock aquifers con
taining coal or lignite have TDS concentrations ranging from 
less than 500 ppm to more than 6000 ppm. The paleozoic bed
rock aquifers in North Dakota have TDS ranging from 200,000 
to 300,000 ppm °(53). In Wyoming and other states of the 
region, .groundwater is considered the most dependable source 
for domestic and livestock purposes (53). 

3.2.2.4 

3.2.2.4.1 

EPA Regions VIII and IX (Southwestern 
Colorado.and Arizona) 

Arizona 

Suspended sediment loads can become a problem in the 
Little Colorado River .Prea of northeastern Arizona during 
summer storm flows. Surface water quality is highly variable 
not only because of variable low flows, but also as a result 
of irr1ga~ion and industrial use return flows to surface 
waters. Additional information on surface water quality is 
shown in the Appendices. 

Major water uses in the Little Colorado River basin in
clude crop irrigation and mining (particularly in the Black 
Mesa coalfield). S~ace waters are in extremely short 
supply. The water righ~s doctrine of appropriation is 
controlled by the State Engineers Office (53). 

Groundwater supply from wells in alluvial aquifers 
along the Chinle Wash directly east of the Black Mesa coal
field in northeastern Arizona may be as high as 3400 lpm. 
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Wells in bedrock aquifers of the Black Mesa coalfield may 
yield from 39 to 1860 lpm (particularly in the northwestern 
half of the Black Mesa field) (53). 

Groundwater quality in the Black Mesa area is hampered 
by dissolved solids levels ranging from 100 to 25,000 ppm. 
Water hardness and sulfate levels are highly variable (58). 

3.2.2.4.2 Colorado 

Information presented for the San Juan River basin 
(under New Mexico) is directly applicable to the south~stern 
corner of Colorado, where the state's major coal resources 
are located. 

3.2.2.5 EPA Region X (Northern Alaska) 

Surface water quality data for northern Alaska are 
limited, and long-term records are nonexistent (53). However, 
data on the Colville River (the largest stream in the region) 
have been collected intermittently since 1953, for dissolved 
solids, hardness, pH, sulfate, iron, calcium, silica and 
other constituents. Summaty data for this region's water 
quality are shown in the Appendices. 

During the winter months, the Colville River freezes 
solid to depth of 1.8 to 2.7 m. Measurements made in 1962, 
indicated zero flows from the end of October to the middle 
of May. Lakes of the region are usually less than 30 m deep 
and they freeze from 1.5 to 2.1 m each winter. 

Considering the surface water problems, one turns to 
the groundwater as a source of water. Estimates of the sub
permafrost water suggest that this offers the potential for 
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large-scale development, if the salinity and freezing pro
blems can be solved. This approach, however, may prove 
uneconomical (53). 

3.3 Process Streams 

Process streams are defined as the output streams from 
the basic unit operations, and/or the various auxiliary 
processes that are input streams to another process in the 
technology (56). As in Section 3.2, this discussion begins 
with the process streams comprising the operations and 
processes that are unique to the conceptualized SRC-11 
system. Perintent information on the process streams of the 
operations and processes is given in Table 21, while similar 
data on the various categories of the auxiliary process 
streams are shown in Table 22. 

Process wastewaters from the main operations and pro
cesses are usually considered to present potentially serious 
water quality problems because of the suspected presence 
therein of cyanides, complex phenols, a~onia, PAHs and 
dissolved solids. However, these pollutants would likely be 
of nominal concern if the main unit process wastewaters were 
to be recycled. Furthermore, the auxiliary process-related 
wastewaters account for slightly more than 10 times that 
from the basic unit operations. Further discussion of the 
chemical aspects of process wastewaters and leachates of 
solid wastes is given in Section 3.6. 

3.3.1 Coal Pretreatment 

The coal preparation module is diagrammed in Figure 15, 
and summarized in Table 21. By use of a series· of jigs, 
screens, centrifuges, cyclones, and roll crushers the 76 mm 
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TABLE 21. PROCESS STREAMS ASSOCIATED WITH OPERATIONS 
AND AUXILIARY PROCESSES OF SRC-II (6) 

Pre: Io: 

l. Coal pr1treatMAt Jal COil 1tor- 3 • cl--4, 11,Ul o 62 
29,732 - . 

2. Liquefaction 

Separation 

3. Gas separation 

4. Solida/liqu1da 
•eparation 

ae• an. dried, !Dd 
pulverbed 

Coal/solvent 
alurry tr.. gaa 
aeparaUoo 

Coal/ solvent 
feed slurry 
fr'* coal 
pttparatioo 

Hydrogen froa 
fr'* HC/H2 re
covery 

Syntbe8ia gu 
fr .. hydrogen 
production 
procaH 

Solids/liquid 
alurry froa the 
liquefaction 
reactor/dis
•olver 

Plaabed gaaes 
fr<* tbi. solids/ 
liquids process 

Concentrated 
bottoa Blurry 
r-ining after 
the recovery of 
SRC liquids in 
the fractiona
tion proce•• 

The durry is 
•ent back to 
coal prepara
tion 

The slurry is 
sent to the 
liquefaction 
dis•olYer to 
produce the 
c.-plete feed 
str,... for 
uveral other 
operations 

To liquefaction 

To liquefaction 
fraction 

The alurry is 
aent to beat 
-changer and 
preaaure separa
tion proce••: 

36,364 - l 22 
29, 732 • 

54,916 -
29,732 l.85 

538 0.018 29,732 -

667 0.22 29,7l2 -

58,532 - 1 97 
29, 732 • 

The flubed ~ • 0 032 
gaaea are S"11t 29,732 • 
to hat exchang-
er and to inter-
.ediate preaeure 
condensate sep-
arac ion of 
liquid oils 

Peed fluh ves- ...id!! 
•al diatilla- 29,732 • O.ll 
tioo and secon-
dary flaahing 
uniu of solid/ 
liquid• aepara-
tiall to recover 
liquid nc (continued) 

c t! 

3 • coal is conveyed fr.,. the 1111-
werhecl coal 1toraee bill to • alurry 
miser. The coal co solvent <-phtba) 
ratio rage• typically troa 1.5 to 2.S. 
Other rav .. terlal• ca11posing this 
operacion are water and sir, as shown 
in Figure 16. 

Thia slurry is discharged f roa the 
ioteniedf.ate flaoh aeparator of the gaa 
sep11l'ati011 opeT•tion, .. shown in 
Figure 19. 

The coal solvent slurry is PUllPed into 
the liquefaction reactor along Vith 
treated -ter froa the water supply pro
cess, hydrogen gas from the hydrocarbon 
recovery procesa, synthesis gas froa 
hydrogen production !rocess. Tbe &2 : 
coal ratio is 1250 a per Mg of coal. 

The solid/liquid slurry r.,..lning afcer 
paasage through the intermediate preaaure 
flash separation i• split into CWo pro
cess atreama, aa shown in Figure 19. 

Light aocl heavy oils are aent to the 
fracclooacioa tower u shown in Figure 13. 

The cooling water input shown lo Figure 
13 la required for the !011dification of 
the SJ.C-11 residue. Plaehed gaaes from the 
initial flashing unit are routed back co 
the aae separation process, see ligurea 
19 and 23. 



TABLE 21. (continued) 

l'rocw or Op!ratioG Prem: To: 

Purification and 
Upcrediaa 

5. Fractionation Solid/liquid 
alurry frm 
the iate.-
iate praaaure 
flub Hpara
tor of the 
au aepara-
t ioa proceu 

The slurry is 
aent to the 1aa/ 
fuel preheater. to 
the fractiDGation 
proceaa and even
tual separation of 
SIC-II liquid, raw 
naphtha and fuel 
oil 

12,037 • 0 40 
29,732 • 

Li&ht & heavy The oils are sent 3,140 • O.ll 
condensed oil• to the fractionation 29,732 

6. Rydrotreating 

froa the in- tover 
ter.ediate 
pressure coa.-
denaate separa-
tor of the gas 
aeparatian 
process 

Rav naphtha Preheater, guard 
froa fraction- reactor and cataly-
atiOD tower tic hydrogenation 

unit 

Rav fuel oil 
froa fraction
ation tower 

Catalyst (u 
aeondary raw 
-terial) 

Synthesis gaa 
fr<>11 a2 pro
duc tioil 

Preheater, guard 
reactor and cataly
tic hydrogenation 
unit 

Rydrotreating 

llydrotreating 

'"lalative flow .; Ill/clay pc1fied str .. 
Ifs/clay , ... coal 

525 
29,732. 0.018 

2,615 • 0 088 
29, 732 • 

unquantified 

270 
29,732 • 0 •009 

C-ta 

The bottoa solids separated froa input 
slurry are sent to the aolid/liquids 
separation process for recavery of addi
tiDGal s-.:-11 liquid, u ahOllD in Figure 
31. 

Rav naphtha and raw fuel oil are sent to 
the hydrotreating process, as shown in 
Figure 36. 

The hydrotreating (i.e. hydrogenation) 
reaction, catalyzed by colbalt molybdate, 
converts organic sulfur and nitrogen 
coapounds in the oils to a2s and HH

3 which can be rellOVed in the sulfur strip
ping 1111d HH1 .atripping tower show in 
Figure 36 afid 13. 
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TABLE 22. PROCESS STREAMS ASSOCIATED WITH AUXILIARY PROCESSES OF SRC-11 (6) 

tgittag Proc•H 

Coal rec:ei•ia& Uld 
atorage 

W.ur ... pplJ 

w.ur cooliag 

Steaa generation 

Bydrogen generation 

Oxygen generation 

Acid gas r-.val 

Sulfur recovery 

'- coal frm 
coal atorage 

lecycle water 
fr .. hydrogen 
prod11etioa 
process 

Coal pretreac.eat 

Water cooling 

lecycle water Water coolillg 
frm van-ter 
tru-1: pane 

Coal fr- coal 
pretna-t 
operation 

The SIC-II rea
idue fr
soUds/liquid• 
aeparatioa ii 
llixed vitb: 
coal fr.. the 
coal pretreat
MDt operation 

Ozygea fr .. 
""11"" genera
tion 

Stem fr
ste• genera
tioa 

The priaary r
Mterials are 
air mid cooling 
water 

Furnace and boiler 
units 

The sac-11 residue 
plua coal becomes a 
source of hydrogen 
gas when reacted in 
the ltoppera-Totzek 
gadfier 

IDppers-Totsek 
gaalfier 

ltoppers-Totzek 
gaalfier 

The m<ygan gas is 
to11ted to tbe bydro
lell prod11etim1 process 

Feed gases fr.. MEA absorption tower, 
gaa separation hence to the sulfur 
and hydrotreat- recovery proceaa 
illg, priaarily 

Feed gaaea froa Stretforc! absorber 
acid gu r-..al 

Feed gases Stretf ord absorber 
hydrogen produc-
tion 

29,740 - 00 
29,732 l. 

245 
29,732 - 0 •008 

464 
29, 732 - 0 ·~16 

940 
29,732 - 0.032 

2,7S3 
29,732 - 0.093 

2,SSl 
29,732 - 0•08 

2::~ -0.13 

5,080 0 17 
29,732 - • 

70S 
29,732 - 0.024 

5,912 
29,732 - o.zo 

(continued) 

Tbe coal rece1v1ng mad ator ... 
acbmatic 1a abowa ill Pta11re 15. 

Bydrogen gu la produced in the 
ltoppers-Totzek gasifier 

The schematics for an oxygen 
generatiao process are glYen in 
Figures 37 and 38 

Only R S od CO can be adsorbed 
on the2iiz&; an.s2tclA is regenerated 
by theraal decomposition at 
elevated t-.perat_ur•• 

The absorbed B2s is ozidized to 
el-tal ... uur by the reductiOD of 
sodi• •t-madate; acid gas r..,,,.1 
procesa reportedly coataill• about 
oille percent B S by vol-. Conc-
trationa of e2~ in the treated tail 
gu are repor'ed to range frca S-10 
pp11. 
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TABLE 22. (continued) 

Auziliary Proce•• 

....,,,ia recovery 

Phenol recovery 

Fro.: To: 

Purif1..i ... 
fr• acicl au 
.--al 

Th1a ... atre.. 1• 
firat comprMaed and 
conc1 .... ec1 ia a -lti
•taae ref rlgaratioa 
unit, and tbe111 charged 
to a flash tower 

C-'>ined proceaa The _,,.ta bearing 
,...tevaters fra11 wastewater passes 
hydrotreating gas first into a rapid 
aeparation h1dro- ais tank where the 
carbon/hydro- .. bieot pB is raised 
gea recovery ... d to 11.0 by addition 
aeveral other of Ca(OR) 2 hence to 
processes of the clarifier. The clear 
SIC systea liquid is sent to an 

llH
3 

stripping unit 

Sours water fra11 
aas separation 

Phenol mr:traction 
1mit using naphtha 
as eolvent 

~-l i fl K&/da~ !]!!Cif ied atre.9 
-.. at va °" • II& day feed coal 

*Relative Flow 

4,314 • 0 
29,372 •15 

3,932 
29,372 - O.ll 

3,135 
29, 732 • o.u 

C-0.t• 

Tbe flaah aaaea are caapreaaad 111\d 
coadenaed in 1U10tber -1uetqe 
refrigeratl<JD milt, thence to a de
ethanlser colUllD, where propane and 
but ... • are taken off the bottoa and 
the overhead g .. ea are charged to 
another cycle of diatillation 

Upward of 90 percent of the -.inia 
can be recovered by this method. 

Upvarda of 99 percent of the phenol 
can be removed after adjusting the 
pB of the sour (phenolic) water to 
pB 4.0 by the addition of BCl soluti<JD 



coal is cleaned and crushed to the minus 30 mm size, where
upon it is dried in a flow dryer and then pulverized to the 
minus 3 mm size. In the conceptualized SRC-11 system produc
ing 7950 m3 of product per day, about 18,553 Mg of this 
pulverized coal is transferred daily by conveyor from a 
storage bin into a slurry mixer containing sufficient solvent. 
The coal to solvent ratio is about 1:2. This coal solvent 
slurry comprises the major feed input into the slurry pre
heater unit of the coal liquefaction operation. 

The second process stream under coal pretreatment is 
the slurry discharged from the intermediate (Figure 16) 
flash separator of the gas separation process, the majority 
of which (about 75 percent) is reportedly routed back to 
coal pretreatment; this process stream consists of the 
original solvent, dissolved coal, and undissolved coal 
solids. 

3.3.2 Coal Liquefaction 

The coal liquefaction module is diagrammed in Figure 
17. The only process stream is the coal/slurry mixture from 
coal pretreatment. The actual chemical composition of this 
stream is unreported, although it is known to contain gaseous 
hydrocarbons, light and heavy oils, coal residue plus ash, 
unreacted hydrogen gas, hydrogen sulfide, carbon monoxide, 
carbon dioxide, ammonia and nitrogen gases. 

3.3.3 Separation 

3.3.3.l Gas Separation Process 

In the gas separation process, the dissolver effluent/ 
product slurry is received from the liquefaction reactor, 
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whereupon it is cooled. On passage through a high pressure 
separator all of the uncondensed gases (e.g., H2s and co

2
) 

are separated from the ambient liquids and routed to the 
acid gas removal process, while condensed hydrocarbons are 
sent to the fra~tionation process. The solids/liquids 
portion of the slurry from the high pressure separator is 
then passed sequentially through five processes in which the 
solids/liquids slurry is stripped of gases, ambient water, 
light oils, and heavy oils. The condensed oils become an 
input stream to fractionation. The remaining solids/liquids 
slurry from the high pressure separator is directed to an 
intermediate pressure flash separator. In this process, 
numerous hydrocarbons are again vaporized from the slurry in 
an intermediate pressure condensate separator. The remaining 
slurry emanating from the intermediate flash separator is 
split into two streams, the larger of which (36,364 Mg) is 
routed to coal pretreatment (see Section 3.3.1), and the 
smaller stream ig sent to the fractionation process. 

The flashed gases (about 943 Mg/day) from solids/liquids 
separation comprise tne second process stream in the gas 
separation process. The composition and amount of uncon
densible gases in the flash gas process stream are reported 
to be as follows (6): 

Flash gas Mg/Day 

Carbon monoxide 58 
Hydrogen gas 42 

Hydrogen sulfide 10 
Carbon dioxide 8.7 
Ammonia 6.8 
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The amount of condensible hydrocarbons in the flash gas was 
reported to be 816 Mg/day (6). 

3.3.3.2 Solids/Liquids Separation Process 

The only process stream involved in this basic unit 
operation is the concentrated (bottoms) slurry from the 
fractionation process. 

3.3.4 Purification and Upgrading 

3.3.4.1 Fractionation Process 

SRC products condensed from the fractionator column 
consist of raw naphtha, raw fuel oil and liquid SRC-11 at 
2726 Mg/day. The concentrated slurry remaining in the 
bottom of the fractionator (referred to as bottoms) is sent 
as a confined stream to solids/liquids separation. 

The complete chemical characterization of, and the flow 
rates for the raw naphtha, raw fuel oil and the concentrated 
slurry have not been determined. However, the suspected 
presence of toxic and hazardous organic substances in the 
processed naphtha and fuel oil is discussed in Section 3.4. 

3.3.4.2 Hydrotreating Process 

As indicated earlier, the hydrotreating (i.e., hydro
generation of feedstocks) process may not be specified in 
some SRC design systems; its use was retained to permit a 
more complete environmental assessment. Th~ presence of 
suspected toxic and hazardous substances in the product 
naphtha and fuel oil is discussed in Section 3.4. The 
chemical composition of the feed gas (i.e., the synthesis 
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gas from hydroge~ generation) is discussed under Auxiliary 
Process streams in Section 3.3.5. 

3.3.5 Auxiliary Processes 

3.3.5.1 Hydrogen Generation 

The input stream referred to as the SRC-II residue from 
the solids/liquids separation process, is mixed with coal {a 
primary raw material from the coal pretreatment operation); 
this stream qualifies as a process stream. The concentrations 
of various chemical compounds in the SRC-11 residue have not 
been determined. The estimated inorganic element concentra
tions in the SRC-II residue, derived from the partitioning 
factor methodology discussed in Sections 3.2, are reported 
in Section 3.7.2. 

3.3.5.2 Acid Gas Removal 

The only process stream for this process consists of 
the .off-gases from gas separation with the composition 
reported in Table 23. The makeup water is considered to be 
a primary raw material, and the additives to the amine 
system are secondary raw materials consisting of monoethanol
amine (MEA), oleyl alcohol, and polyrad lllOA. 

3.3.5.3 Hydrocarbon and Hydrogen Gas Recovery 

The purified gas from the acid gas removal process re
portedly has the composition shown in Table 24. 
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TABLE 23. CONCENTRATION OF ATMOSPHERIC EMISSIONS 
FROM THE OFF-GAS FROM GAS SEPARATION 

Component 

Ammonia 

Carbon dioxide 

Carbon monoxide 

Hydrocarbons 

Hydrogen 

Hydrogen sulfide 

Nitrogen 

Water 

Concentration 
(Grams/cubic meter) 

0.046 

66. 

91. 

810. 

130. 

97. 

4.2 

9.1 

TABLE 24. CONCENTRATION IN THE ACID GAS TO 
SULFUR RECOVERY PROCESS STREAM 

Component 

Ammonia 

Carbon dioxide 

Carbon monoxide 

Hydrocarbons 

Hydrogen 

Nitrogen 
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Concentration 
(Grams/cubic meter) 

0.050 

1. 0 

110. 

940. 

150. 

6.5 



3.3.5.4 Sulfur Recovery 

The two process streams for this auxiliary process re
portedly have the chemical composition shown in Table 25. 
The major constituents of the gas streams from both the acid 
gas removal and the hydrogen production processes are H

2
s 

and co2 . 

3.3.5.5 Ammonia Recovery 

This auxiliary process has one auxiliary process stream· , 
namely .the combined process wastewaters from several SRC 
processes, whose chemical composition is reported in Table 
26. 

3.3.5.6 Phenol Recovery 

Only one input stream enters the phenol recovery pro
cess; namely, the process wastewater from gas separation 
whose chemical composition is estimated in Table 27. 

3.3.5.7 0ther Auxiliary Processes 

The input streams into coal receiving and storage, 
water supply, water cooling, steam generation, and oxygen 
production are not considered process streams; rather, they 
typically conform to primary and secondary raw materials as 
defined in the Appendices. 

3.4 Toxic Substances in Products and By-Products 

The Fort Lewis plant has operated under varying process 
conditions, to produce either a solid or liquid fuel. 
Variations in process conditions can significantly affect 
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TABLE 25. CONCENTRATION OF STREAMS FROM GAS 
PURIFICATION AND HYDROGEN PRODUCTION (GRAMS/CUBIC METER) 

Component 

Ammonia 
Ash 
Carbon dioxide 
Carbon monoxide 
Cyanide 
Hydrocarbons 
Hydrogen sulfide 
Nitrogen oxide 
Sulfur dioxide 
Water 

Gas from Gas 
Purification 

442. 
2.2 

87. 
656. 

17. 

Gas from Hydrogen 
Production 

0.13 
0.83 

1200. 

0.28 

18. 
0.0011 
0.2 

TABLE 26. CONCENTRATION IN WASTEWATER PROCESS 
STREAM FROM AMMONIA STRIPPING 

Component 

Ammonia 
Hydrocarbons 
Hydrogen sulfide 
Phenol 

Concentration 
(Grams/Liter) 

16. 
0.56 

13. 
0.18 

TABLE 27. WASTEWATER FROM PHASE GAS SEPARATION 

Component 

Ammonia 
Hydrogen sulfide 
Phenol 
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Concentration 
(Grams/Liter) 

17. 
13. 
11. 



the physical characteristics, chemical composition and 
biological impact of the products and by-products. In 
examining field and laboratory data it is therefore import
ant to specify whether the data source for the study was 
SRC-I (solid mode) or SRC-II (liquid mode). 

As discussed in Section 2.0 of this report, the major 
differences between the S~C-I and SRC-II systems lie in the 
location of the solids/liquids separation process and the 
separation methods employed. In SRC-I the solids/liquids 
separation process precedes fractionation. The liquified 
coal slurry is filtered to remove the undissolved mineral 
matter (mineral residue) and the filtrate is flash distilled 
to remove the solvent, leaving a black liquid which solidifies 
on cooling. In the SRC-II fuel oil mode, some of the slurry 
is flash distilled leaving the mineral matter in the vacuum 
bottoms. 

In both modes the distillate is further fractionated 
into light, medium, and heavy cuts. The light and medium 
cuts are treated by-products. The heavy cuts are either 
recycled as process solvent (solid product mode) or used as 
the fuel oil-type proquct (~iquid mode). When operating irr 
the liquid mode the product is the heavy distillate fraction 
equivalent to about a No. 5 fuel oil (51). 

An area of confusion that is encountered when examining 
data from SRC studies is the inconsistent terminology used 
to designate various product and by-product fractions. A 
partial listing of equivalent terms used to designate SRC-II 
fractions and the general boiling point range to which they 
refer, is presented in Table 28. 
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TABLE 28. SRC-11 PRODUCT AND BY-PRODUCT 
TERMINOLOGY 

Approximate 
bp Fraction 

<193°C 

193°-249°C 

249-454°C 

>454°C 

Terminology 

naphtha 
light cut 

middle distillate 
medium cut 
wash solvent 
fuel oil 

heavy distillate 
distillates 
heavy cut 
fuel oil-type product 
SRC liquid 

residue (includes SRC, 
insoluble organic 
matter and ash) 

Reference 

41,50,51 
51 

41 
51 
51 
6 

41 
so 
51 
51 
6 

41 

Analyses of SRC product and by-products, performed by 
several investigators, will be summarized and b~iefly dis-

. " 
cussed in the following section. Filby and co-workers (49) 
of Washington State University conducted studies of the 
trace element distribution and fate in the SRC-I process. 
Their data forms the basis of the inorganic product composi
tion and SAM/IA potential degree of hazard tables. Fruchter 
and Petersen of Battelle Northwest Laboratories, have con

ducted a program to characterize SRC products, by-products 

and effluents. Their analyses have been performed primarily 
on samples derived from the SRC-1 process with limited 
analysis of SRC-II samples. SRC-II samples were used in a 
recent Level 1 sampling and analysis study by Hittman Asso
ciates. The nature of the methodology used does, however, 
restrict this preliminary data to qualitative/semi-quantitative 

interpretation. 
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3.4.1 Inorganic Analysis 

3.4.1.1 SRC-1 Partitioning Factors 

Composition of various product and by-product streams 
is known to vary with the composition of the feed coal. An 
estimate of the concentration of the inorganic constituents 
in the naphtha, wash solvent, heavy oil, SRC-1, filter cake, 
and sulfur is presented in Tables 29 to 32. The tables are 

· based largely on the data generated by Washington State 
University (49) with the incorporation of Battelle Northwest 
data (51). 

3.4.1.2 SRC-11 Level 1 Methodology and SAM/IA Analysis 

Hittman Associates has completed a preliminary char
acterization of several SRC-11 product and by-product streams 
according to Level 1 methodology. Spark source analysis and 
selective atomic absorption were run on naphtha, middle and 
heavy distillates. A complete Level 1 organic analysis was 
run on the middle and heavy distillates. The qualitative 
organic nature of the naphtha stream was determined by 
infrared analysis only. 

3.4.1.3 Spark Source Results 

Table 33 shows the results of spark source analysis for 
the product streams (naphtha, middle distillates and heavy 
distillates) and for the residue. The term residue refers 
to the bottom material remaining after fractionation and 
secondary flashing and contains SRC, insoluble organic 
material and ash. Residue is included in this discussion 
because it is most likely to be gasified to obtain useful 
energy content rather than be disposed of as a solid waste. 

198 



I-' 
l.O 
l.O 

TABLE 29. PARTITIONING FACTORS AND ESTIMATED CONCENTRATION 
OF INORGANICS/IN SRC-1 LIGHT OIL-NAPHTHA 

Partitioning Factors Estimated 
Number Light Oil-Naphtha 

of Unbiased Concentration 
Deter- Arithmetic Geometric Standard ug/l 

Name mination Mean Mean Deviation Range Average Maximum 

Aluminum 2 0.0045 0.0044 0.0004 0.0042-0.0047 60,300. 83,250. 
Antimony 5 0.11 0.0003 0.23 s.ox10-7-o.53 242. 550. 
Arsenic 7 0.0043 0.0002 0.0082 l.4xI0-7-0.0224 47. 150. 
Barium 4 <O. 016 <0.007 ca.0.018 <0.0016-<0.04 4. 8. 
Bromine 5 0.017 0.002 0.030 4. 9x10-6-o. 070 272. 614. 
~-,~r iur, 5 <0.023 <0.017 ca.0.017 <0.0043-<0.049 <180,000 <390,000 
Cerium 2 2xio-4_

6 
2x10-4_

6 0.0 -6 2-2xio-4 3.6 5.0 
Cesium 2 -6 0. 0014 1. 2xl0 1.lxlO 0.3xl0 0. 92-1. 4xl0 0.0024 
Chlorine 3 0.41 0.21 0.)5 0.065-1.04 4.lxlOS 7. Oxl05 
ChrC'm;um 4 0.009 0.001 0.014 -4 3.4xio-7-0.03 _4 150. 350. 
Cobalt 4 3.J.xI0-4 O.l6x10-4 3.7xl0 3. Sx10-7-7. 4xl0 J.2 7 .8 
Copper 4 0.020 0.006 0.034 O.Oul4-0.071 250. 680. 
Europium 3 <0.10 <0.01 -6 ca.0.17 <0.00028-<0.3 <32. <52. 
Gallium 2 <0.0015 <o.9.6xl0 ca.0.0021 3. lx10-B-<O. 003 6.6 10. 
Hafnium 4 <0.0049 <0.0038 ca.0.0036 <0.0017-<0.009 4.0 5.9 
Iron 4 7xlQ-4 lxrn-4 12.x1Q-4 0.013-2.Sxl0-3 10,000 23,000 
Lanthanum 4 0.0029 2. 2x10-5 4.8x1Q-3 1. SxlQ-10-o. 010 28 44 
Lead 2 <0.11 <0.05 ca.0.14 <o.012s-<o.21 1,400 7,100 
Magnesium 2 ca.0.0065 ca.0.0062 <0.0030 >0.0044-<0.0086 ca. 7300. ca.18COC 
Manganese 3 0.0047 0.0045 ::-0.0011 <0.0028-0.006 170. 650. 
Mercury 6 0.053 0.031 0.057 0.0032-0.16 7.9 39. 
Nickel 5 <0.008 <0.004 ca.O.Oll <0.002-<0.027 150 970 
Potassium 4 <0.015 <0.001 ca.0.027 <6.4x10-5-<0.055 3-",SOO. 75 ,OG'.' 
Rubidium 5 <0.010 <0.004 -5 ca.0.017 <0.00085-<0.041 280. 1,000. 
Samarium 3 0.010 -4 6.3xl0 _

4 0.017 -4 <6.lxl0::~-0.030 15. 26. 
Scandium 3 5.7xl0 0.017xl0 9.8xl0 S.2xl0 -0.0017 2.0 3.4 
Selenium 6 0.037 0.005 0.064 7.7x10-6-0.!67 150. 380. 
Sodium 4 0.0042 0.0023 0.0039 0.00023-0.0094 8400. 430JO. 
Strontium 4 0.013 -6 0.006 -6 0.016 0.00063-0.036 1600. 3400. 
Tantalum 1 <2.9xl0 <z.9xlO -4 <2.9-<2.9xlo-6 _

4 
7.0x10-4 9.6x10-4 

Terbium 4 l.9x10-4 0.02x10-4 3.8xl0 3.lx10-7-7. 7xl0 0.038 0.065 
Thorium 3 <s.2x10-4 <s.2x10-4 ca.0.2xlo-4<5.0-<5.3~10-4 2.3 5.0 
Titanium 5 0.0032 0.0028 0.0014 0.00081-0.0042 1700. 3600. 
Vanadium 3 0.014 0.008 0.011 0.0017- 0.24 360. 700. 
Zinc 2 0.029 0.009 0.009 0.022-0.035 3500. 42000. 
Zirconium 2 0.0012 0.0012 0.0001 0.0011- 0.0013 68. 132. 
All arithmetic 36 0.029 0.004 0.072 1. 2x10-6-o. 41 
means above -6 

All maximum 36 0.09 0.01 0.20 1. 4xl0 -1. 04 
above 



TABLE 30. PARTITIONING FACTORS AND ESTIMATED CONCENTRATION 
OF INORGANIC$ IN SRC-I WASH SOLVENT 

Partitioning Factors 
Number Estimated 

of Unbiased Wash Solvent 
Deter- Arithmetic Geometric Standard Composition 

Name mination ~lean Mean Deviation Range Averaae Maximum 

Aluainua 4 0.0015_4 0.0010_4 0.0014_4 0.00020-0.0036 4 4 l.7x10 2.4xl0 
Antimony 4 4.3xl0_4 0.2x10_4 5.0x.10_4 <5x10-7-9.3xl0-4 0.80 1.9 
Arsenic 2 -4 4.1 13. 4.4xl0 0.5x10 6.2xl0 0.034-8.SxlO 
Bariua 4 <0.005 <0.002 ca.0.007 <9.4xio-4-<o.Ol5 1100 2100 
Bromine 5 0.005 0.002 0.005 1. 3xio-5-0.013 68 150 
Calcium. 5 0.015 0.014 0.007 0.0079-0.023 100,000 220.000 
Cerium 4 0.014 0.001 -6 0.023 -6 <0.0001-0.048 210. 300. 
Cesium 3 l.lx10-6 l.lxlO O.lxlO 0. 9 3-1. 2x10-6 0.0011 0.0019 
Chlorine 4 0.20 0.07 0.21 0.0083-0.40 l.7xl05 2.9x105 
Chromium 6 0.0015 0.0002_6 0.0013 6.9xio-7-o.oo3 20. 50. 
Cobalt 3 0.0035 8.3x10 0.0061 2.3xl0-7-0.0105 30. 15. 
Copper 3 0.0035 0.0025 0.0035 0.0014-0.0075 37. 100. 

N Europium 4 0.013 0.007 0.018 0.0038-0.040 3.6 5.8 0 
0 Gallium 3 0.010 0.0001 0.015 3.ix10-8-o.0281 37. 60. 

Hafnium 4 <0.05 <0.006 -4 ca.0.1Q4 <0.0011-0.20 -4 35. 51. 
Iron 4 3.0x10-4 1.4x10 _

4 2.2x10_4 0.085-5.3x10 3800 8400 
Lanthanum 3 4.8xl0-4 0.029xl0 7.2xl0 1.sx10-lO-o.0013 3.9 6.1 
Magnesium 3 ca.0.005 ca.0.005 <0.002 )(). 003-<0. 007 4800. 12000. 
Manganese 4 0.0055 0.0054 0.0007 0. 0045- >(). 0059 170. 65.0 
Mercury 4 0~29 0.11 0.44 0.022-0.94 37. 180 
Nickel 4 <0.02 <0.01 ca.0.038 <o.002-<0.059 323 2000. 
Potassium 5 0.012 0.001 0.024 6.4xio-5-o.oss 24000. 51000. 
Rubidium 5 0.0021 0.0017 0.0015 0.00068-0.0044 50. 180. 
Samarium 3 0.002~5 0.0001 -5 0.002~5 9.1x10-B-o.004 3.4 5.8 
Scandium 5 7.xlO 0.02x10 16x10 7.7xlo-9-3.6x10-4 0.20 o. 34 
Selenium 4 0.0027 0.0002 0.0034 4.1x10-6-o.001 9.4 24. 4 
Sodium 4 0.0027 0.0020 0.0020 0.00047-0.0051 4600. 2.4Xl.O 
Strontium 4 . 0.0067 _6 0.0045_6 0.0045_6 0.00063-0.0113 -6 680. -4 1400. -4 
Tantalum 3 2.3xl0_4 2.3x10 -4 0.3xl0 4 2.ox10-6~2.SxlO 4. 7x10 6.5xl0 
Terbium 4 6.3x10_4 0.04x10 12.5xlo-_4 3.Jxlo-7-0.0025 0.11 0.18 
Thorium 4 <S.3xl0 <s.3:xl(r4 ca.0.4x10 ~.O <S.9x10-4 2.0 4.3 
Titaniua 5 0.0029 0.0028 0.0007 0.0017-0.0038 13p0. 2800. 
Vanadiua 4 0.0066 0.0055 0.0038 0.0011-0.0il 150. 280. 
Zircoaiua 3 0.0016 0.0016 0.0004 ~.0013 ~.0020 77. lSO. 
All Ariti..ttc 34 0.020 0.002 0.059 l.lxl0-6~.29 



TABLE 31. PARTITIONING FACTORS AND ESTIMATED CONCENTRATION 
OF INORGANICS IN SRC-1 FILTER CAKE 

Partitioning Factors 
Number Estimated 

of Unbiased Filter Cakea. 
Deter- Arithmetic Geometric Standard Composition 

Name mination Mean Mean Deviation Range Average Maximum 

Antimony 4 2.1 1.9 0.8 0.89-2.6 4.6 10.5 
Arsenic 5 2.1 2.1 0.4 1.6-2. 7 23. 74. 
Barium 7 2.7 2.6 0.6 1.8-3.6 675. 1350. 
Bromine 6 2.3 2.1 1. 3 1.4-4. 7 37. 83. 
Cerium 7 2.8 2.8 0.7 1.9-3.5 50. 70. 
Cesium 7 3.1 3.1 0.5 2.5-3.7 3.7 6.2 
Chromium 7 2.9 2.7 1.1 1.5-4.2 47. 110. 
Cobalt 7 3.0 2.9 0.6 2.1-3.5 30. 75. 
Europium 5 2.5 2.4 0.8 1.5-3.8 0.80 1.3 

N Hafnium 6 2.5 2.5 0.5 1.9-3.3 2.0 3.0 0 
J--' Iron 5 2.9 2.8 0.5 2.2-3.4 43000. 96000. 

Lanthanum 3 1.1 0.0011 1. 7 1. 5xlo-9-3 . 00 11. 16. 
Lutetium 6 2.8 2.7 0.6 1. 8-3. 3 0.36 0.62 
Nickel 7 2.3 2.2 1.0 1.3-4.1 44. 280. 
Potassium 5 2.7 1.6 1.5 0.077:-3.5 6200. 13500. 
Ri~bidium 6 3.2 3.2 0.2 2.9-3.4 90. 320. 
Samarium 1 3.3 3.3 3.3-3.3 5.0 8.6 
Scandium 6 2.4 2.4 0.5 1.8-2. 9 8.4 14. 
Selenium 8 3.0 2.9 1.0 2.3-5.3 12. 31. 
Sodium 6 2.8 2.8 0.6 1.8-3. 3 5600. 29000. 
Strontium 5 2.1 2.1 0.5 1.5-2.8 250. 540. 
Tantalum 6 2.1 2.1 0.4 1. 7-2.8 0.50 0.69 
Terbium 6 2.4 2.4 0.5 1.6-3. 3 0.48 0.82 
Thorium 7 2.8 2.7 o·. 5 2.2-3.2 13. 27. 
Uranium 2 2.8 2.5 1.8 1.5-4 .1 6.2 23. 
Zirconium 6 2.5 2.4 0.5 1.8-3. 3 140. 275. 
All Arithmetic 26 2.6 2.5 0.5 1.1-3.3 

means above 
All Maximum 26 3.5 3.4 0.6 2.6-5.3 

above 

aFilter cake part of SRC-I only 



TABLE 32. PARTITIONING FACTORS AND ESTIMATED 
CONCENTRATION OF TRACE ELEMENTS IN SRC 

SULFUR BY-PRODUCTS 

Estimated 
Sulfur 

Partitioning Composition (ppm) 
Name Factora Average Maximum 

-Aluminum <5.lxlO <6. 8 < 9 .4 
Antimony <o.l <o.2 < o.s 
Arsenic <0.16 <1. 7 < 5.6 
Barium <0.73 <180. < 365. 
Bromine <0.66 <11. < 24. 
Calcium. <1.8 <14000. < 31000. 
Cerium <0.096 <1. 7 < 2.4 
Cesium 0.26 0.31 0.52 
Chlorine <0.15 <150. < 250. 
Chromium 0.15 2.4 5.9 
Cobalt 18.7 190 470 
Copper <0.05 <0.64 < 1. 7 
Europium <0.04 <0.013 < 0.021 
Gallium <0.42 <1.8 < 2.9 
Hafnium <0.39 <0.32 < 0.47 
Iron <0.05 <740. < 1650 
Lanthanum 0.238 2.3 < 3.6 
Magnesium <0.26 <290. < 730. 
Manganese <0.24 <8.6 < 33. 
Mercury 1.4 0.21 1.0 
Praseodymium 0.12 
Ruthenium ca. 2. 
Samarium 0.23 0.35 0.60 
Scandium <0.008 <0.028 < 0.047 
Selenium <0.75 <3.0 < 7.8 
Sodium 22.8 46000. 2.3xl05 

St~ontium <0.51 <61. < 130. 
Tantalum 1.4 0.34 0.46 
Terbium <0.26 <0.052 < 0.088 
Thorium <O.l <0.45 < 0.97 
Titanium <0.17 <90. < 190. 
Vanadium 0.27 7.0 14. 
Zirconium <0.97 <55 .. < 110. 

Only one estimate available: ~rithmetic mean of all partitioning factors: 1. 7 
Geometric mean of all partitioning factors: 0.3 
Unbiased arithmetic standard deviation: 5.0 
Range of all partitioning factors: 0.00051-22.8 
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TABLE 33. ELEMENT CONCENTRATIONS IN PROCESS STREAMS 
AS DETECTED BY SPARK SOURCE MASS SPECTROSCOPY (ppm)* 

Raw Middle Heavy 
coal Naphtha distillates distillates Residue 

Aluminum >1(0.48%) 1.4 0.18 23 1 
Antimony 0.56(38) 0.003 0.37 
Arsenic 0.59 0.006 3.6 
Barium 40(26) 0.004 0.050 140 
Beryllium 0.60 0.003 3.2 
Bismuth 0.42 0.008 0 .19 
Boron 130 0.009 0.012 1.2 1000 
Bromine 0.61 0.006 4.0 
Cadmium (*"') 0.001 0.024 0.23 
Calcium >0.5%(0.16%) 0.080 0.057 5.9 1% 
Cerium 17 0.010 10 
Cesium 0.001 1.2 
Chlorine 210 0.004 0.004 0.21 28 
Chromium 5.8(7) 0.003 0.001 2.5 29 
Cobalt 6.0 0 .001 0.011 3.6 
Copper 30(8.5) 0.004 0.042 0.100 17 
Dysprosium 0.84 0.004 0.52 
Erbium 0.98 0.012 0.66 
Europium 0.24 0.005 0.20 
Fluorine 90 0.003 0.003 0.34 260 
Gadolinium 0 .. 43 0.008 0.90 
Gallium 2.2 0.003 2.9 
Germanium 1.0 0.003 4.6 
Hafnium 0.45 0.002 0.002 0.018 0.60 
Halmium 0.32 0.002 0.113 
Iodine 0.005 0.95 
Iron >1%(0.1%) 0.034 0.23 62.0 1% 
Lanthanum 8.0 0.009 3.7 
Lead 4.3 0.002 0.007 6.2 
Lithium 0.60 0.017 67 
Lutecium 0.12 0.002 
Magnesium 1000 (768) 4.2 0.063 2 .1 1200 
Manganese 73.0(34) 0.002 o. 79 87 
Molybdenum 8.3 0.004 0.002 0.016 3.7 
Neodymium 7.4 0.012 3.6 
Nickel 7.5(11) 0.002 o. 16 18 
Niobium 2.6 0.002 2.1 
Phosphorus 35 0.053 0.025 2.5 1400 
Potassium 1900(1243+) 0.034 0.068 6.8 1900 
Praseodymium 7.3 0.003 1. 9 
Rubidium 18 0.016 53 
Samarium l.4 0.002 0.002 0.021 0.58 
Scandium 1.3 0.006 3.8 

(continued) 
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TABLE 33. (continued) 

Raw Middle Heavy 
coal Naphtha distillates distillates Residue 

Selenium 0.58(41+,++) 0.003 0.003 3.1 
Silicon 1% o. 53 0.60 100 1% 
Silver 0.08 
Sodium 550 (311+) 0.16 0.053 8.0 500 
Strontium 38 0.023 56 
Sulfur 1% 0.053 1. 6 0.5% 
Tantalum 0.003 0.17 
Thallium 0.43 0.007 1. 3 
Thorium 3.0 0.006 4.0 
Tellurium 0.15(**,++) 
Terbium 0.002 0.10 
Thullium 0.24 0.003 0.22 
Tin 0.25(0.4++) o. 15 1.9 
Titanium 520 0.004 0.68 760 
Tungsten 0.25 0.011 0.52 
Uranium 4.0 0.007 3.4 
Vanadium 30.0(1.5++) 0.001 0.13 70 
Ytterbium 0.61 0.30 
Yttrium 10 0.007 4.1 
Zinc 5.3(16) 0.001 0.21 o. 10 40 
Zirconium 11 0.018 17 

*Concentrations detected by atomic absorp~ion in raw coal are'indicated 
in parentheses. 

**Indicates concentrations below instrument detection limits. 
+ Detection by flame emission. 
++Detection by graphite furnace. 

NOTE: Figures for elements for which values are not entered: 

Raw coal 
Middle distillates 
Heavy distillates 
Residue 

< 0.001 ppm 
< 0.001 ppm 
< O. 001 ppm 
< 0.05 ppm 
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The accuracy of spark source analysis is generally ~ 
100 to 500 percent. HAI data suggest for the most trace 
elements the desired accuracy for a Level 1 analysis (i.e., 
within a factor of 2 to 3) is achieved. 

3.4.1.4 Additional SRC-1 and SRC-11 Analysis 

Rattelle's inorganic studies of the solid product mode 
show that except for mercury, titanium, and bromine, most 
elements appear to remain with the mineral residue. For 
bromine, approximately 84 percent remains with the product, 
whereas fo1: l

0

i tani ULl, aµ1.-ro.<; mately 56 percent remains with 
the product. In the case of mercury, 89 percent is unaccount
ed for in the solid 1nd liquid products and is presumably 
emitted in the process off-gas. 

A comparison bet:ween l_iqu.LJ samples derived from SRC-1 
solid and SRC-11 liquid process modes is presented in 
Battelle's inorganic analysis data, Table 34. 

3.4.2 Organic _Analysis 

3.4.2.1 SRC-II Level 1 Methodology and SAM/IA Analysis 

The diversity of organic compounds which can comprise 
the product streams from a liquefaction system preclude com
plete identification without years of research. It has been 
estimated that only 10 percent of the possible compounds in 
hydrcgendtion products have been identified and that those 
compounds found in the MEG's represent even a smaller per

centage. 
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TABLE 34. INORGANIC ELEMENT CONTENT OF LIQUID SAMPLES FROM COAL 
LIQUEFACTION - REFINED SOLID 

Light Oil (Naphtha) Process Solvent 

(Solid Product Process~ ~Solid Product Process2 

INAA* 
XRF *"' INAA XRF 

Na 1. 7+o.3 o.s1+o.1 
s 
Cl < 36 
K < 3 < 67 
Ca < 3 
Ti 1.8+. 7 2.2+.15 9.3+3.l 
v < .6 3.2 
Cr 0.044+.009 <.2 0.54+.02 10.5+1.5 
Mn 0.21+.06 < 1.11 
Fe 1.1+. 3 < 2 58+2 102+7 
Co 0.0026+.0005 0.0044+.0001 
Ni < .10 < .05 1. 35+.2 
Cu < .07 <.4 
Zn 0.58+.04 0.46+.07 0.86+.04 0.54+.14 
As 0.013+.001 0.01+.02 0.105+.002 <.23 
Se 0.065+.020 0.086+.030 < .009 < .15 
Br 0.018+.002 < .07 0.25+.0l 0.29+.05 
Rb .os < .06 <·.26 
Sr <1.1 < 2.4 
Sb < .002 0.006+.09 
Ba <1 <2 
La <.001 0.0125+.008 
Hf < .003 <.003 
Hg 0.05+.0l .01 
Pb <i < .001 <i. 7 
Th <.0009 

*Instrumental neutron activation analysis 
**X·Ray Flourescence 

(51) 

Light Oil Naphtha Heavy Oil 
(Liquid Product 

Process~ (Liguid Product2 

XRF XRF 

160o+SOO 365o+700 

< 55 < 55 
< 34 102+17 

< 0.5 36"+5 
< 6 12+3 
< 3 6.3"+1.8 

<1.8 < 1.1 
< 1.6 66o+45 

< .63 5.o+.5 
< • 71 o.so+.30 

< 1.68+. 35 1.9+.2 
< .38 0.34+.13 

0.60+.20 0.31+.10 
< .61 < .26 
< .61 < .26 
< 5 <2 .4 

<i. 7 <.16 



Hittman Associates' Level 1 analysis of the SRC-11 pro
duct streams was intended to show relative distribution of 
broad classes of compounds and to determine for the middle 
and heavy distillates, quantitative estimates for organics 
present in highest concentrations. 

3.4.2.2 Comparison of Product Streams 

3.4.2.2.1 Naphtha 

Infrared analysis on the naphtha stream suggests that 
aliphatics are the main compound type present, as indicated 
by the carbon-hydrogen stretch at 2900 cm-l and 2850 cm 
1 Considerable branching is evident. However, the presence 
of phenols and substituted benzenes is also evident. A weak 
band is observed at 3300 to 3400 cm-l and at 1240 cm- 1 sug
gesting the presence of phenols. Several peaks in the 
region of 700-800 cm- 1 indicate the presence of substituted 
benzenes. 

3.4.2.3 SRC-1 

In conducting organic analysis of SRC samples, Battelle 
Northwest utilized a separation scheme which partitions the 
sample into four fractions: basic, acidic, neutral and PAH. 
The fractions were then analyzed by gas chromatography and 
gas chromatography-mass spectrometry (GC/MS). 

The SRC-1 data presented in Table 35 are for the two 
major fractions: PAH and neutral. The concentration of low 
molecular weight members of both fractions are misleading 
because their loss in the partitioning scheme has not been 
corrected in this table. The light oil, wash solvent and 
process solvent are three distillate cuts; the raw process 
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TABLE 35. ANALYSIS OF SRC-I ORGANICS FOR PAH AND 
NEUTRAL FRACTIONS (IN PPM) (51) 

I ! I Part kulatt.· 

i Light i Raw Process 
Solv11mt Filter 

Wat:th Process Miner a 1 Refined ' Conct:'nt rat ion ' PNA Fraction Oil Solvent Solvent I Water Residue Coal I u2/m3 

Xylene 1300 I 
o-ethylbenzene 9800 1700 ' 
m/p-ethylbenzene 700 
C1-benzene J900 1500 
c4-benzene ,vv 

indane 4300 13000 85 
metn1 indane HO 2500 15 25 
methvlindane 180 1400 
methyllndane 240 2300 55 
dimethvl indane 5 40 25 
tetralin 330 4100 0.1 110 
dimethyl teral in 5 1500 0.5 35 
6-methyl tetralin 110 3200 50 
naphthalene 1630 32000 100 5 1500 ----
2-me thy !naphthalene 690 32000 3800 2 740 8 15 
1-methvln•nh•halene 110 12000 ___nQ_ -·-

[An 5 15 
dime thylnapht ha lene 80 l JOOO 11200 0. J 260 6 170 
d imeth~ l na2thalene 70 700 1700 60 20 
d imethylnaphthalene 4000 4200 150 
d imethv 1 nanhthalene 10 160 650 2 r--·-~L- t--- ... LO 
2-isopropylnapht ha Lene 40 50 ---o:7 l o. 5 
1-isopropy l naphthalene 210 1400 2 15 w 
C4-naphthalene 5 50 - -· ---·---- ~·-· ---,-· ·- -- t-- • eye lohexylbenzene 410 5 
01pneny1 au lvvvv 

·(J.2-~---no-·- .. -2 nvv n 
acenaphcylene 2 500 3400 -~ 45 8 60 
d imethylbiphenyl 15 35 2100 o.s ----30-- ~·-·9-- ,__ 

110 
dimethylbiphenyl 21 30 550 0.2 20 7 40 
dibenzofuran 8 •uu >auO u.6 60 9 150 
xanthene 10 30 840 0.1 20 J 40 
dibenzothlophene 3 50 4200 1. 5 70 30 180 
methyld ibenzothlophene 15 J20 0.1 8 4 60 
a [mef hy !dlbenzoth iopnene -T21J!J" -· - -- er. C"S" . - ·--iu- .. 

T1 lJO , ., 
thioxanthene 2 ))00 0.1 5 3 120 
t tuorene 15 <JU -01,mr ~·~ ao 27 <UU 
9-methyl fluorene 15 110 3100 0.3 40 LI 153 
1-methyl fluorene 10 10>- .. -·10im- ·--0:2-· -·-so ___ ·- --·111- !Oo 
ant rhacene/ehenanthren-: 25 130 21000 1.1 500 JOO 1500 
methylphenanthrene ~- ·--g- . -6200- ----·o:-r- ----nro ___ --50---- - .. 

460 -
I-me thy lphenanthrene 6 3900 0. 2 50 30 JOO 
C2-antnracene b l) ,uu U.UJ LU l ]0 

fluoranthene 15 35 10500 0.4 200 180 700 
dihydropyrene 6 25. l<UU U.U) Lo I 30 
pyrene 20 40 11200 0.6 200 280 900 

NEUTRAL FRACTION (n-alkane&) 

n-octane 1600 900 2.3 

n-nonane 8700 2700 
n-decane ~ouv ,uuv 

n-undecane 3900 8300 50 0.3 90 4 ·-
n-dodecane 1400 21000 80 o. 3. 550 LO 
n-tridecane 470 14000 340 0.4 9100 8 4 
n-tetradecane 170 1100 340 0. 3. 210 7 12 
n-oentadecane 60 4000 1000 0.2 80 

--·--· 12 18 
n-hexadecane 10 •vu 2000 0.2 )0 8 50 
n-heptadecane 10 120 3100 0.02 20 3 35 
n-oc tadecane 40 nu 10 3 la 
n-nonadecane 500 800 16 22 30 
n-eicosane 9JO 14 20 
n-heneicosane 600 

~-
14 35 1------ ~- 16 n-docosane SS 

n-tricoaane 980 14 35 
n-tetracosane 900 14 45 
n-pentacoaane 740 10 43 
n-hexacoeane 450 8 5 40 
n-heptacosane 300 6 2 25 
n-octacosane 150 5 2 2e 
n-nonacosane 90 4 l 18 
n-trtacontane 60 2 l 22 
n-hentriaconta.ne ·- 40 ---·-·-- 1 l 15 
n-dotriacontanc ·10 l 11 
n-t r l tr ia,·ontanL• 5 7 

*The concentration of low molecular weight members of both 
fractions are misleading because their loss in the partition
ing scheme has not been corrected in this table. 
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water, mineral residue, solvent refined coal and particulate 
filter were extracted before analysis. The particulate 
filter sample was collected directly over the cooling product 
before any inline devices for aerosol control. 

The gases evolved from the process are separated from 
the slurry as the slurry is depressurized. In a commercial 
plant these gases, after cleanup, would supply process heat, 
but in the pilot operation after removal of the acid gases, 
the mixture is flared. The major organic components of 
these gases consist of aliphatic compounds, both straight 
and branched members, methylated cyclohexanes, benzene, 
toluene, xylenes, c3-benzenes. Battelle has also tentatively 
identified carbon disulfide and pyrrolidine in the gases. 

3.5 Waste Streams to Air 

The SRC process is, for the most part, an enclosed and 
pressurized system. Consequently, air emissions during 
regular plant operations arise primarily from auxiliary 
parts of the system, such as the cooling towers, boilers, 
acid gas treatment, and sulfur recovery process. Process 
related emissions should be limited to leaks in pump seals, 
valves, joints, and flanges and from product handling and 
storage. 

The following subsections describe emissions to air 
(except for process flue gases, surrunarized in Table 36. 
"After treatment" characterizations are based on application 
of control methods suggested in Section 4.0. 
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TABLE 36. FLUE GASES FROM AUXILIARY PROCESSES (6) 

Total Nitrogen,Oxx:gen Water Va~or 
Module Mg/day Mg/day Mg/da 

Coal pretreatment 3590 2870 225 500 

Hydrogenation 13400. 10700. 844 1870 

Solids separation 9780. 7800. 616 1363. 

Fractionation 2080. 1660. 131. 290. 

Hydro treating 1540 1230. 97. 215 

Hydrogen production 1020 809. 64. 142 

Sulfur recoverya 157 122. 10. 21. 

Ste~ a~d power gen- 11900 9090. 410 2320. 
era ti.on 

aAlso produces 4.0 mg/day ash (l.40xlo-4 X input coal). 
bAlso produces 37 mg/day ash, 64 mg/day sulfur dioxide, 8. mg/day nitrogen oxides, 
0.5 mg/day carbon dioxide, 0.2 mg/day hydrocarbons (as ethane) and a total flow 
rate of 10.6 m3/sec. 



3.5.1 Coal Pretreatment 

Coal dust is generated during the transfer of coal from 

shipping to r~ceiving bins and during coal storage, conveying, 
stacking, and sizing. Dust is composed of coal particles, 
typically from 1 to 100 microns in size, with a composition 
similar to the parent coal. It is estimated that 23 Mg/day 
of particulates will be generated from coal receiving, 
storage, and sizing and 29 Mg/day of particulates will be 
emitted with dryer stack gas (6). By applying known removal 
efficiencies for particulates estimates of emissions after 
control have been determined. 

3.5.1.1 Dust From Coal Sizing 

Coal dust generated from coal sizing has been estimated 

at 7.4 Mg/day without controls (6). Assuming four units, 
each handling 1.9 m3/sec with a loading of 11.12 grams/m3 

(8,646 ppm), emissions after treatment are estimated as 
follows: 

Treatment 
cyclone + baghouse 
wet scrubber · 

Efficiency 
of Removal 

99.9% 
98.5% 

3.5.1.2 Dust from Coal Storage 

Emissions 
(ppm) 

8.6 
129.7 

after Treatment 
(mg/mj) 

11 
167 

The problem of controlling dust emissions from coal 

storage is a formidable one. Polymer spraying is recommended 
to reduce dust emissions. Dust emissions following polymer 
spraying have not been estimated. 
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3.5.1.3 Dryer Stack Gas 

Particulate emissions from dryer stack gas are estim~ted 
at 29 Mg/day without controls. This assumes that the flow 
dryer is equipped with a cyclone collector built within the 
unit. 

Assuming 378 m3/sec gas flow (6) at 60°C with a loading 
of 0.9 grams/m3 (712 ppm) the estimated emissions with 
control technology are as follows: 

Treatment 
cyclone 
baghouse 
wet scrubber 

3.5.1.4 

Efficiency 
80% (20) 
99.9% 
98.5% 

Emission After 
Treatment, ppm (mg/m3l 

142 ppm (183) 
0.7 ppm (0.9) 
10.7 ppm (13.5) 

Trace Element Composition of Coal Particulates 
from Coal Pretreatment 

The trace element distribution in coal particulates is 
somewhat a function of particle size. Th~s factor complicates 
our efforts to estimate the trace element makeup on a stream 
containing particulates. Table 37 is a first approximation 
of the trace element makeup in treated dust streams from the 
coal pretreatment module, including coal receiving, crushing 
and drying. The minimum value listed in this table refers 
to the concentration of elements in the dust stream emanating 
from the most effective dust control device (a cyclone with 
baghouse), and the maximum refers to the dust emitted from 
the least effective control device (a wet scrubber). This 
approximation assumes that trace elements are evenly distri-
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TABLE 37. ESTIMATE OF INORGANIC COMPOSITION OF 
ATMOSPHERIC EMISSION AFTER CONTROL OF COAL DUST FROM 

COAL PRETREATMENT MODULE 

Based on "Average U.S. ~oal" 
Concentration (µg/m ) 

Based on "Maximum U.s.
3
coal" 

Concentration (µg/m ) 
Name Min. Max. Min. Max. 

Aluminum 12. 8000. 16. 11000. 
Antimony 0.0019 1.3 0.0044 2~9 

Arsenic 0.010 6.4 0.032 21. 
Barium 0.22 146. 0.45 290. 
Beryllium o. 0013 0.84 0.0027 1. 7 
Boron 0.049 33. 0.11 70. 
Bromine 0.014 9.8 0.032 22 
Cadmium 0.003C 2.0 0.015 9.8 
Cerium 0.016 10. 0.022 15. 
Cesium 0.0011 0. 70 0.0017 1.2 
Chlorine 0.91 590. 1.5 980 
Chromium 0.015 9.8 0.035 23. 
Cobalt· 0.0092 6.1 0.022 15. 
Copper 0.011 7.7 0.030 20. 
Dysprosiuin 0.0012_4 o. 78 0.0021_4 1.4 
Europium 2.9xl0 0.19 4.6xl0 0.31 
Fluorine 0.070 46 0.14 98. 
Gallium 0.0040 2.6 0.0063 4.1 
Germanium 0.0056_4 3.7 0.013 8.4 
Hafnium 7.3xl0_4 0.49 0.0011_4 0.70 
Indium 1.SxlO U.098 2.lxlO 0.14 
Iodine 0.0012 0.77 0.0015 0.98 
Iron 13. 9100. 30. 20000. 
Lanthanum 0.0046 3.0 0.0086 5.7 
Lead 0.012 7.7 0.059 38. 
Lithium 0.0318_4 21 0.070 -4 46. 
Lutetium 1. 2x10 0.077 1. 9x10 0.13 
Magnesium 1.0 660. 2.5 1700. 
Manganese 0.032 -4 22 0.12 -4 82. 
Mercury l.3x10 0.091 6.5x10 0.43 
Molybdenum 0.0046 3.1 0.011 7.0 
Nickel 0.017 11. 0.11 70. 
Niobium <O. 0016 <LO <0.0017 <1.2 
Phosphorus 0.094 61 0.14 89. 
Potassium 2.1 1400 4.5 2900. 
Rubidium 0.025 17 0.091 59. 
Samarium 20.0014 0.91 0.0024 1. 5 
Scandium 0.0038 2.1 0.0052 3.5 
Selenium 0.0037 2.7 0.0094 6.1 

(continued) 
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TABLE 37. (continued) 

Based on "Average U.S. ~oal" Based on "Maximum U.S. Coal" 
Concentration (µg/m ) Concentration (µg/m3) 

Name Min. Max. Min. Max. 

Silicon 21. -4 13000 25 -4 16000 
Silver 1. 5xl0 0.098 6.4x10 0.41 
Sodium 1. 7 1200 9.2 6100. 
Strontium 0.11 70. 0.23 150. 
Sulfur 19. -4 13000. 32. -4 22000. 
Tantalum 2.2xl0_5 0.14 3.0xl0_5 0.20 
Tellurium 2.2xl0_4 0.015 2.7xl0_

4 0.017 
Terbium 1. 7xl0_4 

0.12 3.0x10_4 0.20 
Thallium 5.9xl0 0.39 5.9xl0 0.39 
Thorium 0.0040 2.7 0.0087 5.7 
Tin 0.0017 1.2 0.0045 2.9 
Titanium 0.48 -4 3.10 1.0 -4 670 
Tungsten 6.4x10 0.43 7.3x10 0.49 
Uranium 0.0019 1.3 0.0073 4.8 
Vanadium 0.024 -4 15 0.044 -4 ·29.' 

·Ytterbium 5.7x10 0.38 7.SxlO 0.50 
Zinc 0.11 70. 1.3 865. 
Zirconium 0.051 33. 0.099 65. 
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buted in dust particles independent of particle size. In an 
analysis of the trace element composition in different 
particle sizes of coal dust from a Pittsburgh seam coal, 27 
trace elements were found to be evenly distributed independent 
of particle size, while 11 trace elements were distributed 
in concentrations that varied with particle size (57). 

3.5.2 Coal Liquefaction 

The waste streams to air of the coal liquefaction 
module will consist primarily of fugitive (hydroca~bon) 

emissions. The fugitive emissions cannot be quantified at 
this time. 

3.5.3 Separation 

3.5.3.1 Gas Separation Process 

As in the coal liquefaction module, the waste.streams 
to air from the gas separation module will consist primarily 
of fugitive (hydrocarbon) emissions which cannot be quanti
fied at this time. 

3.5.3.2 Solids/Liquids Separation Process 

The waste streams to air from the solids/liquids separa
tion module will consist primarily of fugitive (hydrocarbon) 
emissions and flue gases. The flue gases will be discussed 
later; quantification of fugitive emissions is not possible 
at this time. 
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3.5.4 Purification and Upgrading 

3.5.4.1 Fractionation Process 

The waste.streams to air from the fractionation module 
will consist primarily of fugitive (hydrocarbon) emissions 
and flue gases. The fugitive emissions cannot be quantified 
at this time. 

3.5.4.2 Hydrotreating Process 

As in solids/liquids separation the waste streams to 
air from the hydrotreating module will consist primarily of 
fuigitive (hydrocarbon) emissions and flue gases. The 
fugitive emissions cannot be quantified, the flue gases are 
combined and treated by the auxiliary processes, and will be 
discussed subsequently. 

3.5.5 Auxiliary Processes 

3.5.5.1 Receiving and Storage 

Before treatment t~e emissions amount to approximately 
7. 3 Mg/day ( 6). Assuming a gas stream flow of 1. 9 m3 /sec · 
with a loading of .44.6 grams/m3 (34,689 ppm) and maximum 
removal efficiencies for the treatment equipment, emissions 
after treatment are estimated as follows: 

Treatment 
cyclone + baghouse 
wet scrubber 

Efficiency 
99.9% 

98.5 
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Emissions After 
Treatment (mg/m3} 

35 ppm (44.7} 
520 ppm (669} 



3.5.5.2 Water Supply 

No estimates are available on dust emissions from lime 
·storage. These emissions are more likely to be a nuisance 
than a serious health hazard. 

3.5.5.3 Water Coolin~ 

There are currently no emission standards for cooling 
towers. In view of the large quantities of evaporation and 
drift (22~448 Mg/day) (6) these losses ·warrant environmental 
concern. The cooling tower will also require 23,000 Mg 
makeup water per day. 

Tower evaporative los~es having undergone distillation, 
should be quite free of dissolved solids. Thus, impact will 
be limited to the effect of excess water vapor in the air 
near the plant. 

Cooling tower drift results from water droplets mechan
ically generated in the tower. The composition can be ex
pected to be similar to the tower circulating w~ter. This 
could result in contamination from dissolved minerals and 
corrosion inhibitors. The actual composition of drift 
depends upon the number of circulations as a multiple of the 
river salinity. This is somewhat complicated by the fact 
that a blowdown from steam generation will be used in cooling 
tower makeup. In addition, an unidentified quantity of the 
corrosion inhibitors and antifouling agents are lost in 
drift. 
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3.5.5.4 Steam and Power Generation 

The steam generation module advocated in the Standards 
of Practice Manual utilizes coal-fired boilers. A total of 
approximately 930 Mg/day of coal are required to generate 
the necessary steam. Particulates in the stack gas from 
steam generation have been estimated at 3.69x10 6 µg/m3. 
Particulates in the stack gas are recovered as fly ash and 
can be a potential source of emissions if not handled 
properly. This will be considered as a. solid waste problem. 
In order to meet standards such as Illinois emission standards 
particulates from coal-fired boilers must be removed with an 
efficiency of 98.65 percent. Elbair scrubbers and venturi 
scrubbers are capable of removal up to 99 percent of the 
particulates in fly ash. Medium energy venturi scrubbers 
will remove almost 100 percent of particulates<SO microns, 
99 percent of particules < 5 microns, and 97 percent of 
particulates < 1 micron. M 

Organic compoungs may reach the environment by being 
sorbed on the fly ash during combustion and subsequent 
volatilization. Since the concentration of the organics 
introduced into the environment by this mechanism will be 
considerably less than in the gaseous emission streams, and 
since the organics in the emission streams are not toxic 
(they may be asphyxiants), the only organics which are 
likely to cause any environmental harm are the carcinogenic 
polynuclear aromatic hydrocarbons (PAI-I). 

The ash residue resulting from the combustion of coal 
is primarily derived from the inorganic mineral matter in 
the coal. Generally, ash makes up from three to 30 percent 
of the coal (58). 
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During the combustion of coal, the pr?ducts formed are 
partitioned into three categories: bottom ash, fly ash, and 
gases. The bottom ash is that part of the residue wh~ch is 
fused into particles heavy enough to drop out of the furnace 
gas stream (air and combustion gases). 
collected in the bottom of the furnace. 

These particles are 
The fly ash is that 

part of the ash which is entrained in the combustion gas 
leaving the boiler. While most of this fly ash is collected 
in either mechanical collectors and/or electrostatic pre
cipitators, a small quantity of this material passes through 
the collectors and is discharged into the atmosphere. The 
gas is that part of the coal waterial which is volatilized 
during combustion. Some of these gases are discharged into 
the atmosphere; others condense onto the surface of fly ash 
particles and may be collected in one of the fly ash collect
ors. For the majority of elements found in coal, most of 
their· quantity (95 percent or more) will be found in the ash 
fractions, while the remainder (5 percent or less) will be 
discharged into the atmosphere. The quantity of vapors 
produced depends primarily on the temperature history of the 
combustion gases and the concentrations and properties of 
the various elements in the coal (58). 

The distribution of the ash between the bottom ash and 
fly ash fractions is a function of the burner type, the type 
of coal (ash fusion temperature), and the type of boiler 
bottom (wet or dry). The f1rst factor, burner type, is 
especially significant in determining the distribution. The 
second factor, ash fusion temperature, is important in that 
ashes with lower fusion temperatures tend to be melted 
within the boiler and collected as bottom ash. Finally, wet 
bottom boilers are designed to produce and process a much 
larger proportion of bottom ash than dry bottom boilers 
(58). 
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The ash particles vary from less than 1 micron to 4 cm 
in diameter. The fly ash fraction generally consists of 
fine spherical particulates usually ranging in diameter from 
0.5 micron to 100 microns. The pH of fly ash contacted with 
water may vary from 3 to 12, with the pH for the majority of 
pulverized coal-burned fly ashes contacted with water 
ranging from 8 to 12 (58). 

Table 38 presents the average composition of fly ash 
from six domestic power plants (58). The concentration of 
trace elements in the fly ash depends on the particle size. 
Generally, increasing concentrations are correlated with 
decreasing particle size (see Table 39). There is a definite 
enrichment of certain elements in the smallest particles 
emitted from a power plant. These elements include lead, 
thallium, antimony, cadmium, selenium, arsenic, nickel, 
chromium, zinc·and sulfur. The highest concentrations of 
the trace constituents occur in particulates in the -0.5 to 
10.0 micron diameter .range. 

Table 40 presents th~ concentrations of coal and fly 
ash at different locat1ons in .~he United States. This table 

~J 

also presents enrichment factors which can be used to esti-
mate the elemental composition of any fly ash, provided the 
elemental composition· of the burned coal is known. The en
richment factor is defined as the concentration in the fly 
ash divided by the concentration in the coal. In this 
report, the enrichment factors are used to estimate the 
average and maximum elemental concentrations in all fly ash 
found in the United States. Table 41 shows enrichment 
factors for averaged analysis of National Bureau of Standards 
coal and fly ashes (59) and for three power stations using 
unidentified coals (60). 
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TABLE 38. COMPOSITION OF FLY ASHES FROM 
DIFFERENT (UNSPECIFIED) LOCATIONS ACROSS 

THE UNITED STATES (58} 

Compound Number Unbiased 
or of Arithmetic Geometric Standard 

Element Determinations Mean Mean Deviation 

Si02 (%) 5 Sl. so. 8. 

A1203 (%) 5 23. 22. 5, 

Fez03 (%) 6 9. 7. 7. 

CaO (%) 6 6. 5. s. 
S03 (%) 4 0.8 o. 7 0.6 

MgO (%) 5 1. s 1. 4 0.5 

Na20 (%) 5 1. 3 1. 2 0.6 

K20 (%) 5 1. 3 1.1 0.8 

P205 (%) 4 0.5 0.2 0.5 

Ti02 (%) 5 0.9 0.9 0.3 

Arsenic (ppm) 6" 27. 14. 41. 

Beryllium (ppm) 5 6. 6. 2,. 

Boron (ppm) 4 366. 325. 226. 

Cadmiun (ppm) 6 3. l. 3. 

Chromiun (ppm) 6 126. 81. 112. 

Cobalt (ppm) 6 17. 14. 12. 

Copper (ppm) 6 89. 84. 36. 

Fluorine (ppm) 5 345. 266. 255. 

Lead (ppm) 6 52. 47. 24. 

Manganese (ppm) 6 202. 188. 79. 

Mercury (ppm) 6 3. 0.1 8. 

Nickel (ppm) 6 82. 52. 76. 

Selenium (ppm) 6 16. 14. 8. 

Vanadium (ppm) 6 212. 177. 144. 

Zinc (ppm) 6 230. 135. 274. 
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42.-59. 

17.-28. 

3.8-20.4 

3.2-17. 

0.4-1. 7 

0.96-2.23 

o. 38-1.88 

0.4-2.4 

0.04-1. 00 

0.43-1.17 

6.-110. 

3.-8. 

200.-700. 

0.5-8.0 

20.-300. 

'6 .-39. 

54.-140. 

100.-624 

30.-80. 

100.-298. 

0.01-20. 

10.-207. 

6.9-26.5 

90.-440. 

50.-740. 



TABLE 39. CONCENTRATIONS AND CONCENTRATION TRENDS WITH DECREASING 
FLY ASH PARTICLE SIZE FOR SELECTED ELEMENTS (58) 

Percent of 
Particles 

Particle diam. Pb Tl Sb Cd Se As Ni Cr Zn s in This Size 
(microns) (ppm) (ppm) (ppm}. (ppm} (ppm} (ppm) (ppm} (ppm} (ppm) (wt %) Category 

Fly Ash Retained i~ Plant 

A. Sieved Fractions 

74 140 7 1. 5 10 12 180 100 100 500 66.30 
44-74 160 9 7 10 20 500 140 90 411 l. 3 22.89 

B. Aerodynamically Sized Fractions 

40 90 5 8 10 15 120 300 70 730 0.01 2.50 
30-40 300 5 9 10 15 160 130 140 '570 0.01 3. 54 
20-30 430 9 8 10 15 200 160 150 480 3.25 
15-20 520 12 19 10 30 300 200 170 720 0.80 

N 10-15 430 15 12 10 30 400 210 170 no 4.4 o. 31 
N 5-10 820 20 25 10 50 800 230 160 1100 7.8 0.33 
N 5 980 45 31 10 50 370 260 130 1400 0.08 

Particle diam. Fe Mn v Si Mg c Be Al 
(microns) (wt %) (ppm) (ppm) (wt %) (wt %) (wt %) (ppm) (wt %) 

Fly Ash Retained in Plant 

A. Sieved Fractions 

74 700 150 12 
44-74 18 600 260 18 0.39 11 12 9.4 

B. Aerodynamically Sized Fractions 

40 50 150 250 3.0 0.02 0.12 7.5 1.3 
30-40 18 630 190 14 0.31 0.21 18 6.9 
20-30 270 340 0.63 21 
15-20 210 320 2.5 22 
10-15 6.6 160 320 19 0.16 6.6 22 9.8 
5-10 8.6 210 330 26 0.39 5.5 24 13 

s 180 320 24 



TABLE 40. CONCENTRATION OF TRACE ELEMENTS IN COAL AND 
FLY ASH IN DIFFERENT GEOGRAPHICAL LOCATIONS (58) 

Eaetero Interior Southwestern Eaaurn KY, Southern IL 
\IL 1 IN 1 Western KY) \AZ 1 Nl1 1 C0 1 UT) [mean \ ran1e 1 J 

Enrichment Enrichment Enrichment 
Name Coal Fly Ash Factora Coal Fly Ash Factor8 Coal Fly Ash Factor8 

Aluminum 11000 67000 5.9(5.4-6. 5) 
(I 0 500-13000) (57000-74000) 

Amcric ium 11000 67000 
(10500-13000) (57000-74000) 

Antimony 0.5 12 24 14 <l < 10 

Aro en it 14 120 8. 6 130 8.8(3. 8-1.8) 141 (27-349) 12.4(5.7-19.4) 

Barium 59 450 7. 6 120(100-150) 1700(300-3000) 16(2-30) 

Beryllium <.5 )-17 0.3 « 5) (15-17) 10 

Bismuth < 10 

Boron 100-200 250-3000 2. 5-15 166(100-200) 1750(250-300) 9.2(2. 5-15.) 

Bromine 2.3(2.0-2.6) '2-5 '2 

Ciidmlum 6 (0.46) 160 (8.0) 26. 7(17.4) 

Calcium 4200(3600- 17200(14000- 4.2(3. 7-4.4) 
5100) 22000) 

Cesium l. 5(1. 5-1.5) 1805-21) 12(10-14) 

Chlorine 35 5-407 <5-50 ''). 01-0. 14 407 50 0.12 

Oiromium 20 (20) 310(500) I 5. 5-25 82()0-150) 160(70-250) 2.4(1.l-3.8) 

Cobalt 0 (3.0) 60 (41) 13. 7 3. 9(3. 3-5) 37(25-51) 9.3(7.6-10.2) 

Copper 20(50-100) 100 (300-4 00 )_ 1 (3-8) 9.6 280 29.2 67(50-100) 367(300-400) 6(4-8) 

Europium 0.24(0.17- 1. 7(1.6-1.8). 7.9(5.2-10.6) 
o. 31) 

Fluorine c2-60 '10-100 ~ 1.7 

Gallium 13 70 5.4 

Germanium· 10(5-15) 135\ 70-200) 14(13-14) 

Iron 15800 100000 6.9(6.5-7.2) 
(13000-20000) '(93000-139000) 

Lanthanum 5. 3(4.8-6.) 33(30-36) 6.2(6.-6.4) 

Lead d0(4.9) 200(80) (lh.3) 110 .£!.· 20 210 (80-2 50) .£!.· 10 

LI thium 50(25-100) 280(200-350) 8.6(2-12) 

Magnesium 1600 (1500- 8600(5500- 5. 3(3. 2-6. 8) 
1700) 11600) 

Manganese 90(34) 500(290) 5. 6(8. S} 53(51-54) 321 (316-325) 6.1(6.0-6.2) 

Mercury 0(0.122) . 0.2(0.05) ~O.f(0.4} 0.10(0.063- 0.06(0.04- 0.63(0. 58-0.68) 
0.170) 0.10) 

Holybdl!num 3.6 l!8 32. 8 0.99 54 54. 5 17(10-20) 350(150-700) 8. 2 (7-10) 

(continued) 
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TABLE 40. (continued) 

£a•tern Intwrior Southweatern Eastern KY. Southern IL 
(IL, IN, Western KY) (AZ, NII, co, UT) (mean (range)] 

Enrichment Enrichment Enrichment 
N'a1n• Coal FlI Ash Factor a Coal FlI Ash 'F'actot' a Coal 'Fl;i: Aab Factor• 

Nickel 90(<100- 500(500- 5.6(>3.J) .£!.· 100 666(500-1000) £.!· 5-7 
150) 1000 

Hobium < 15 10(6-15) 

Phoaphoroua 50 500 10 

Pota .. ium 2200(2000- 16000( 11700- 7.1(5.8-7.9) 
2500) 19700) 

Rubidium 86(17-200) 380(200-650) 9.8(1.5-16.25) 

Selenium 2.2 25 11.4 1. 9 73 38.4 3.0(2.6-3.2) 24(23-24) B.2(7 .5-8.4) 

Silicon 50000 300000 6 

Silver <2-5 <3-5 

Sodium 700(690-720) 6400(5800-7000) ~.2(8.0-10.3) 

Strontiwa 200 300 1.5 

Tantalum 0.1 l. 2 12. 

Telluriwa 1-3 <1-1,0 <10 2(1-3) <1-£!,. 10 

Thal Hua 2 40-100 20-50 <2 70(40-100) 

Thorium 2.7(2.4-3) 20(18-23) 7.8(6.-9.6) 

Tin 20 20 

Titanium 510 6080 11. 9 640(500-710) 3480(1500-5000) 5.6(2.5-7.2) 

Tunaaten 

Uranium 2. 7(1.67- 18(15-21) 7.2(5.0-10.2) 
3. 3) 

Van11diwa 28.5 440 15.4 34(12-69) 307(100-780) 9.1(4.0-11.7) 

Zinc 1100(46) 5900(740) 5.4(16.1) 7.3 360 49.3 170(85-UO) 2200(500-3000) 2).6(12.0-35. 3) 

Zirconium 40 100 2,5 

1
Conc. in fly aah/conc. in correaponding coal. 
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TABLE 41. ENRICHMENT FACTORS FOR FLY ASH/COAL FROM 
UNSPECIFIED GEOGRAPHICAL LOCATIONS (59,60) 

NBS* Coal and Fly Ash 

Number of 
Number of Fly Ash 

Enrichment Coal Samples Samples Station Station 
Name Factors Analyzed Analyzed 1 2 

Antimony 1. 97 10 10 2.32 4.4 
Arsenic 7.0 5 4 12.3 8.5 
Barium 8.0 9 10 12. 7. 
Beryllium 11. 8 5. 76 
Boron 6.41 7.5 
Cadmium 13.9 28. 
Chromium 5.94 11 10 3.73 3. 
Cobalt 7.14 11 10 
Copper 5.65 5.09 
Germanium 4.17 
Hafnium 7.92 11 10 
Iron 7.3 11 10 6.98 0.43 
Lanthanum 6.86 5 4 
Lead 7 .11 12. 14 
Magnesium 7. 4 7 4 5 
Manganese 9.81 4. 
Mercury 0.9 0.68 
Molybdenum 4.92 
Nickel 6.57 3 3 14. 86 5.82 
Protactinium 5.16 s 4 
Rubidium 5.39 11 10 
Scandium 6.79 11 10 
Selenium 0.4 1.45 
Strontium 9.87 11 10 
Tantalum 7.5 11 10 
Thorium 7.87 11 10 
Titanium 6.65 4 4 
Ytterbium 5.65 5 5 
Zinc 2.3 1.48 

Refe:-ence 59 59 59 60 60 

•National Bureau of Standards 
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Station 
3 

3.04 
16. 17 
7.5 
6.23 
6.31 

17.66 
8.23 

2.1 
5.7 

1. 45 

6.28 

6.57 

15.12 
5. 77 

4.66 

12.5 

60 



Table 42 summarizes the enrichment factors found in 
Tables 40 and 41. This table shows that fly ash will 
contain approximately 10 times the concentration of the 
trace elements (except for volatile trace elements; i.e., 
mercury, bromine, and chlorine) found in coal. This informa
tion can be used along with coal compositions found in Table 
20 to predict the concentrations found in fly ash assuming 
that each individual element in each piece of coal in the 
United States is chemically and physically identical to that 
element in every other piece of coal in the United States. 
These values can be used with the data presented in Table 
40 to estimate the elemental composition of fly ash. The 
amount of fly ash emitted by the boilers after treatment to 
acceptable standards is estimated to be 4.98xl04 µg/m3. 
These values can be used with the estimated .fly ash elemental 
composition to estimate the air concentration of these 
elements due to the emitted fly ash .. These calculations 
have been performed usi~g the aveiage enrichment factors and 
are shown 1n Table 43. 

3.5.5.5 Oxygen Generation 

The oxygen generator emits the following to the atmos
phere (6): 

Com2onent Mg/day Concentration (µg/m3) 
Nitrogen 8711. 1.157 x 109 
Argon 117. 1.55 x 107 
Carbon dioxide 5.8 7.7 x 105 

Hydrogen 1.2 16. x 105 

Neon, krypton, xenon 5.8 7.7 x 105 

Water vapor 47.2 6.27 x 106 

Oxygen 181. 2.40 x 107 
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TABLE 42. SUMMARY OF ENRICHMENT FACTORS (59, 60) 

Nal'le 

t:umber 
of 

Determinations 
Arithmetic 

Hean 

I, 

; 
Geometric 

Mean 

Aluminum l f 5.9 5.9 

Standard 
Deviation Range 

I ' ) 

Antir.10nv 5 t 7. ; 4. 10. 1.97-24. 
_Ars~Jl~-----· 6 11 ' 1 0 3 7 '6 '' 

Bari.um___ - ----- - 6---- - --to.---r --9-:- - - r·- - 4~ - ----r---f.-:-t6-:--"'--
ii~i~~~um ___ - ---~ __ J_ ___ ~_: ___ ~ ___ L ____ j_ ____ j_~---i- tit=~~2~ 
Cadmium 5 j ?i: I ?~: I 6. , 13.9-28. 
C.:ilciun t 4.2 4.'2 ~ 
Cesil:!m ______ - - i --- ·12. 12. - • --· ' -----

Chlorine 2 0.13 1 0.13 I 0.01 0.12-0.14 

-- g~bi-f~u~--- - -----f---1- 18-~-------L---ci-:-------· --1----t------L- ~:i4~iJ.T 
Copper 7 I 8. 6. ! 9 I 2.1-29.2 -~!rrr~~--- ---t---t--ca -I~z- --- --: c~-t! --+--- -- --r- ---- ---

_Ger!;l~'Cl~Ll_l'l___ _ 3 ----1- 8. ___ 1 7. ___ j_ ___ 2. __ -----+----_:..17-14_._ 
Hafnium l 7.9 7.9 · 
Iron 5 1' 5. 3. J 3. 1 0. 43- 7. 3 
Lanthanum 2 6.5 I 6.5 +· 0.5 1 6.2-6.86 _ 
Lead 5 ! 10. 10. 4. j 6.28-16.J 
Lithium l : 8.6 . ll.6 t 

"'""""= 2 j 6. ' 6. ' 2. ±t·3-7.47 1lan3anese -· 6 I. I ·o--:-u ___ ;-----z~- . -9. 81 

ii~r~~~~num ---~----- __ 2~: 5 
______ j __ 1~:~ __ J __ zt3 

_____ Z __ :~2~iLs__ 
Nickel 7 

1 
7. 6. 4. ' "J.3-14.86 

Phosphorous 1 1 10. i 10. ' I 
Potassium l ----f-c- 7. l ! 7. 1 _ i __________ J__ 
Rubidiurn 2 1 · 8. r 7. 1 3. I 5.39-9.8 

!~H~!~~ ~ +-1!:8---f' _ _Ji~~ ----~,: 15. i 6,79-38_.4 

Sodium l I 9. 2 9. 2 1 
.2tron_li!J!!!___ ___ ~ ____ J_ ____ . ___ 6. ' 4. 6 __ I l.5-9.87 

Tantalum 2 10. 1 9. 3. I: 7.5-12. 
Tellurium l <10. i <10. I 
Thallium 2 JS. r 32. i 21. 20-50 

-rt~:::~ ____ _ _______ J_ _ _ _L__ L~
4 

__ _ l __ _t:~ i _ _ : : 05 

-'----~~:~-~~~-
Tungsten l 1 5. 5. I r 
~~~=~!~:m -------+- -----J---1l:;5 ___ - +:, -/ · 4 

.. J 't~L 
~~~~onium ___ __l_ : __ 1 ~:_s ____ ~--t~ _ , 17

· __ J_ -~-~- 4-~-
Using Arithmetic -----r 
~leans Above'

0

' 43 
1 

9. 8. 6. 1.-35. 

F-Except for mercury:-te!Turiurn, bromine and chlorine. 



TABLE 43. ESTIMATED ELEMENTAL COMPOSITION OF BOILER 
FLUE GAS DUE TO FLY ASH COMPONENT (59) 

Name 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Bromine 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Europium 
Fluorine 
Gallium 
Germanium 
Hafnium 
Iron 
Lanthanum 
Lead 
Lithium 
Magnesium 
Manganese 
Mercllry 
Molybdenum 
Nickel 
Phosphorous 
Potassium 
Rubidium 
Scandium 
Selenium 
Silicon 
Sodium 
Strontium 
Tantalum 
Tellurium 
Thallium 
Thorium 
Tin 
Titanium 

Based on ''Average U.S. 3coal" 
Concentration ( µ g/m ) 

4000. 
0.76 
6.0 

130 
0.55 

19. 
1.6 
3.6 

1600. 
o. 72 
7.3 
5.1 
5.1 
0.13 

ca. 8.6 
1.2 
2.5 
0.32 

3700 
3.1 
6.5 

15. 
330. 
13. 

0.0038 
5.9 
6.6 

52. 
810. 
11. 

0.18 
3.2 

6800. 
910. 

36. 
0.11 
0.0013 
1.1 
1.8 
0.18 

210. 

(continued) 
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Based on "Maximum U.S. ~oal" 
Concentration ( u g/m ) 

5400 
3.2 

19. 
250. 

1. 2 
41. 
3.6 

17. 
3600. 

1.2 
18. 
12. 
14. 

0.53 
ca.14. 

1.8 
5.5 
0.47 

8200. 
4.9 

32. 
33. 

840. 
48. 
0.018 

14. 
42. 
75 

1800. 
40. 
1.0 
8.3 

8400. 
4700. 

77. 
0.17 
0.0013 
1.1 
3.8 
0.46 

450. 



TABLE 43. (continued) 

Name 

Tungsten 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zirconium 
Sulfur dioxide 
Nitrogen oxides 
Carbon monoxide 
Hydrocarbons 

Based on "Average u.s.
3
coal" 

Concentration ( µ g/m ) 

0.18 
0.79 

15. 
0.18 

92. 
7.1 5 

6.4x105 5.0x104 5.lxlO 4 l.OlxlO 

Based on "Maximum U.S. 5oal" 
Concentration ( µ g/m ) 

0.20 
2.9 

30. 
0.23 

1200. 
9.2 

The oxygen generator will also remove 2500 Mg oxygen 
per day from the atmosphere (6). The effect of removal 
should be minimal, however. 

3.5.5.6 Other Sources of Hydrocarbon Emissions 

Fugitive hydrocarbon emissions will be limited largely 
to leaks in pump seals, joints, flanges, compressors and 
from.handling and venting operations. There are no estimates 
on the quantities of hydrocarbons lost in fugitive emissions, 
but the source is largely controllable through good mainten

ance practices. In many cases simply tightening pipe fittings 
and flanges will greatly reduce hydrocarbon emissions. 

Possible sour~es of hydrocarbon emissions include: 

• Coal pretreatment 
• Liquefaction 
• Separation 
• Purification and upgrading 
• Acid gas removal 
• Hydrogen/hydrocarbon recovery 
• Hydrogen generation 
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• Sulfur recovery 
• Product and by-product storage 

• Leaks from pipe systems and process vessel flanges 
and other fugitive emissions 

All quantities of gas will continuously be disposed of in an 
elevated combustion flare system. While the flare loading 
cannot be estimated, a ·comparable size refinery flares about 

13.6 Mg/day. Examination of combustion products from elevated 
flares shows the following relationship: 

co2 : hydrocarbons 
C02 : CO 

2100:1 
243:1 

Other air contaminants depend upon the composition of the 
gas burned. Hydrogen sulfide will be emitted as sulfur 
dioxide. Nitrogen oxides will be emitted as a combustion 
contaminant. 

The third area in which hydrocarbon emissions may be a 

problem is in product and by-product storage. In an environ
mental overview of a conunercial SRC-II faci~ity (61) product 
storage specifications have been made which should greatly 
reduce hydrocarbon emissions. The specifications for each 

fraction are given below. 

LPG will be stored and shipped in heavy walled, pres

surized tanks and consequently any hydrocarbon emissions 
would be fugitive losses from valves, fittings, and seals 
which must be regularly checked. 

Naphtha should be stored in a floating roof storage 

tank. The floating roof will eliminate working losses which 
are the major source of hydrocarbon emissions. Floating 
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roof standing storage emissions will vary depending upon 

tank design, age, and other factors. Based on a simplified 

estimation (62) we can expect between 5.44 g/day and 13.2 

g/day for the 525 Mg/day of naphtha produced. We would 

expect 772 to 1907 g/day of hydrocarbon emissions from 
naphtha storage. 

Fuel oil will be stored and shipped in atmospheric 

pressure tanks. Hydrocarbon emissions from fixed roof 
storage have been estimated at 4.56 g/m3/day for breathing 
emissions and 120 g/m3 for filling emissions. For fuel oil 
production rates of 2,615 Mg/day, hydrocarbon emissions will 

be approximately 0.32 Mg/day. 

Product SRC-1 is produced at a rate of 5,527 Mg/day and 

storage of this product will result in losses of roughly 

0.66 Mg/day. Total hydrocarbon emissions are therefore a 
minimum of 0.98 Mg/day. The sum of the hydrocarbon emissions 

is about 1.3 Mg/day. 

With these significant hydrocarbon emissions, the 

storage tank area would have a vapor recovery system to 

return vapors to the gas purification module. Loading 

faciltiies will also need a vapor recovery system to return 
vapor from the transport tanks to the $torage tanks as the 

liquid is loaded. 

3.5.5.7 Sulfur Recovery 

Acid gas from the gas purification module (705 Mg/day) 

and gas from hydrogen production (5,912 Mg/day) are routed 

to the Stretford unit where H2S is recovered as elemental 

sulfur. The process is greater than 99.S percent efficient 

in sulfur recovery, yielding only 2.35 Mg/day of hydrogen 

sulfide. 
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Treatment of the tail gas may be by direct-flame in
cineration or by carbon absorption with incineration. The 
stream compositions after treatment are shown in Table 44. 

TABLE 44. EMISSIONS AFTER TREATMENT OF STRETFORD TAIL 
GAS BY DIRECT FLAME INCINERATION 

(CONCENTRATION IN µg/l) 

Component 

Hydrogen sulfide 
Sulfur dioxide 
Hydrocarbons (as 

ethane) 
Nitrogen oxides (as NO) 
Carbon monoxide 
Carbon dioxide 
Ammonia 

240 µg/m3 

4700 
9900 

l.2xl05 

290 8 
8.0xlO 
1400 

In either treatment method hydrogen sulfide emission 
standards for connnercial gasifiers (state of New Mexico) are 
met. The New Mexico stand~rd is 10 ppm (ca. 1400 µg/m3). 
The sulfur emission standard for general operations is 0.014 
kg/kcal (heat input of feed). At a coal heating value of 
2.99xl07 joules/kg, the allowable sulfur discharge is 1.89 
Mg/day. This standard could be met without tail gas treat
ment in this system. Industrial emission standards in 
Arizona require greater than 90 percent sulfur removal. 

3.5.5.8 By-Product Storage 

If Illinois No. 6 coal is utilized, as specified in the 
Standards of Practice Manual (6) then recovered sulfur can 
be estimated to be 444 Mg/day. The recovered sulfur is 
expected to have the composition given previously under 

products and emissions from sulfur storage and can be ex
pected to have a similar distribution of trace elements. 
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Insofar as storage facilities have not been specified, it is 
not possible to estimate quantities of fugitive emissions 
from sulfur by-product storage. One possibility for pre
venting fugitive emissions would be to store by-product 
sulfur as a liquid. A more economic method would be to 
store sulfur in a lined pond with a water blanket. 

3.6 Waste Streams to Water 

Various studies on t~~ pollution potential of coal con
version processes have cited effluent water quality as a 
particular area of concern since process waters contain 
cyanides, phenols, ammonia, sulfides, and dissolved solids. 
This would be of minimal concern in the commercial SRC 
facility if the water could be reused as has been suggested 
in the Standards of Practice Manual (6). Presently, the 
Fort Lewis, SRC pilot plant is demonstrating the applicability 
of various treatment systems to treat the wastewater for 
discharge. However, the wastewater is diluted with cooling 
water and therefore treatment results are not directly 

applicable to a commercial facility. 

Organic pollutants generated in the proposed SRC plant 
will largely be formed within the process itself, with 

little contribution from hydrogen generation or other auxi
liary facilities. The proposed Koppers-Totzek gasifier 
operates in the entrained_ flow mode and as such, the average 
bed temperatures are too high for phenols, tars and oil to 
be present in the discharged gas stream. Furthermore, 
ammonia and cyanides are formed in amounts well under one 

volume percent. 
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The data used to evaluate pollutant levels expected to 
be discharged from a once-through wastewater treatment 
system are based upon Fort Lewis pilot plant data (63-65), 
the AWARE report on the treatability of H-Coal wastewater 
(66), and analyses of Synthane gasifier process condensate 
(64). A comparison of the condensate from the two processes 
shows similarity in COD and p~enol levels (64). 

3.6.1 Coal Pretreatment 

3.6.1.l Coal Pile Runoff 

Coal pile runoff results when moisture comes in contact 
with stockpile coal. The quantity and quality of coal pile 
runoff can be highly variable and this is reflected in the 
wide range of concentrations reported for several parameters 
monitored in coal pile runoff in Table 45. 

The concentrations of dissolved and suspended solids 
from coal pile runoff will be highly· variable. Table 45 
shows a range of 247 to 44,050 mg/l for total dissolved 
solids and 22 to 3302 mg/l for suspended solids in coal due 
to runoff from several sources (67). The acidic nature of 
this runoff can cause the dissolution of inorganic salts 
which are present in the coal. 

3.6.2 Coal Liquefaction 

The aqueous effluent waste streams from the coal lique
faction module are collected and routed to the water treat
ment facility. Since the streams are combined, no estimates 
were practical on the uncombined streams. The quantity and 
composition of the effluent streams from the water treatment 
facility which will eventually interact with the environment 
are described under Section 3.6.5. 
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TABLE 45. CHEMICAL WASTES CHARACTERISTICS OF COAL PILE DRAINAGE (PPM) 

Unbiased 
Number of Arithmetic Geometric Standard 

Constituents SamEles Mean Mean Deviation Range 

Acidity (total), as 7 7400. 300. 12000. 8.68-27,810 
CaC03 

Alkalinity 8 20. 0.0 28. 0.0-36.41 
Biological Oxygen Demand 4 3.3 o.o 4.7 0.0-10. 
Chemical Oxygen Demand 6 680 300 510. 9-1,099. 
Conductance (µmhos/cm) 2 2250 2240 210 2,100-2,400 
pH 13 4.2 3.8 2.0 2.8-7.8 
Total dissolved solids 9 10,000 3200. 15,000 247-44,050 
Total hardness (as CaG03) 6 800. 520. 660. 130-1850 
Total solids $ 4200. 4400. 15fJOO. 1330-45,000 
Total suspended solids 9 800. 390. 990 22-3302 
Turbidity, JTU 6 220 46. 240. 2.8-505 
Aluminum 3 730 570. 500. 190-1200 

N Ammonia 5 0.69 0.00 0.82 0.00-1. 77 
w Arsenic 2 0.01 0.01 0.00 0.009-0.001 Lil 

Barium 1 0.1 
Beryllium 1 0.01 0.01-0.01 
Cadmium 2 0.004 0.002 0.004 0.001-0.006 
Calcium 2 300. 290. 80. 240-350 
Chloride 5 100. 0 220 0-481 
Chromium 8 2. o. 6 0.0-15.7 
Copper 6 1.5 1.1 1.1 0.18-3.4 
Iron 11 9000 10. 28,000 0.06-93,000 
Lead 2 0.016 0.015 0.009 510-830 
Magnesium 4 65 4.5 82. 0.023-174 
Manganese 2 68. 54. 58 2.7-110. 
Mercury 2 0.014 0.002 0.019 0.0002-0.027 
Nickel 2 1.0 0.73 1.0 0.32-1. 7 
Nitrate 5 1. 31 0.93 0.94 0.3-2.25 
Phosphorus 2 o. 72 0.53 0.69 0.23-1.2 
Selenium 2 0.02 0.009 0.02 0.003-0.03 
Silicon (dissolved) 1 91. 
Sodium 4 670. 180. 680. 4.1-1260. 
Sulfate 1 2600. 2600. 2600-2600. 
Titanium 1 1. 1. 1.-1. 
Zinc 9 5.1 1.1 7.9 0.006-23 



3.6.3 Separation 

3.6.3.1 Gas Separation Process 

The aqueous effluent waste streams from the gas separa
tion module are collected and routed ·to the water treatment 
facility. Since the streams are combined, no estimates were 
practical on the uncombined streams. The quantity and 
composition of the effluent streams from the water treatment 
facility which will eventually interact with the environment 
are described under Section 3.6.5. 

3.6.3.2 Solids/Liquids Separation Process 

The aqueous effluent waste streams from the solids/ 
liquids separation module are collected and routed to the 
water treatment facility. Again, since the streams are com
bined, no estimates were practical on the uncombined streams. 
Characterization of the effluent st~eams from the water 
treatment facility which will eventually interact with the 
environment is described under Section 3.6.5. 

3.6.4 Purification and. Upgrading 

3.6.4.1 Fractionation 

The aqueous effluent waste streams from the fractiona
tion module are gathered and sent to the water treatment 
facility. The streams are combined, so no estimates were 
made on the uncombined streams. The quantity and composi
tion of the effluent streams from the water treatment facili
ty which will eventually interact with the environment are 
described under Section 3.6.5. 
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3.6.4.2 Hydrotreating 

The aqueous effluent wast~ streams from the hydrotreat
ing module are collected and routed to the water treatment 
facility. Since the streams are combined, no estimates except 
those shown in Table 46 were practical on the uncombined 
streams. See Section 3.6.5 for a characterization of the 
effluent streams from the water treatment facility which will 
eventually interact with the environment. 

TABLE 46. WASTEWATER COMPOSITION FROM HYDROTREATING 
MODULE (DECANTER WASTEWATER~ (6) 

Total Effluent Concentration 
Compound Fraction of Input Coal Mg/day (µg/1) 

Ammonia 3.486 x 10-4 9.98 1.29 x 107 

Hydrogen sulfide 3 .169 x 10-4 
9.07 1.17 x 107 

3.6.5 Auxiliary Facilities 

3.6.5.1 Wastewater Treatment Facilities 

Most wastewaters produced by SRC systems are combined 
for treatment as described in Section 4.0. The quantified 

sources and composition of wastewaters estimated by 

Rogoshewski and co-workers (6) are found in Table 47. 

The process wastewater contributes almost all of the 
organic pollutants generated in the SRC facility. The foul 
water is the most polluted water in the overall process. 
The composition of this stream is estimated in Table 48. 
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TABLE 47. QUANTIFIED SOURCES AND COMPOSITION 
OF WASTEWATER 

Total Water Ammonia Hydrogen 
Module/Stream Mg/day Mg/day Mg/day Sulfide Mg/day 

Coal pile runoff 67 67 
Thickener underflow 3120 2020 

(35% solids) 
Water cooling 691 
Hydrogen generation 1535 452 
slag + water (60% 
slag) wastewaters 801 

-4 Wastewater from acid 554 2.9 l.4xl0 1.5 a gas removal 
Hydrogen/gydrocarbon 33 32. 0.2 
recovery 

Ammonia recovery 3825 3812 0.6 49.8 
Phenol recovery (input 

from phase (gas) 3129 3000 54.2 40.7 
separation) Output 3097 3000 40.7 40.7 

Hydrotreating module 793 774 10 9 
(decanter wastewater) 

aAlso emit_ted from the acid gas removal mod~le is 0. 3 Mg carbon dioxide, 
0.5 Mg, MEA, 0;003 Mg Polyrad llOa; 0.007 Mg_ oleyl alcohol and 0.3 Mg 
sodium hydroxide per day. 

b Emitted from hydrogen/hydrocarbons recovery module also is 0.07 Mg 
hydrocarbons/day and 0.4 Mg phenols/day. 

TABLE 48. CHARACTERIZATION OF FOUL PROCESS WATER 

Component 

Total organic carbon 
Total carbon 
BOD (5 days) 
COD 

Oil and grease 
Dissolved solids 
Suspended solids 

Effluent Range 
(g/l) 

6.6-7.3 
8.2-9.0 

32.5 
25.0-43.6 

0.03-0.60 
2.7-5.3 

0.002-0.020 
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Source of 
Data 

Analysis of foul process 
condensate SRC; 
Kentucky - Bituminous 
Coal (68) 

Foul process condensate 
H-Coal PDU (69) 



Foul water represents some 80 percent of process related 
wastewaters which consist of the following items (6): 

• 

• 

• 

• 

Foul process condensate-about 3130 m3/day 

Decanter wastewater-hydrotreating - about 790 

m3 /day 

Wastewater from gas purification - about 6 m3/day 

Wastewater from cryogenic separation - about 33 

m3/day. 

Nonprocess related water which will be treated in 
wastewater treatment units consists of: 

3.6.5.2 

Raw water 
Cooling tower blowdown 
Oily water runoff 

32,057 m3/day 
6.93 m3 /day 
Unquantified 

Water Cooling Blowdown 

The cooling tower blowdown can be expected to contain 
the same constituents that are present in the raw water. The 
concentration of trace elements in the blowdown depends upon 
the frequency of purge; and the chemicals used for corrosion 
inhibition and anti-fouling. It is not anticipated that 
dissolved solids from the cooling tower blowdown will present 
any problem, if the purge stream is treated in a side-stream 
ion-exchange or reverse osmosis process. The feasibility of 
these methods needs further investigation. 

Nonoxidizing biocides used to control growth of slime, 

algae and fungi are obviously toxic and cannot be discharged 
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directly. Since ion exchange or reverse osmosis are the 
treatment methods reconnnended, it is best to choose a biocide 
which can be neutralized chemically. 

3.6.5.3 Other Potential Water Effluents 

3.6.5.3.1 Tailings Pond 

Coal pile runoff and thickener underflow are proposed 
to be routed to a tailings pond as discussed in Section 4.0. 
Except in instances of severe precipitation (e.g., flooding) 
no aqueous discharge from the tailings pond is anticipated. 

3.6.5.3.2 Ash Ponds 

Coal utilized in the steam generation module is antici
pated to generate roughly 66 Mg/day of bottom ash and 36.6 

' Mg/day of.particulates in·the stack gas. The fly ash will 
be collected in hoppers below the mechanical collectors or 
electrostatic precipitators. It is possible that the ash 
will be mixed with a high velocity water jet, and then 
sluiced through cast iron alloy pipes to a settling pond. 
Bottom ash is .removed from ~he bottom of the boiler using a 
high pressure spray system. This ash-water mixture will 
also be· pumped to the sett.ling pond. Alternatively, the 

ashes could be hauled off-site, which would eliminate any 
pollution potential from the ash ponds. 

The characteristics of the ash pond are not only af
fected by the coal type but also by the quality and quantity 
of water used for sluicing. 

The characteristics of ash pond effluent for coal-fired 
power plants which use Illinois or western Kentucky coals 
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are shown in Table 49 (67). Since the volume of the 
effluent is quite site specific no SAM/IA analysis was 
performed other than calculation of the potential degree of 
hazard. In both plants suspended solids concentrations are 
much lower than concentrations of dissolved solids. Never
theless, suspended solids levels are too high to meet BPCTCA 
or BATEA levels of 30 mg/l for bottom ash or fly ash transport 
water. The high concentrations of suspended solids in some 
ash ponds are probably caused by low density, hollow sphere 
ashes (cenospheres) which cannot be removed in the pond by 
natural settling. Some means of removing the cenospheres 
would be required to meet effluent guidelines for suspended 
solids if the water was discharged. It is more likely that 
the water will be reused in the process, although.its use is 
restricted by high levels of dissolved solids. Complete 
reuse would require dissolved solids removal by reverse 
osmosis, electrodialysis or ion exchange. 

3.6.5.3.3 Refuse Pile Runoff 

Many of the same variables influencing the quality of 
coal pile runoff also affect the quality of refuse pile 
runoff. In the case of the refuse pile, however, sealing 
techniques may be used to reduce the amount of moisture 
infiltration and subsequent leaching of coal refuse material. 

Data in Table 50 show refuse pile runoff from a bit
uminous coal refuse pile covered with clay and grass and, 
for comparison, a refuse effluent from a pile which was not 

covered (71). 
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TABLE 49. CHARACTERISTICS OF ASH POND EFFLUENT FROM 
COAL-FIRED POWER PLANTS RUN ON KENTUCKY 

BITUMINOUS OR ILLINOIS COAL (70) 

Pl•t z'b 

.... 
Par•eter 

Total elk. (CaC03) 33 113 173 .51 96 187 

pH 10.5 11.2 11.4 9.4 10.8 11. 4 

Dlatolvad 1ollda 12 452 1410 23 232 416 

Suapended 1olida 39 182 2 14 59 

AlU11inua 0.8 2.0 3.1 0.5 l. 7 2.4 

Anunonia 0.03 0.15 0.38 0.02 0.06 0.16 

Ar•enic <0.005 <0.005 0.005 <0, 005 0.012 0.025 

8.iriua <0.1 0.2 0.5 <0.1 0.2 0.3 

B.irylliia <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

c ... 1111 .. 0.001 0.001 0.002 0.001 0.001 0.001 

Calciua 74 115 160 52 87 130 

Chloride 4 5 6 7 12 19 

Chroaiua 0.012 0.043 0.072 0.014 0.021 0.026 

Copper 0.01 0.02 0.04 <0.0l 0.05 0.10 

Cyanide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Iron 0.05 0.23 1.10 0, ll 0.24 0.34 

Lead <0.01 0.01 0,04 <0.01 0."025' 0.04 

Hagneaiua 0.2 2.0 7.2 0.4 1.0 3.0 

Hanga""H <0.01 0.01 0.04 <0.001 0.001 0~02 

Mercury <0.0002 0.038 0.300 <0,0002 0.0004 0.0008 

N!ckel <0.05 <0.05 <0.05 o.os 0.07 0.22 

St>lenlia 0.009 0.016 0.028 <0.002 0.011 0.016 

Silver <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 

So!l fate 14 156 240 55 87 110 

Zinc <0.01 0.04 0.06 <0.01 o.os 0.11 

8 Plant l - ut111aed W. ltantucky and/or S. 
--- lllinoh <'oal ••thod of firing - oppoaed 

Aah content of coal - 16,JZ 
I fly aah of total uh - 80% 

b~L!!!.L! - utflbed II. 1Cent1u·ky Bnd/or S. lllinui,. .-ua! 
... rhod of £1rina - circular 
.. h contant of coal - 15.6% 
I fly ••h of total aah - 75% 
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TABLE 50. EFFECTS OF REFUSE PILE RUNOFF 
ON STREAM COMPOSITION (71) 

Pile Covered With 
Clay and Grass Pile With No Cover 

Above Below Above Below 
Stream Pile Pile Pile Pile 

Component (mg/l) (mg/ 1) (mg/ 1) (mg/ 1) 

Total 0 0 5,660 
acidity 

pH 7.5 7.5 7.9 2.9 
so4 106 106 564 10,544 
Na 16 16 20 256 
Mg 35 35 No Data No Data 
Al 1. 0 1. 0 No Data No Data 
K 2.2 2.5 No Data No Data 
Ca 70 70 No Data No Data 
Mn 0.01 0.01 0.03 10 
Fe 0.1 0.1 0.5 2,233 

It is quite evident from the data that runoff from an 
uncovered refuse pile would pose serious threats; the data 
showed that the concentration of iron and so4 increases 
4,466 and 18.7 times, respectively, and that the stream 
adjacent to the refuse pile was extremely acidic. 

3.6.5.3.4 Leachate from Slag 

The leachability of slag generated by Koppers-Totzek 

needs to be investigated. It is anticipated that the slag 
will behave as bottom ash, and as such, will not leach 

readily. 

Slag could ultimately be disposed in the strip mine, 

and bottoms from the ash pond are likely to be disposed with 

the slag. 
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3.6.S.4 Other Characteristics of SRC Wastewater 

3.6.5.4.1 COD, BOD and TOC 

The treatability and final effluent levels for non
chemical water parameters can only be accurately evaluated 
by actual plant data. Residual concentrations can only be 
roughly estimated. 

Phenol concentrations in the foul water process conden
sate range from 5,000 to 12,000 mg/1 which represents between 
47 to 64 percent of the total COD (72). Phenol recovery 
should reduce the COD concentrations to 13,490 to 23,500 
mg/l. The ability of activated sludge to reduce COD in the 
foul process condensate was investigated by AWARE Associates 
for the H-Coal process (66). As expected, removal efficiency 
is dependent upon loading rates to the activated sludge 
units. Operational data indicate that a removal rate of 
0.22 g BOD/g MLVSS-day be used for design. Under the opti
mum conditions of this investigation, 99 and 93 percept of 
the influent BOD and COD, respectively, could be removed. 
Influent COD ranged from 2700 to 4200 mg/l and influent BOD 
ranged from 1700 to 2700 mg/1. The refractory BOD and COD 
were 5 mg/1 and 150 mg/l respectively. Foul process con
densate would have to be diluted significantly to obtain 
these desired organic loading rates. An alternative would 
be to use high purity oxygen activated sludge (HPOAS). 
Experience with HPOAS systems in the coking industries 
suggests that this may be an effective treatment method. 
Effluent soluble BOD5 of 45 mg/l can be successfully 
achieved for the following loading conditions (69): 

e BODS - 18,000 mg/l 
e COD - 28,000 mg/l 
e COD/BOD5 - 1.56 
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The effectiveness of the method for treatment of liquefaction 
wastewaters, in which readily degraded phenols make up less 

of the total COD, needs to be tested. Phenols have been 
estimated to make up 68 percent of the COD of coking effluents. 

The use of activated carbon for tertiary treatment has 
been shown to effectively reduce COD in treatment of the 
pilot plant wastewater (66); however, activated carbon 
absorption of industrial wastes must be carefully evaluated. 
Breakthrough geometry and adsorption kinetics of multicom
ponent wastewaters are difficult to define. Certain organics 
which would be encountered are not amenable to activated 
carbon treatment. A third problem area with activated 
carbon is that regeneration on carbon capacities are variable 
and unpredictable. Carbon adsorption pilot plant results 
from petrochemical and refinery wastewaters show that for a 
COD of 100 to 150 mg/l, the percent removal ranges from 59 
to 67 percent (69). Assuming that 150 mg/l COD is the 
refractory COD from biological treatment, as observed for 
the H-Coal foul process condensates, effluent COD's may be 
as low as 49.5 to 61.5 ppm. 

If the refractory BOD is closer to 45 ppm, we may 
expect a COD of approximately 340 mg/l from biological 
treatment. This treatment assumes that the relationship: 

BODT = 0.66 CODT - 180 

determined for the H-Coal sour water (66) holds true for SRC 
sour water as well. 



3.6.5.4.2 Oil and Grease 

Oil and grease will be removed in wastewater treatment 
largely by dissolved air flotation, possibly accompanied by 
an API separator. The main source of oil and grease is the 
foul process condensate and oily water runoff. The contri
bution by the latter is unknown and variable. 

Bench scale application of dissolved air flotation to 
the H-Coal foul process condensate showed oil and grease 
removal efficiency of 70 percent without emission breaking 
chemicals. The following ranges of oil removal efficiencies 
have been reported for dissolved air flotation (DAF) (73); 

Air flotation (no 
chemical) 

Air flotation and 
emulsion breaking 
chemicals 

Oil Removed -
Free Oil 

70-95% 

75-95% 

Oil 
Emulsions 

10-40% 

50-90% 

There are few states with discharge criteria for oil 
and grease. Colorado has an effluent discharge standard of 
10 mg/l. Use of DAF alone would probably be insufficient to 
meet these standards. Addition of emulsion breaking chemicals 
may increase efficiency up to 90 percent. During stable 
operations of activated sludge units treating H-Coal sour 
water, oil 
90 percent 
mg/l (69). 

and grease concentrations were reduced by 75 to 
for influent concentrations ranging from 20 to 75 
Therefore, use of activated sludge and DAF with 

emulsion breaking chemicals should reduce oil and grease to 
acceptable levels. 
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3.6.5.4.3 Dissolved and Suspended Solids 

There are several waste streams which require treatment 
for dissolved and suspended solids, the degree of treatment 
depending largely upon the end use of the water. 

3.6.5.4.4 Dissolved and Suspended Solids in Foul 
Process Water 

As was mentioned earlier, dissolved and suspended solid 
levels in the foul process condensate are 2690 to 5390 mg/l 
and 2 to 20 mg/l, respectively. 

The very low level of suspended solids (2 to 20 ppm) 

from the process water do not warrant treatment. Dissolved 
solids, on the other hand, are very high (2690 to 5300 ppm) 
and removal efficiencies in wastewater treatment depend upon 
the particular dissolved species. Dissolved solids, as 
such, are not particularly harmful assuming that the individ
ual pollutants are not toxic. 

3.6.5.4.5 Solids in Cooling Tower Blowdown 

The blowdown from the recirculating cooling system has 
the same chemical composition as does the recirculating 

cooling water. Soluble constituents in makeup water, however, 
are concentrated as high as 1500 mg/l to 10,000 mg/l before 
being removed in the blowdown stream. A sidestream filter 
should remove most suspended solids generated in the cooling 
system. lt has been conceptualized that the blowdown be 

treated separately, using reverse osmosis or ion exchange to 
remove dissolved solids to acceptable levels; these pro
cesses are highly effective in removing suspended solids. 
Thus, it may be necessary to only treat a portion of the 
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stream and to recombine the treated and untreated streams 
before discharge. The feasibility and cost effectiveness of 
these treatment methods remain to be demonstrated. 

3.6.5.4.6 Straight Chain Hydrocarbons 

Long chain alkanes and fatty acids have been detected 
in process wastewater from several coal conversion processes. 
MEGs have not been assigned to long chain fatty acids or to 
long chain alkanes to date. Long chain alkanes detected in 
the SRC foul water are given in reference 47. Straight 
chain alkanes from crude oil have been found to be degraded 
about 96.4 percent by microorganisms isolated from the 
Chesapeake Bay (73). 

Very low concentrations of long chain alkanes can be 
expected in the bio-effluent. Fatty acids have been observed 
in process condensate from Synthane, COED (73) and EDS 
processes (70). Fatty acids have not been reported in SRC 
foul water to date. 

3.6.5.4.7 Heterocyclic N-Aromatics 

Polycyclic N-aromatics have been observed in the process 
wastewater from the Synthane gasification process. 

3.6.5.4.8 Organic Constituents of Bio-Unit Effluent 

The organic constituents of the bio-unit effluent are 
estimated in Table 51. For the purposes of this report, 
these concentrations will be taken as the final concentra
tions in the wastewater effluent from the facility to the 
environment. 

248 



TABLE 51. ORGANIC CONSTITUENTS OF 
BIO-UNIT EFFLUENT 

Component 

Bio-Unit 
Effluent 
.:,g/l 

Phenol 390 
Cresols 940 
Xylenol 380 
C3-phenols 90 
Methyllindane 2400-8400 
Te tr al in 50 
Dimethyltetralin 80-400 
Naphthalene 810 
Dimethylnaphthalene 50-1120 
2-Isopropylnaphthalene 110.-390. 
1-Isopropylnaphthalene 320-1120. 
Biphenyl 30-110 
Acenaphthalene 10-60 
Dimethylbiphenyl 790-1100. 
Dibenzofuran 90-320 
Xanthene 10-60 
Dibenzothiophene 240. 
Methyldibenzothiophene 10-60 
Thioxanthene 10-60. 
Fluorene 80. 
9-Methylfluorene 50-170 
1-Methylfluorene 40. 
Antracene/Phenanthrene 260. 
Methylphenanthrene 50-110. 
Cz-Anthracene 10 
Fluoranthene 60-630 
Dihydropyrene 7-30 
Pyrene 240 
Dimethyldibenzothiophene 7-30. 5 Dimethylquinoline 0-l.Oxl05 Dimethylindole 0-1.lxlO 
a - naphthol 
~- naphthol 300-2900 
methylnaphthol 
indenol 200-1100 
c1-indenol 400-1500 
4-indenol 
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3.6.5.4.9 Trace Elements 

Trace element concentrations have been estimated using 
the partitioning factors described previously as well as 
using the values found in the Standards of Practice Manual 
(6). These data are found in Table 52. 

3.6.5.4.10 Final Wastewater Effluent 

The organic component of the final wastewater was 
assumed to be that composition emanating from the bio-unit 
(Table 51). The final inorganic component was assumed to be 
the trace element composition given in Table 52. 

Most trace elements in this stream are present in the 
dissolved state. How they behave in wastewater treatment is 
not well known. The treatability of these trace elements 
and organic compounds needs to be further investigated. 

Often concentrations of these materials remaining in effluents 
are higher than is predicted by the solubility product 
alone, due either to incomplete precipitation or to the 
presence of finely divided colloidal particles. Table 53 
shows estimates of the removal efficiency for several trace 
elements by precipitation and carbon absorption. 

TABLE 53. SUMMARY OF REMOVAL OF METALS BY 
CHEMICAL CLARIFICATION AND CARBON ADSORPTION (74) 

Percent 
Removal 

50 
50-90 
90-95 
95-100 

Lime System 

Mo 
Sb, Se* 
Hg,Sn,Tl,V 
Ag,Be,Bi,Co,Se,** 
Ti 

* Initial concentration -
**Initial concentration -

0.06 mg/1. 
O. 5 mg/1. 

Ferric Chloride 
System 

Co, Tl 
Mo, Sb, Se 
Ti 
Ag,Be,Bi,Hg,Sn, 
v 
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Alum System 

Mo,Tl,Zn,Mn,Ni 
Co, Cd, Sb, Se 
Sn,Ba 
Ag,Be,Bi,Hg,Ti, 
V,Cr,Cu,Pb -



TABLE 52. PARTITIONING FACTORS AND ESTIMATED CONCENTRATION OF 
INORGANIC$ IN SRC WASTEWATER 

Partitioning Factors Estimated 
NUlllber Unbiased Wastewaters Estimated 

of Arithmetic Geometric Standard ComEosition (µAfil Wastewaters 
Name Determinations Mean Mean Deviation Range Avg. ·Max. Composition (ug/l) 

Aluminum 2 -5 -5 -5 -5 250. 340. l.85x1Q6 1.83xlQ6 0.35x1Q? 1.6-2.lxlO _6 2b Antimony 2 1.5xl0 l.lxlO 1.5xl0_5 
0.45-2.6x1Q5 0.0033 0.0075 

Arsenic 2 <3x10-5 <10-6 > 4.6x10 < 0.008-8xl0 0.33 1.1 < 1 
Barium 2 <Sxio-4 <4xl0-4 > hlo-4 < 2-<l\xlo-4 125. 250 <40 
Bismuth -6 -6 -6 -6 

32000 
Bromine 2 4.8xl0 4.3xl0 3.lxlO 2.7-7.0xlO 0.077 0.17 
Calcium 3 0.011 -7 0.011 -7 0.004 -7 0.0069-0.015 85,000 190,000 
Cerium 2 l.6xl0 0.6xl0_6 2.lxlO < 0.1-3.lxl0-7 0.0029 0.0040 
Cesium 3 0.0043 2.8xl0 0.0074 2. 7x10-8-(). 0128 5.2 8.6 < 0.02 
Chlorine 1 0.0065 0.0065 .. 5 0.0065-0.0065 6500. 11000. 0.02 
Chromium 2 0.0055 -8 8.7xl0 _

8 0.0078 -8 6.8x10-7 .. o.011 90. -4 220. 150 
Cobalt 2 6.95x10 6.95x1Q5 0.07xl0 6.9-7.0xl0-8 7.lxlO 0.0017 0.41 
Copper 2 0.0009_8 2.9xl0_8 0.0012_8 < 5 .ox10-7..o.0011 11. -5 30. -5 < 10. 

N Europium 2 4.0-7.8xl0:~ 0.01 
VI 

S.8xl0_4 5.5xlo_5 2.sx10_4 1.9xl0 3.0xlO 
...... Gallium 2 6.0xl0_8 3.5xl0_8 8.5xl0_8 

1-1200.x10_8 2.6 -5 4.2 -5 < 0.04 
Hafnium 2 2.7xl0_5 2.6x10 .. 5 1.0xl0_5 

2 .0-3.4xl0 _
5 

2.2x10 3. 2xl0 < 0.01 
Iron 2 3.8xl0 3.2xl0 3.0xlO 1. 7-5.9xl0 560. -4 1250. 1250. 
Lanthanum 1 7xl0-8 7x10-8 7-7x10-8 6.7xl0 0.0010 < 0.5 
Magnesium 3 0.0016_4 0.0016 .. 4 0.0001_4 0.0016->J.0017 1800. 4500. 3200. 
Manganese 2 5.6xl0 4.9xl0 3.9xl0 2.9-8.4xl0-4 20. 77. 
Mercury 3 0.026 -7 0.011 -7 0.24 0.00087-0.048 3.9 19. 

13.b Nickel 1 8.lxl0_4 8.lxl0_4 -4 8.1-8.1x10:z 0.015 0.098 
Potassium 2 6.5xl0_8 6.3xl0_8 2.3xl0_8 

<4. 9-8. lxlO _7 1500. 3250. 1260. 
Rubidium 3 8.8xl0_8 8.2xl0_8 3.5xl0_8 

0.48-1.15x10 0.0025_5 0.0088_4 Samarium 2 4.6x10_8 4.3xl0_8 2.2xl0_8 3.0-6.lxl0-~8 7.lx10_4 l.2xl0_4 < 0.06b 
Scandium 3 3.8xl0_4 

2.3xl0 _4 3.0xl0_4 
0.39-6.lxlO _4 l.3xl0 2.2x10 0.01 

Selenium 3 2.0xlO 0.035x10 3.5xl0 0.0012-6.0xlO 0.80 5 2.1 5 1. 2 
Sodium 2 0.059 -4 0.059 -4 0.002 -4 0.058-0.061_4 L2xl0 6.lxlO 8300 
Strontium 2 2.8xl0_6 1.8xl0_6 3.lxl0_6 

0.63-5.0xl0_6 34. -4 73. -4 < 40. 
Tantalum 2 0.9xl0 _8 0.3xl0 _8 

1.lxlO _
8 

0.07-1.7x1Q8 
2.2xl0_6 3.0xl0_6 < 0.01 

Terbium 2 2.85xlQ8 2.84x1Q8 0.35x1Q8 
2.6-3.lxl0_8 5. 7xl0_4 9. 7xl0_4 0.01 

Thorium 2 2.6x10 _4 
l.SxlO _

4 
3.0xlO _

4 
0.5-4.7x10 _4 l.2xl0 2.5xl0 < 0.01 

Titanium 4 < 2.35xlQ5 2.25x1Q5 0.77x1Q5 < 1.5-<3.0!!0 120. 270. 
Vanadium 2 4.8x10 4.4xl0 2.5xl0 3-6.6xl0 1.2 2.4 
Zinc 

4.4x10-4 -4 -4 -4 
<. 0 .04 

Zirc,,nium 2 4.0xlO 2.8xl0 2.5-3.2x10 25. 48. 
All Arithmetic 34 0.003 0.001 0.011 2.6x10-8-o.059 

l!IC!.lil:; .Jbove 
All maximum 34 0.005 0.001 0.013 3.lxio-B-0.061 

at> .... "\"'t.' 



3.7 Solid Wastes to Final Disposal 

As air and water pollution regulations are implemented, 
sludges and slurries which are toxic and/or hazardous are 
generated at increasingly large quantities. It is assumed 
for this discussion that most of the solid wastes generated 
will be disposed of by landfilling; this means of disposal 
is advocated in two other reports dealing with the SRC 
process (6) and (61). 

3. 7. 1 Coal Pretreatment 

3.7.1.1 Coal Pile Refuse 

Refuse generated in coal pretreatment consists of 
refuse from reclaiming and crushing which consists of tramp 
iron, slate, and coal. The total waste generated amounts to 
some 7,713 Mg/day with a moisture content of 24 percent. 
Refuse generated consists of materials ranging from colloidal 
size to 30 cm long (75). 

It is not possible to develop a characterization profile 
for refuse dumps. The .chief concern is actually pollutant 
discharge in the form of fugitive emissions and runoff or of 
leachate as previously discussed. 

Ultimate disposal of coal refuse will probably consist 
of disposal in the strip mines with the slag and fly ash 
from gasification. 

3.7.2 Coal Liquefaction, Gas Separation and Hydrotreating 

Coal liquefaction and gas separation discharge no 
solids to the environment. Periodically, spent catalyst is 
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removed from hydrotreating, however no characterization data 
are available. 

3.7.3 Fractionation 

In the hypothetical SRC-II facility, it has been esti
mated that 4075 Mg/day of residue will not be used in hydro
gen production, due to operational problems resulting from 
the high ash content of the residue (64 percent) (6). 
However, the high carbon content of the residue (27 to 28 
percent) (75,76), indicates that this solid should be further 
utilized to recover useful energy. 

Since it is unlikely that the residue will be disposed 
of, as such, our solid waste problem is a temporary one. In 
an effort to determine the leachability of the residue (68), 
efforts were made to dissolve the solid in dilute acid. 
Efforts failed to produce any leachate over the test period. 
It is not anticipated that temporary storage would cause any 
significant leaching problems. 

3.7.4 Solids/Liquids Separation Process 

Table 54 shows the organics quantified in the SRC-I 
filter cake. This analysis was performed on a residue 
derived from Kentucky bituminous coal during operation of 

SRC-1 process. Differences in the organic content of the 
residue under the operating conditions for SRC-II are ex
pected. Table 55 shows the inorganic constituents of the 
filter cake as estimated using partitioning factors as 

described previously. 
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TABLE 54. ORGANICS QUANTIFIED IN SRC-I FILTER CAKE 
RESIDUE FROM KENTUCKY BITUMINOUS COAL 

Compound 

PAH Fraction 

Indane 
Methylindane 
Dimethylindane 
Tetralin 
Dimethyltetralin 
6-Methyltetralin 
Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 
Dimethylnaphthalene 
2-Isopropylnaphthalene 
1-Isopropylnaphthalene 
C4-Naphthalene 
Cyclohexylbenzene 
Bi phenyl 
Acenaphthylene 
Dimethylbiphenyl 
Dibenzofuran 
Xanthene 
Dibenzothiophene 
Methyldibenzothiophene 

Concentration 
(µg/g) 

85 
40 
25 

110 
35 
50 

1,500 
740 
180 
870 
470 

2 
15 

1 
5 

270 
61 
60 
20 
70 
8 

Dimethyldibenzothiophene 20 
Thioxanthene 5 
Fluorene 80 
9-Methylfluorene 40 
1-Methylfluorene 50 
Anthracene/phenanthrene 500 
Methylphenanthrene 100 
1-methylphenanthrene 50 
C2-Anthracene 10 
Fluoranthene 200 
Dihydropyrene 10 
Pyrene 200 
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Compound 

Neutral Fraction 

n-undecane 
n-dodecane 
n-tridecane 
n-tetradecane 
n-pentadecane 
n-hexandecane 
n-heptadecane 
n-octadecane 
n-nonadecane 
n-eicosane 
n-heneicosane 
n-docosane 
n-tricosane 
n-tetracosane 
others 

Concentration 
{µg/g) 

90 
550 

9,100 
210 
80 
50 
20 
10 
14 
14 
16 
14 
14 
10 
26 



TABLE 55. PARTITIONING FACTORS AND ESTI}'.ATES OF INORGANIC CONSTITUENTS 
IN SRC-II MINERAL RESIDUE FILTER CAKE 

Partitioning Factors Estimated Actual 
Number of Unbiased Mineral Residue Estimated 

of Arithmetic Geometric Standard Range Composition Composition 
Name Determination Mean Mean Deviation Avg. Max. ( µg/g) 

Aluminum 2 4.4 3.9 2.8 2.8-6.30 58,760 81,400 
Antimony 3 5.7 5.6 1.8 4.3-7.7 13. 28. 5.2 
Arsenic 4 5.1 4.9 1.8 4.0-7.8 56. 180. 25. 
Barium 3 4. 94 4. 94 0.26 4. 71-5.22 1235. 2470. 580 
Beryllium 3 5. 4. 54. 2.0-10.0 7. 15. 
Boron 3 4.6 4.1 2.2 2.0-6.0 250. 550. 
Bromine 4 1.37 1.36 0.09 1. 24-1.44 22. 49. 19. 
Cadmium 3 1.81 1.69 0.76 1.60-2.50 6.2 29. 
Calcium 3 13.6 13.8 5.0 7.7-16.7 105,000 230,000 33,323 
Cerium 2 5.6 5.5 1.6 4.5-6.7 100. 140. 71. 
Cesium 2 5.6 5.6 1.3 4.7-6.7 6.7 11. 7.3 

N Chlorine 3 3.62 3.62 0.23 3.37-3.80 3600. 6200. 
U'I 

Chromium 7 7.3 5.8 4.1 1.0-13.3 120 290 118. U'I 
Cobalt 6 4.3 3.3 2.2 0.5-6.6 44. 110. 4.1 
Copper 6 6.5 5.5 3.8 2.1-12.6 83. 220. 8.0 
Europium 2 4.6 4.5 1.2 3.8-5.4 LS 2.4 1.2 
Gallium 2 4.6 4.5 0.6 4.1-5.0 20. 32. 
Hafnium 3 4.94 4.92 0.60 4.25-5.35 4.1 5.9 2.7 

4 6.2 6.1 1.2 4.6-7.3 
5 5 4 6.2 6.1 1.2 4.6-7.3 92000 2.0xlO L2x10 

3 5.91 5.86 0.90 5.26-6.93 57 80 
Lead 1 5.2 
Magnesium 1 4.5 
Manganese 5 6.7 4.6 7.5 2.1-20.0 240. 920. 
Mercury 3 5.1 1. 2 5.2 0.031-10.3 0.76 3.7 
Molybdenum 2 4.2 4.1 1.2 3.3-5.0 22. 50. 
Nickel 7 5.0 3.8 2.8 0.4-9.5 95. 600. 126. 
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TABLE 55. (continued) 

Partitioning Factors Estimated Actual 
Number of Unbiased Mineral Residue Estimated 

of Arithmetic Geometric Standard Range Composition Composition 
Name Determination Mean Mean Deviation Avg. Max. ( µg/g) 

Potassium 3 7.9 7.5 3.3 5 .5-11. 6 18000. 40000 
Rubidium 4 8.6 7.9 4.6 6.3-15.5 240. 860. 
Samarium 2 4.84 4.84 0.23 4.68-5.00 7.4 12.6 
Scandium 2 4.6 4.5 1.3 3.6-5.5 16. 27. 15. 
Selenium 3 4.9 4.6 2.2 3.6-7.4 20. 51. 12. 
Sodium 6 9.4 4.9 7.4 0.2-11.s 19000. 97000. 1200. 
Strontium 4 4.7 3.9 3.3 2.0-9.l 560. 1200. 
Tantalum 2 4.3 4.2 1.1 3.5-5.1 1.0 1.4 o. 71 
Terbium 2 3.4 2.1 3.9 0.7-6.2 0.68 1.1 0.69 
Thorium 3 5.06 5.02 0.75 4.52-5.91 23. 49. 
Titanium 6 2.9 2.4 1.5 0. 5..;4. 9 1500. 3300. 

N Uranium 1 6.6 6.6 6.6-6.6 15. 53. 11. 
VI Vanadium 6 5.9 5.1 3.0 2.1-10.0 150. 300. 

°' Ytterbium 2.6 
Zinc 2 3.3 3.0 1.8 2.0-4.6 400. 4800. "'1940 
Zirconium 2 5.6 5.4 2.0 4.2-7.0 320. 620. 
All Arithmetic 41 5.3 5.0 2.0 1.4-13.6 
means above 
All maxU,WOs 41 7.8 6.9 4.1 1.4-20.0 
means above 



3.7.5 Auxiliary Processes 

3.7.5.1 Sulfur Recovery 

There is a continuous purge stream from the Stretford 
unit. It is recommended that this purge stream be decomposed 
by high temperature hydrolysis (6). This will recover 
vanadium in solid form along with some sodium carbonate, 
sodium sulfide and sodium sulfate. 

Hydrogen cyanide is converted to co2 , H20 and N2 , 
and sodium thiosulfate is converted to H2s, and H20. This 
purge stream has the following composition (Table 56): 

TABLE 56. ABSORBENT PURGE FROM THE 
STRETFORD UNIT (6) 

Compound g/Mg of Coal Cone. (µg/l) 

Na2s2o3 68.1 1.1 x 105 

Na CNS 28.0 4.4 x 104 

NaV03 4.13 6800 

ADA* 7.02 1.1 x 104 

Na2co3 , NaHC03 19.0 3.0 x 104 

HzO 503.9 8.0 x 105 

*Sodium anthraquinone disulfonate. 

Stream flow rate: 164 g/sec. 
Mates not available. 

3.7.6 Process Sludges 

The sludges generated in the SRC facility are generally 
hazardous wastes and must be disposed accordingly. This 
discussion will consider the following sludges: 
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• Surge tank bottoms 
• Froth skimmed from air-flotation unit 

• Biounit sludge 
• Chromate reduction unit sludge 
• Raw water treatment sludge (lime sludge) 
• Desulfurization sludge 

Landfilling is presently the most attractive for the 
large quantities of sludge generated. A high pressure 
sludge dewatering system will be needed to convert the 
sludges into a filter cake suitable for disposal.· 

3.7.6.1 Surge Tank Bottoms 

Residence time in the surge tank must be sufficient to 
allow for settling of heavy sediment. In the case of the 
surge tank utilized at the SRC pilot plant, much of the 
heavy oil which accumulated on the bottom can be recovered. 
However, an unquantified amount which must be disposed forms 
a stable emulsion with oil (77). 

3.7.6.2 Air Flotation Skinnnings 

In the air flotation unit remaining suspended solids 
and entrained oils from the process wastewater are removed. 

The concentration of air flotation skimmings is approximately 
0.25 percent solids (by wt.) (78). It is unlikely that this 
sludge will be disposed as such. Rather, the skimmings will 
be sent through a series of hot and cold settling in which 
most of the oil and water are recovered. There will be a 
small but unquantified amount of resolved emulsions after 
treating.· 
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3.7.6.3 Biounit Sludge 

An estimation of sludge production is based upon design 
data which make the following assumptions: 

• 0.48 g of volatile suspended solids (VSS)/g BOD 
removal (79) 

• Removal of 200 ppm (wt.) 

• Volatile solids concentration of waste sludge 
equals 70 percent. 

For a wastewater treatment system receiving 1.0-1.2 x 103 m3/day, 
one can expect roughly 0.54-0.65 Mg/day of sludge. 

3.7.6.4 Sludge from Water Cooling 

Corrosion inhibitors used in the cooling tower will be 
assumed to be hexavalent chromium, zinc, and phosphonate. A 
chromate reduction unit will be required to remove the 
chromium from the cooling tower blowdown. The discharge 
from this unit contains zinc sulfide and trivalent chromic/ 
ferric hydroxide complex which has precipitated out. These 
compounds are difficult to settle and will require use of a 
coagulant aid. The concentration of chromate required for 
corrosion inhibitor can be reduced by adding zinc and phos
phonate (80). The following additives are assumed: 

Chromate 
Zinc 
Phosphonate 

20 to 25 ppm 
2 to 5 ppm 

(Dosage sufficient to act as a 
metal passivator and scale in 
hibitor (20 to 50 ppm)) (80) 
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The wastewater treatment sludges may be combined and chemic
ally conditioned to improve specific resistance to filtra
tion. The final filter cake will most likely be landfilled. 

3.7.6.5 Raw Water Treatment Sludge 

Raw water requirements for the connnercial SRC facility 
amount to 31,711 m3/day for a facility in which the process 
water is recirculated, and roughly 36,280 m3/day for a once
through system. The major waste stream discharged from the 
raw water treatment facility is sludge removed from the 
clarifiers. The raw water is treated with lime and sodium 
carbonate and the resultant sludge is characterized as 
follows below. It is reconnnended that the lime be recovered 
from this sludge. Not only are valuable chemicals recovered 
but the moisture content is reduced nearly 10 fold. The 
sludge remaining to be landfilled amounts to 48.5 Mg/day. 

Recirculated Once-Through 
Process Water System 

Component (Mg/day) (Mg/day) 
Water 351. 6 402.2 
Caco3 16.0 18.3 
Mg(OH) 2 0.9 1. 0 
Ca5 (0H)(C04) 3 0.03 0.03 
Detergent 0.003 0.003 
Suspended solids 1. 3 1.5 
Totals 369.83 423.03 

It is conceivable that all wastewater sludges would be 
dewatered and disposed of as a single filter cake. This is 
an attractive idea from the point of view of disposal problems. 
However, complex chemical interactions among components of 
the sludge need to be investigated. 
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Type S02 
Control 

Limestone 
N Injection 
°' H Wet 

Scrubber 

Lime 
Scrubber 

Tail-end 
Limestone 
Scrubber 

TABLE 57. CHARACTERISTICS OF SCRUBBER SLUDGE GENERATED IN 
COAL-FIRED POWER PLANTS (82) 

Sludge 

Feed Feed Composition -
Coal Coal Dry Basis 

Sulfur Ash (wt. %) 
Content Content Mg/D/MW CaS03.~H20 CaS04·2H20 CaC03 Fl I ash 

3.8% 12% 2.05 10 40 5 45 

3.7% 14% 1.82 94 2 0 4 

3.5% 15% 2.55 50 15 20 15 

Solids 
Content 
After 

Dewatering 

50 

50 

35 



3.7.6.6 Sludges from Steam and Power Generation 

This sludge stems from flue gas desulfurization of the 
coal-fired steam generation operation. The residue of a 
convential calcium scrubbing process (lime or limestone) is 
a slurry of mainly calcium sulfite. The slurry is thixo
trophic even after dewatering. The quantity of sludge 
generated depends upon the type of control, the extent of 
control required and the load factor for the plant. Table 
57 shows quantities of sludge generated and sludge char
acteristics for power plants using different types of sulfur 
dioxide control systems (81). 

Since it has been assumed that the 150 Mw/day of elec
tricity required to run the SRC plant will be purchased, the 
use of coal for utilities is limited to steam generation. 

3.7. 7 Steam Generation 

The coal-fired steam generation module will produce 66 
Mg/day of bottom ash and 36.1 Mg/day of fly ash. As far as 
solid waste disposal practices are concerned the distinction 
is made because fly ash can contribute serious pollution 
problems in the form of leachates or fugitive dusts if not 

handled properly. Table 58 estimates the composition of fly 
ash from average and maximum U.S. coals. 

Bottom ash is recovered from the dry bottom boiler and 
falls into a hopper filled with water. The ash and water 
slurry is mixed with the fly ash. The mixture may be piped 
to settling ponds or dewatered and hauled off-site for 

disposal. If settling ponds are used impervious liners 

(e.g., bentonite) may be required. The trace elements tend 
to form insoluble compounds which, together with solids in 



TABLE 58. COMPOSITION OF FLY ASH FROM AVERAGE 
AND MAXIMUM U.S. COALS 

Arithmetic IL, IN, AZ, CO, KY, South-
Con. Cone. mean Western UT, NM ern 

Name (µg/ g) (µg/g) KY Illinois 

Aluminum 79000. l.lxlO 5 
60900 67000 

Antimony 15. 35. 12 14 10 
Arsenic 120. 385. 27 120 130 141 
Barium 2500. 5000. 450 1700 
Beryllium 11 24 6 3-17 5 3-17 
Bismuth 2 
Boron 385. 840. 366 250-30008 1750 
Bromine 32. 72. 
Cadmium 71. 340. 3 80-160 
Calcium 32000. 71000. 43000 17200 
Cesium 14. 24. 18 
Chlorine 130. 220. 5-50 50 
Chromium 150. 350. 126 310-5008 160 
Cobalt 100. 250. 17 41-60 37 
Copper 100. 270. 89 100-4008 280 367 
Europium 2.5 4.1 
Fluorine 130. 210·. 3458 10-100 
Gallium 24. 38. 70a 
Germanium 50. 110. 135a 
Hafnium 6.5 9.5 
Iron 74000 l.6x105 63000 100000 
Lanthanum 62. 98. 33 
Lead 130 650 52 80-200 10 210 
Lithium 300 670 
Magnesium 6720 1700 9000 8600 
Manganese 250 970 202 290-500 321 
Mercury 0.075 0.36 3 0.2 0.06 
Molybdenum 120 280 118 54 35oa 
Nickel 130 420 82 500 666 
Niobium 10 
Phosphorus 1000 1500 22008 500 
Potassium 16000. 36000. 10800. 16000 
Rubidium 220. 800. 380. 
Scandium 24. 40. 
Selenium 64.5 170.5 16. s 25 73 24 5 
Silicon 1.4xl0 1. 7xl0 2.38xl0 3.0xlO 
Silver 4 4 3-5 
Sodium L8xl0 9.5xl0 9600 6400 
Strontium 720. 1600. 300 
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TABLE 58. (continued) 

Arithmetic IL, IN, AZ, co, KY, South-
Con. Cone. mean Western UT, NM ern 

Name (µg/g) (µ.g/g) KY Illinois 

Tellurium 0.25 0.3 1-lOa l-.£!_.10 
Thallium 23 23 40-lOOa 70 
Thorium 35. 76. 20 
Tin 2 5. 
Titanium 4200. 9100. 5400 6080 3480 
Tungsten 3.6 4.1 5& 
Uranium 16. 58. 18 
Vanadium 310. 600. 212 440 307 
Ytterbium 3.6 4.7 
Zinc 1900 23000 230 740-5900 360 2200 
Zirconium 140. 275. 100 
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the suspension, will tend to fill and seal the pore space in 
underlying soils. Therefore, the rate of movement of leachate 

would decrease over an extended period of time. Good disposal 
practices, however, would probably require liners neverthe

less. 

The organic composition of fly ash has not been quanti
fied but considerable danger may exist. PAH are readily 
adsorbed to particles having a diameter of less than 0.04 
microns but are not readily eluted from them. Release in 
the presence of appropriate solvents becomes more rapid and 
greater in extent. Polycyclic organic matter detected in 
the atmosphere is exclusively associated with particulate 
matter, especially fly ash. Most data indicate that more 
than 75 percent of the benzo(a)pyrene associated with particles 
is associated with particles less than 5 microns in diameter 
(83). These particulates easily move into the lung in 
inspired air and are capable of loading in the alveolar 
region. The well documented experience of chimney sweeps in 
England in the 1600's shows the possible hazards of coal 

soot and fly ash. 

3.7.8 Hydrogen Generation · 

One of the large volume solids to be disposed of in the 

SRC plant is the gasifier slag; this has been estimated at 

92 Mg/day (40% water) (6). 

The current design specifications for the treatment of 
the slag require that it be crushed, slurried with water and 
de-ashed. It is anticipated that the waste will be disposed 
of in the strip mine. It is thought that the waste will 
behave similarly to bottom ash from coal-fired power plants, 
and consequently will not leach (61). This is an area which 
requires investigation via laboratory leachate studies. 
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One interesting possibility for disposal of some of the 
other hazardous solid wastes would be encapsulation in the 
slag. The possibility of injecting dried solids into the 
molten slag should be investigated. The estimated composi
tion of the slag is found in Table 59. 

TABLE 59. ESTIMATED INORGANICS IN GASIFIER SLAG 

Name 

Lead 
Manganese 
Mercury 
Nickel 
Potassium 
Rubidum 
Selenium 
Silicon 
Strontium 
Sulfur 
Titanium 
Zinc 
All Arithmetic means 

above 
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Estimated Slag 
Composition (µg/g) 

Average Maximum 

20. 
97 
0.0093 

42. 
4100. 

56. 
7.2 

43900 
230. 

18000. 
450. 
180. 

100. 
370 

0.0045 
270. 

9000. 
200. 

19. 
48200 

490. 
30000. 

2000. 
2700. 



4.0 PERFORMANCE AND COST OF CONTROL ALTERNATIVES 

4.1 Procedures for Evaluating Control Alternatives 

This section presents a comprehensive survey of the 
currently available environmental control technology alter
natives applicable for installation on commercial SRC systems, 
and discusses the relative effectiveness of these control 
technologies in limiting emissions to the environment. 
Economic and energy considerations of these technologies are 
also presented. 

The procedure utilized in the evaluation of each of the 
control technology alternatives consists of the following 
steps: 

• Statement of Control Technology. A statement of 
the control technology to be considered is made, 
including the purpose and applicability of the 
technology. 

• Definition of Control Technology. A description 
of the control technologies is made in the Appendi
ces. This description includes the function, 
design and operational criteria. 

• Identification of Relative Technology Impact. An 
evaluation of the relative efficiency and effective
ness to perform the intended environmental control 
function is included in the Appendices. This 
assessment provides the degree of control exhibited 
by the device, the parameter controlled, the 
amount of variability in equipment performance, 
and other criteria. 
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This section emphasizes the SRC-II (liquid) process and 
its applicable control technology needs; however, where 
necessary, SRC-I process or control technology needs are 
identified separately at the end of each major emission 
category description. 

Subsequent to identification of applicable alternatives 
for control and disposal .of air emissions, water effluents, 
solid wastes, and toxic substances generated by operation of 
SRC systems (in subsections 4.2-4.5), the most effective 
control alternatives are summarized in subsection 4.6. 
Evaluations of control alternative effectiveness are based 
on the following: 

• Available SRC waste stream characteristics 
• Effectiveness of control alternatives 
• Commercial availability of control alternatives 
• Review of SRC conceptual plant designs 
• Engineering judgement 

Section 4.0 concludes with a discussion of the feasibility 
of zero aqueous discharge (ZAD) for SRC systems (subsection 
4.7), an overview of regional characteristics which can in
fluence control technology selection (subsection 4.8), and a 
relative comparison of cost and.energy considerations for 
some of the control alternatives considered. 

4.2 Air Emission Control Alternatives 

Air emissions associated with the operations and auxil
iary processes comprising SRC systems are shown in Figure 
51. In addition to the continuous emissions shown in the 
figure, vapor discharges will result from releases by pressure 
letdown valves, accidental leaks and during equipment main-
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tenance. The following subsections identify applicable 
controls for the emissions. Additional information on the 
alternatives is provided in the Appendices. 

4.2.1 Coal Pretreatment Operation 

The environmental control technology alternatives 
applicable to coal pretreatment are discussed below. 

4.2.1.1 Coal Receiving and Storage 

Air emissions from coal storage primarily consist of 
fugitive dusts. Air emission control technology alternatives 
consist of either wetting down the coal with water sprays or 
an asphalt-type liquified product during the receiving and 
storage operation, or containing the coal as much as possible 
within the confines of a permanent structure. Confinement 
appears to have limited applicability due to the large 
quantity of coal involved. 

4.2.1.2 Coal Crushing, Cleaning and Pulverizing 

Coal crushing, cleaning, and pulverizing activities 
involve the mechanical sizing and cleaning of the coal. 
Baghouses and cyclones are considered the most viable means 
of particulate control in coal sizing processes. Two alter
nate systems are available. In some instances, a single 
baghouse (or fabric filter) may be adequate to control 
dusts. In other applications a cyclone may be needed prior 
to baghouse, in order to provide adequate and economical 
particulate removal. 
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4.2.1.3 Coal Drying 

Coal drying utilizes a flow dryer to reduce feed coal 
moisture content. The fuel utilized is normally a low 
sulfur fuel, i.e., natural gas. It is assumed that SNG 
produced by the SRC system will be fired in the dryer. The 
major air emissions to be controlled from coal drying are 
particulate matter from fuel combustion. These emissions 
may be best controlled in dry or wet cyclone separators, or 
baghouses. Wet scrubbing devices using self- or mechanically
induced water sprays, such as venturi scrubbers may effect
ively be utilized if exhaust gas temper~tures exceed the 
allowable limit for cyclone separators or filter baghouses. 
The selection of the recommended control alternative will be 
dependent on the type of fuel utilized, and the type and 
quantity of emission vented to the atmosphere. An in-depth 
description of particulate control technology is provided in 
the Appendices. 

4.2.1.4 Slurry Mixing 

The dried and crushed coal is mixed with recycle solvent 
(SRC-1) or recycle slurry (SRC-II), to form a coal/slurry 
mixture which is pumped to the coal liquefaction operation. 
There are no continuous air emissions from this process, 
although fugitive vapor emissions from the mixing equipment 
are anticipated. No control technology is required for 
normal operation. 

4.2.2 Coal Liquefaction Operation 

The anticipated air emissjons from the coal liquefaction 
operation are flue gases from the slurry preheater. These 
emissions may be characterized by the fuel type utilized, 
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which in turn will determine the degree and extent of air 
emission control technology required. Presently, it is 
expected that SRC system-derived SNG will be utilized, 
thereby eliminating the need for control technology. 

Air emissions from the liquefaction reactor consist of 
fugitive releases resulting from accidental leaks, pressure 
relief valve releases and poor equipment maintenance. The 
effective air emissions control technology likely to be 
employed is a flare system. 

4.2.3 Separation 

4.2.3.1 Gas Separation Process 

The three continuous process streams discharged from 
gas separation are: product slurry to the fractionator and 
slurry mixing tank; condensate to the fractionator; and acid 
gas to the acid gas removal module. No air emissions are 
produced since the system operates as a closed unit. However 
fugitive hydrocarbon emissions may result from accidental 

, 

leaks, pressure valve releases and poor equipment maintenance. 
The effective air control technology likely to be employed 
is flaring. 

4.2.3.2 Solids/Liquids Separation Process 

The air emissions from the solids/liquids separation 
process consist of flue gas from the residue dryers and 
hydrocarbon vapor discharges from pressure relief values. 
Pressure relief value discharges will be controlled via 
afterburner flare control technologies. Since the preheater 
is fired with system derived SNG, flue gas discharges require 
no control technology application. 
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4.2.4 Purification and Upgrading 

4.2.4.1 Fractionation Process 

Air emissions from fractionation consist of flue gas 
from the gas-fired preheater. Since the gas (SNG) is 
relatively pure, the flue gas emission requires no control 
technology application. 

4.2.4.2 Hydrotreating Process 

The major air emission is flue gas from the feed pre
heater. This gas is expected to contain no contaminants due 
to the nature of the preheater fuel utilized (system-derived 
SNG). However, fuel characteristics will determine control 
technology needs. At this time no air emission control 
technology application is required. 

4.2.5 Auxiliary Processes 

There are twelve auxiliary processes associated with 
SRC systems. 

Each of these auxiliary processes is discussed separately 
in the following subsections. 

4.2.5.1 Coal Receiving and Storage 

Coal dust is the only air emission associated with this 
process. The same control methods used in coal pretreatment 
are applicable to coal receiving and storage and have been 
included in Section 4.2.1. 
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4.2.5.2 Water Supply 

Water supply produces no emissions to air. No control 
technology is required for this auxiliary process. 

4.2.5.3 Water Cooling 

The air emission from cooling towers consists of en
trained water droplets, called drift, in the cooling tower 
exhaust air. Cooling tower drift may contain trace compounds 
of material contained in the cooling water; however, it has 
been shown that 70 percent of these compounds and the drip 
mass generally settle out of the drift within 500 ft of the 
tower (6). Therefore, environmental impacts of cooling 
tower drift are reduced. There is no applicable air control 
technology other than to control the concentration of compounds 
contained in the cooling water, which will control drift 
emission characteristics. 

4.2.5.4 Steam and Power Generation 

The major air emission from this process is boiler 
stack gas. Depending on the type of fuel utilized, air 
emission control technology application will consist of 
particulate and sulfur dioxide control techniques. 

If clean fuels such as system-derived SNG are used as 
fuel in boilers air emission control technology requirements 
are minimized. However, if coal is utilized as the fuel 
type both control of particulates and sulfur dioxide may be 
required. 
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4.2.5.5 Hydrogen Generation 

Gaseous output streams from hydrogen production consist 
of the following: 

• Acid gases from the amine stripping unit 

• Flue gases from the gasification unit 

• Carbon dioxide from the carbon dioxide scrubber 
unit 

• Fugitive hydrocarbon releases from pressure valve 
releases and accidental discharges. 

The acid gas stream from the amine stripping unit is a process 
stream, sent to sulfur recovery for further processing. The 
flue gas from the gasification unit is a primarily clean 
emission since the fuel utilized in the gasification unit is 
natural or synthetic gas; therefore, no air control technology 
is required. The carbon dioxide rich gas from the carbon 
dioxide scrubber is directly vented to the atmosphere. Fugi
tive hydrocarbon releases are controlled via flaring. 

4.2.S.6 Oxygen Generation 

A cryogenic air separation system consisting of air 
compression, cooling, and purification is employed for 
oxygen production. Since the process employs only atmos
pheric air, there are no air emissions except oxygen
stripped air-nitrogen, carbon dioxide, and inert gas. No 
air emission control technologies are required. 
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4.2.5.7 Acid Gas Removal 

This auxiliary process involves the removal of acid 
gases such as hydrogen sulfide, carbonyl sulfide, carbon 
disulfide, mercaptans and carbon dioxide from the raw product 
gas. The processes may involve the removal of the sulfur 
compounds and carbon dioxide separately, or the removal of 
the sulfur compounds alone. Acid gas removal may be divided 
into two general categories: 

• High temperature processes 

• Low temperature processes. 

High temperature processes require minimal product gas 
cooling before treatment, however, these types of processes 
are currently experimental and are not anticipated to be 
used at the SRC facilities. Low temperature processes 
require extensive cooling of the product gases before treat
ment. Table 60 lists a number of the commercially available 
low temperature acid gas removal processes. 

Gaseous output streams from acid gas removal are sent 
to other auxiliary processes, namely hydrogen/hydrocarbon 
recovery and sulfur recovery. Air emissions from acid gas 
removal are limited t6 pressure valve releases and fugitive 
vapor discharges. Direct flare afterburners may be applied 
to control these discharges. 

4.2.5.8 Sulfur Recovery 

The air emission stream from a sulfur recovery process·, 
such as Stretford consists of off-gas from the absorber unit 
which contains water vapor, carbon dioxide, oxygen, nitrogen, 
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TABLE 60. LOW TEMPERATURE ACID GAS 
REMOVAL PROCESSES (84) 

Process Category 

Physical solvent 

Chemical solvent 
Amine solvent 

Alkaline salt solution 

Ammonia solution 

Process Name 

Selexol 
Fluor solvent 
Puri sol 
Rectisol 
Estasolvan 

Monoethanolamine (MEA)* 
Diethanolamine (DEA) 
Triethanolamine (TEA) 
Methyldiethanolamine (MDEA) 
Glycol-amine 
Diisopropanolamine (DIPA) 
Diglycolamine (DGA) 

Caustic wash 
Hot potassium carbonate 
Catacarb 
Benfield 
Alkazid 
Lucas 

Chemo Frenn 
Collins 

*The monoethanolamine (MEA) process has been considered for 
acid gas removal in process descriptions presented in 
Section 2. 
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and trace amounts of hydrogen sulfide, carbon monoxide, 
ammonia, and oxides of nitrogen. The trace emissions may 
require combustion in a direct~fired afterburner as an air 
emission control technology alternative. 

4.2.5.9 Hydrogen/Hydrocarbon Recovery 

The air emissions from the process are negligible, 
consisting of fugitive pressure relief valve emission and 
vapor losses. Flares are utilized to control intermittent 
pressure relief valve releases. 

4.2.5.10 Ammonia Recovery 

Ammonia recovery produces no continuous emissions to 
air. No air emission control technology applications are 
required. 

4.2.5.11 Phenol Recovery 

Phenol recovery produces no continuous emissions to 
air. Therefore, no air emission control technology applica
tions are required. 

4.2.5.12 Product/By-Product Storage 

SRC systems produce a large number of products and by
products which are stored on-site. The air emissions from 
these facilities consist of fugitive vapor losses. Applica
tion of vapor loss controls, such as a solid cover, floating 
roof or vapor recovery system to product and by-product 
storage vessels should minimize vapor losses (6). 



Storage of solid products and by-products, namely SRC-1 
solid product and by-product sulfur, produces particulate 
emissions. Techniques used to control dust emissions from 
coal piles are applicable. 

4.3 Water Effluent Control Alternatives 

Sources of water effluents in SRC systems are identified 
in Figure 52. Discharges due to leaks and equipment main
tenance are possible, but not included in the figure. The 
following subsections identify applicable treatment for the 
water effluents, with additional detail provided in the 
Appendices. 

4.3.1 Coal Pretreatment-Operation 

The wastewater discharges from the coal pretreatment 
operation are discussed according to the component processes. 

4.3.1.1 Coal Crushing, Cleaning and Pulverizing 

The major source of wastewater from this area is the 
coal cleaning process. Coal washing involves working the 
coal with water to remove impurities. The wastewater from 
the process is combined with coal pile runoff and sent to a 
settling pond to allow for the sedimentation of suspended 
particles. The clarified waters are then returned to the 
operation for reuse. 

4.3.1.2 Coal Drying and Slurry Mixing 

There are no wastewater dtscharges from these processes, 
hence, application of control technology is not required. 
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4.3.2 Coal Liquefaction Operation 

The coal liquefaction operation is a closed system from 
which no aqueous effluents are discharged, therefore no 
wastewater control technology alternatives are required. 

4.3.3 Separation 

4.3.3.1 Gas Separation Process 

The gas separation process is a closed system operation 
and effluents are limited to accidental material leaks; 
therefore, wastewater control technology alternatives are 
not required. 

4.3.3.2 Solids/Liquids Separation Process 

The solids/liquids separation process produces no 
aqueous discharges. No wastewater control technology alter
natives are required for this process. 

4.3.4 Purification and Upgrading 

4.3.4.1 Fractionation Process 

The major aqueous process effluent emitted from the 
fractionation process is steam ejector condensate. This 
condensate contains significant amounts of organics which 
require treatment. The fractionation process wastewater 
discharge is combined with similar condensate steam and sent 
to the plant's wastewater treatment system. 

281 



4.3.4.2 Hydrotreating Process 

The hydrotreating process involves the reaction of raw 
hydrocarbon products with hydrogen to remove additional 
sulfur and other contaminants. This process produces a 
significant wastewater discharge. This effluent stream is 
combined with other condensates prior to treatment. The 
wastewater treatment system requires free and emulsified oil 
removal units, phenol, hydrogen sulfide, and ammonia stripp
ing units. After treatment, a portion of the water is 
returned to the process for reuse, while the rest is sent to 
tertiary treatment for further processing. 

4.3.5 Auxiliary Processes 

4.3.5.l Coal Receiving and Storage 

The wastewater discharge from the process consists of 
coal pile runoff resulting from the weathering of the stored 
coal. 

The water emission control alternatives consist of 
either controlling the emission prior to the occurrence, or 
containing the discharges. In the first instance the stored 
coal may be kept within the confines of a permanent structure 
to eliminate or reduce the amount of weathering of the coal 
during storage. This will reduce or eliminate the major 
amount of coal pile runoff discharges. The practicality of 
using enclosure is limited due to the quantity of coal 
involved. 

The suggested control alternative for coal pile runoff 
from unenclosed storage areas involves the collecting (via a 
drainage system) of the runoff, and combining it with coal 
cleaning wastewaters prior to disposal in a settling pond. 
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4.3.5.2 Water Supply 

No wastewater discharges are associated with the water 
supply process. Therefore, no control technology is required. 

4.3.5.3 Water Cooling 

The cooling system consists of a cooling tower or 
series of towers, a recirculating cooling water system, and 
a series of treatment units to process blowdown water. 

4.3.5.4 Steam and Power Generation 

The wastewater discharge system consists of boiler and 
cooling tower blowdown which is treated in conjunction with 
the cooling tower blowdown. 

4.3.5.5 Hydrogen Generation 

The major wastewater streams from hydrogen generation 
consist of: 

• Sour and foul water discharge 

• Purge wastewater stream from amine scrubbing unit. 

These wastewater streams are combined with other effluents 
and directed to the plant wastewater treatment facility. 

4.3.5.6 Oxygen Generation 

Oxygen generation is a purely mechanical process involv
ing no water intake or discharge stream; therefore, no 
wastewater control technology is required. 
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4.3.5.7 Acid Gas Removal 

The wastewater stream discharges from acid gas removal 
are absorber regenerator blowdown and intermittently dis
charged filter backwash. These streams will be directed to 
the wastewater treatment plant. 

4.3.5.8 Sulfur Recovery 

Sulfur recovery in SRC systems is accomplished via the 
application of the Stretford sulfur recovery process. There 
is no wastewater discharged from this process, therefore, no 
wastewater emission control technology alternatives are 
required. 

4.3.5.9 Hydrogen/Hydrocarbon Recovery 

The only wastewater discharge from this process is the 
water and ammonia sidestream from the light oil distillation. 
This stream flows directly into the ammonia recovery process, 
therefore, no wastewater treatment alternatives are required. 

4.3.5:10 Ammonia Recovery 

Ammonia recovery involves the removal of ammonia in 
wastewater prior to final treatment. The process involves 
the following steps: 

• pH is adjusted to approximately 11. 0 by addition 
of calcium oxide (lime). 

• The wastewater stream is clarified to remove 
excess lime. 
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• The discharged streams are passed through a series 
of air contact packed towers which allows for the 
removal of ammonia and discharge to ammonia recovery 
and storage areas. 

Stripped wastewater is discharged to the wastewater treatment 

plant. 

4.3.5.11 Phenol Recovery 

The phenol recovery process involves the following 
series of steps: 

• Adjustment of pH of the wastewater stream to 
approximately 4.0 by addition of hydrochloric 
acid. 

• Contact with naphtha to extract phenol. 

• Phenol/naphtha stream is directed to a fractiona
tion tower where the naphtha is recovered and re
cycled back to the process. 

• Collected phenol is sent to on-site storage facili
ties. 

The low phenol process wastewater discharge is directed 
to the plant wastewater treatment facility. 

4.3.5.12 Product/By-Product Storage 

No wastewater effluent discharges are associated with 
product and by-product storage facilities, hence, no control 
technology application is required. 
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4.4 Solid Waste Control Alternatives 

A number of the processes and auxiliary processes 
employed in SRC systems discharge solid wastes. Figure 53 
shows these sources. The following subsections identify 
applicable control/disposal practices for the solid wastes. 

4.4.1 Coal Pretreatment Operation 

Refuse from cleaning is generated as solid waste. Land 
disposal without pretreatment is the most applicable alterna
tive. Minefilling coal refuse may be preferable to develop
ment of a landfill site, depending on cost considerations, 
including the proximity of the mine-mouth to the SRC facility. 

4.4.2 Coal Liquefaction 

No solid waste discharges are associated with this 
operation. Therefore, application of control/disposal 
alternatives is not required. 

4.4.3 Separation 

4.4.3.1 Gas Separation Process 

No solid wastes are discharged from the gas separation 
process. 

4.4.3.2 Solids/Liquids Separation Process 

The solids/liquids separation process generates solids 
in the form of filter cake in SRC-1 systems, or mineral 
residue -in SRC-11 systems. Existing information on the 
characteristics of these materials is limited, however, 
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efforts to better understand the properties of these solids 
are underway as described elsewhere in this report. It is 
expected that these materials will ultimately be landfilled 
or minefilled, however, additional study is required to 
determine if predisposal treatment of the solids or special 
disposal procedures are necessary. 

4.4.4 Purification and Upgrading 

4.4.4.l Fractionation Process 

The fractionation operation does not discharge solid 
wastes. 

4.4.4.2 Hydrotreating Process 

The hydrotreating process periodically discharges spent 
catalysts, which is replaced with fresh catalysts. This 
material may be returned to the manufacturer for regen
eration, or landfilled, if proper precautions to prevent 
groundwater contamination are taken. 

4.4.5 Auxiliary Processes 

Of the twelve auxiliary processes used in SRC systems, 
only water supply, steam and power generation and hydrogen 
generation discharge solid wastes. Control and disposal 
options for solids from these processes are discussed below. 

Conditioning of raw water for use.within the SRC system 
produces a sludge. Available alternatives for sludge disposal 
are landfilling and landspreading. For the sludge produced 
by raw water treatment, the former alternative is more 
likely. Landspreading is generally practiced with biological 
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sludges such as those generated by industrial or municipal 
wastewater treatment plants. 

If coal is consumed as fuel for steam and power genera
tion significant quantities of bottom ash are produced. Ash 
may be landfilled in suitable locations without predesigned 
treatment. 

The hydrogen generation process also produces ash from 
the mineral matter present in the gasifier feed materials 
(residue or filter cake from solids/liquids separation 
and/or coal). The ash may be produced as slag (fused ash) 
depending on the operating temperature of the gasifier. 
Gasifier ash (or slag) can be landfilled with ash from steam 
and pow~r generation. The shift converter unit of the 
hydrogen generation process uses a catalyst. Periodically 
spent catalysts will be removed and replaced with fresh 
ones. The spent catalyst can be either returned to the 
manufacturer for regeneration or landfilled, although pre
disposal treatment may be required. 

4.5 Toxic Substances Control Alternatives 

Toxic substances in SRC systems are primarily associated 
with products and by-products. Best available characteriza-
tions of toxic substances in 
presented in subsection 3.4. 
ment as a result of leaks or 

products and by-products are 
Toxics may enter the environ

materials spills within processes 
su.ch as gas separation, fractionation, solids/liquids separa
tion and hydrotreating or during storage, distribution and 
utilization of the products and by-products. There are a 
number of engineering practices which, if followed, act as 
preventive measures to minimize the risk of material spills. 
The following are some key practices in preventing material 

spills: 



• Awareness of and adherence to applicable construc
tion codes 

• Detailed corrosion engineering appraisals 

• Regular inspection of storage vessels 

• Quick response preventive maintenance 

• Installation and periodic testing of safety relief 
valves. 

As an additional measure a contingency plan defining proce
dures to be followed in the event a spill or leak occurs 
should be developed and distributed to plant personnel. A 
material spill contingency plan addresses four areas: 

• Spill detection 
• Spill containment 
• Material recovery 
• Material disposal 

Material spills prevention and contingency plans are discussed 
in detail in the Appendices. 

4.6 Summary of Most Effective Control Alternatives 

Subsections 4.6.1-4.6.4 summarize recommended control 
alternatives for control of air emissions, water effluents 
solid wastes and toxic substances present in SRC products. ' 



4.6.1 Emissions Control 

Suggested control alternatives for controlling air 
emissions from SRC systems are given in Table 61. Final 
selection of controls for an actual facility should be based 
on regional, regulatory, economic and site-specific considera
tions. Accidental vapor discharges may occur due to leaks 
caused by mechanical failure of equipment. Accidental 
release technology is not addressed in Table 61 but is dis
cussed in the Appendices. 

4.6.2 Effluents Control 

Table 62 is a summary of preferred control alternatives 
for treatment of water effluents from SRC systems. In 
addition to the discharges shown in the table accidental 
leaks may occur. Accidental leaks and spills technology are 
considered in the Appendices. 

Runoff from coal preparation, receiving and storage is 
combined with thickener underflow from coal preparation and 
sent to a tailings pond. Overflow from the thickener is 
recycled to the coal cleaning process. 

Cooling tower blowdown is treated to remove dissolved 
solids. Lime softening, ion exchange and reverse osmosis 
are processes used to reduce dissolved solids content. 
Selection of sidestream treatment should be based on more 
detailed analysis of regional, economic, regulatory and 
site-specific factors. The treated water is then discharged 
to receiving waters. 

The remaining process wastewater discharges are combined 
during treatment in the plant's main wastewater treatment 
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TABLE 61. SUMMARY OF AIR EMISSIONS CONTROL TECHNOLOGY 
APPLICABILITY TO SRC SYSTEMS 

Operation/Auxiliary Process Air Emissions Discharged Preferred Control Technology Applications 

Coal pretreatment 

Liquefaction 

Coal dust 

Particulate laden flue 
gas from coal dryers 

Preheater flue gas 

Pressure letdown releases 

(1) Spray storage piles with water or 
polymer. 

(2) Cyclones and baghouse filters for con
trol of dust due to coal sizing. 

(1) Cyclones and baghouse filters. 
(2) Wet scrubbers such as venturi. 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) Flaring* 

.~ Separation 
\r..> 

Gas separation 

Solids/liquids separation 

Purification and Upgrading 

Fractionation 

Pressure letdown releases 

Preheater flue gas 

Particulate laden vapors 
from residue cooling 
(SRC-II) 

Pressure letdown releases 

Preheater flue gas 

Particulate laden vapors 
from product cooling 
(SRC-I) 

Pressure letdown releases 

(continued) 

(1) Flaring* 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) Cyclone and baghouse filter. 
(2) Wet scrubbers. 

(1) Flaring.* 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) Cyclone and baghouse filter 
(2) Wet scrubbers 

* (1) Flaring 



TABLE 61. (continued) 

Operation/Auxiliary Process Air Emissions Discharged 

Hydrotreating Preheater flue gas 

Pressure letdown releases 

Coal receiving and storage Coal dust 

Water supply None 

Water cooling Drift and evaporation 

Steam and power generation Boiler flue gas 

Hydrogen generation Carbon dioxide rich gas 

Preheater flue gas 

Oxygen generation Nitrogen rich gas 

Acid gas removal Pressure letdown releases 

Sulfur recovery Flue gas 

Low-sulfur effluent gas** 

Hydrogen/hydrocarbon recovery Pressure letdown releases 

(continued) 

Pref erred Control Technology Applications 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) Flaring* 

(1) Spray storage piles with water or 
polymer 

(1) No controls available - good design 
can minimize losses 

(1) Sulfur dioxide scrubbing with aqueous 
magnesium oxide solution 

(1) None required 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) None required 

(1) Flaring* 

(1) If other than clean gas, scrub for sulfur, 
nitrogen, and particulate components. 

(1) Carbon adsorption 
(2) Direct-flame incineration 
(3) Secondary sulfur recovery 

(1) Direct fired afterburner 



TABLE 61. (continued) 

Operation/Auxiliary Process Air Emissions Discharged Preferred Control Technology Applications 

Ammonia recovery None 

Phenol recovery None 

Product/by-product storage SRC dust (SRC-I) (1) Spray storage piles with water 

Sulfur dust (1) Store in enclosed area 

Hydrocarbon vapors (1) Spills/leaks prevention 

*Collection, recovery of useful products and incineration may be more appropriate. 

**A secondary sulfur recovery process may be necessary to meet specified air emission standards. 



TABLE 6 2. SUMMARY OF WATER EFFLUENTS CONTROL TECHNOLOGY 
APPLICABILITY TO SRC SYSTEMS 

Operation/Auxiliary Process Water Effluents Discharged 

Coal pretreatment Coal pile runoff 

Thickener underflow 

Liquefaction None 

Separation 

Gas separation None 

Solids/liquids separation None 

Purification and Upgrading 

Fractionation None 

Hydrotreating None 

Coal receiving and storage Coal pile runoff 

Water supply None 

Water cooling Cooling tower blowdown 

Steam and power generation None 

Hydrogen generation Process wastewater 

Oxygen generation None 

Acid gas removal Process wastewaters 

(continued) 

Preferred Control Technology Applications 

(1) Route to tailings pond 

(1) Route to tailings pond 

(1) Route to tailings pond 

(1) Sidestream treatment (electrodialysis, 
ion exchange or reverse osmosis) permits 
discharge to receiving waters 

(1) Route to wastewater treatment facility* 

(1) Route to wastewater treatment facility* 



TABLE 62. (continued) 

Operation/Auxiliary Process Water Effluents Discharged Preferred Control Technology Applications 

Sulfur recovery None 

Hydrogen/hydrocarbon recovery None 

Anunonia recovery Process wastewater (1) Route to wastewater treatment facility* 

Phenol recovery Process wastewater (1) Route to wastewater treatment facility* 

Product/by-product recovery None 

*Two alternatives for the wastewater treatment facility are shown in Figure 54. 



plant. Two alternative wastewater treatment schemes are 
considered applicable to treatment of the water discharges. 
These schemes are described in Figure 54. Sludges produced 
by wastewater treatment may be landfilled. 

4.6.3 Solid Wastes Control 

Preferred control and disposal alternatives for solid 
wastes discharged from SRC systems are summarized in Table 
63. Most of the solids appear suitable for direct land
filling or minefilling without predisposal treatment. Spent 
catalysts produced may be returned to the manufacturer for 
analysis and subsequent regeneration or disposal. Mineral 
residue from SRC-11 and filter cake from SRC-1 are not well 
characterized materials. If economically feasible, it is 
recommended that these materials be gasified to recover 
available energy. The slag or ash produced by gasification 
may be safety disposed as solid waste. 

4.6.4 Toxic Substances Control 

Toxic substances control is best achieved by proper 
preventive measures, with additional contingency measures 
should toxic substances enter the environment as a result of 
vapor leaks or material spills. Considerations for toxic 
substances control are described in detail in the Appendices. 

4.7 Multimedia Control Alternatives 

No multimedia control alternatives have been identified 
as applicable to SRC systems. However, the concept of zero 
aqueous discharge (ZAD) wastewater treatment does represent 
an attempt to integrate various discharges for combined 
treatment within one wastewater treatment system. 
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Figure 54. Two wastewater treatment alternatives 
applicable to SRC systems 
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TABLE 63. SUMMARY OF SOLID WASTES CONTROL TECHNOLOGY 
APPLICABILITY TO SRC SYSTEMS 

Operation/Auxiliary Process 

Coal pretreatment 

Liquefaction 

Separation 

Gas separation 

Solids/liquids separation 

Purification and Upgrading 

Fractionation 

Hydrotreating 

Solid Wastes Discharged 

Ref use 

None 

None 

Excess residue (SRC-II) 
or filter cake (SRC-I) 

None 

Spent catalyst 

Coal receiving and storage None 

Water supply Sludge 

Water cooling None 

Steam and power generation Ash 

Hydrogen generation Ash or slag 

(continued) 

Preferred Control Technology Applications 

(1) Landfill 
(2) Dumping (minefill) 

(1) Gasification to recovery energy con
tent followed by disposal (landfill 
or minefill) 

(1) Return to manufacturer for regeneration 

(1) Dewatering followed by landfilling 

(1) La.ndf ill 
(2) Dumping (minefill) 

(1) La.ndf ill 
(2) Dumping (minef ill) 



v.> 
0 
0 

Operation/Auxiliary Process 

Oxygen generation 

Acid gas removal 

Sulfur recovery 

Hydrogen/hydrocarbon recovery 

Ammonia recovery 

Phenol recovery 

Product/by-product storage 

TABLE 63. (continued) 

Solid Wastes Discharged Preferred Control Technology Applications 

None 

None 

None 

None 

None 

None 

None 



ZAD options for SRC-II liquefaction are currently being 
investigated to determine their technical and economic 
feasibility (85). The following water treatment requirements 

are being addressed: 

• Raw water treatment 

• By-product recovery from system wastewaters 

• Water treatment for the water cooling process 

• Final wastewater treatment 

The water management system is shown in Figure 55. Waste
water treatment options for the wastewaters from SRC system 
operations and water cooling process are summarized in Table 

64. 

Tentative conclusions of the work are that the zero 
discharge system is technically feasible but expensive. 
Installed capital costs total nearly $38 million, and annual 
costs (operating costs plus fixed costs such as maintenance, 
cost of financing the project, taxes and insurance) total 
$14 million. Putting these figures in perspective, the zero 
discharge system will add $0.87 to the cost of 0.16 cubic 
meter (one barrel) of the SRC-11 product from a 7,950 cubic 
meter per day plant. Using a plant investment cost of $1 
billion which is scaled from an Electric Power Research 
Institute estimate (6), the zero discharge system will add 
3.8 percent to the cost of the plant. 

4.8 Regional Considerations Affecting Selection of 
Alternatives 

A number of factors should be considered when selecting 
control technology for SRC systems, including the following: 
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TABLE 64. 

Pollutant 

Tar and 
Oil 

Phenols 

Ammonia 

SUMMARY OF WASTEWATER TREATMENT OPTIONS FOR SRC-11 

Appli<:abk 
Concentration Performance 

Industry llalati.ve 
Treatment Method Limitations Range Usage Cost 

(I) Gravity separation Does not remove Primary Removes 60-99% Comrnon Low 

('mulsion treatment floated oil 

(2) Centrifugation High operations Secondary Common High 

and maintenance treatment 
costs 

(3) Heating High operating Secondary Not Moderate 

c-osts treatment practiced 

(4) Precoat filtration lligh operotion Secondary 5-20 mr./I Common Moderate 

and maintenance treatment 
costs 

(5) Coagulation or de- Add l t ion of alum- Secondary 50-90% Removal Common Moderate 

mistiflcation with forms sludge treatment 
chemicals, followed which are diff i-
by air flotation or cult to dewater 
settling 

(6) Biological treatment Secondary Removal to Common Moderate 

treatment 15/mg/I 

(l) Stripping Processes 500 mg/ 1 5. 21•0 mg/ 1 Common Lo"" 

(2) Incineration High operations 7000 mg/I Complete Not High 

and maintenance practiced 

C\JStS, extensive 
corrosion problems. 

(3) Biological Trc;itment High concentrations 50-500 mg/1 99% Removal Common Low 

will upset plant 
oper.1t ion 

(4) Physical-Chemical Expen~ive <SO mg/1 90-99% Removal Common Low 

Processes 

(I) Stripping at pl! of IJater adsorbs 50-90% Removal Extensive Moderate 

10-11 C02-may lead to 
scale format ion 

(2) Biological Nutrient may be <1250 mg/1 Removal to Extensive Moderate 

nitrification required 2 rag/l 

(3) Ion exchange High operations 80-95% Removal Not High 

and maintenance practiced 

costs 

(continued) 



TABLE 64. (continued) 

Applicable 
Major Conc('ntration Industry 
'Waste Stream Pollutant Treatment Method Lim! tat ions Range Performance L:suge Cost 

-

*•'ew11ter From Sulfide (I) Biological oxidation Complete Common Moderale 

S'RC-11 system to sulfate oxidation 

opt> mt ion 
(2) Stripping 50-90% Removal Extensive Moderate . 

Coo ling Tower Suspended (I) Sediment at ion 90-9 5% Removal Extensive Moderate 
Slowdown Solids 
Vi50 kkg/day (2) Chemical coagul<'ltion 9 5-99% Removal Moder-tltc High 
(I, 710 TPD) 

(3) Filtration 95% Removal ModL•rntt• Moderate 

(4) Dissolved air Chemh:al ad<li t ion Secont!ary 7 5-9 5;; Removal Moderate High 
flotation may be requiro>d treatment 

pH Control (I) Neut ra liza t ion with Cost depends on Neutral pH Common Low 
chemicals buffer capacity 

of waste 

Dissolved (I) Concentration and >50000 mg/l Complete Limited High 
Solids evaporation removal application 

d~salination 

technology 

(2) Reverse osmosis Effie !ency 50-95% Removal Limited High 
depends on application 
membrane des:..il ination 
condition technology 

(3) Distillation 60-90% Removal Limited fligh 
application 
desalination 
technologv 

Hardness (I) Softening Sludges Common Moder a i:- '-~ 

difficult to 
dispose 



• Applicable federal, state, and local legislation 
governing control/disposal practices 

• Characteristics of the region proposed for locating 
an SRC facility 

• Characteristics of the specific site selected for 
construction of the facility. 

Applicable legal standards are discussed in Section 
5.0, "Analysis of Regulatory Requirements and Environmental 
Impacts." This subsection overviews some of the regional 
characteristics which may influence selection of control 
methods for treating SRC system discharges. Subsection 5.8, 
"Siting Considerations for SRC Plants" provides additional 
detail on regional considerations from the aspect of evaluat
ing potential locations for future SRC commercial facilities. 

The primary concerns with selection of air emission 
control of alternatives are the physiographic characteristics 
of the region. Macro- and micro-climatic concerns include 
weather patterns, annual rainfall, water availability, 
annual temperature ranges and related climatic variables. 
These factors are important because, if, for example, the 
annual water supply is limited due to low rainfall or poor 
environmental water storage the selection of wet scrubbing 
devices may not be feasible. Temperature characteristics of 
a specified region could also affect selection of air emis
sions controls. For instance, an SRC facility located in 
EPA Region VII, which includes the states of Montana, Wyoming, 
Utah, Colorado and the Dakotas could encounter difficulties 
with operation and maintenance of water spray dust controls 
due to freezing conditions prevalent much of the year. For 
specific sites within EPA Region VIII detailed engineering 
evaluation could also show such alternatives to be impractical. 
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Regional climatic and physiographic characteristics are 
also important in selection of effluent and solid waste 
control/disposal methods. For example, both water avail
ability and temperature variation within a region can affect 
selection of water effluent treatment. Insufficient water 
supply could require maximization of water reuse within the 
plant. A zero aqueous discharge wastewater treatment facility 
as discussed in subsection 4.7 may be necessary to meet 
constraints of water availability and demand. Temperature 
variations can influence reliability of operation of water 
effluent treatment alternatives, notably biological treatment 
methods. Regional soil geology is important in making solid 
waste disposal considerations. One such example is the 
proximity of local groundwater aquifers to proposed disposal 
sites. Some potential sites may be unacceptable for this 
reason. Others may require exercising special control/disposal 
alternatives to minimize the risk of contaminating aquifers. 

Additional geographic characteristics which should be 
considered are concerned with soil type, soil texture, soil 
permeability and soil hydrologic conditions. These edaphic 
conditions will determine the suitability of landfilling and 
landfill site selection as a solid waste disposal alterna
tive. 

The selection, application and operation of pollution 
control alternatives must include any regional variances or 
considerations which may affect the control alternatives. 
The above description is only an example of each site applica
tion needing evaluation and assessment for the existing 
influencing parameters. 
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4.9 Summary of Cost and Energy Considerations 

This section discusses economic aspects of the various 
environmental control technology alternatives cited in sub
section 4.6. Considerations of energy requirements for the 
control alternatives are given in some instances, but are 
primarily made implicitly in estimates of annual operating 
costs. Data reported in this section are based on operation 
of a 7,950 m3/day SRC-11 facility as described in Section 
2.0. Reported costs are in July, 1977 dollars. Supple
mental data on cost estimation are included in the Appendices. 

4.9.1 Air Emissions Control Alternatives 

Subsection 4.6.1 specifies the following preferred air 
emissions controls for application in SRC systems: 

• Utilization of sprays to control emissions of 
stored materials (coal, SRC-1, sulfur) 

• Use of either wet scrubbers or cyclone/baghouse 
filter combinations to control particulates from 
the coal sizing and drying processes 

• A flare system to control emissions attributable 
to pressure control releases within the system 

• A sulfur dioxide scrubber to treat boiler stack 
gases from steam and power generation 

• Three alternatives (carbon adsorption, direct
flame incineration and secondary sulfur recovery 
processes) to treat tail gas from the sulfur 
recovery auxiliary process. 
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Cost and energy considerations for these controls are des
cribed below. 

Particulate emissions in the form of fugitive dust are 
associated with storage of coal, SRC-I product, and by
product sulfur. Annual operating and capital costs for two 
control alternatives, spraying the storage pile and enclosed 
storage, as applied to the broken coal storage pile in the 
coal pretreatment operation, are given in Table 65. 

TABLE 65. COSTS OF CONTROL ALTERNATIVES 
FOR FUGITIVE DUST 

Basis: 9,100 Mg - Broken Coal Storage Pile 
Operating Cost (Annual) 

Polymer coating_ 
Enclosed storage 

$ 12,600-21,000 
Capital Cost 

$ 18,000 
$6-8 million 

From the table it is evident that enclosed storage is not a 
cost effective control alternative, however, it may be used 
for storage of by-product sulfur to prevent contamination. 

The raw coal stockpile, obviously too large for enclo
sure, also requires spraying. Material costs of polymer 
spraying the raw coal stockpile are approximately 7¢/m2 of 
stockpile (84). The operating costs of spraying with a 
hydromulcher range from $600 to 1000/day (84). Material 
costs for the raw coal pile (3.3 x 104 m2) would be $2,400 
per application. An application every three days would 
result in a material cost of about $240,000 per year with 
operating costs of $180,000-300,000/year. 
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Table 66 summarizes the cost of alternatives for con
trol of dust from coal sizing processes. Due to insufficient 
operating cost information for the cyclone/baghouse filter 
alternative, additional cost analysis as well as regulatory 
and siting considerations must be made prior to final selec
tion of controls. 

Baghouse filters and wet scrubbers are preferred alterna
tives for control of particulates in the coal dry stack 
gases. Table 67 shows cost and performance data applicable 
to these alternatives. 

SRC production, like petroleum refining and chemical 
processing industries, must dispose of small quantities of 
continuous hydrocarbon waste gas streams from the process 
units such as the hydrogenation reactor, flash drum separa
tors and the fractionation column. In case of accidental 
release due to equipment failure, large flows of gases must 
be disposed. The common practice of disposal is the use of 
a flare. Elevated combustion flare systems will be most 
applicable for the liquefaction plant, since large gas flows 
are involved. Air inspiration with steam will be utilized 
to achieve smokeless combustion (87). 

Combustion in smokeless elevated flares is essentially 
complete with the co2 to CO to hydrocarbon ratio of stack 
gas being 100:4:0.002. On a dry basis, carbon monoxide 
levels would be 4,000·~pm and hydrocarbon levels would be 
only 2 ppm (88). 

The amount of gases to be flared and the composition of 
these gases are assumed to be that of a refinery processing 
7,950 m3/day of oil. The stack height will be in the range 
of 33 to 100 meters depending upon the location of the plant 
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TABLE 66. COST OF TREATMENT ALTERNATIVES FOR 
CONTROL OF DUST FROM COAL SIZING 

(82,84,85) 
3 Basis: Four uni3s, each handling 1.8 m /sec with a grain loading of 

6.5 mg/m (8,646 ppm) 

Costs 

Capital 1 

Treatment ($1000) 

Cyclone & 4,500 
Bag house 10,500 

Per unit 15,000 

Total 60,000 

Wet Scrubber 

Operating 
2 

(Annual) Efficiency 

NA 99.9% 

Emission 
After 

Treatment 

8.6 ppm 

Secondary3 
Waste 

dust 

Per unit 6,750 $16004 98.5% 129.7 ppm wastewater 

Total 27,000 $6400 

1Includes installation. 
2 Fuel, utilities and maintenance. 
3wastes generated by operating pollution control unit. 
4with recirculation. 

TABLE 67. COST OF CONTROL ALTERNATIVES FOR 
STACK GAS FROM COAL DRYING (82,86) 

Basis: 377 m3/sec at 60°C with a grain loading of 0.65 mg/m3 (712 ppm) 

Costs 
Emission 

Capital After Secondary 
Treatment ($1000) Operating Efficiency Treatment Waste 

Baghouse filter 1000 NA 99.9% 0.7 ppm dust 

Wet scrubber 380 $ 28,000 98.5% 10.7 ppm wastewater 
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and meterological conditions (87). Also, the amount of the 
duct work required will depend on the flare system distance 
from the processing units. These factors will affect the 
cost of the flare system. Steam, if not available from the 
process plant, will add to the operating cost. 

Elevated flare system costs vary considerably because 
of the disproportionate costs for auxiliary and control 
equipment and the relatively low cost of the flare stack and 
burner. As a result, equipment costs are rarely diameter
dependent Typical installed costs for elevated flares range 
from $30,000-$100,000. Operating costs are determined 
chiefly by fuel costs for purge gas and pilot burners, and 
by steam required for smokeless flaring. On the basis of 30 
cents per million Btu's fuel requirement, typical elevated 

stack operating costs are about $1,500 per year (88). 

The cost of an elevated flare system for a 7,950 m3/day 
SRC plant has been roughly estimated from the cost of a 
flare system for a 55,650 m3/day refinery. The 55,650 
m3/day refining flare system incorporates two elevated 
flares, each costing $100,000, and one ground flare, costing 
$200,000. The waste gas collection system was valued at 
$250,000. Total capital cost for the refinery was $750,000 

(88). 

Using six-tenth factor analysis and assuming a similar 
scaled down version of the refinery flare system, the cost 
of a flare system for the SRC plant has been approximated. 
Results are listed in Table 68. 
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TABLE 68. EST,MATED COSTS FOR FLARE SYSTEM OF 
A 7,950 M /DAY SRC PLANT (88) 

Unit 

Elevated flares (2) 

Ground flare (1) 

Waste gas collection 
System 

Total 

Capital Cost 

$ 64,100 

64,100 

80,000 

$208,200 

Operating Cost 

$ 3,000/yr 

1,500/yr 

$ 4,500/yr 

A number of alternatives for controlling sulfur dioxide 
and particulates in boiler stack gas from steam and power 

generation have been evaluated. Costs and removal efficiencies 
for six alternative sulfur dioxide wet scrubbers are compared 
in Table 69. Additional cost, regulatory, and site specific 
evaluations are required to select the best alternative for 
a specified application. 

Alternatives for treatment of the low sulfur effluent 
tail gas discharged from the Stretford sulfur recovery 
process include direct flame incineration and carbon adsorp
tion with incineration. Table 70 presents cost data, re
moval efficiencies, emissions characteristics and secondary 
wastes for these alternatives. From a cost standpoint, 
carbon adsorption is the preferred alternative, however the 

after treatment emissions levels are not in compliance with 
possibly applicable regulatory requirements, for example 
hydrocarbon emissions in the state of Illinois (see Section 
5.0). Regulatory requirements may in some instances require 
application of secondary sulfur recovery processes such as 
Beavon and SCOT. The costs of secondary recovery are roughly 
equal to the costs of primary sulfur recovery (89). 
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Basis: 

TABLE 69. COSTS, EFFICIENCIES AND FINAL EMISSIONS FOR COMMERCIALLY 
AVAILABLE so2 WET SCRUBBING PROCESSES (90) 

Coal-f ired3boiler flue 3 (2465 ppm so2 , 6,946 ppm NOx• gas, 103.6 m /sec and 
245.0 gm/m fly ash) 

Costs Removal Efficiencies Emissions after Treatment 
Operating(Annual) 

Process Capital ($million) {$ Million) so2 Particulates NO so2 Particulates NO" 
x x 

Lime slurry 20.56 12.01 90% 99+% * 6.97 TPD 0.70+TPD * 
scrubbing 

Soda-limestone 26.81 13.21 * up to 99% * * 0. 70 TPD * 
double-aklali 

MgO scrubbing 29.04 13.14 90% 99.5% * 6.97 TPD 0.35 TPD * 
(recovery) 

Limestone 24.65 12.16 70-80% 99% * 17.42 TPD 0. 70 TPD * 
scrubbing 

Potassium sulfite- 27.53 11.89 90% * * 6.97 TPD * * 
bisulfite scrubbing 

Wet activated * * 80% * * 13.94 TPD * * 
charcoal absorption 

*Data not available 



TABLE 70. TREATMENT ALTERNATIVES FOR STRETFORD TAIL GAS (91,92) 

3 Basis: 82.1 m /sec throughput, 
hydrocarbon cone. = 5,536 ppm (as ethane) 

Treatment 

Direct-Flame 
incineration 

Carbon adsorption 
with incineration 
(AdSox) 

Cost 
Capital Operating 

($1000) (Annual $1000) 

572 4,083 

1,843 3,546 

Hydrocarbon Removal 
Efficiency 

Emission 
After 

Treatment 
Secondary 
Wastes 

98+% 

up to 99% 

hydrogen sulfide 0.2 ppm Water and carbon 
sulfur dioxide 17.7 ppm dioxide from com-
hydrocarbons 79.0 ppm bustion. 
nitrogen oxides 96.6 ppm 
carbon monoxide 2.5 ppm 
carbon dioxide 43.6 ppm 
ammonia 2.0 ppm 

hydrogen sulfide 9.5 ppm 
sulfur dioxide 278 ppm 
hydrocarbons 42.9 ppm 
nitrogen oxides 12.7 ppm 
carbon monoxide 0.6 ppm 
carbon dioxide 111 ppm 

Water and carbon 
dioxide from in
cineration 



4.9.2 Water Effluents Control Alternatives 

Subsection 4.6.2 suggests application of water effluent 
controls in SRC systems as follows: 

• Use of a tailings pond for water effluents from 
coal preparation 

• Treatment of process wastewaters in one of two 
wastewater treatment schemes 

• Direct discharge of cooling tower blowdown to re
ceiving waters after traditional sidestream treat

ment. 

Economic aspects of coal preparation and other process 
wastewaters are discussed below. 

The relationship between depth and area affects the 
cost of tailings ponds. Generally cost per unit area increases 
with depth of the pond, 4.5 meters being the maximum depth 
reconnnended for consideration. Table 71 compares costs for 
two alternative tailings ponds, each of which can meet the 
needs of a 7,950 m3/day SRC facility. A polyvinyl chloride 
(PVC) liner is included in the cost analysis due to the 
wastewater composition. 
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Pond 

Hand Dress Slopes 

Anchor Ditches 

Liner (PVC) 

Liner Installation 

Contingency 

Total 

TABLE 71. TAILINGS POND (93) 

Costs $1000 
Alternative I 

(4047 m2, 4.1 m deep) 

27.0 

0.419 

0.298 

5.68 

0.67 

3.4 

37.42 

Alternative II 
(8094.0 m2, 2.4 m deep) 

11.6 

0.360 

0.440 

10.350 

1.22 

5.99 

29.97 

Costs for the two alternative wastewater treatment 
plants described in subsection 4.6.2 are given in Table 72. 
Alternative I appears to be more cost effective. 

The two alternate treatment schemes have been extensive
ly used in the petroleum industry for wastewaters containing 
oils and grease, hydrogen sulfide, ammonia, phenols, and 
suspended solids. Coal liquefaction publications to date 
have also indicated that these treatment units are expected 
to be employed in connnercial facilities when built. 

4.9.3 Solid Wastes Control Alternatives 

The following solid waste discharges, produced by exist
ing industries, also require disposal by operators of SRC 
systems: water supply·sludges, ash from steam and power 
generation, and coal cleaning refuse. Typical transportation 
and landfill costs for these solids are approximately $2.72/Mg 
and $7.72/Mg respectively (6), or a total disposal cost of 

about $10.44/Mg. 
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TABLE 72. COSTS OF WASTEWATER TREATMENT 
PROCESSES FOR SRC SYSTEMS 

PROCESSES 

Conunon Units for Alternatives 

Steam stripping 

API separatoe 

Equalization basin 
Aerators and basin 

Dissolved air flotation 
Flotation unit 
Chemicals 

Alternative I 
Extended Aeration 

Basin 
Air 
Clarifier 
Chemicals 
Installationq 

Filtration Options 
Pressure 
Gravity 

Alternative II 
Aerated Lagoon 

Basin 
Chemicals 
Settler 

*NA = not available 

Capital ($1000) 

480.0 

69.0 

60.0 

90.0 
NA* 

62.0 
100.0 
88.0 

100.0 

87.S 
104.S 

813.0 

88.0 
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COSTS 
Operating Annual ($1000) 

81.654 

1.0 

0.163 

14.0 
NA* 

17.4 (Total Cost) 

2.263 

4.083 

67.12 (Total Cost) 

2.263 



In addition, SRC facilities generate the following solid 
wastes which are unique to liquefaction technology: spent 
catalysts from hydrotreating and hydrogen production, slag or 
ash from hydrogen production, wastewater treatment sludges, 
and any excess mineral residue or filter cake produced. It 
may be necessary to subject these wastes to additional treat
ment to condition them for safe final disposal. Alternately, 
or additionally, disposal sites may require modifications, 
such as liners and air or water monitoring devices. It is 
impossible to predict what measures will be required, or their 
corresponding costs at the time of this WTiting. Total trans
portation and landfill costs for all solid wastes produced by 
the SRC systems are approximately $53 million; however 
specific requirements for predisposal treatment of .wastes or 
landfill site conditioning would require revision of this 
estimate. 
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5.0 ANALYSIS OF REGULATORY REQUIREMENTS AND ENVIRONMENTAL 
IMPACTS 

This section describes the EPA and other methodologies 
that should be useful in establishing the environmental 
viability of a commercial SRC liquefaction system. The 
standards and criteria established for point source pollutants 
under the amended Clean Air, Clean Water, and Resource 
Conservation and Recovery Acts, among others, are summarized 
and compared with the predicted levels of inorganic and 
organ~c pollutants in waste streams. Multimedia impacts 
resulting from the discharge of various waste streams, 
products, and by-products are estimated in accordance with 
the evolving protocols specified in the Multimedia Environ
mental Goals (MEGs), Source Analysis Models (SAMs) and 
Bioassay protocols currently being developed by the Industrial 
Environmental Research Laboratory at Research Triangle Park, 
NC (IERL/RTP). 

5.1 Environmental Impact Methodologies 

S.1.1 Multimedia Environmental Goals 

Multimedia Environmental Goals (MEGs) are defined as 
levels of significant contaminants or degradents (in ambient 
air, water, or land, or in emissions or effluents discharged 
from a source to the ambient media) that are judged to be: 
(1) appropriate for preventing certain negative effects in 
the surrounding populations or ecosystems, or (2) representa
tive of pollutant control limits achievable through techno
logy. MEG values are currently projected for more than 650 
pollutants. This list, to be .expanded and revised as emergent 
data warrant, was compiled on the basis of descriptions in 
the literature of fossil fuels processes and of the associated 
hazardous substances. 
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Both Ambient Level Goals and Emission Level Goals based 
on ambient factors are addressed in the MEGs. Existing or 
proposed federal standards, criteria, or recommendations are 
acknowledged as previously established goals and have been 
utilized wherever applicable. For those substances not 
addressed by current guidelines, empirical data indicating 
toxic potential, reactions, and associations of the substance 
within the various media, natural background levels, and the 
conditions under which the substance may be emitted and 
dispersed, have been utilized for the purpose of developing 
MEGs. 

The MEG concept represents an important step in EPA's 
efforts to address systematically the problem of establishing 
priorities for environmental assessment programs. MEGs 
provide a ranking system for chemical substances on which to 
base decisions concerning source assessment. The MEGs may 
also be used to establish priorities for the pollutants to 
be addressed by regulations, and thus, may influence future 
control technology development. 

The MEGs can be used by environmental asses·sors includ
ing engineers, chemical analysts, toxicologists, industrial 
hygienists, system modeling experts, and inspectors or plant 
monitoring personnel. They can be used alone as a manual or 
workbook with future supplements to update the data. The 
MEGs establish a baseline of information for a great number 
of substances and allow consideration of the potential 
pollution hazard of these substances. Continued research 
and reviews are obviously necessary to fill the many infor
mation gaps that still exist; these gaps result either 
because the data are nonexistent or the data are not readily 
available in the literature. More detailed discussion of 
these major concerns is given in the Appendix of this report 
and in an earlier report {43). 
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The MEG values are based, in part, on the concentrations 
of pollutants already promulgated in existing or proposed 
federal standards, criteria or recommendations, and an 
acceptable empirical data relating to toxicity and health 
effects in the multimedia context. Although the MEG concept, 
in its current state of development, contains several simpli-· 
fying assumptions, the benefits to be realized from its 
preliminary application seem to outweigh the risks of any 
oversimplification. Furthermore, the overall MEG concept 
should provide preliminary decision criteria for all of the 
emerging coal conversion systems (i.e., gasification and 
liquefaction) that require methodologies for environmental 
assessment .. At the very least, the MEG concept should 
generate further comments on possible applications, as well 
as suggestions for refining the models used to calculate the 
MEGs. MEGs can be used not only to evaluate the potential 
hazards of various pollutants in waste streams, but also to 
assess the need for making necessary changes in design, 
inspection, and/or maintenance protocols. 

The format for presentation of the MEGs consists of two 
forms used together. The first form is called the Background 
Information Summary, and the second form is called the MEG 
chart; these two forms are discussed subsequently. 

s.1.1.1 Background Information Summaries for the MEGs 

An example of a MEG Background Information Summary (for 
benzo(a)pyrene) is shown in Figure 56. The MEG Background 
Information Summary gives the International Union of Pure 
and Applied Chemistry's (IUPAC) name of the material, the 
empirical chemical formula, major synonyms, a description of 
the physical properties, the Wiswesser Line-Formula notation, 
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and a visual structural diagram. The Wiswesser Line-Formula 
notation gives a unique unambiguous topological description 
of the structure of each substance. The natural occurrence, 
characteristics, and associated compounds are also catalogued. 
The reported toxic properties and health effects including 
the NIOSH ordering numbers for carcinogens are given. The 
potential for bioaccumulation is given as well as regulatory 
actions, standards, criteria, recognition, candidate status 
for specific recognition, Minimum Acute Toxicity Effluents 
(MATEs) and Estimated Permissible Concentrations (EPCs). 

_The lethal dose (usually given all at once by injection) 
for 50 percent of all the animals tested (LD50 ) and the 
lethal concentration in air, water or food for 50 percent of 
the animals exposed (Lc50 ) are also included in the summary. 
When the Ln50 is not available, the lowest published lethal 
dose (LDL

0
) is given, when the Lc50 is not available, the 

low~st published lethal concentration (LCL
0

) is given. 

At the bottom of each Background Summary sheet, the 
actual calculations for both the MATE values and EPCs of the 

- . 
substances ar~ given to indicate the derivation of figures 
entered in the MEG charts. Only the equations defining the 
lowest MATE values in each medium are presented. By dis
playing these calculations, the Background Information 
summary offers the opportunity to relate the values listed 
on the MEG charts to the data from which they are derived. 

s.1.1.2 Discussion of the MEG Chart 

Figure 57 i? an example of a MEG chart. Emission Level 
Goals, which are listed in the top half of the figure 
{Columns 2-8) are acceptable levels of contaminants in point 
source or fugitive emissions. Discharge streams included in 
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Emission Level Goals may be gaseous, aqueous, or solid in 
nature (as listed in Column 1). Emission Level Goals for 
chemical contaminants may be described on the basis of tech
nology factors or ambient factors. Technology-based Emission 
Level Goals (Section I, top left half of the figure, Columns 
2 and 3) have not been addressed in the current MEGs. 

Five specific criteria for Emission Level Goals based 
on ambient factors (Columns 4-8) have been included in the 
MEG methodology. These are: Minimum Acute Toxicity Effluents 
(MATEs) Column 4 based on human health effects; MATEs based 
on ecological effects (Column 5); Ambient Level Goals (Column 
6) based on human health effects; Ambient Level Goals based 
on ecological effects (Column 7); and concentrations repre
senting Elimination of Discharge (EOD, Column 8). 

MATEs are concentrations derived from calculations of 
laboratory-determined values or federal regulations which 
are hoped not to cause environmental damage if present in 
the waste streams which are allowed to interact with the 
environment (Column 5) and which will not cause health 
problems for the employees of the facility (Column 4). The 
Ambient Level Goals (Columns 6 and 7) are simply trans
criptions of the lowest Current or Proposed Ambient Standards 
or Criteria (Columns 10 and 11), or Estimated Permissible 

Concentrations (EPCs) (Columns 12 and 13 in the lower half 

of the figure). Both MATEs and all ambient level goals are 

derived from literature values and are based on health and 
ecological effects. 

Emission Level Goals derived from Ambient Level Goals 
are usually more stringent than MATEs. These values, multi
plied by dilution factors, then describe control levels for 
emissions that will not cause contaminant concentrations in 
ambient media to exceed the suggested Ambient Level Goals. 
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Dilution factors are dimensionless quantities repre
senting the ratio of the concentration of a contaminant in 
an emission or effluent to the resulting contaminant level 
in the ambient receiving medium. As an example, consider an 
emission from a stack discharged to the atmosphere. The 
dilution factor is the concentration of a pollutant in the . 
stack gas divided by the resulting ground level concentra
tion of the pollutant. Since the dilution factors are 
variable and highly source specific, no effort has been made 
to provide the Emission Level Goals with dilution factors 
applied. Instead, the multiplication exercise is left to 
the individual applying the charts to a specific industrial 
situation. 

Although dilution factors do not appear on the MEG 
charts, consideration has been given to the range of factors 
likely to be encountered in most situations. Dilution 
factors may be expected to range between 10 and 10,000 for 
discharges to air and water. This range is suggested on the 
basis of the best and worst case models of pollutant dis
persion. 

Emission Level Goals based on Elimination of Discharge 
(Column 8), like those based on Ambient Level Goals incorpor
ate dilution factors. These goals are the most stringent 
and imply that ambient concentrations of pollutants should 
not exceed natural background concentrations. 

Values appearing on the MEG chart under Emission Level 
Goals, based on EOD, indicate natural background levels 
(Column 8). Concentrations measured in rural atmosphere are 
entered for air. When rural atmosphere concentrations are 
not reported, urban or industrial concentrations may be 
entered on the chart with a footnote to characterize the 
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value. Concentrations entered in the MEG chart for water 
are for surface waters unless otherwise specified. Levels 
identified in drinking water and in seawater are included 
since they provide some information of natural background 

concentrations. 

MATE and Ambient Level Goals (Columns 4-7) are intended 
to serve as indicators of relative hazard and as estimates 
of contaminant levels in waste streams that will prevent 
serious acute toxic effects. These indicators should be 
useful to those involved in environmental assessment by fur
nishing emission level goals, potential environmental hazard 
levels, and ultimately control technology goals. Since 
MATEs are derived from estimations of hazards to human 
health or to ecology induced by short-term exposure to pol
lutants in waste streams (less than 8 hours per day), they 
can serve as an estimate of levels of contaminant considered 
to be safe for short term exposures. The MATE values should 
provide an increasingly useful tool for comparisons in 
environmental assessment. 

The methodology for estimating .Emission Level Goals was 

designed to make use of (1) the con~entrations described as 
Ambient Level Goals based on hazards posed to public health 
and welfare as a result of long term or continuous exposure 
to emissions, (2) natural background levels which provide 

goals for elimination of discharge, and (3) hazards to human 

health or to ecology induced by short term exposure to 
emissions. The need is clear for further research and 
development of simple but effective models incorporating 
data pertinent to the following: quality of the receiving 
media before introduction of the substance, characteristics 
of transport and dispersion of emissions, considerations of 
location and abundance of sources emitting a given pollutant, 
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number of populations affected, and secondary pollutant 
formations. 

Ambient Level Goals (Columns 10-14) are concentrations 
of the pollutants listed in Column 9 which should not cause 
the level of contamination in ambient media to exceed a safe 
continuous exposure concentration. They are derived from 
three distinct data sources: (1) the most stringent current 
or proposed federal ambient standards or criteria (Columns 
10 and 11), (2) empirical data concerning the adverse effects 
of chemical substances on human health and ecology (Columns 
12 and 13), and (3) a system relating the carcinogenic or 
teratogenic potential of specific chemical substances to 
media concentrations considered to pose an acceptable risk 
upon continuous exposure (Column 14). 

A system has been developed for assigning indicators 
(X, XX, or XXX) to designate potentially hazardous substances 
based on values generated by the MEG methodology (see upper 
right hand corner of Figure 57). This system provides a 
simple means of identifying through cursory inspection those 
pollutants most likely to pose a human threat .. The sub
stances which have currently been addressed by the MEG 
methodology have been ranked accordingly and classified as 
relatively nonhazardous (no indicator), hazardous (X), very 
hazardous (XX), or most hazardous (XXX). All substances 
which have been ranked are found in Table 72. This table 
can be used to compare the relative hazard of two or more 
pollutants. However, once specific discharge data are ob
tained, the discharge is evaluated based on the pollutants' 
concentrations and hazard rating is superceded. 
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TABLE 73. RANKING OF THE MATERIALS ADDRESSED BY THE 
CURRENT MEG'S ACCORDING TO POTENTIAL ENVIRONMENTAL HAZARD 

MOST HAZARDOUS (XXX) 

3-Methylcholanthrene 
Beryllium 
Chromium 
Cadmium 
Mercury 
Dibenz(a,h)anthracene 
N-Nitrosodimethylamine 
Nickel 

7,12-Dimethylbenz(a)anthracene 
Benzo(a)pyrene 
Antimony trioxide 
Selenium 
Arsenic 
Arsine 
Arsenic trioxide 

VERY HAZARDOUS (XX) 

Benz(a)anthracene 
Dibenzo(a,i)pyrene 
Cobalt 
Nickel carbonyl 
N,N'-Dimethylhydrazine 
Diazomethane 
Lead 
Polychlorinated biphenyls 
4,6-Dinitro-o-cresol 
2,4,6-Trinitrophenol 
Tetramethyllead 
Alkyl mercury 

Organotin 
Thallium 
Phosphorous 
Phosphine 
Antimony 
Bismuth 
Hydrogen selenide 
Copper 
Uranium 
Ethyleneimine 
N-Nitrosodiethylamine 
Hydrazine 

HAZARDOUS (X) 

Monomethylhydrazine 
Dibenz(a,j)acridine 
Dibenz(a,h)acridine 
Dibenzo(c,g)carbazole 
Tetraethyllead 
Aminotoluenes 
1-Amihonaphthalene 
2-Aminonaphthalene 
Acrolein 
Lithium 
Lithium hydride 
Barium 
Germanium 
Tellurium 
Vanadium 
Formaldehyde 
Nickelocene 
2,4-Dichlorophenol 

N,N-Dimethylhydrazine 
1,2-Diphenylhydrazine 
Nitrobenzene 
l-Chloro-2-nitrobenzene 
Dinitrotoluenes 
Xylenols 
3-Nitrophenol 
4-Nitrophenol 
Dinitrophenols 
Pyridine 
Gallium 
Hydrogen cyanide 
Manganese 
Copper-8-hydroxyquinoline 
Silver 
4-Aminobiphenyl 
Benzene 
4-Nitrobiphenyl 

(continued) 
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TABLE 73. (continued) 

RELATIVELY NONHAZARDOUS (NO INDICATOR) 

1-Phenyl ethanol 
Ethylene glycol 
Formic acid 
Phthalic acid 
Tetramethylsuccinonitrile 
Ethanolamine 
Butylamines 
p-Dimethylaminoazobenzene 
Methanethiol 
Ethanethiol 
n-Butanethiol 
Biphenyl 
Phenathrene 
Chrysene 
Methylchrysenes 
Benzo(e)pyrene 
Picene 
Dibenzo(a,h)pyrene 
Dibenzo(a,l)pyrene 
Benzo(j)fluoranthene. 
Benzo(b)fluoranthene 
Ideno(l,2,3-cd)pyrene 
Phenyl phenols 
Isophorone 
Formamide 
Aniline 
Phenol 
Cresols 
Alkyl cresols 
Catechol 
2-Chlorophenol 
2-Nitrophenol 
l-Chloro-2,3-epoxy propane 
Naphthalene 
2,2'-Dichloroethyl ether 
Tertiary pentanol 
Propionaldehyde 
Acetic acid 
Hydroxyacetic acid 
Acetonitrile 
Acrylonitrile 
Benzonitrile 
Cyclohexylamine 
Dimethylamine 

Quinoline, isoquinoline 
Pyrrole 
Dibenzo(a,g)carbazole 
Thiophene 
Methyl thiophenes 
Potassium 
Magnesium 
Magnesium oxide 
Strontium 
Boron 
Boron oxide 
Aluminum 
Aluminum oxide 
Alkali cyanide 
Hydrogen sulfide 
Titanium 
Molybdenum 
Tungsten 
Zinc 
Benzi dine 

-Chlorotoluene 
Vinyl chloride 
Benzo(c)phenanthrene 
Pyrene 
Benzo(c)phenanthrene 
Dibenz (a·, c) anthracene 
Benz(c)acridine 
Dibenz(c,h)acridine 
Dibenzo(a,i)carbazole 
Methanol 
Ethanol 
1,4-Dichlorobenzene 
lndanols 
Tetrahydrofuran 
Methane 
Ethane 
Propane 
Butanes 
Ethylene 
Propylene 
Acetylene 
Methyl chloride 
Methalene chloride 
1,4-Dioxane 

(continued) 
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TABLE 73. (continued) 

RELATIVELY NONHAZARDOUS (NO INDICATOR) CONTINUED 

Dimethylaniline 
N,N-Dimethylaniline 
Benzenesulfonic acid 
Idene 
Nitrotoluenes 
Fluoranthene 
Pico lines 
Collidines 
Methylquinolines 
Methylisoquinolines 
Acridine 
Indole 
Carbazole 
Benzo(b)thiophene 
Ferrocene 
Carbon monoxide 
Ammonia 
Ozone 
Carbon disulfide 
Scandium 
Anthracene 

n-Butanols 
Isobutyl alcohol 
Pentanols (primary) 
2-Propanol 
2-Butanol 
Pentanols (secondary) 
Tert-butanol 
Acetaldehyde 
Butyraldehyde 
Benzoic acid 
Toluene 
Ethyl benzene 
Indan 
Xylenes 
Tetrahydronaphthalene 
Chlorobenzene 
1,2-Dichlorobenzene 
2-Chlorotoluene 
Carbon dioxide 
Carbonyl sulfide 

The following compounds have not been assigned hazard potential 
values: 

Naphthacene 
Triphenylene 
Dimethyl pyrenes 
Perylene 
Benzo(g,h,i)perylene 
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Coronene 
Fluorene 
2,3~Benz-4-azafluorene 
Phosphate 



5.1.1.3 MEGs for Nonchemical Pollutants 

Cornaby and coworkers (94) reported that nonchemical 
pollution factors such as heat, noise, microorganisms, and 
land usage can be adapted to the MEG approach. They reported 
that complex effluents (i.e., entire waste streams) should 
be amenable to the MEG approach as well. Other factors such 
as radionuclides, electromagnetic radiation and water usage 
may also be compatible with the MEG approach. 

With regard to the heat effect, Cornaby and coworkers 
suggested that the ambient air MEG be a wet bulb globe 
temperature of 30°C. The MEG for water should be 2.8C0 

above the natural or ambient temperature for the body of 
water. The ambient air-temperature MEG should be based on 
physiological factors to assure human survival, assuming 
continuous light work and proper precautions to avoid the 
effects of water and salt depletion. The temperature MEG 
for water is thought to be sufficient to protect most aquatic 
populations from the many biological effects associated with 
elemental waste temperatures. 

Noise values were judged to be adaptable to the MEG 
format. A level of 60 dB(A) was recommended as a reasonable 
environmental objective. This is the approximate noise 
emitted by an air conditioner 6 meters awqy. The noise of 
freeway traffic at 15 meters (70 dB(A)) makes telephone use 
difficult and can contribute to hearing impairment. Adverse 
effects due to noise include physiological stress reaction, 
sleep disturbance, and simple annoyance. The suggested 
standard is dropped to 45 dB(A) for noise between the hours 
of 10 p.m. and 7 a.m. since significant proportions of the 
populations experience sleep disturbance~, difficulty in 
communication, and subjective annoyance in the range of 45-
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65 dB(A). Studies have indicated that animals other than 
humans would not be disturbed by this noise level. 

Land usage can be adapted to the MEG format (43). 
There are many ways of measuring land usage, such as den

sity of human and nonhuman organisms, and a MEG chart should 
be developed for each. The rationale for use of the density 
of animals to determine which land tract should be developed 
is that the lower the density, the fewer people and organisms 
would be impacted. The wildlife density is related to the 
quality of the habitat. 

5.1.1.4 MEGs for Entire Emission Streams 

Complex effluents such as entire emission streams should 
be amenable to the MEG approach. However, the lack of infor
mation on the ecotoxicological effects of complex effluents 
prevents such calculations. 

Some significant mortality/morbidity studies have been 
performed and are summarized in Table 74. This type of 
information lends itself to the development of MEGs for 
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Response 

Inf ant Mortality 

Infant Mortality 

Adult Mortality 

Morbidity (chronic 
destructive pul
eooary diseaae) 

Morbidity (pul
eonary function 
testing) 

TABLE 74. EPIDEMIOLOGICAL MORTALITY/MORBIDITY STUDIESa 

Pollution Specifics 

Daulphin Co,, PA., U.S.A. 
General Air Pollution 

Nashville, TN, U.S.A. 
City Air: Means (X) 
22.4 mg/m2~ton - Sulfation 
2.559 as/• /eonth - Dustfall 
l.65 COHS/ka -·Soiling 
0.0075 24 hr ppa - 24 hr S02 
Country air not reported (assumed 
to be less). 

Coal fired electric power plant in 
PA, U.S.A. 

1511'1/m32auspended particulate 
3.70 ag/m /day sulfation 
rate 

Exposed was 9 x S02 
6.2 x sulfation rate, 3.2 x dust fall, 
and 1. 4 x suspended particles that of 
unexposed. 

Ontario, Canada 
Nickel & Copper Smelter 

!!l!2!!!!. 
32.5 ppb - S02 
52.1 l'g/a3 - Suspended particulate 

Non-Exposed 
16.1 ppb - so2 
90. 5 :ig/m3 - Suspended particulate 

Ohio, U.S.A. 
Urban - Industrial (exposed) 
10.1 g/a3/day - S03 
40.98 g/m2/111<>nth - dust fall 
109.27 µg/m3/24 hr - total suspended 

particles) · 

Rural (Non-!xposed) 
7.6 - SOJ 
2.10 - dust fall 
83.30 - total suspended particles 

Busan Sub-Population 

Expo a el Non-Exposed 

l. Infants born during high air 1. The study demonstrated thru 
matched pairs that those born 
during non-pollution alerts had 
lower mortality. (-5% of infant 
deaths/month) 

pollution months (July, August, 
September) represented 50% ( +) of 
the total annual infant mortality 
or 18% of infant deaths/month. 
(66 cases) 

1. White neonatal mortality ratio 
(1960) of 18.2/1,000 live births. 

Town of Seward, PA. 
1. Sex & age adjusted death rate 

of Seward exceeded that of New 
Florence for 10 out of 11 years. 
( ~ .05) 

2. Three times H aany expected 
cirrhosis deaths. 

Town of Sudbury: 
1. Male prevalence rate of 112/ 

1,000 for chronic bronchitis. 

2. Total male & female prevalence 
rate of 97/1,000. 2208 people 
studied. 

1. The vital capacity (VC) & Forced 
Expiratory Vollllle (FEV) 0.75 are 
significantly lower than for stu
dents in rural areas (173 people 
studied). 

1. White neonatal mortality ratio for 
neighboring rural county: 14.0/ 
1,000 (U.S.A. avg. is 10.3/1,000). 

Town of New Florence, PA. 
(see exposed) 

Town of Ottm: 
1. Male prevalence rate of 81/1,000 

for chronic bronchitis. Total 
ll&le & female prevaleru:e rate of 
77/1,000. 3280 people studied. 

1. Higher VC & F!V' s than urban 
population. (161 people studied) 

aCornally, 1.V., D.A. Savits, N.!. Stout, G.E. Pierce, aad A.V. Rudolph. Develoi-at of Goat. for loncheaical aad loapollutmt Factors in 
Ylutdtud-led Col6ut1oa - Dr•ft Report. Technical Dincth• 31, Contract .lo. 68-02-2Jll, U.S. laYi~t.i.Protect1oa Aae11e1. laurch 
J'riMlll• Parle, llort• C.rol1118, lf77. 



impacts on human health; however, more statistical analyses 
of such studies are needed in order to define a specific 
MEG. Mortality studies are currently being performed on the 
entire coal cycle by the Brookhaven and the Argonne National 
Laboratories of the U.S. Department of Energy. 

MATE values for specific chemical contaminants, although 
valuable, are not sufficient to characterize an environment
ally acceptable waste stream. Ceiling values for certain 
"Totals" associated with gaseous, aqueous, or solid wastes 
are also required. Such totals are to be used in conjunction 
with the MATEs for specific chemical contaminants and provide 
a secondary ~heck for contaminant levels. 

Selection criteria for "Totals" are: 

• The parameter must be related to the presence of 
more than one chemical substance. 

• The parameter must be federally regulated in some 
context. Federal guidelines surveyed for possible 
totals to be addressed include NAAQS, NSPS, efflu
ent guidelines, drinking water standards, and 
water quality criteria. 

• The parameter must be measurable by some establish
ed method. 

The following parameters are classified as "Totals" to 
be addressed by MATEs: 
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Air 
Total hydrocarbons 

Total particulates 

Water 
Total suspended solids 

Total dissolved solids 

Total organic carbon 
(TOC) 
Biological oxygen 
demand (BOD) 
Chemical oxygen demand 
(COD) 

Land 
Total leachable 
organics 
Total leachable 
substances 

Ultimately, a MATE value will be specified for each "Total" 
listed. MATE values for the land totals may be based on 
water MATE totals via a leaching model. 

Algorithms designed to generate EPCs and MATEs for 
specific chemical contaminants are not applicable to Totals. 
Instead, attention must be given to each parameter.in order 
to recommend a MATE value. 

·Values for Totals will be recommended later with con
sideration given to: existing regulations and recommenda
tions; associated toxicity; dilution factors expected at 
the site of dispersion of the effluent; and the nature of 
the environmental problems associated with the substances 
indicated by the Totals. 

5.1.1.5 Derivation of the MEGs 

MATE and EPC values that serve as Emission Level and 
Ambient Level Goals are derived by multiplication factors 
which translate empirical data for each specific chemical 
substance into concentrations describing minimum acute toxi-
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city concentrations. The rationale behind the derivation of 
a numerical value for each of the factors is described in 
the Appendices of this report. For each chemical substance 
addressed, there can be a maximum of six MATE and 15 EPC 
values. The types of empirical data used to derive MATE and 
EPC values are as follows: 

LD50 --

LD -Lo 

LC50 --

TD -Lo 

dosage resulting in death (lethal dose) for 
50 percent of the animal population tested 

lowest lethal dose reported for a species/ 
route combination 

lethal concentration to 50 percent of the 
animals tested 

lowest dosage reported to result in a specified 
response (for example, a carcinogenic response) 

threshold limit median, i.e., concentration 
to which 50 percent of aquatic population 
exposed exhibited the specified response 

TLV threshold limit value, refers to permissible 
levels of toxic substances for occupational 
exposure 

TC -Lo 

lowest lethal concentration reported 

lowest toxic concentration reported to result 
in a specified response 

In derivation of the MEGs, the preferred LD50 is for 
oral administration of the compound to a rat. When this 
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parameter has not been measured, the most closely related 
LDso or LDLo is used; a subjective decision as to which is 
the most closely related LD50 or LDLo is required. 

The use of mathematical formulae for translating animal 
toxicity data into EPCs or MATEs requires that certain 
assumptions be made. A worst-case approach has been taken 
to keep the MEG values conservative. Generally, MEGs derived 
from models which use LD50 or other acute toxicity animal 
data are more conservative than MEGs based on TLVs or NIOSH 
recommendations. In addition to the assumptions required 
for extrapolating animal data to human health effects, 
arbitrary constants are usually employed as safety factors. 

5.1.1.6 Derivation of Zero Threshold EPCs 

Zero threshold pollutant EPCs (Column 14 of Figure 57) 
are derived from an earlier model which translates adjusted 
ordering numbers into permissible concentrations for air or 
water media. Zero threshold pollutants refer to mutagen~ 
carcinogens, and teratogens (collectively called genotoxins) 
for which there may be no concentration in air or water 
having a zero effect on nontarget organisms, including man. 
An acceptable level for one of these genotoxins is usually 
considered to be one such that the chance of a specific hit 
is so low that the incidence of carcinogenesis, teratogene
sis, or mutagenesis will not be significantly increased (at 
the 95 percent level) over the situation in which the com
pound is not present. In other words, at the 95 percent 
level of statistical significance, the rate of carcinogenesis 
mutagenesis or teratogenesis would quite probably be less 
than or equal to 1.05 times the rate when no genotoxin is 
present. 
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The chance of a "single hit" at a specific site by any 
one particular chemical depends on the availability of the 
site to that chemical, and the reactivity of that chemical 
at the site. The factors influencing the availability of 
the site to the chemical range from sterochemical considera
tions of the site and the chemical, to the route and effi
ciency of absorption of the chemical into the organism. In 
turn, the routes and efficiencies of absorption of chemicals 
are dependent on the form and availability of the chemical 
to the organism~ and the general health and nutritional 
status of the organism. Thus, the potency of chemical geno
toxins differs greatly, and the acute toxic parameters 
discussed previously give no indication of the carcinogenic, 
mutagenic, or teratogenic effects of a compound. Thus, the 
EPCs for genotoxins have been derived from a model which 
translates adjusted ordering numbers, based on a ranking 
system for suspected carcinogens, into permissible media 
concentrations. The system for establishing adjusted order
ing numbers is a refinement of an ordering plan developed by 
the EPA Office of Toxic Substances, and reported in An 
Ordering of the NIOSH Suspected Carcinogens List Based on 
Data Contained in the List (95). EPA's ordering plan re
sulted in the assignment of four digit ordering numbers 
(hereafter referred to as EPA/NIOSH ordering numbers) for 
all those substances entered in the NIOSH Suspected Carcino
gens List. The numbers assigned to the EPA plan are an 
"indication of the relative degree of concern that might be 
warranted for a particular substance regarding its possible 
carcinogenic potential (95)." It is not appropriate, 
however, to conclude that all the substances assigned an 
adjusted number are carcinogenic. 

The following equation describes the modified or adjusted 
ordering numbers: 
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Adjusted ordering number = EPA NIOSH orderin Number 
owest osage resu ting 

in an oncogenic 
response (mg/kg) 

Adjusted ordering numbers determined for various substances 
(see Table 75), usually range from less than 0.1 to greater 
than 3,000,000. Very large adjusted ordering numbers 
indicate that a small dosage was required to effect the 
response. On the other hand, a small number indicates a 
high dosage was required. Thus, adjusted ordering numbers 
increase with the expected potency of a chemical carcinogen. 
Substances with adjusted ordering numbers lower than one are 
generally not treated as suspected carcinogens in the calcu
lation of the EPCs. 

5 .1. 2 Source Analysis Models (96) 

Source Analysis Models (SAMs) allow the quick identifi
cation of possible problem areas where the suspected pollutant 
exceeds the MEG. The SAM format focuses on each separate 
waste stream which arises during energy production by in
dustrial processes. Such streams may exist because of the 
process itself, or because of the application of pollution 
control technology to a process-generated stream. 

SAMs address source ide.ntification and stream composi
tion questions; MEGs by definition, address goals. Various 
members of the set of SAMs will provide rapid screening, 
intermediate, or detailed approaches to relate effluent 
stream pollutant emission levels to the MEGs. Later members 
of the sequence of SAMs will join techniques for effluent 
transport and transformation analyses (ETTA's). Together 

340 



TABLE 75. ADJUSTED ORDERING NUMBERS FOR 
SEVERAL INORGANICS AND ORGANICS 

Substance 

Beryllium 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
7,12-Dimethylbenz(a)anthracene 
N-Nitrosodimethylamine 
3-Methylcholanthrene 
Cadmium 
Chromium 
Selenium 
N,N'Dimethylhydrazine 

Cobalt 
Dibenz(a,i)pyrene 
Benz(a)anthracene 
Dibenz(c,g)carbazole 

Aminotoluenes 
N-Nitrosodiethylamine 
Nickel 
2-Aminonaphthalene 
Dibenz(a,h)acridine 

Dibenz(a,j)acridine 
Ethylenimine 
Lead 
1-Aminonaphthalene 
Diazomethane 
Benzo(b)fluoranthene 
Dibenzo(a,l)pyrene 
4-Aminobiphenyl 
4-Nitrobiphenyl 
Phenanthrene 
Indeno(l,2,3-cd)pyrene 

(continued) 
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Adjusted 
ordering no. 

16,000,000 
3,314,500 

754,833 
272,809 

59,053 
18,6B3 

7,329 
7,327 
6,426 
2,208 
1,682 
1,612 
1,562 

679 
638 
577 
477 
423 

312.4 
284 
210.6 
136 
124 

78 
78 
64.6 
54 

54 
44 
43 



TABLE 75. (continued) 

Adjusted 
Substance ordering no. 

Formaldehyde 42.7 
Methyl chrysenes 39 
Tetraethyl lead 
p-Dimethylaminoazobenzene 
Chrysene 
Picene 
Nickel carbonyl 
Benzo(e)pyrene 
Nickelocene 
Copper 8-hydroxyquinoline 
Dibenzo(a,h)pyrene 
Dibenzo(a,g)carbazole 
Benzo(j)fluoranthene 
Hydrazine 
Mercury 
2,4-Dichlorophenol 
Dibenz(a,c)anthracene 
Benz(c)acridine 
Indole 
Dibenz(a,i)carbazole 
l-Chloro-2,3-epoxypropane 
Phthalate esters 
Benzo(g)chrysene 
Benzi dine 
Dibenz(c,h)acridine 
Benzo(c)phenanthrene 
-Chlorotoluene 

Silver 
Anthracene 
Naphthalene 
Monomethylhydrazine 
Pyrene 

36 
35 
31.5 
28 
26 
23 
20.2 
20 
18.9 
11.6 
10.8 
10.6 
10.6 
10 
7.1 
6.67 
6.5 
6 

4.3 
4.3 
4.3 
3.5 
3.06 
2.5 
1.9 
1.7 
1.3 
1.2 
1 

0.3 



they are intended to provide a coarse screening of effluent 
stream impact for use in environmental assessments. 

The simplest Source Analysis Model, the SAM/IA, is de
signed for rapid screening with no effluent transport and 
transformation analysis. Rapid screening of the potential 
degree of hazard and the rate of discharge of toxic pollu
tants may occur at any level or depth of chemical and physi
cal analysis. 

In the SAM/IA, waste streams from any process or applic
able controls are not assumed to interact with the external 
environment (i.e., transport of the components in the waste 
stream to the external environment occurs without transforma
tion of these components). No assumption is made about 
pollutant-specific dispersion, but it is assumed that such 
dispersion from the source to a receptor would, in almost 
all cases, be equal to, or greater than, the safety factors 
normally applied to acute (short-term exposure) toxicity 
data to convert them to estimated safe low-level, longer
term chronic ambient exposure levels. 

SAM/IA thus: 

• ls on a waste stream concentration basis 

• Uses only one potential assessment alternative 
(the MATE) 

• Does not include transport/transformation analysis 

• Includes only degree, of hazard/toxic-unit discharge 
calculations. 
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Such rapid screening requires understanding of the 
assumptions being made. These assumptions include: 

• The approximately 650 substances currently in the 
MEG list, or soon to be added, are the only com
ponents of a waste stream which need to be included. 
Unknown components may be sources of environmental 
impact which are modified or modifiable by the 
control technology, and therefore Level 1 bioassay 
results will be important as a companion data base 
for interpretation of SAM/IA results. 

• Dispersion of effluents will be adequate and will 
also offset any transformation to more toxic 
substances. 

• The MATE values (or the basic data on which they 
are based) are adequate. 

• No synergistic or non-additive effects are con
sidered. The bioassay results are an important 
addition to the screening which will improve this 
area. 

These assumptions are inherent to SAM/IA. No provision 
has been made for modification of the SAM/IA calculation 
method for specialized circumstances. In many cases the 
assumptions are conservative. However, these factors should 
be kept in mind in evaluating the need for more detailed 
assessment. 

In SAM/IA, major simplifying assumptions have been made 
about pollutant transport and transformation in the environ
ment prior to impact on a receptor. The criteria against 
which pollutant concentrations are judged have also been 
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subject to simplifying assumptions. As a result, SAM/IA is 
designed for use by experienced and qualified project officers 
and environmental assessment contractor personnel who will, 
on a case-by-case basis, review these assumptions to ensure 
the correct application of the model. In addition, at the 
time of this report, many pollutants exist for which MATEs 
have not yet been established. The user must, therefore, 
exercise judgment in flagging these omissions and bringing 
them to the attention of the EPA in terms of: 

• Their importance of the particular environmental 
assessment being conducted 

• 

s.1.2.1 

Requirements for the continuing development of 
additional MATE values. 

SAM/IA Calculation Procedure 

The steps included in the SAM/IA calculation procedure 

are as follows: 

• Identify specific sources within the overall 
system or process. 

e Identify the various waste streams from that 
source. Each gas, liquid, or solid waste discharge 

is included as a separate waste stream. 

• Determine the concentration of each sample fraction 
(Level 1) or specific pollutant species (Level 2) 
to be considered in each waste stream. In Level 1 
assessments the set of species potentially present 
which would lead to hazard is established at this 
point for each sample fraction. 
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• Each sample fraction or specific pollutant concen
tration in a given waste stream is then divided by 
its corresponding health-based MATE if this value 
is available. This quantity is, henceforth, 
called a "Potential of Hazard." A second quotient 
is formed using the corresponding ecological MATE. 
For example, let us assume the concentration of 
phenol in the aqueous waste stream from the proposed 
SRC facility will average 0.4 mg/l. The MATE 
based on health effects is 5.0 µg/l. Thus, the 
Potential Degree of Hazard based on health effects 
is 400 ; 5 = 80. Obviously, a Potential Degree of 
Hazard value greater than one (1) indicates that 
the pollutant concentration in a particular waste 
stream is greater than the corresponding MATE and, 
therefore, may cause environmental problems. 
Thus, phenols in the aqueous waste stream in this 
example may represent a significant environme~tal 
problem. 

• At this point, each pollutant entry whose health 
or ·ecological potential Degree of Hazard is greater 
than unity is flagged. These flags have been put 
on the form specifically for later ease in spotting 
potential problem pollutants. 

• The final calculation for each pollutant species 
or small fraction in each stream takes the product 
of its Potential Degree of Hazard and the waste 
stream flowrate to establish health (or ecological) 
Potential Toxic Unit Discharge Rates (PTUDR). 

• The total stream Potential Degree of Hazard is 
then calculated as the sum of the health or ecolog
ical Potential Degree of Hazard for each pollutant. 

346 



Further, the total stream PTUDR is calculated by 
adding the individual pollutant entry Potential 
Toxic Unit Discharge Rates. 

• Potential Degrees of Hazard and TUDRs are then 
grouped and totaled by gaseous, water, and solid 
waste streams. 

• Finally, if a Level 1 assessment is being performed, 
any additional data which can be used to rule out 
the presence of a chemical species is noted. 

It should be noted that the third step requires an 
enumeration of all of the components of a given effluent 
stream which are to be considered. If a component is not 
included in the enumeration, any environmental impact which 
results from its discharge will not be included in the 

results. 

SAMs can be used to do one or more of the following: 

• Rank waste streams - in this application, the SAM 
is used to compare the toxic unit rate of discharge 
of each waste stream; these toxic unit summations 
can then be ranked by magnitude. Examination of 
the relative magnitudes generated by different 
streams immediately shows the relative hazard of 
the different waste streams. Unfortunately, this 
summation as yet does not indicate absolutely if 
the waste stream will be environmentally hazardous. 

• Establish specific Level 2 and additional Level 3 
sampling and analysis priorities in performing 
environmental assessments. 
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• Determine problem pollutants and pollutant priori
ties. In this application, use of the SAM can 
lead to· an understanding of which pollutants are 
most likely to cause major environmental impact 
because they remain poorly controlled under all 
equipment options currently available. 

• Determine which control technology options are the 
most effective. In this ·application, the SAM is 
used to examine a given process stream with first 
one and then another control approach. The impact 
of alternative control equipment choices can be 
compared on the basis of: 

The differing reduction.s which can be expected 
to occur in the original process streams 
pollutants 

The ways in which concentration of certain 
pollutants into particular control equipment 
waste streams will occur. 

• Determine the need for control/disposal technology 
development. 

The SAM/IA format will .ordinarily be used for rapid 
screening of the difference between an uncontrolled or poorly 
controlled process and the results of the application of 
various control options. Thus, it will ordinarily be applied 
to confined or ducted sources. 
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5.1.2.2 SAM/IA Format 

The data generated by the SAM/IA method is recorded on 
two different forms. The first form (which is filled out 
for each individual waste stream) has two variations. Both 
variations show the source of the waste stream (Box 1), 
identifies the stream (Box 2), and gives the stream flow 
rate (Box 3). 

An example of the first variation of this form is found 
in Figure 58. This variation is used to treat the data 
from a Level 1 analysis. A Level 1 analysis quantifies only 
groups of compounds (identified as "Sample Fractions" in 
Column A) rather than individual components. Column B shows 
the relative quantity of the fraction. Column C lists the 
health-based MATE for the most toxic compound known or 
suspected to be present in the fraction. Column D lists the 
corresponding ecological MATE. Columns E and G are the 
corresponding Degrees of Hazard calculated using these 
MATEs. Columns I and J are put in the form specifically to 
flag those health or ecological Degrees of Hazards which are 
greater than unity (1). A Degree of Hazard greater than 
unity indicates that the concentration of the pollutant in 
question is greater than the MATE; this fact, in turn, shows 
that the MEG approach indi~ates that environmental harm may 
be expected from this component. Columns K and L are the 
TUDRS for each fraction; these numbers are calculated by 
multiplication of the appropriate Degree of Hazard by the 
Effluent Stream Flow Rate (Box 3). 

The second variation of the form is illustrated in 
Figure 59. This form is used to treat the data from a 
Level 2 analysis. The Level 2 analysis quantifies the 
individual pollutants rather than the compound groups. The 
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w 
U1 
0 

.--
1. SOURCE/CONTROL OPTION Page 1 I 

2. EFFLUENT STREAM 3. EFFLUENT STREAM FLOW RATE 

Q= 
CODE# NAME (gas = m'/sec - l1qu1d = I/sec - solid waste = g/sec) 

4. COMPLETE THE FOLLOWING TABLE FOR THE EFFLUENT STREAM OF LINE 2 (USE BACK OF FORM FOR SCRATCH WORK) 

A B c 0 E F G H I J K L 

H[ALTH ECOLOGICAL DEGREE OF ORDINAL DEGREE OF ORDINAL J IF V IF 
TOXIC UNIT Dl~CHARGE RATE 

FRACTION MATE MATE HAZARD POSITION IN HAZARD POSITION IN HEALTH ECOL (HEALTH <ECOLOGICAL SAMP\.E FRACTION CONCEN· CONCEN CONCEN· (HEALTH) HEALTH MATE \ECOLOGICAL) ECOL MATE MATE MATE BASED) BASED I TRATION TRATION TRATION (BtC) TABLE (B'D) TABLE EXCEEDED EXCEEDED (E 1 LINE 3) <G • LINE 3) 

UNITS - - - - - -

If MORE SPACE IS NEEOED. USE A CONTINUATION Si-1EET 

5. EFFLUENT STREAM DEGREE OF HAZARD 6. NUMBER OF ENTRIES 7. TOXIC UNIT DISCHARGE SUM 

HEALTH MATE BASED CI COL. E) 5a COMPARED TO MATES HEALTH MATE BASED (!. COL. K) 7a 

ECOLOGICAt MATE BASED (!. COL. G) 5b HEALTH 6a ECOLOGICAL MATE BASED (!.COL. L) 7b 

(ENTER HERE AND AT LINE 8, FORM IAOl) ECOLOGICAL 6b (ENTER HERE AND AT LINE 8. FORM IAOl) 
. -

Figure 58. Sample SAM/IA worksheet for Level 1 (96) 



SOURCE/CONTROL OPTION EFFLUENT STREAM NO. 

A 8 c D E F G H I J K L 

HEALTH ECOLOGICAL DEGREE OF OROINAl DEGREE OF ORDINAL V IF ..J IF 
TOXIC UNIT DISCHARGE RAU 

FRACTION MATE MATE HAZARD . POSITION IN HAZARD POSITION IN HEALTH ECOL. (HEALTH !ECOLOGICAL SAMPl.E FRACTION CONCEN- CONCEN· CONCEN· (HEALTH) HEALTH MATE (ECOLOGICAL) ECOL. MATE MATE MATE BASED) BA SEO) TRATION TRATION TRATION (B/C) TABLE (8/0) TABLE EXCEEDED EXCEEDED (E x LINE 3) !G x LINE 3) 

UNITS - - - - - -

' 

Figure 58. (continued) (96) 



1. SOURCE/CONTROL OPTION Page 1 I 

2. EFFLUENT STREAM 3. EFFLUENT STREAM FLOW RATE 

Q= 

CODE# NAME (gas = m3/sec - liquid = I/sec - solid = g/sec) 

4. COMPLETE THE FOLLOWING TABLE FOR THE EFFLUENT STREAM OF LINE 2 (USE BACK OF FORM FOR SCRATCH WORK) 

A B c D E F G H I J 

POLLUTANT HEALTH £COLOGICAL DEGREE Of DEGREE Of V If ../If TOXIC UNIT DISCHARGE RATE 
POLLUTANT CATEGORY CONCEN· MATE MATE HAZARD HAZARD HEALTH ECOL (HEALTH ([COlOGICAL 

SPECIES TRATION CONCEN· CONCEN· (HEALTH) (ECOLOGICAL) MATE . MATE BASED) BASED) 
TRATION TRATION (8/C) (8/0) EXC££DED EXCEEDED (E 1 LINE 3) (F 1 LINE 3) 

UNITS - - - - -

<.,,.) 

V1 
N 

If MORE SPACE IS NEEDED. USE A CONTINUATION SHEET 

5. EFFLUENT STREAM DEGREE OF HAZARD 6. NUMBER OF 7. TOXIC UNIT DISCHARGE SUM 

HEALTH MATE BASED (I COL E) 5a POLLUTANTS COM- HEALTH MATE BASED (!COL. I) 7a 
PARED TO MATES 

ECOLOGICAL MATE BASED(! COL. f) Sb HEALTH 6a ECO!..OGICAL MATE BASED (~COL. J) 7b 

. (ENTER HERE AND AT LINE 8, FORM IAOl} -~ 

ECOLOGICAL 6b (ENTER HERE AND AT LINE 8, FORM IAOl) 

Figure 59. Sample SAM/IA worksheet for Level 2 (96) 



SOURCUCONTROL OPHON ----- __ EFFLUENT STREAM NO.---------

A e c 0 E f G H I J 

POLLUTANT HEALTH ECOLOGICAL DEGREE Of DEGREE Of V IF V IF TOXIC UNIT DISCHARGE RATE 
POU UT ANT CATEGORY CONCEN· MATE MATE HAZARD HAZARD HEALTH ECOL (HEALTH ((COLOGICAl. 

SPECIES TRATION CONCEN· CONCEN· (HEALTH) (ECOLOGICAL) MATE MATE BASED> 8AS(O) 
TRATION TRATION (8/Cl (8/0) EXCEEDED EXC£EDEO ([I LINE 3) (F 1 UN[ 3) 

UNITS - - - - -

Figure 59. (continued) (96) 



first three boxes of this variation of this form are analogous 
to the first variation. 

Box 4 contains much information including each individual 
pollutant found in the stream (Box 4A), the MEG category to 
which this pollutant belongs (Box 4A), the concentration of 
this pollutant in the stream (Box 4B), the health-based and 
ecological-based MATE for this pollutant (Columns C and D), 
and the health-and ecological-based Degrees of Hazard (Columns 
E and F). Columns G and Hof the fourth box are placed on 
the form specifically to flag which health- or ecological
Degree of Hazard is greater than unity. Columns I and J of 
Box 4 are the Toxic Unit Discharge Rates for each pollutant 
quantified for which MATEs are available. 

The last three boxes (5 through 7) of each variation 
are exactly analogous. Box 5 shows the sum of the health
and ecological-based Degrees of Hazard for all the pollutants 
for which this calculation was possible. Box 6 was placed 
on the form specifically to show the number of pollutants 
for which the health- and ecological-based Degrees of Hazards 
could be calculated. Box 7 shows the Toxic Unit Discharge 
Sum, which is the sum of the Toxic Unit Discharge Rates for 
all the pollutants for which the Degree of Hazard (health 
and ecological based) could be calculated. The Toxic Unit 
Discharge Sum is quite useful in determining the relative 
toxicity of two streams but it has not, as yet, been cor
related to prediction of absolute environmental hazard. 
Both variations have a page with boxes for notes and assump
tions (Figure 60). 

The second form, called the SAM/IA Summary Sheet, is 
shown in Figure 61. This form summarizes the data from the 
forms shown in Figures 58 and 59 which have been prepared 
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NOTES 

ASSUMPTIONS 

LIST ALL ASSUMPTIONS MADE REGARDING FLOW RATE, EMISSION FACTORS AND MATE VALUES. 

Figure 60. Sample SAM/IA worksheet for notes 
and assumptions (96) 
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.. -

l. SOURCE ANO AM.ICAll1 COHTIOI.. OPTIONS 

2. PROCESS THROUGHPUT OR CAPACITY 

3. USE THIS SPACE TO SKETCH A BLOCK DIAGRAM OF THE SOURCE AND CONTROL ITEMS SHOWING ALL EFFLUENT 
STREAMS. INDICATE EACH STREAM WITH A CIRCLED NUMBER USING 101-199 FOR GASEOUS STREAMS, 
201·299 FOR LIQUID STREAMS, AND 301·399 FOR SOLID WASTE STREAMS. 

4. LIST Al\IO DESCRIBE GASEOUS EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

101 

102 

103 

104 

105 . 

106 

107 

5. LIST AND DESCRIBE LIQUID EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

201 

202 

203 

204 

205 

206 
.. 

6. LIST AND DESCRIBE SOLID WAST£ EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

301 

302 

303 

304 

305 

306 

7. IF YOU ARE PERFORMING A LEVEL l ASSESSMENT, COMPLETE THE IA02-LEVEL 1 FOAM FOR EACH EFFLUENT 
STREAM LISTED ABOVE. IF YOU ARE PERFORMING A LEVEL 2 ASSESSMENT, COMPLETE THE IA02·LEVEL 2 FOAM 
fOft EACH EFFLOENT STREAM LISTED AIOYt. 

Figure 61. Sample SAM/IA summary sheet, Side 1 (96) 
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------

8. LIST SUMS FROM LINE 7, FORMS IA02, IN TABLE BELOW 

DEGREE OF HAZARD AND TOXIC UNIT DISCHARGE RATES BY EFFLUENT STREAM 

GASEOUS LIQUIO SOLID WASTE 

STllEAM DEGREE or TOXIC UNIT STREAM DEGREE or TOXIC UNIT STREAM DEGREE Of TOXIC UNIT 
COOi H~RO DISCHARGE RA TES CODE HAZARD DISCHARGE RA TES COD£ HAZARD DISCHARGE RAT[S 

HEALTH ECOL HEAi.TH ECOL HEALTH ECOl HEALTH ECOL HEALTH ECOi.. HEALTH ECOi.. 
BASED llAstD &AKO llASED BASED BASED IASlD BASED BASED BASED BASED llAKD 

- - (m'/HC) - - (I/sec) - - <at sec) 

A B c D E F G H I J K L M N 0 

9. $UM SEPARATELY GASEOUS. LIQUID ANO SOLID WASTE STREAM DEGREES Of HAZARD FROM TABLE AT LINE 8 
(I.E., SUM COLUMNS) 

TOTAL DEGREE OF HAZARD 
HEAL TH-BASED ECOLOGICAL-BASED 

GASEOUS II COL. 8) 9A (I COL. C) 9A' 

LIQUID (I COL. G) 9B (I COL. H) 9B' 

SOLID WASTE (I COL. L) 9C (I COL M)9C' 

10. SUM SEPARATELY GASEOUS. LIQlflO AND SOLID WASTE STREAM TOXIC UNIT OISCHARGE RATES FROM TABLE AT 
LINE 8 (I.E., SUM COLUMNS) 

TOTAL TOXIC UNIT DISCHARGE RATES 
HEAL TH-BASED ECOLOGICAL-BASED 

GASEOUS (m'/sec) u: COL 0) lOA (I COL. El lOA' 

LIQUID (llHC) (I. COL. I) 108 (I COL. J) 108' 

SOLID WASTE (I/Sec) (I COL. N) lDC (I COL. 0) lDC' 

11. NUMBER OF EFFLUENT STREAMS 

GASEOUS llA 

LIQUID 1 lB 

SOLID WASTE llC 

12. LIST POLLUTANT SPECIES KNOWN OR SUSPECTED TO BE EMITTED FOR WHICH A MATE IS NOT AVAILABLE. 

Figure 61. (continued) (96) 
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for each waste stream. It reiterates the source and applic
able control options (Box 1), shows the total process through
put capacity for the entire facility (Box 2), and gives a 
diagram of the facility (Box 3). The gaseous, aqueous, and 
solid waste streams are listed in Boxes 4, 5, and 6; each of 
these streams will already have one variation of the forms 
filled out for it. Box 8 contains information transcribed 
from boxes 5 and 7 from the first form as well as stream 
identification of the waste streams using the numbers asso
ciated with the streams in Boxes 4, 5 and 6 of the previous 
page. Box 9 shows the sums of the columns in Box 8; the 
numbers are called the Total Degree of Hazard for the whole 
process. Box 10 shows the sums of Columns D, I, N, E, J, 
and 0 of Box 8; these numbers are called the Total Toxic 
Unit Discharge Rates (for the whole process). Box 11 shows 
the number of effluent streams for which analysis was possible. 
Box 12 lists the pollutant species known or suspected to be 
emitted for which a MATE is not available. 

5.1.3 Bioassay Interpretations 

5.1.3.1 Objectives of the EPA/IERL Program 

The major objective of the EPA/IERL/RTP environmental 
source assessment program is the control of industrial emis
sions to meet environmental or ambient goals that set limits 
to the release of potentially hazardous substances. An 
important adjunct to this effort is the application of 
various bioassay protocols to industrial raw materials (feed 
streams) used in synthetic fuel systems, and to multimedia 
waste streams, in order to complement the physical and 
chemical data and to ensure that a comprehensive environmental 
assessment is made. 

J58 



The IERL/RTP has developed a three-phased sampling and 
analytical approach to environmental source assessments, as 

follows (97): 

• Level 1 - provides a set of samples which are used 
to represent the "average" composition gaseous, 
liquid and solid waste streams, and conducts 
biological and chemical assays via prescribed 
protocols 

• Level 2 - confirms Level 1 results and makes a 
more detailed and valid characterization of the 
biological effects of the more hazardous streams 

• Level 3 - monitors a limited number of selected 
hazardous substances and accurately defines the 
chronic sublethal effects of selected compounds. 

Details on the strategy of the phased approach and the Level 
1 multimedia sampling and analysis procedures are reported 

elsehwere (97). 

s.i.3.2 Sununary of Current EPA/IERL Bioassay Protocols 

Short-term bioassays employing yeast, bacterial, and 
mammalian cells, in vitro, are now receiving prime considera
tion in establishing acute toxicity and mutagenicity, because 
these systems appear relatively free of the disadvantages 
inherent in the use of whole animal studies. An important 
aspect of current efforts is the recognition that the waste 
streams from advanced fossil fuels utilization are generally 
entities of poorly defined and continuously changing chemical 
(and physical) composition (98). Furthermore, the results 
of bioassays may be invalidated if, during sample generation, 
storage and handling the inorganic/organic constituents 
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undergo changes which lead to the modification of the bio
test system (98). Chemical and physical assays should be 
used to substantiate the occurrence of such changes before 
drawing conclusions from the bioassay data. In spite of 
these and other complications, it is believed that bioassay 
protocols have merit in the assessment of complex mixtures 
where synergisms and antagonisms may modify (positively or 
negatively) the toxicity, mutagenicity, and carcinogenicity 
of individual components of the waste streams. Results from 
these short-term (acute toxicity) tests must be backed-up by 
data obtained from long-term (chronic toxicity) tests whose 
aim is to define the limits (upper and lower) of exposure 
that can be tolerated by living systems. 

Some of the more useful (Level 1) bioassays in use or 
considered for use by EPA, are shown in Table 76. Level 1 
bioassays are classified as Ecological Tests (6 in number) 
and Health Effects Tests (3 in number). Unless the approxi
mate toxicity of an effluent is already known, or the sample 
size is limiting, it is usually necessary to initially 
conduct range-finding tests covering the entire range of 
zero to 100 percent effluent using five widely spaced (geo
metric) effluent concentrations. These tests are needed to 
establish the best range of effluent concentration in terms 
of the specific test system. The exact tests are still 
being evaluated for additions, deletions, and changes. The. 
Ecological and Health Effects Tests are characterized as 
follows (97). 
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TABLE 76. EPA LEVEL 1 BIOASSAYS (99) 

Health Bioassays 

Mutagenesis Toxicity 

Ames 

Type Sample: 

Liquids x 
Solids x 
Solid x 
leachate 

Fast par- x 
ticulate 

Fast or- x 
ganics 

Gases 

Legend: X = included, 

CHO, RAM, 
WI-38 

x 
x 

(2) 

- = omitted 

Whole Animal 

Roden Acute 
Toxicity 

x 
x 

(2) 

Aquatic 

Fresh water(l): 
a) Algal 
b) Daphnia Mogna 
c) Fathead 

minnow 

Salt water(l): 
a) Algal 
b) Grass shrimp 
c) Sheepshead 

minnow 

x 
x 

(2) 

(1) Normally either fresh or salt water organisms are tested, not both. 
(2) These bioassays can be raw if there will be runoff to the environment. 

Ecological Bioassays 
Terrestrial 

Plant Soil 

Stress ethy
lene/foliar 
injury re
sponse 

See germina
tion/ seedling 
growth test 

(3) 

Soil respir
ation 
Nitrogen 
fixation 

(3) 
(3) 
(3) 

(3) These bioassays are raw subject to considerations of type of system and potential impacts 
on plants or soil. 

Animal 

Insect 
bioassay 
(honeybee 
or fruit
fly) 

x 
x 

x 



5.1.3.2.1 Health Effects Tests 

Salmonella/Microsome Mutagenesis Assay (Ames) - The 
Ames test is used to screen complex mixtures or component 
fractions, thereby determining their potential mutagenicity. 
It has recently been demonstrated that most carcinogens act 
as mutagens. The Ames test has proven 90 percent accurate 
in detecting known carcinogens as mutagens. 

Toxicity Assays - Cytotoxicity assays measure cellular 
metabolic impairment and death due to in vitro exposure of 

mannnalian cell cultures to soluble and particulate toxicants. 
Level 1 cytotoxicity assays employ primary cultures of rabbit 
alveolar (lung) macrophages (RAM) and maintenance cultures 
of WI-38 human lung fibroblasts. Utilization of cytotoxicity 
bioassays has permitted ranking of toxic responses to a 
variety of industrial particulates collected by a cyclone 

sampler. 

Acute In-Vivo Test In Rodents - This assay determines 
toxicological effects of unknown compounds on rats. To 
minimize costs, subject compounds are first tested for 
quantal response, over a 14 day test period with a test 

population consisting of 10 rats. In cases where death or 
severe toxicological effects are observed, a more extensive 
test is performed with a population of 80 rats, exposed to 
varied concentrations of the subject compound. Quantitative 
data on toxicological response is collected during the 14 
day test period, including determination of Ln

50
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5.1.3.2.2 Ecological Effects Tests 

Freshwater Algal Assay: Bottle Test - This test may 
be used to quantify biological responses (as freshwater 
algal growth) to variations in concentrations of nutrients, 
and determines whether or not effluents are toxic to 
algae or inhibit their growth. · The freshwater algal bio
assay is based on the principle that algal growth rates are 
limited by the nutrient available in shortest supply, re
lative to the needs of the organism. 

Marine Algal Bioassay - Selected species of marine 
algae are exposed to subject contaminants or wastewaters and 
monitored for growth response. Marine algae are the founda
tion of the food chain in ocean ecosystems. Introduction of 
pollutants to such systems can have various impacts of growth 
rates for the many species of marine algae, thereby pro
ducing undersired changes in the food chain and populations 
of other ocean species. Marine algal bioassays provide a 
tests index to identify potentially undesirable impacts. 

Acute Static Bioassays with Freshwater Fish and 
Daphnia Magna - The vertebrate fathead minnow and in

vertebrate DapJi.J!_i~ magna are the representative freshwater 
organisms used in this bioassay. These aqµatic organisms 
are used to integrate synergistic and antagonistic effects 
of all components of subject aqueous test samples during 

the period of exposure. 

Static Bioassays with Marine Animals - Juvenile sheep

shead minnow and adult grass shrimp are the respective verte
brate and invertebrate species employed for static bioassays 
on marine animals. This method has been used to rank the 
toxicity of industrial effluents relative to other marine 

animals. 
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Stress Ethylene/Foliar Injury Plant Response - This 
test is based on plant response to environmental stress in
volving the release of ethylene. Under normal conditions, 
plants produce low levels of ethylene. By exposing plants 
to gaseous emissions and measuring the rate of ethylene 
release relative to control (normal) conditions, the stress 
ethylene release attributable to the emission can be identi
fied as a quantified response. 

Seed Germination/Seedling Growth Tests - These tests 
evaluate toxic pollutants of environmental samples that in
hibit seed germination and root elongation. The tests are 
particularly suited for aqueous effluents and aqueous leach
ates from solid samples, and have been validated for use by 
the Office of Toxic Substances. 

Soil Respiration/Nitrogen Fixation Tests - These tests 
can be performed with both liquid and solid waste materials. 
They are especially useful in assessing potential impacts 
associated with transport and landfill disposal of such 
materials. The test is based on measurement of changes in 
respiration of carbon dioxide by microbial activity of 

the soil sample and the general ability of microbes to take 
up nitrogen surrogates. 

Insect Bioassays - Insect bioassays are performed to 
measure the acute toxicity of solid, liquid or gaseous 
samples on sensitive insect species. The honeybee and 
fruitfly are currently under consideration as representa
tive insect species for employment in Level 1 biological 
testing. 
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5.1.3.3 Extrapolation From Bioassay Results 

The extrapolation of data derived from Level 1 assays 

(chemical, physical, and biological) to the environment re
quires an understanding of the limitations inherent to these 

techniques. For example, the Level 1 analyses simply provide 

a basis for differentiating the extremely hazardous waste 

streams from those which are less hazardous. Level 1 bio

assays are limited to whole-sample testing of a set of 

samples, which represent the "average" composition of solid, 

liquid, and gaseous feed or waste streams. In this context, 

it is imperative that the investigator recognize that many 

of the waste streams under study may not only be rather 

poorly characterized, but also may display a continuously 

changing chemical and physical composition (97). Thus, the 

information obtained from the prescribed bioassay is strictly 
a function of the care and skill used in controlling and 

preparing the samples for analysis, and of the quality of 

the information obtained on these samples via the supporta

tive chemical and physical assays (97). 

The information gleaned from any one of the Level 1 

bioassays is limited in scope and therefore requires that 

the minimal matrix of prescribed bioassays must be completed 

to permit a valid assessment of the test sample(s) (Level 1, 

1978). The results of the Level 1 bioassays do not permit 

the identification of the cause of toxicity or mutagenicity, 

nor do they suggest the means of controlling or mitigating 

these deleterious effects (97). Level 1 bioassays have been 

selected because they are compatible with a broad spectrum 

of materials and because they have enough sensitivity to 

detect potentially harmful substances. 

In general, the Level 2 bioassays will be selected on 

the basis of the results acquired from Level 1 analyses. 
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Greater emphasis at Level 2 is placed on confirming the 
Level 1 results, primarily through acquiring more representa
tive samples, increasing the number of replicated samples, 
and carrying out more extensive statistical evaluations of 
the data. Suggested Level 2 health effects bioassays 
include in vitro and in vivo tests to confirm the potential 
toxicity or mutagenicity detected by Level 1 bioassays. 
Thus, in Level 2 bioassays, attention can be focused on 
specific fractions or discrete components of the multimedia 
waste streams, thereby increasing the cost and complexity of 
this phase (97). Examples of Level 2 ecological effects 
bioassays include: relative phytotoxicity of selected 
airborne pollutants; bioaccumulation, and biodegradation of 
discrete components. 

The primary purpose of Level 3 tests is to accurately 
define the chronic sublethal effects of selected compounds 
and to monitor these substances in appropriate media. The 
monitoring activities referred to may include: source, 
ambient, and ecologic and human health effects monitoring. 
Suggested Level 3 health effects bioassays may include !!!. 
vivo analyses for chronic toxicity, mutagenisis, carcino
genesis, teratogenesis, and metabolism. Examples of Level 3 
ecological effects assays may include ecosystems analysis, 
mutagenicity tests on toxic substances removed by waste 
treatment facilities, and tests to establish the relative 
phytotoxicity of airborne toxicants of selected plant species 
(97). 

5.1.3.3.1 Extrapolations 

A major consideration in the establishment of the rela
tive toxicities of various pollutants is whether bioassay 
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results can be extrapolated to environmentally significant 
circumstances. Extrapolating laboratory data to man and 
other organisms in the environment requires great care. 
Susceptibility of animals to toxic agents may vary with the 
species of animal and sometimes with strains of the same 
species. Organisms may be exposed to the toxicants at 
levels much higher than those found in nature and organisms 
growing in nature under nutrient-limited conditions may be 
more susceptible to toxicity. The nonliving particulate 
matter in nature will adsorb some of the added pollutants, 
reducing toxicity. Experimental outcomes may depend upon 
dosing routes and regimes. The statistical significance of 
animal experiments may be doubtful because of the necessary 
limitations in the size of test groups. Also, the artifi
cial laboratory system does not allow for the interactions 
and synergisms that occur in the natural and work environment 
(100,101). 

The extrapolation of the toxicity of inorganic elements 
and compounds, based on laboratory data is complicated since 
the chemical form of a trace element depends on chemical and 
biological conversions in the environment (100). The toxicity 
of an inorganic element or compound is a function of several 
site specific factors and a number of receptor qualities, 

such as: 

• Test species 
• Temperature (102) 
• Water hardness 
• Turbidity 
• Carbon dioxide content 
• Dissolved oxygen 
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• Current velocity (97) 
• Salinity 
• Alkalinity (103) 

• pH 
• Stage of life cycle (102) 
• Oxidation state or chemical form of the element 

(102,103) 
• Route of entry 
• Length of exposure 
• Dietary content of interacting elements (104) 
• Age and physical condition of test organisms 
• Size of organisms 
• Humidity (102) 
• Previous exposure (105) 
• Organic complexation changes bioavailability of 

trace elements (106) 

Although many of these factors cannot be considered in 
laboratory bioassays, they can serve as points of departure 
in the design of long term population or ecosystem studies. 

The applicability of results from animal studies of 
carcinogens to the prediction of cancer in humans will be 
used as an example of how laboratory toxicity studies can be 
extrapolated to the environment; this example has been 
studied extensively and is of interest because some of the 
SRC waste streams contain known carcinogens. 

Marked differences in susceptibility to carcinogenic 
agents exist between species as well as between strains of 
the same animal species. For example, the site of origin 
and the histologic type of respiratory tract tumor depend on 
the species and strain of animal as well as the route of 
application and dose. Dose levels in animal experiments 
considerably exceed the natural levels experienced by humans. 
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Furthermore, the artificial laboratory system does not allow 
for the interactions and synergisms that occur in the natural 
and work environment. For instance, PAH carcinogensis is 
enhanced in animals when the PAH occurs in iron oxides and 
long-chain aliphatic hydrocarbons, but is inhibited by 
materials such as vitamin A and selenium (44). 

At the heart of the problem of using data from studies 
in animals is the large doses they must be given to produce 
a response discernible above the background. Whether the 
response to lower doses progresses to zero asymtotically 
with the decreasing dosage, or whether it goes quickly to 
zero as the dose is lowered is unknown (107). 

Low doses may be subjected to different pharmacokinetics 
than high doses. For example, furosemide, a diuretic, is 
excreted predominantly intact in the urine when low doses 
are given to patients. When high doses are administered, 
renal clearnace is overwhelmed causing a disproportionate 
increase in the formation of toxic metabolites which react 
covalently with macromolecules. In another example, bromo
benzene is transformed in the liver to the chemically reactive 
bromobenzene-3,4-epoxide. This molecule is detoxified en
zymatically by conjugation with glutathione. However, if 
large doses are administered, glutathione is depleted and 
the reactive metabolite reacts instead with other macromole
cules (107). 

Some criteria which indicate that nonlinear pharmaco
kinetics are applicable for describing the elimination of a 
chemical from the body are: (1) decline of the levels of the 
chemical in the body is not exponential; (2) the t 112 (bio
logical halflife) increases with increasing dose; (3) the 
area under the plasma concentration versus time curve is 
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not proportional to the dose; (4) the composition of the 
excretory products may be changed both quantitatively and 
qualitatively by dose; (5) competitive inhibition by other 
chemicals metabolized or actively transported by the same 
enzyme system is likely; (6) dose-response curves may show 
an unusually large increase in response with increasing 
dose, starting at the dose level where "saturation" effects 
become evident (107). 

For the toxicologist, the dose-response curve is of 
particular importance in assessing the risk of adverse 
effects occuring at lower doses (107). The latency for the 
development of hepatic angioscarcoma in rats is respectively, 
64, 70, 78, 81, 78, and 135 weeks for rats exposed to 10,000, 
6000, 2400, 500, 250, and 50 ppm vinyl chloride. · These 
results indicate that, at the low levels of exposure, the 
time required for induction exceeds considerably the mean 
life expectancy for rats (approximately 104 weeks). This is 
consistent with the work of others suggesting that multiples 
of a lifetime may be required for the expression of cancer 
in response to low doses of a carcinogen (107). Thus, 
extrapolation of the data obtained for rats below the range 
of exposures causing a discernible response may be expected 
to overestimate the projected incidence (107). 

Recently, the members of an FDA panel on carcinogensis 
attempted to extrapolate from the results of a dose-response 
study, using high doses of a given chemical carcinogen and 
limited numbers of animals, to the dose at which the tumor 
incidence would be one in 100 million. They found that the 
value of this dose varied according to the type of mathe
matical treatment selected for the extrapolation. This 
variation was so great that they concluded that extrapolation 
from the observable range to a safe dose has many of the 
perplexities and imponderables of extrapolation from animals 
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to man, and it would be imprudent to place excessive reliance 
on mathematical sleight of hand, particularly when the dose
response curves used are largely empirical descriptions, 
lacking any theoretical, physical, or chemical basis (108). 

Table 77 lists chemical compounds which have been 
shown to be carcinogenic to both laboratory animals and man. 
Thus, there is a clear historical indication that if there 
is strong evidence that a chemical is carcinogenic in 
appropriate laboratory animal test systems, it must be treated 
as if it were carcinogenic in man (109). 

TABLE 77. CHEMICALS FOR WHICH EVIDENCE EXISTS OF 
CARCINOGENICITY TO BOTH NONHUMAN AND HUMAN ANIMALS (109) 

Aflatoxins 
4-Aminobiphenyl 
Asbestos 
Benzidine 
Bis(chlormethyl)ether 
Cyclophosphamide 
Diethylstilboestrol 

Isopropyl oil 
Melphalan 
Mustard gas 
2-Napthylamine 
N,N-Bis(2-chloroethyl)-

2-naphthylamine 
Phenytoin 
Soot, tars & oils (PAHs) 
Vinyl chloride 

It is important to note that 4-aminobiphenyl, diethyl
stilbestrol (DES), mustard gas, vinyl chloride and aflatoxins 
were shown to be carcinogenic in laboratory animals prior to 
evidence that they were carcinogenic in man. The carcino
gens for which comparisons can be made are those already 
known to affect humans. In generalizing to other compounds, 
this selection may impose a bias, exaggerating the sensiti
vity of man relative to laboratory test systems. Other 
factors may introduce an opposite bias. For two carcinogens, 
vinyl chloride and DES, observations on man are for considera
bly less than a full lifetime so that the reported incidence 
may be a serious underestimate of the eventual total (110). 
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Some considerations which may argue for greater human 
sensitivity are listed below (110): 

• Smaller animals tend to metabolize and excrete 
foreign organic chemicals more rapidly than do 
larger animals; therefore, higher body burdens 
develop in man over the years than develop in mice 
and rats in a two-year experimental period. 

• Since chemically induced cancer is viewed as 
originating in one or a few cells, it is relevant 
that a human has hundreds of times more susceptible 
cells than a mouse or a rat. 

• A latent period intervenes between the original 
carcinogenic stimulus and the eventual manifestation 
of cancer. The cells of smaller animals replicate 
themselves at perhaps twice the rate of cells of 
larger animals such as man, and latent periods are 
longer in large animals. The human lifespan, 
however, is 35 times that of the mouse or rat; 
and this may render man more susceptible. 

• The lifetime rodent studies have serious statistical 
power problems as a result of the relatively small 
sample sizes that are dictated by economics. The 
inability of the screening experiments to detect · 
tumor increases at sites that have low baseline 
tumor rates is of particular concern; even though 
small increases are difficult to detect, they might 
have a significant health impact. For example, 
with 50 control animals and 100 treated animals 
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the probability (p) of detecting a tumor increase of 
5 percent over background (e.g., 10 percent control, 
15 percent treated) is less than 4 percent (using 
p less than 1 percent) (110). 

• Inborn errors of metabolism (i.e., genetic defects) 
in humans can produce exaggerated toxicity of "broad 
categories of chemical pollutants, relative to test 
animals ( 111). 

Table 78 shows the predicted human incidence based on 
animal experiments related to the actual incidence. This 
table indicates that materials which are carcinogenic in 
laboratory animals are quite likely to be carcinogenic in 
humans. 

TABLE 78. RELATIONSHIP BETWEEN PREDICTED AND ACTUAL 
BEHAVIOR OF HUMAN CARCINOGENS 

Benzidine 
Chloronaphazine 
Cigarette smoke 
Aflatoxin B1 DES 
Vinyl chloride 

*Population still at risk 

Predicted Human Incidence Based 
on Most Sensitive Animal Species 
According to Existing Epidemino-
logical Studies · 
same 
same 
same 
10 x greater 
50 x greater* 
500 x greater* 

5.1.3.3.2 Cocarcinogens 

Cocarcinogens are compounds which enhance the effect of 
carcinogens. By themselves they may not be carcinogenic but 
can promote multiplication of abnormal cells after initiation 
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of the conversion of a normal cell to a malignant cell by a 
carcinogen. The fact that coal tar itself is more carcinogenic 
than known individual carcinogenic compounds, suggests the 
presence of cocarcinogens. In an experiment performed in 
1967, Tye and Stemmer (44) removed the phenols from coal 
tar, similar to the phenols which comprise a major component 
of SRC process wastewaters and observed that the carcinogenic 
activity of the resulting material was significantly decreased, 
In 1969 Conzelman (44) discovered that the skin cancer-inducing 
activity of benzo(a)pyrene and of benzo(a)anthracene and known 
to be associated with SRC materials was increased 1000 times 
when n-dodecane was used as the solvent. In 1970, Laskin 
and coworkers (44) reported that inhaling benzo(a)pyrene alone 
did not produce lung cancer in rats, while inhaling sulfur 
dioxide in company with benzo(a)pyrene did produce cancerous 
tumors (44). 

The carcinogenic potential of certain PAH is greater in 
solvents such as n-dodecane and dodecylbenzene than in hydro
carbons of low molecular weight. Hydrocarbons which increase 
the rate of cancer induction by a carcinogen are capable of 
preconditioning the skin of mice to render it more responsive 
to subsequent applications of a carcinogen. The acclerating 
solvents are effective promoters of carcinogenisis initiated 
by a single application of a carcinogenic material (44). 

Some additional substances which are thought to have 
cocarcinogenic properties are phenols, long-chain hydrocarbons 
including cresols, nonionic detergents, phorbol, myristate, 
acetate, and anthralin (44). Among these substances phenols, 
cresols, and certain long-chain hydrocarbons are known tq 

be associated with SRC materials and products. 
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5.1.3.3.3 Site-Speciftc Factors 

The ambient concentration of a pollutant in the environ
ment may affect the environmental hazard potential if the 
quantity of this pollutant is increased above a certain thres
hold by the amount in the effluent stream. For example, in 
the supernatant from the fly ash slurry prepared by Olsen 
and Warren (112), the concentration of fluoride was sufficient 
to cause mottling of children's teeth. This could be a 
problem especially if such a level of fluoride should enter 
the ground waters in the western United States already 
containing up to 15 ppm fluoride. These observations serve 
as a point of departure in emphasizing the crucial importance 
of considering site-specific factors in making comprehensive 
environmental assessments. Site-specific effects such as 
water hardness, turbidity, suspended sediments, current 
velocity, co2 and dissolved oxygen levels, salinity and pH 
can affect the toxicity of pollutants to aquatic organisms 
in unpredictable ways. With reference to terrestrial environ
ments, one must contend with site-specific effects that 
include: the level of soil organic matter; the types of clay 
minerals; soil pH; soil aeration and temperature and the 
capacity of soil microbes to degrade and metabolize organic 

contaminants. 

5.1.4 Joint Site Selection and Impact Assessment Methods 

Justification for the joint use of site selection and 
impact assessment methodologies rests on the fact that it 
provides a basis for dealing with SRC systems on a holistic 
basis. The most relevant methods in current use for the 
screening and selection of potential SRC sites are discussed 
in Section 5.8.1. The most useful site selection protocols 
will include a series of successive evaluations of many 
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potential sites extending from the generic to the site-specific, 
aimed at the generation of realistic environmental impact 
statements as required by the final regulations on EIS's 
issued recently by the Council on Environmental Quality (CEQ), 
effective July 31, 1979 (113). 

Specific impacts occurring at a given SRC site may be 
assessed by use of an environmental matrix comparable to that 
shown in Figure 62. Impact models specific to any given 
impact (e.g., the expected loss of unique natural habitats) 
are recommended in order that each impact may be assessed 
independently of all other impacts. For example, the U.S. 
Department of Energy (DOE) used a community development pro
gram model to generically estimate the sociocultural end 
impacts resulting from the construction and operation of 
synfuels plants in the United States (114). Another example 
of a method for deriving a formalized, numerical ranking of 
environmental impacts is that reported by Ramsay (115). 
This method reportedly has the dual goal of not only locat
ing power plants in different regions, but also of sequenti
ally estimating the dollar value of environmental impacts in 
terms of the following environmental categories (115): 

• Geology 

• Meterology 

• Population centers 

• Seismology 

• Hydrology 

• Ecosystems 

• Land use 

• Overall costs 
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This effort is reportedly made somewhat easier by the exist
ence of federal and state regulatory standards that must be 
met on a site-specific basis. These and other factors can 
effectively establish the bottom line for the overall cost 
of compliance with existing environmental requirements 
(115). 

Attention is directed to the interesting fact that the 
impact assessment hierarchy shown in Figure 62 clearly 
embodies the general multimedia concerns of the MEG concept 
(air, water, land, etc.), with reference to the construction 
phase on the one hand, and the operational phase on the 
other hand. Implicitly, however, the MEG concept was designed 
largely for the testing and monitoring of point sources at 
operational pilot, demonstration, or commercial synfuels 
plants. Thus, the justification for the joint use of site 
selection and impact assessment methods rests on the fact 
that it provides a basis for dealing with the continuum: 

• Site selection - construction; operation; postopera
tion during the 20 to 25 year lifetime of future 
synfuels systems. 

What remains for the future is the adaptation of the 
MEG concept to include the entire continuum from site selec
tion to an operational SRC demonstration plant that would, 
under realistic operating conditions, permit the assessment 
of health and ecologic hazards concurrently with the selection, 
testing, and the redesign of equipment and operating para
meters at the same location (or site) where a commercial 
synfuels system may later be built and operated. In this 
context, the effort and cost expended on the selection of an 
appropriate site could be more readily justified. 
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S.2 Impacts on Air 

Development and commercialization of Solvent Refined 

Coal Systems creates a concern regarding the introduction of 
air pollutants into the atmosphere. This section discusses 
pollutant concentrations in waste streams, their comparison 
to existing and proposed standards, and the projected impact 
of contaminants on ambient air quality, man and the environ

ment. 

5.2.1 Summary of Air Standards and Guidelines 

s.2.1.1 Federal Requirements 

The federal air regulations pertaining to the ambient 
atmosphere, workroom atmosphere, and source emission levels 

for specific pollutants relevant to coal liquefaction pro
cesses are summarized as follows: 

Applicable regulated area 

Ambient atmosphere 

Workroom atmosphere 

Source emission level 

Title of standard 

National Primary and Secondary 
Ambient Air Quality Standards 

Occupational Safety and Health 
Administration Standards for 
Air Contaminants 

National Emission Standards for 
Hazardous Air Pollutants 

New Stationary Source Perform
ance Standards 

A summary of the implications of these standards and 
their legislative basis is presented in the following sub

sections. 
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5.2.1.1.1 National Primary and Secondary Air Quality 
Standards 

The National Primary and Secondary Air Quality Standards 
set the maximum ambient concentrations for oxidants, CO, 
N02 , so2 , nonmethane hydrocarbons, and particulate matter as 
shown in Table 79. Primary standards are set for the 
protection of health. Secondary standards are set for the 
protection of welfare which as defined "includes but is not 
limited to, effects on soils, water, crops, vegetation, 
manmade materials, and·climate damage to and deterioration 
of property, and hazards to transportation, as well as 
effects on economic values and on personal comfort and well 
being" (116). 

TABLE 79. NATIONAL PRIMARY AND SECONDARY AMBIENT 
AIR QUALITY STANDARDS 

Constituent Concentratio~ Remarks 
(micrograms/m ) 

Sulfur oxides 80 AAM.** 
primary 365 24 hr max* 

1300 3 hr max* 
Particulates 
primary 75 AGM** 

260 24 hr max* 
secondary 60 AGM** 

150 24 hr max* 
Carbon monoxide 
primary 10,000 8 hr max* 
secondary 40,000 1 hr max* 

Photochemical oxidants 
primary and secondary 160 1 hr max* 

Hydrocarbons 
primary and secondary 160 

Nitrogen dioxide 
3 hr max* 

primary and secondary 100 AAM** 
Reference conditions: Temperature = 25°C = 77°F 

Pressure = 760 nnn Hg = 29.92 in Hg 
= 1 atmosphere 

* Maximum value not to be exceeded more than once per year. 
**AAM and AGM denote the annual arithmetic mean and the annual 

geometric mean, respectively. 
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5.2.1.1.2 New Stationary Source Performance 
Standards 

New Stationary Source Performance Standards have been 
promulgated for a number of industries. This category of 
legislation prescribes standards of performance for sources 
for which construction is conunenced after publication of 
applicable standards. Since there are no existing conrrnercial 
coal liquefaction facilities, applicable regulations would 
be promulgated under this regulatory category. New Source 
Performance Standards (NSPS) for existing industries which 
have processes similar to those of a coal liquefaction 
facility are presented in Table 80. 

The term "standard of performance" means a standard for 

emissions of air pollutants that reflects the degree of 
emission limitation achievable through the application of the 
best system of emission reduction, which (taking into account 
the cost of achieving such reduction) EPA determines has been 
adequately demonstrated. EPA has not attempted to define 
averages or representative emission rates. Consideration of 

cost is applied as a modifier to avoid extremes. According 
to the Committee on Public Works, "the technology must be 
available at a cost and at a time which the Administrator 
determines to be reasonable (123). 

Individual standards are not intended to be protective 
of health or welfare effects; that is, they are not designed 

to achieve any air quality goals. The standards are designed 
to reflect the best technology for each individual source. The 
long-range goal and overriding purpose of the collective body 
of standards is to prevent new pollution problems from de
veloping. To achieve this end, the standards must be an 

incentive for technological change, and the justification for 
the standards must allow for technology transfer. 
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TABLE 80. FEDERAL NEW SOURCE PERFORMANCE STANDARDS OF 
COAL LIOVEFACTION-RELATED TECHNOLOGIES (123) 

New Stationary Sources 
Performance Standards Pollutant 

Limit of Pollutant 
Discharge Opacity 

Subpart Y--Coal Preparation 
Plants 

Thermal dryer 
Pneumatic coal cleaning 

equipment 
Processing, conveying, storage, 
transfer, loading 

Subpart D--Fossil Fuel Fired 
Steam Generators 

Generating more than 63 million 
Kcal per hr heat input (250 
million Btu/hr or 264 million 
KJ/hr) 

(When lignite or a solid fossil 
fuel containing 25% by wt. or 
more of coal ref use is burned in 
combination with other fuels, 
the standard . for nitrogen oxides 
does not apply) 

Particulates 

Particulates 

Sulfur dioxide 

Nitrogen oxide 

(continued) 

0.070 g/dscm 
0.040 g/dscm 

6 0.043 kg/10 KJ heat input 
derived from fossil fuel 

6 0.344 kg/10 KJ heat input 
derived from liquid fossil 
fuel 

0.516 kg/106KJ heat input 
derived from solid fossil fuel 

0.086 kg/106KJ heat input 
derived from gaseous fossil 
fuel 

0.129 kg/106KJ heat input 
derived from liquid fossil fuel 

0.301 kg/106KJ heat input derived 
from solid fossil fuel (except 
lignite) 

20% 
10% 

20% 

20% 

20% 

20% 



New Stationary Sources 
Performance Standards 

Subpart E--Incinerators 

Subpart J--Petroleum Refineries 
Fluid catalytic 
Cracking unit 
Catalyst regenerator, or 
Incinerator-waste 
Heat boiler 

Catalyst regenerator 

Subpart K--Storage Vessels for 
Petroleum Liquid 

(Storage capacity greater 
than 151,412 liters or 
40,000 gal) 

TABLE 80. (continued) 

Pollutant 

Particulates 

Particulates 

Carbon monoxide 

Sulfur dioxide 

Hydrocarbons 

Vapor pressure ~ 
78 to 570 mm Hg 

Vapor pressure 570 
nun Hg (11.1 psia) 

Limit of Pollutant 
Discharge 

0.18 g/dscm corrected 
to 12% co

2 

1.0 kg/1000 kg burn-off 
of coke in the catalyst 
regenerator 

0.050% by volume 

No burning of fuel gas con
taining H2S in excess of 
230 mg/dscm 

Vessel must be equipped with 
floating roof, vapor recovery 
system or equivalent 

Vessel must be equipped with 
a vapor recovery system or 
its equivalent 

Opacity 

20% 
Proposed 25% 



5.2.1.1.3 Hazardous Air Pollutant Standards 

National emissions standards for hazardous air pollu

tants are established by EPA. Standards currently exist for 
mercury, beryllium and asbestos. Although none of these is 
likely to affect SRC production, future standards for hazard
ous air pollutants may be applicable (116). 

5.2.1.1.4 Clean Air Act 

The Clean Air Act of 1970 provided EPA with the power 
to adopt and enforce air-pollution regulations. EPA then 
promulgated the National Primary and Secondary Ambient Air 
Quality Standards, setting the maximum ambient concentrations 
for various pollutants. The Clean Air Act requires that 
states submit an implementation plan which will specify the 
manner in which these standards will be achieved and maintained 
within each air quality control region. Such state implementa
tion plans could have an impact on SRC connnercial development 
by limiting industrial development in parts or all of the 

state. 

5.2.1.1.5 Designation of Attainment and Non
attainment Areas 

Every state was required to submit to the EPA by December 
6, 1977, a statement of the degree of attainment of air 

quality in each of their Air Quality Control Regions (AQCRs) 
for so2 , NOx, CO, total suspended particulate matter (TSP), 
photochemical oxidants, and hydrocarbon compounds. Any AQCR 
(or portion thereof) shown to possess air quali~y superio~ to 
that promulgated in the NAAQS for so2 and TSP will be designat
ed as a Prevention of Significant Deterioration (PSD) or 
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attainment area for these pollutants. Where the air quality 
is shown to be worse than the NAAQS, the area will be de
signated as a nonattainment area (NA). Thus, any area 
designated to PSD status within a given state will likely 
experience limited industrial development (117), potentially 
limiting the location and development of SRC facilities. 

The Clean Air Act Amendments of 1977 include comprehen
sive new requirements for the prevention of significant air 
quality deterioration in areas with air quality cleaner than 
minimum national standards. The requirements are to be in
corporated into State Implementation Plans (SIP) under the 
Act after EPA has issued guidance regulations to the states 
(Federal Register 42(212), November 3, 1977). The states 
are required to complete their revisions on the S!Ps by 

December 1, 1978. 

The 1977 amendments established three classes of clean 
air areas and set maximum allowable increases in levels of 
so2 and TSP (above baseline*) for the Class I, Class II, and 
Class III areas, as shown in Table 81. Class I increments 
permitted only minor air quality deterioration; Class II 
increments permitted moderate deterioration; Class III in
crements permitted deterioration up to the NAAQS. 

The short-term increments in all classes may be exceeded 
once per year at each location. The short-term concentration, 

thus shall be based on the second-highest measured or esti
mated concentration at a given site for calendar year 1974. 

*Baseline concentration means (with respect to any pollutant 
regulated under the Act) the ambient concentration level 
reflecting air quality as of January 6, 1975. For annual 
average concentration, this shall be based on measured or 
estimated concentrations for the calendar year 1974. 
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At present the only pollutants for which air quality 
increments have been established are so2 and particulate 
matter as shown in Table 81. Regulatory guidance for hydro
carbon/photochemical oxidants, carbon monoxide, and nitrogen 
oxides is under investigation and may proposed within two 
years. 

TABLE 81. PSD PERMITTING AGREEMENTS (117) 

Class I Class II Class III NAAQS 

(micrograms/m3)* 

so2 annual 2 20 40 80 

24-hour 5 91 182 365 

3-hour 25 512 700 1,300** 

TSP annual 5 19 37 7' 56.0** 

24-hour 10 37 75 260,150** 

*Ail 24-hour and 3-hour values may be exceeded once per year. 

**Indicates a secondary standard. 

The new amendments innnediately designated all the follow
ing as Class I areas: 

• International parks 

• National wilderness areas larger than about 2020 
hectares. 

• National memorial parks larger than about 2020 
hectares. 
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• National parks larger than 2430 hectares which were 
in existence on the date of enactment of the Clean 
Air Amendments of 1977. 

All areas in states which are not established as Class I 
(util~zing the above categories) shall be Class II areas unless 
redesignated. State governors may redesignate any area to 
Class I status. Certain areas may be redesignated to Class 
III status except those areas that are greater than about 
4047 hectares in size, as follows: 

• Existing national monuments 

• Primitive areas 

• Recreation areas 

• Wild and scenic river areas 

• Wildlife refuges 

• Lakeshores and seashores 

• Future national parks and wilderness areas. 

Areas within Indian reservations may be redesignated only by 

the applicable Indian governing body. 

There are 28 designated industries (shown in Table 82) 
that must comply with the new PSD numerical increments. 
However, regardless of their location, new sources must 

also comply with the New Source Performance Standards (NSPS), 

expressed as emission requirements for the designated source 

category. The similarity of some of these sources to synthetic 
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TABLE 82. MAJOR STATIONARY SOURCES SUBJECT TO 
PSD REVIEW 

Power plants greater than 73 million W/hr 

Specific sources greater than 91 Mg/yr any pollutant 

Power plants 

Coal cleaning plants 

Kraft pulp mills 

Portland cement plants 

Primary zinc smelters 

Iron and steel mill plants 

Primary aluminum ore reduction 
plants 

Primary copper smelters 

Municipal incinerators greater 
than 227 Mg/day 

Hydrofluoric acid plants 

Sulfuric acid plants 

Petroleum refineries 

Lime plants 

Phosphate rock processing plants 

Coke oven batteries 

Sulfur recovery plants 

Carbon black plants 
(furnace process) 

Primary lead smelters 

Fuel conversion plants 

Sintering plants 

Secondary metal produc
tion facilities 

Chemical process plants 

Fossil-fuel boilers 
greater than 73 million 
W/hr 

Petroleum storage and 
transfer facilities · 
greater than 47,695 m3 

Taconite ore processing 
facilities 

Glass fiber processing 
plants 

Charcoal production 
facilities 

Any other source greater than 227 Mg/yr any pollutant 
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fuel systems suggests that NSPS are likely for SRC facili

ties. 

5.2.1.1.6 Increment Limitations 

The PSD increment limitations shown in Table 81 repre
sent small percentages of the NAAQS concentrations for so2 
and TSP, including allowable concentrations that exceed the 
level existing at the time of the first application for a 
permit in an area subject to PSD rules (i.e., the baseline 
air quality). The baseline air quality concentrations must 
include all projected emissions from any one of the 28 major 
industrial categories which began construction before January 
6, 1975, but which did not go into operation by the time the 
baseline measurement of air quality was made (117). Emissions 
from any major facility on which construction began after 
January 6, 1975 must be counted against the maximum allowable 
increment limitation for any PSD area. State governors are 
permitted to extend exemptions in determining compliance 
with the allowable PSD ambient increments when the following 
conditions prevail: 

• Ambient concentrations are increased because of 
fuel conversion orders. 

• Increases resulting from construction or temporary 
emissions-related actions. 

• Increases resulting from conversion from natural 
gas to coal as a result of low supply. 

• Increases attributable to sources outside the U.S. 
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5.2.1.1.7 Monitoring Requirements in Nonattainment 
Areas (NA) 

Industries presently located in nonattainment areas, 
even though now in compliance, will be required to impose 
additional future controls to bring about areal compliance. 
Owners contemplating the construction of new facilities in 
NA will be required to submit baseline air quality monitoring 
data. Thus, detailed advance planning will be required. 

5.2.1.2 State Requirements 

Ambient Air Standards and Stationary Source Performance 
Standards have been promulgated by individual states as well 
as by the federal government. 

No states have as yet promulgated emission standards 
for coal liquefaction facilities. New Mexico has, however, 
promulgated such standards for coal gasification plants. 
Although frequently derived from federal standards, state 
standards may differ from federal standards by having more 
stringent requirements or by regulating additional pollutants. 
A brief summary of the environmental requirements for air 
pollutants in major coal bearing states is presented in the 
following subsections. For a more detailed summation, the 
reader is referred to the document, Environmental Standards 
Applicable to Coal ·conversion Processes (118). 

The following subsection presents a description of the 
highlights of the ambient air quality and emission standards 
for sixteen selected states, presented according to EPA 
region, as follows: III (Pennsylvania, West Virginia); IV 
(Kentucky); V, (Illinois, Indiana, Ohio); VI (New Mexico, 
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Texas); VIII (Colorado, Montana, North Dakota, South Dakota, 
Utah, Wyoming); IX (Arizona), and X (Alaska). The states 
selected were those which had the potential for supporting a 
commercial SRC facility. The critical criteria were: ade
quate coal supply, water supply, and proximity to a market 
or viable distribution system. A summary of ambient air 
standards of these selected states is given in Tables 83 and 
84. 

Table 83 compares the state standards to the National 
Primary and Secondary Ambient Air Quality Standards, while 
Table 84 presents state standards for constituent categories 
not addressed in the National Standards. State emission 
standards are found in the Appendices. 

s.2.1.2.1 EPA Region Ill (Pennsylvania and West 
Virginia) 

Pennsylvania has adopted the National Ambient Air 
Quality Standards (NAAQS). Additional ambient standards 
apply to the following contaminants (as shown in Table 84): 
settled particulates (total), lead, beryllium, sulfates (as 
H2so4), fluorides, and hydrogen sulfide). Industrial emission 
standards require a vapor recovery system for hydrocarbon 
loading equipment, and a floating roof for the hydrocarbon
water separator storage tanks. Additional emission standards 
for particulates and opacity are shown in the Appendices. 

The ambient air quality standards of West Virgnia are 
identical to the six regular criteria pollutants of the 
NAAQS. Regulations for coal preparation, drying and handling, 
and manufacturing process regulations are shown in the 
Appendix F. 
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TABLE 83. 

CoDatituent Concentration 
(micrograms/ml) 

Sulfur oxides 
primary 80 

365 
secondery 1300 

Particulates 
primary 75 

260 
secondary 60 

150 

Carbon monoxide 
primary 10,000 
secondary 40,000 

Photochemical oxidants 
primary & secondary 160 

Norulethane hydrocarbons 
primary & secondary 160 

Nitrogen dioxide 
primary & secondary 100 

NATIONAL PRIMARY AND SECONDARY AMBIENT AIR QUALITY STANDARDS 
COMPARED TO STATE STANDARnsa,b 

EPA REGIONS REPRESENTED BY SELECTED STATES 
Reaarka III IV v VI VIII IX 

PA WV KY IL IN OH NM TX co HT ND SD UT WY AZ 

AM4.c * * * * *e 60e 52 * 60e 52e 60e 60 * 60 50c,e 
24 hr 1118][d * * * * *e 260e 262 * 260e 260e 260 * 260 260c,e 
3 hr maxd * * * * f * •c,e * * *e 

AGHC * * * * * 60 f 45AAM * * 
24 hr max d 

* * * * * lSOf f 150 200g -- * 
AGMC * * * * * + f + + * + + 
24 hr max d 

* * * * * + f + + * + + 

8 hr d 
* * * * * * 9 * * * * * * * maxd 

1 hr max * * * * * 13 * * * lS * * * 

1 hr d 
* * * * * 119f 119 * * * 125 * * * max 

3 hr max d * * * * * 126f 126 * * * 125 * * * 

AM'i.c * * * * * * 94f * * *f *f ·- * * 

8Tbis table compares only those state standards that cover the same constituents and sampling time period as the National Standards. If a 
constituent regulated by the National Standards has no comparable state standard, the National Standard is considered to be in effect 
for that contaminant. State standards covering additional contaminant categories are found in the Appendices. 

x 
Al 

* 
* + 

+ 
-+ 

* .. 

.. 

• 

• 

b 0 Reference conditions for National and most state standards are as follows: Temperature ~ 25 C, Pressure ~ 760 mmHg. State having exceptions 
to these conditions are: Ohio - 21°C; South Dakota - 2ooc; Wyoming - 21°c. 

cAAK - annual arithmetic mean; AGH - annual geometric mean. 

c\tazimum value not to be exceeded more than once per year. 

eSulfur dioxide standard. 
f Several standards as listed under this category. See Appendices. 

Srtot to be exceeded 1*>re than 1% of days/year. 
* - State •tamdard same .. the National Standard. 
+ - State ~ adopted thi• Rational Secondary Standard aa a prillary standard. 
- - lfo ac.aclard exiata. 



TABLE 84. SUMMARY OF STATE AMBIENT AIR QUALITY 
STANDARDS FOR WHICH NO NATIONAL STANDARD EXIS~S 

IPA Raaiou Rapre .... tod by Selected Coel•lleartna Stete• 

lll tV v Vt VIU 

Coiut itu•nt Reaarka PA n IN Oil 1111 TX HT II)) SD WY 

J'bot~-1.cal oxidant• 4 hr ux• 79 

CJ;s}• ) 24 hr max* 40 

11o.-i.hane hydrocarbon• 24 hr aax* 33l 

<1>1ta3> 1 hr max b 200 
Jlitroaen dioxide 3 188(1102) 250 
llitro1•n oxides (µg/• ) 24 hr .. x* 

Mii 60d 262c 
715 

Sulfur dioxide (1'11/•
3

) 1 hr max 1100: 6ssP 
24 hr ave. 260 

Jlydroaon aulfide (µg/•
3

> l hr max* 139 14 0.003ppa 
1113 

1/2 hr .. ,. 42f 45f 40 
1/2 hr .,.,. 167 10• 751 70 
24 hr max 

-uced aulfur coapounda 
Cl'a/•3> 

20 ain Ult 0.003ppa 

laaetive at,fur ( .. of Mii 0.25 0.25 

503/100 c• /day) l llO. .... 0.50 0.50 

sullJ>Mlded aulfat• (µa/•3) """ 12h uh 24 ht ... 

SulfatH (p1/a
3

J 24 hr ux 
30 d•Y MX 

sulfuric acid •i•t Mii 
;~1 (1'1/•l) 24 ht ... 

l hr •JC 
•x allowed 

100 

Particulate• (u1/•
3

l ~hr .. x 100 
3 hr ux 200 
l hr u" 400 

Part tculat•• (COH/1000 LK)j 24 ht ux• 19. 7 1.3 

priury AGll l.JMll 1.3 J.3 

aecondary l mo ux* 1.6 

S.ttled particulatea MK 8 

c .. ,._2,.,,,) (du1tfall) 30 day max 15 
3 mo avek 5.3 s. 3 5.3 s• 
l mo avel 10.5 10.5 io0 

Suapaaded particulate• 24 ht ... o.oos 
(11&/•l) h Hz (ppa) l hr max 0.1 

caaeor, fluoride-HF l mo aax o.a 0.8 0.3° 0.3° 
l week max 1.6 1.6 

("g/• ) priaary 
1 day aax 2.9 2.9 
12 hr aax 3. 7 3. 7 

Total (luoridee (ao HF) 24 hr ave 0.8 o.a 0.8 

prl.urY (pg/al) 

12 mo ave 40 40 35 25 
6 ., ave 

nuor1d•• ( .. F) q ppa l mo av• 60 60 

dry wt. ba1ill) 2 mo ave 80 80 
l -.o ave 

3 30 d1ty ave 5 10 15 -vy aeta~• (µ9/a ) 
IAed (11&/• ) JO day max 0.01 

0.01 0.01 

.. rylliu• (f'&/•
3

) 10 day ave 0.01 
24 hr ave 

J ...... ,u. 1111/• ) lO day ave 0.01 
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FOOTNOTES TO TABLE 84 

* Not to be exceeded more than once per year 
a Not to be exceeded more than one consecutive four hour period per year. 
b Not to be exceeded more than one percent of the time in any three month period. 
cNot to be exceeded over one percent of the days in any three month period. 

dSecondary standard. 

eApplicable only when residential, business or commercial areas are downwind of 
the source of emissions. 

f Not to be exceeded more than twice in any five consecutive days. 

gNot to be exceeded more than twice per year. 

~ot to be exceeded over one percent of the time. 

iNot to be exceeded more than once per 24 hour period. 

jCoefficient of haze per 1000 linear meters. 

kResidential areas. 
1rndustrial areas. 

lllyalue for any 30 day period in residential areas, including l.7 Mg/km2/month 
background settled particulates. 

nSame as above, but for industrial areas. 
0 Micrograms per square centimeter per 28 days. 

PNot to be exceeded more than one hour in any four consecutive days. 

qln and on forage for animal consumption. 
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s.2.1.2.2 EPA Region IV (Kentucky and Ohio) 

The state of Kentucky air quality standards are similar 
to the NAAQS, except that standards were included for hydrogen 
sulfide (14 micrograms;m3 one hour maximum), gaseous hydrogen 
fluoride (2.86 micrograms g/m3 , 24-hour maximum), and total 
primary fluorides of 80 ppm (30 day average). Kentucky also 
has issued standards of performance for petroleum refineries 
for particulates, carbon monoxide, and sulfur dioxide. 

The ambient air quality standards of Ohio are shown in 
Tables 83 and 84. Ohio emissions standards for the storage 
of hydrocarbons are comparable-to those in other coal
producing states. Carbon monoxide emissions from the 
petroleum refinery processes must pass through an afterburner 
prior to discharge, while photochemical oxidants must be 
incinerated to a maximum of 90 percent oxidation prior to 
discharge to the atmosphere. Industrial process emission 
standards promulgated for particulates, SO , NO , hydrocarbons, x x 
CO, and photochemical oxidants may be applicable to coal 
conversion technologies. Ohio has established air quality 
priority zones; these presently do not meet EPA standards 
for SOX, NOx, and particulates. The SOX emission limit is a 

mathematical function of the total emission discharge, while 
the limit of particulate emissions is a function of the 
process throughput. 

5.2.1.2.3 EPA Region V (Illinois, Indiana and Ohio) 

Illinois has promulgated both air quality standards and 
emission standards and limitations for stationary sources. 
The Illinois air quality standards are the same as the NAAQS 
standards. The Illinois performance standards for stationary 
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sources are shown in the Appendices. The Illinois stationary 
source standards not only address the six regular criteria 
pollutants of the NAAQS, but also visible emission standards 
and sulfuric acid mist. Also addressed are organic mineral 
storage, loading, organic material, water separation, pumps 
and compressors, other discharges of organic material to the 
atmosphere, waste gas disposal, vapor blowdown, and the 
clean-up and disposal of organic materials. These standards 
are considered to be among the most comprehensive in the 
coal-producting states. 

Indiana ambient standards differ from the NAAQS only in 
having categories for sulfur dioxide and settled particulates. 
In addition, Indiana has laws controlling the storage and 
handling of volatile hydrocarbon liquids. A vapor recovery 
system, floating roof or alternative system which meets 
approval of the proper state agencies is required. Volatile 
organic liquid-water separators require either a solid cover 
or one of the vapor control methods required for storage 
systems, essentially analogous to the Illinois standards. 

5.2.1.2.3 EPA Region VI (New Mexico and Texas) 

New Mexico is presently the only state that has pro
mulgated emission standards applicable to coal conversion 
facilities, specifically coal gasification plants. Stacks 
at least ten diameters tall and equipped with enough sampling 
ports and platforms to perform accurate sampling are required. 
Particulate emissions requirements exist for briquet forming 
areas, coal preparation areas, and the gasification plant 
itself - with an additional requirement for gas burning 
boilers. Limits have been placed on dischargeable concentra
tions of sulfur, hydrocarbons, ammonia, hydrogen chloride, 
hydrogen cyanide, hydrogen sulfide, carbon disulfide, and 
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carbon oxysulfide as well. These limits are compiled in the 
Appendices, entitled "New Mexico Emission Standards for 
Commercial Gasifiers," and are stringent compared with the 
other coal-producing states. However, a review of New 
Mexico air laws pertaining to petroleum refineries reflects 
an interest in environmental preservation, not a distrust of 
new technology. Emission standards for ammonia and hydrogen 
sulfide, for example, are the same for both industries. In 
fact, refineries have additional limits on mercaptan and 
carbon monoxide not presently included in gasification 
legislation. These requirements were presented previously in 
Table 80. The ambient air criteria for heavy metals and the 
difference in dischargeable carbon monoxide concentrations 
between new and existing refineries are worthy of note. The 
ambient air quality standards of New Mexico include a heavy 
metals standards of 10 µg/m3 , and a 0.01 µg/m3 standard for 
beryllium. The New Mexico standards for the 24-hour maximum 
for particulates and sulfur dioxide are somewhat lower than 
those for the NAAQS; all others are very similar. 

The ambient air quality standards of Texas are identical 
to the NAAQS for all six of the regular criteria pollutants. 
Texas has imposed additional ambient standards for hydrogen 
fluoride gas, net ground-level concentrations for emissions 
of H2S, sulfuric acid and particulates, as shown previously 
in Table 84. Emission limits for fossil fuel steam generators 
were also issued for SOX, NOx and particulates. The emission 
rates for SOX and particulates are both functions of the 
effective stack height. Visibility requirements prohibit 
exceeding 20 percent opacity; these limits apply to 5-minute 
periods and do not include opacity resulting from uncombined 
water mists. 
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5.2.1.2.4 EPA Region VIII (Colorado, Montana, 
North Dakota, South Dakota, Utah 
and Wyoming) 

Colorado has promulgated ambient standards for sulfur 
dioxide and particulates. Of the standards of performance 
enacted for stationary sources, those applicable to petroleum 
refineries are probably most indicative of future legislation 
relevant to the SRC technology. These standards are reviewed 
in the Appendices. Other relevant Colorado legislation 
pertains to oil-water separators similar to those used in 
SRC pilot plants. One or more of the following vapor loss 
controls is required: a solid cover, a floating roof, a 
vapor recovery system, or special equipment which can demon
strate equal or superior efficiency. 

Montana ambient standards differ from the NAAQS in 
specifying sulfur dioxide standards, and in all the particu
late standards except the annual geometric mean. In addition 
Montana has promulgated standards for H2s, fluorides, settled 
particulates, lead, reactive sulfur (so3), suspended sulfate 
sulfuric acid mist, lead, and beryllium, as shown previously 
in Table 84. 

The ambient air quality standards of North. Dakota have 
been established in accordance with the state air quality 
guidelines which call for preservation of the health of the 
general public, plant and animal life, air visibility and 
natural scenery. The guidelines also require that ambient 

, 

air properties shall not change in any way which will increase 
corrosion rates of metals or deterioration rates of fabrics. 
Additionally, emissions restrictions from industrial pro
cesses exist for particulates and sulfur oxides. For parti
culates, North Dakota requires the use of the Arizona equation 
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governing process industries in that state. Sulfur dioxide 
emissions are limited to 1.3 µg/J heat input from coal. 

The ambient air quality standards of South Dakota are 
similar to, but slightly more stringent than the NAAQS. 
South Dakota has reserved the right to set emissions standards 
for any source which may be exceeding the ambient standards. 
Standards for fuel burning installations and general process 
industries are listed in the Appendices. 

The state of Utah has no ambient or new source standards 
at this time. Current federal standards are, therefore, 
applicable. The Utah Air Conservation Regulations note that 
the Utah Air Conservation Committee and the State Board of 
Health do not agree with most of the federal standards, but 
there is no indication of the types of standards these 
organizations favor. State emissions standards have been 
set for particulates requiring 85 percent control. Sulfur 
emissions must meet federal ambient and new source standards. 

Four of the six regular criteria pollutants of the 
Wyoming ambient air quality criteria (CO, hydrocarbons, NOx 
and photochemical oxidants) are identical to the NAAQS, as 
shown in Table 83. The Wyoming emission standards, shown in 
the Appendices are largely applicable to fossil fuel burning 
sources. Additional requirements have been issued governing 
hydrocarbon storage and handling. Waste disposal combustion 
systems for vapor blowdown or emergency situations are to be 
burned in smokeless flares. Pressurized tanks, floating 
roofs, or vapor recovery systems are required for the storage 
of hydrocarbons. 
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5.2.1.2.5 EPA Region IX (Arizona) 

The ambient air quality standards for Arizona for 
particulates correspond to the NAAQS secondary standard of 
60 µg/m3 (AGM) and 150 µg/m 3 (24-hour maximum). The only 
other variance in Arizona versus the NAAQS standards is the 
annual maximum value for sulfur oxides (50 versus 80 µg/m3) 
and the 24-hour maximum (260 versus 365 µg/m3). The Arizona 
air quality goals and industrial emission standards are 
given the Appendices. 

5.2.1.2.6 EPA Region X (Alaska) 

The ambient air quality standards of Alaska are consis
tent with the NAAQS, except for the particulates primary 
standard (annual geometric mean of 60 compared to 75 micro
grams/m3), the lack of a standard for hydrocarbons, and the 
addition of a 30 minute maximum standard for reduced sulfur 

3 compounds of 50 µg/m . Emission standards for fuel-burning 
equipment and industrial processes in Alaska are shown in 
the Appendices. 

5.2.2 Comparisons of Waste Streams With Emission 
Standards 

Potential point source emissions to the atmosphere from 
each of the six basic unit operations of the conceptualized 
SRC-11 system are diagrammed in Figure 63. Available char
acterization data are presented in Section 3.0. Also dis
played are emissions from auxiliary processes, which are 
categorized in terms of: 

• Those that are clearly required for realization of 
the primary functions of the system, in the center 
of the diagram 
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• Those that are incidental to the primary functions 
of the SRC system, per se (left side). 

The auxiliary processes are so divided to allow a 
clearer perception of those emissions that are most closely 
identified with the system, as against those that are con
sidered common to conventional fossil fuel systems. 

In addition to this information, comparisons are made 
in this section of certain regulated air pollutants reported 
to emanate from waste streams of two auxiliary processes 
(i.e., dust from coal preparation and particulates from flue 
gas of steam generation) which may exceed known air quality 
standards, and/or which may present potential hazards to the 
environment and human health. In Section 5.2.3 the impacts 
of certain inorganic pollutants associated with the two 
auxiliary process waste streams are discussed, while in 
Section 5.2.4 an evaluation is made of unregulated pollutants 
and their effects. 

5.2.2.3 MATEs for Regulated Air Pollutants 

Table 85 lists regulated air pollutants which may be a 
problem. Those pollutants which do not exceed the. standards 
or for which no environmental harm is predicted are not 
listed. Determinations of potential environmental hazard 
were made, based on application of MEG and SAM/IA methodo
logies. For some pollutant species, documented evidence was 
found suggesting possible environmental hazards at concen
trations below existing MATE values. In those instances 
proposed MATEs have been developed, based on evaluation 
of the documented evidence. Responsibility for official 
revision of all MATE's rests with the U.S. EPA. The 
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TABLE 85. REGULATED AIR POLLUTANTS WHICH MAY EXCEED UNKNOWN STANDARDS 
AND/OR MAY CAUSE HEALTH OR ENVIRONMENTAL HAZARD 

Pollutant 

Bari1111 

BerylliUll 

Cad,,,ium 

Carbon 1110noxide 

Projected Ur Concentration (1&1/• ) 
... to llaet frc. 
Coal ~-..ration 

Module 
Average Max1-

u.s. Coal U.S. Coal 

0.010-7.3 0.052-23. 

0.22-167. 0.45-330. 

0.0013-0.94 0.0027-2.0 

0.0013-2.3 o.01s-11. 

Due to Boiler 
nue Gas 

Average Max1-

6.0 19 

1)0. 250. 

o.ss 1.2 

).6 17. 

Health-Based 
HA'IE (Hg/al) Standud (Hg/a3

) 

z.o 

500 

2.0 

10.• 

4.0x104 

OSHA standard:SOO 

OSHA atandard:SOO 

OSHA standard : 2. 
National F.ai.ssion 
standard for hazard
ous air pollutants: 
0.01 µ.g/al, 30-day 
average 

OSHA standard:lOO 

National Primary 
and Secondary Air 
Quality Std: 1.0 x 
lo4 (8 hr) OSHA 4 standard: s.sxio 

(continued) 

C-nts 

The trivalent state of arseaic is aost toxic. 
MIOSB rec-nds that no worker be exposed to 
2 µg Aa/a3 or mare (43). 

BaO and llaC03 have cauaed reapiutory injury in 
aan. Barium stimulates all muscle types, causes 
vasoconstriction, and initially atilailates and 
then paralyzes the central nervous systea. 
BarilJlll is readily excreted, and probably non
cumliative. 

Berylli1111 is toxic through all routes of absorp
tion, but the major hazard to health is via in
halation. Berylliosis, a severe health disease 
develops fr01n chronic exposure to soluble as well 
as insoluble compounds as particulates in air. 
Apparently, the particle size of the beryllium 
dust is a critical factor with regard to its 
potential for causing berylliosis. The lowest 
toxic concentration reported for humans in 100 
µ.g/m3. The lowest dose producing a carcinogenic 
response is 1.8 g Be/ml inhaled by a mankey for 
24 hrs. NIOSH recommends that occupational ex
posure to beryllium and 1ts compounds not exceed 
2 µ.g/a3 as a time weighted average for an 8-hour 
workday. A ceiling of 2S µ.g/m3 is reco.....,nded. 
The TLV is 2 µ.g/m3. Beryllium is classified by 
ACC!II as an "Occupational Substance Suspect of 
Oncogenic Potential for Workers," based on 
liaited epideaological evidence and demonstra
tion of being or malignant growths in test 
animals. 

In the range of 0.000 to 0.062 µ.g/m
3 

there 
appears to be a significant correlation (r • 
0.76 with 26 degrees of freedom or p less than 
0.0001; i.e., less than 1 chance in 10,000 that 
the observed correlation is due solely to chance) 
between the cadmium concentration and diseases 
of the heart. In view of these dsta, the 
Illinois Institute for Environmental Quality 
reco,.,..nds a 24-hour average cadmium level of 
0.05 µg/m3. If possible, discharge of cadmiWD 
into the atmosphere should not be tolerated (43, 
47). 

Carbon monoxide asphyxiates. It has an affinity 
for hemoglobin 200-250 x that of oxygen (43). 



Pollutant 

Chroaiua 

Copper 

Fluorides 

Iron 

Lead 

TABLE 85. (continued) 
Projected Air Coucentration 

Due to Dust from 
Coal Preparation 

Module 
Average Max:ta. 

U.S. Coal U.S. Coal 

0.015-11. 0.035-26. 

0.011-8.5 0.030-23 

Due to Boiler 
nue Gas 

Average Haltt.ua 

7.3 18. 

5.l 14. 

0.070-52. 0.14-110. ~.8.6 ~-14. 

13.-9900. 30-22000. 3700. 8200. 

0.012-8. 7 0.058-43. 6.5 32. 

BealthSaased 
MATE (l!!l/-3) Standard. ( 11:a/a3) 

1.0 

200. 

2500.• 

1000. 

150.* 

OSHA standard:500 
ua/•3 (aoluble) 

OSHA standard: 
Dust: 1000. 
~: 10. 

OSHA standard:2SOO 

OSHA Standard 
10000 ,.,,,,.3 
iron-01tide fU9e 

OSHA standard: 
200 uc/m3 

(continued) 

The NIOSH reco .. endation for occupational expo
sure, considering the potential carcinogenity 
of Cr (IV) is ug/a3 (43). 

Exposura to copper may cauae irritation to the 
gaatro1ntastinal tract, aneaia, respiratory 
irritation, and eye and skin irritations. l>aaage 
to the liver, kidneys, and nervous system may 
result from exposure to copper (43). 

Fluorine at levels i;reater than 2000 µ.g/a3 acts 
as direct cellular poison by interfering with 
calci11111 -tabolisa and enzyme -chanisms. Nose
bleed, cough, other irritation of the respiratory 
tract and of the eye are usually associated with 
8-bour exposures greater than 2500 ug/a3 although 
several studies suggest soae of these effects can 
occur down to 240µ.g/ml. The results of studies 
of aluainua plants in the United States, Scotland, 
and the USSR are given in lief. 47. Levels of 0.5 
I'S ataospheric fluorine/al for 10 days is toxic 
to conifer needles. Atmaspheric fluorine levels 
of 1.8 µg/m3 is toxic to English ela, blueberry 
and apple. Airborne fluorides are injurious to 
corn, sorghum, to.atoe, soybean~, gladiolus and 
a variety of other plants. A level of 25 µg/m3 
for eatssions should prevent the adverse health 
effects to persons living near the facility; how
ever, the effect of this level on cash crops at 
some distance from the facility cannot be deter
ained at this tiae and will probably have to be 
deterained on a site specific basis. 

1976 ACGIH nv b sooo µ g/ra3 (43). 

At aabient air concentrations of 100µg/a3, sub
clinical effects of lead poisoning, including 
aild nonspecific symptoms including fatique, 
dizziness1 anorexia and basophilic stripping. 
At 1 ,.,&/•'• airborne lead produces altered 
metabolic effects. The Illinois Inatitute for 
Environmental Quality recollllll8nd~ a r.aaximum 
level of 1. 5 µ.g/ml based on a 24-hour average 
..-ple. Adjuting this for au 8-hour/day ex
po1111ra rouahly gives 4.S u.1/•3 for 8 hours 
pel none for. tiM nazt 16 houn. The 1976 
MlCIB TLV ia 1.50 p1/a3• 



Pollutant 

Nickel 

Nitrogen oxides 

TABLE 85. (continued) 
Projected Air Concentration Cu g/a3) 

Due to »u.t fro. 
Coal Preparation 

JIDdule 
Average Maz1-

U.S. Coal U.S. Coal 

0.032-24. 0.12-92. 

0.011-13 o.11-s1. 

Due to Boiler 
Plue Gas 

Average Hgt•'! 

13. 48. 

6.6 42. 

8.5xl05 8.5xl05 

11ealth-Bued 
MATE Wa/-3) Standard ( u/a3) 

5000.• 

15. 

9000.* 

OS11A standard: 
5000 µg/al 

OSHA standard: 
1000. 

0.45 lb/aa Btu 
input (Federal 
Standard) • 0.19 
µ9/joule input or 
ca. 120-200 mg/day 

(continue<l) 

c-nts 

At levels greater than 0.006 ,igJa3 aanganeee 
osi.d- signifi~tly :lucrease the catalytic 
conversion of sulfur dioside to sulfur trioside 
which, in the preaence of -iature, reault11 in 
the formation of aulfuric acid and airborne 
aulf,tes. Manpnese levals as lov as 500 
14/a can lead to eaotional instability, apathy, 
hallucinations, compulsory act11, .. scular hyper
tonia, 1111scular fatigue, and aesusl depression. 
Levels aa lov aa 20 11-g/al can lead to treaors, 
facial -•king, and reduced blinking. Levels of 
of 100 µg/-3 can lead progreesive veaknees. It 
is well to note in this regard that occupational 
esposures are uaually on a 40-hour, S-day per 
week baais, vhere off-work hours and -edends 
constitute recovery time froa the health effect 
of hazardous -teriala (43,47). 

1976 ACCill TLV is 100 µg/a3 • Workers e>cposed to 
nickel -Y develop a sensitivity to nickel and 
dermatitis. Nickel absorbed through inhalation 
•Y be associat..S with nasal, and lung cancer 
(Cleland and Kingsbury, 78). The new NIOSll 
reconaendation for occupational exposure to nickel 
ia 15 µg/ml, The value was lowered due to evidence 
of nasal and lung cancer resulting from nickel 
espoeure (43). 

Nitrogen dioxide at levels greater than S ppm 
in injesti.d aaterial or 9000µg/m3 caused corro
sion as well as irritation of skin, eyes, di
gestive tract, or lungs and decreased pulmonary 
function. At concentrations of less than 1880 
µg/m3 nitrogen dioxide caused reduced resistance 
to infection and emphysema and alveolar exten
sion in mice after one year exposure. Other 
pathological effects were noted in lungs of 
laboratory animals exposed to nitrogen oxide 
levels ranging from .£!_.1100 to 9000 µg/m3. 
These pathological effects included hyperplasia, 
bacterial dysfunction, decreased compliance 
and increaaed lung weight, hypertrophy of 
bronchial epithelium, increased breathing rate 
sustained, reduced resistance to infection. 
There is some evidence to show that prolonged 
esposure to N02 levels of 117 to 205 v.g/-3 
can contribute to increased prevalence of 
chronic bronchitis, increased incidence of 
acute lower respiratory disease and diainished 
pulmonary function in school children. Nitrogen 
di0ttide has been associated with fabric fading. 



Pollutant 

Particulates 

TABLE 85. (continued) 
Projected Air Concentration ( u.g/m3) 

Due to Duat from 
Coal Preparation 

Module Due to Boiler 
Average Maximum fiue Gaa 

U.S. Coal U.S. Coal Average Maximum 

11-68.x.104 l.l-68.x104 3.7xio6 

Health-Based 
KATE CUg/al) 

Not available 

Standard ( u gl•h 

OSHA standard: 
l.5xlo4 
NSPS :4 .Oxl04 

.Ambient Air Quality 
standard: 0.075 

(continued) 

fading. Nitrogen dioxide at levels of 940 #lg/a3 

for 10-12 days auppreased the growth of pinto 
beans and tomatoes. Navel orange yield is 
greatly reduced at 470 Ilg/ml for 240 days or 
by 470-940 µg/a3 for JS daya. An evaluation of 
all available information leads to the conclu
sion that an average annual exposure to lSO 
µg/al or re~eated two-to-three hour exposures 
to 280µg/a or about 36 days of the year can be 
associated with an increased suaceptibility to · 
respiratory infection in children (43,47). 

Although the size range given for ac.ospheric 
particulates extends from about 0.005 to SOO 
microns, the particulates froa coal combustion 
appear in a more lillllted size range. These pro
ducts tend to be found in the 0.01 to 10 micron 
range. Because this range neatly brackets the 
size defined for respirable particulates, the 
coal co.bustion particulates pose a significant 
potential for adverse human health effects (153}. 

The lungs constitute the major route of entry for 
toxic airborne particulates. The probability of 
of particle deposition and t,he anatomical posi
tion of the respiratory system in which deposi
tion occurs is primarily a function of particle 
size. 'lbose less than about .01 llicron in dia
-ter tend to behave like gases, and are 
generally not deposited in the aleveolar or 
pulmonary region, while larger particles show a 
greater tendency to deposit in the nasopharngeal 
and tracheobronchial regions. 

The main effects of particulates on plant is cost 
likely due to the reduction in light intensity, 
especially in winter. The fol'lll&tion of sooty 
deposits on leaves also reduce the rate of assi
milation of carbon dioxide. Particulates apparent
ly block the assimilation organs (stomata) of fa111 
crops; the effect is enhanced in forest trees 
becauae the pores become progresaively blocked 
with age. In fir needles that have been heavily 
dusted with fly ash, gas exchange was found to be 
inhibited by clogging 90 percent of the stomata; 
agricultural productivity wa• decreased by as 
11mcb aa 80 percent froa sulfur dioxide plus fly 
aah pollution fraa a coal-fired power plant 
lacking filter• (109). 



TABLE 85. (continued) 

Pollutant. 

l>roj~ted Air r.o.centratiou < M atm3> 
Due to Dust from 
Coal Preparation 

Module 
Average Kax1-

u. s. Coal u.s. Coal 

Due r.o llo ller 
nue Gaa 

Average Maxiaa 

Sulfur 20-15000. 32-24000. 
suspended sulfates 

sulfur dioxide 

Health-Based 
KATE (Jlg/,.l) Standard (fl g!m3) 

13000.* National Parillary 
and Secondary Aabient 
Air Qualit~ Stand
ard: 80. New 
Stationary Source 
Psrfo1"111Ance Stand
ard: 1.2 lb/106 Btu 
• ca.o.s ug/joule 
input or ca.320-530 
mg/day -

(continued) 

eo-nts 

The met form of tha sulfur ia unknown; the fora 
likely will be auspended sulfate, hydrogen or 
aulfida or sulfur dioxide are discussed below: 
'Iba Mn. ue oot available for &ll8pended sul
fates. Best judgment est1-tes baaed Oii pre
liainary studtes of 24-hour .es.n threshold 
levala for -11ggr&vati.on of cardlopu1monaey 
sY11ptom in the elderly .as veil as increased 
911ravation of aathia at 8-10 fl g/11.3 of -•pended 
sulfates. v-r.Llatoey function ln cbildten ex
po....S to suspended sulfate concentrations of 
about 8.3•ji'i/m3. It was the author's beat :judge
ment that eight or nine years of exposuTe to 
about 10 to 13 fl g/11.3 of BUBpended sulfates 1111Pt 
reduce ventilatory function. If these suspended 
sulfate exposures were accompanied by exposure 
to about 200 to 25{} fl '/ml of sulfur dioxide and 
about 100 to 150 µg/m of total suspended parti
culates, further reductions in ventilatory func
tion might be expected. Best judgement estimates 
of the threshold level for increase 1n acute 
lower respiratory tract infections in children 
was 3 years of exposure to 15 µ g/"ai3 {112). 

Significant .etal corrosion especially of zinc 
&lld steel may occur at eul.fur dioxide concen
trationa above 20 pg/ml. Concentrations above 
this level alao may adversely affect paper and 
leather produc ti. An increase ln lung can~r 
mortality bas been associated vi.th lo:J term 
mean sulfur dioxide levels of 115 l'g/m when 
compared to levels of 75µ g/m3. Studies in Mew 

York and London have shown an increase in 
mortality at so2 levels above 130 µ g/ml. Levels 
of 95 pg/m3 have been associated with aggrava
tion of symptollB in the elderly, aggravation of 
asthma, decreased lung function in children, 
increased acute lower respiratory disease in 
fa.m1li11a, increased prevalance of c.hroni.c 
bronchitis, increased acute respiratory disease 
in £Ami.lie$ and increased hospital admission 
vith respiratory illness. A best estimate of a 
maxi.mum safe l~el ts 9Sµ g/ml (112,140). 



TABLE 85. (continued) 

Pollutant 

Hydrogen sulfide 

Projected Air Concentration 
Due to Dust fr0111 
Coal Preparation 

Module 
Average Maximum 

U.S. Coal U.S. Coal 

Due to Boiler 
nue Gas 

Average Maxillum 

*For r-80IUI listed under "C:O-nts" this KAT! appean too· high. 

Health-Based 
HATE (µg/a3) 

15000.* 

Standard (11g/m3) 

OSHA standard: 
20865. 
NSPS: 6955. 

Comments 

Levels of hydrogen sulfide froa 450 to 1000 
µ~/m3 have been associated with pathological 
syndromes including increased incidence 
of decreased corneal reflex (conveyance and 
divergence), nausea, insollllia, shortness of 
breath and headaches following chronic 
exposure. Levels of only 12011g/m3 are asso
ciated with increased incidence of metal 
depression, dizziness, and blurred vision. In 
infants, chronic bydro@en sulfide exposures 
to levels of lOO-l00011g/a3 have produced a 
syndrome usually manifested as undernourish
ment, delayed growth, general weakness and 
retarded physical and neurophysical develop
Mnt. Obviously, a MATE of 100 µg/a3 would be 
more appropriate for this (43,112). 



regulated air pollutants, for which reevaluation of existing 
MATE values by US EPA is recommended, are shown in Table 86. 

TABLE 86. SUGGESTIONS FOR MORE STRINGENT MATES 
FOR REGULATED AIR POLLUTANTS 

Substance 
Present Health- 3 Based MATE (µg/m ) 

Proposed Health3 Based MATE (µg/m ) 

Cadmium 10 0.05 
Fluoride 2500 25 
Lead 150 1. 5 

Manganese 5000 20 

Nitrogen oxides 9000 110 

Sulfur dioxide 13000 110 

Hydrogen sulfide 15000 120 

Particulates Not available 1. 5 x 104 

5.2.3 Impacts on Ambient Air Quality 

The SPJ.1/IA analysis (potential degree of hazard) for 
atmospheric waste streams is given in Tables 87 and 88. The 
SAM./IA analysis indicates that on the average, aluminum, 
arsenic, chromium, iron, lithium, and silicon may represent 
an environmental or health hazard in the airborne coal dust 
which escapes the control devices from coal preparation. 
Carbon monoxide, ammonia, and carbon dioxide may represent 
an environmental hazard in the emission after treatment of 
the Stretford tail gas. No substances are emitted in toxic 
quantities from the oxygen generation plant. Environmentally 
hazardous quantities of carbon dioxide and carbon monoxide 
may be emitted from the flare. Arsenic, chromium, iron, 
sulfur dioxide, nitrogen oxides, and carbon monoxide may be 
present in environmentally significant concentrations in the 

bo.iler flue gas. 

409 



TABLE 87. SAM/IA ANALYSIS OF ATMOSPHERIC EMISSIONS 
OF COAL PRETREATMENT AND FLY ASH FROM STEAM GENERATION 

Alum11lum 
Antimony 
Ar.anic 
Barium 
Baryllium 
Boron 
Cadmium 
Calcium 
Carbon monoxide 
Cerium 
Cesium 
Chromium 
Cobalt 
Copper 
Dysprosium 
Fluorine 
Gallium 
Germanium 
Hafni11111 
Hydrocarbons 
Indium 
Iron 
Lanthanum 
Lead 
Lithium 
Magneaium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Niobium 
Nitrogen oxides 
Phosphorus 
Potasaium 
Rubidium 
S81118rium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur dioxide 
Tantalum 
Tellurium 
Thallium 
Thorium 
'tin 
Titanium 
Tungsten 
Urani11111 
Vanadium 
Zinc 
Zirconium 

Stream flow rate 
(a3/aec.), q 
Stream potential-degree 
of hazard 
lo. entries com
!'ared to MATEa 
Potential toxic u·nit 
discharge rate sum 

Potential Degree of Hazard (Health BaHd MATE) 

Duat froa Coal Png!rttion fly Aah frOll St ... Generation 
11Avara1a U.S. Colll 11iiAxi- U.S. Coal" 
Min. Max. Mip. Max. "Ay•raae U.S. Coal" "Maxilla. U.S. Coal" 

0.0023_6 
4.0xlO 
0.0049_4 
4.5xl0_4 6.3xl0_

5 l.6xl0_4 3.lxl0_
4 4.3xl0 

-7 4.4xl0_8 
l.3xl0 
0.015 -4 
l.8xl0_5 5. 7xl0_7 l.2x10_5 2.8xl0_

7 7.9xl0_5 l.Oxl0_6 l.5xl0 

l.5xl0-6 

0.013 -8 
7.8x10_5 
7.8xl0 
0.0014_4 
1. 7xl0_6 6.Sxlo_6 2.7xl0_

7 9.4xl0 
0.0011_8 

< 7 .4xl0 

9,4xl0-4 

0.0010_7 
2.lxl0_8 2.6xl0_8 5.9xl0_5 l.8x10 
0.0021_5 
l.5xl0_5 3.4xl0_5 3. SxlO 

-8 4.3xl0_
7 2.2x10_6 

5.9xl0_6 9.6xl0_7 l.8xl0_
5 8.0xl0_7 6.Sxl0_
4 2.2xl0_5 4. 7xl0_5 2.1xio_
5 l.Ox10 

387. 

0.045 

so. 

17. 

1.7* 0.0032_6 
O.OZ9 9.0xlO 
3.6• 0.016 -4 
0.33 9.0xlO 
0.47 0.0014_5 
0.012 3.5x10 
0.23 0.0015_4 
0.32 9.6xl0 

-4 -7 3.3xl0_6 6.lxl0_8 9.8itl0 2.2x10 
11* o.o3s _

4 0.14 4.5xl0_4 0.42 _
5 

l.5xl0_
7 9.3itl0 2.2xl0_5 O.OZl _

4 
5.8xl0_

6 5.9itl0 l.3xl0_5 0.0074 2.2xl0_6 0.0011 2.2x10 

0.0011 2.lxl0-6 

9.9• -5 0.030 -7 
5.8xl0 l.3xl0_4 0.058 3.9xl0 
1.1• 0.0032_4 
0.12 4.2xl0_

5 0.0048 2.5xlo_5 0.0020_4 l.3xl0_
6 7. Ol<lO 2, 2x10 

0.84 -5 0.0073_8 
<5.4xl0 <1LlxlO 

0.69 0.0014 
0.77 -4 0.0022_7 
l.6itl0_5 7.5xlo_8 l.9'<10_5 4.4xl0_7 4.4xl0 l.Oxl0_5 0.014 4.7xl0 
1.5* 0.0025_5 
0.011 6.3xl0_

4 0.025 l.7x10_5 
0.026 7.6xl0 

-s -8 3.2xl0_4 5.9xl0_7 l.7xl0_4 2.7xl0_
6 4.4xl0 5.9xlo_
5 0.0072_4 2.lxl0_7 l.3x10 4.5xl0_4 0.059 _4 l.7xlo_
7 4.8xl0 7.4xlo_4 0.16 8.lxlo_
5 0.035 9.0xl0_4 0.020 3.3xl0 

0.0078 2.0xl0-5 

387. 

33. 

so. 

13000. 

387. 

0.11 

50. 

41. 

2.4* 
0.0063 
12* 
0.67 
1.0* 
0.026 
1.1* 
o. 71 

-4 4.5xl0_5 l.6xl0 
26* 
0.33 
0.11 -4 
1. 7x10 
0.043 -4 
9.3xl0 
0.017 
0.0016 

0.0015 
22.* -s 
9.lxlO 
0.29 
2.4* 
0.31 
0.018 
0.0097 
0.0016 
5.4* -5 

< 6.lxlO 

LO* 
1. 7* -4 
5.6xl0_5 3.3xl0_5 7.4xl0 
0.035 
1.9* 
0.047 
0.13 
0.056 

-5 
4.4x10_4 
2 .OxlO 
0.0044 
0.015 -4 
3.3xl0 
0.13 -4 
5.5xl0 
0.60 
0.067 
0.24 
o.ou 

387. 

80. 

50. 

30000. 

0.76 
o.oou 
3.0* 
0.26 
0.28 
0.047 
0.36 
0.098 
l.3* 

-6 8.8xl0 
7.3~ 

0.10 
0.025 

ca.0.0002!4 2.4xl0 
0.0044_4 
6.5xl0_

3 1. 7xl0 

3.7* -5 
2.9xl0 
0.043 
0.68 
0.055 
0.0026_5 
7.6xl0 
0.0012 
0.44 

56* 
0.52 
0.41 -5 
9.2xl0 

-6 3.3xl0 
0.016 
0.68 

0.017 
0.011 
49* -s 
2.4xl0_5 1. 3xl0 
0.011 
0.0042_5 
l.8xl0 
0.035 -4 
l.8xl0 
0.088 
0.031 
0.023 
0.0014 

114.8 

130 

48 

14000. 

1.05* 
0.0064 
9.7• 
o.so 
0.60 
0.10 
1. 7* 
0.22 
l.3* 

l.Sxlo-5 
18tr 
0.25 
0.069 

.£!.. 0. 0055-4 
3.7x10 
0.0099-4 
9.4xlo_

3 1. 7x10 

8.2• 
4.4x10-s 
0.22 
1.5* 
0.14 
0.0096-4 
3. 7xl0 
0.0028 
2.8• 

56* 
0.75 
0.88 
3.3xlo-4 

l.9x10-5 
0.041 
0.84 

0.089 
0.025 
4!.1* -s 
3.3xl0_

5 1.3xl0 
0.011 
0.0090_5 
4.6x10 
0.075 
2.oxio-4 
0.32 
0.059 
0.30 
0.0018 

114.8 

160 

48 

_18000 

*Potential degre~ of hazard greater than one ,1) indicates that this 
component may be an environmental hazard. 

410 



.p... 
I-'.' .. 
I-'.' 

TABLE 88. SAM./ IA ANALYSIS OF ATMOSPHERIC EMISSIONS FROM TREATED 
STRETFORD TAIL GAS, OXYGEN GENERATION AND FLARE 

Constituent 

Ammonia 

Carbon dioxide 
Carbon monoxide 

Hydrocarbons (as 
ethane) 

Hydrogen sulfide 

Nitrogen oxides 
(as NO) 

Sulfur dioxide 

Potential 
Treated Stretford Tail 

Gas 
Health 
Based 

0.078-0.44 

87*-88* 
0.00725-3. 75* 

0.0016-0.57 

0.016-0.87 

0.88-13.* 

0.00-0.35 

Ecological 
Based 

4.0*-23.* 

0. 0024-1. 2* 

Stream flow rate (m3/sec), Q = 82.1 82.1 
Stream potential degree 92-100. 4.0-24. 

of hazard 
No. of entries compared to 7. 2 

MATEs 
Potential toxic unit dis- 7600-8400. 330.-2200. 

charge rate sum 
(m3/ sec) 

Degree of Hazard 
Oxygen 

. Generation 
Health Based 

0.086 

87.2 
0.086 

1 

7.5 

Flare 
Health 
Based 

20* 
114* 

-4 ca.4xl0 

0.131 
134 

3 

17.5 

Ecological 
Based 

38* 

0.31 
38 

1 

5.0 

*A potential degree of hazard greater than one (1) indicates that this constituent may be 
an environmental hazard. 



5.2.4 Potential Ecological and Health Effects of Un

regulated Air Pollutants 

Table 89 lists unregulated air pollutants which may 

represent an environmental hazard in the SRC technology. 
Determinations of potential environmental hazard were made, 
based on application of MEG and SAM/IA methodologies. For 

some pollutant species, documented evidence was found 

suggesting possible environmental hazards at concentrations 
below existing MATE values. In those instances proposed 
MATES have been developed, based on evaluation of the 

documented evidence. 

For titanium and vanadium, reevaluation of the MATES 
is recommended as shown in Table 90. 

TABLE 90. SUGGESTIONS FOR MORE STRINGENT MATES FOR 
UNREGULATED AIR POLLUTANTS 

Substance 

Titanium 

Vanadium 

Present Health
Based MATE 

6000 µg/m3 

500 µg/m3 

Proposed Health
Based MATE 

250 µg/m3 

20 µg/m3 

The use of bioassays for the determination of the eco

logical and health hazards of various gaseous emissions to 

the environment from the SRC main unit operations and 

auxiliary processes is underway, as reported in Section 3.0. 

However, no formal reports have been issued as yet, although 
an acute inhalation study for vapor phase exposure has been 

completed (119). In a pilot study to determine appropriate 
dose levels for skin exposures to SRC wash solvent, a sub

stantial number of the test animals developed corneal opacity 

presumably from a volatile substance transmitted from cage 
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Alu.in-

Aatbaathr-e 

lemo(a)pyrene 

U.thium 

Tit..Uum 

Vanadium 

TABLE 89. UNREGULATED AIR POLLUTANTS WHICH MAY CAUSE HEALTH OR 
ENVIRONMENTAL HAZARD 

Dust from Coal 
3 lloUer nue Health Ecological 

.Pre2aratioD Module fe.i/.• l c.a Baaed Based ......... ~ flJIJ..•)l JIA'!1I . .Nil'! 
u.s. Coal U.S. Coal -.rags llay1"'! Wg/•3> <ya/.3) C..-nt 

12-9000. 17-12000 4000. 5400. 5200. Although aluminwa is not a highly toxic element, 
large qU1111titie1 may produce deleterious effects, 
such as pulmonary fibrosis from inhalation of 
alum- r>wder. The TLV for A1203 is 5.3 mg Al 
(as Al)/• (43). 

2.8 3.6 This cOllpOund is carcinogenic and causes chroma-
zone alteratioaa. tfdtagenic and teratogen1.c to 
mice. The EPA-MIOSB adjusted ordering nUllber is 
3,314,500 based on carcinogenicity. 

1.6-10. 2.0-13. 0.02 This compound is carcinogenic and cau&es chroma-
some alterations. llltagenic and teratogenic to 
aice. 

0.032-23 0.070-52 15. 33. 22. The lithium ion is highly toxic to hUlllaOs (43). 

0.48-350. 1.0-760 210 450 6000.• Hice succumb to air levels of 10,000 µg/•3 titanium 
chloride (TiCl4) which is equivalent to 2,500 
IJ8Ti/ml. 

0.023-17. 0.045-33. 15. 30. 500• 1.0 In air 0.5 to 1.0 µg/m3 produces noticeable adverse 
effects on plants (43). Workers exposed to 200 to 
500 l'&/•3 have suffered respiratory s~toma and eye 
effects have been reported at 100 µg/m3. 

•For reasons discussed under "Comnents" we consider this MATE too high. 



to cage of the test animals. Subacute inhalation studies 
are underway to determine if corneal opacity was caused by 
the test materials (119). 

5.3 Impacts on Water 

5.3.1 Sunnnary of Water Standards 

A summary of the most stringent water quality standards, 
based on the federal and selected state, regional, and 
international standards, are described. Supplemental in
formation is presented in the Appendices. 

5.3.1.l Federal Standards or Criteria 

Federal water standards may apply to either the ambient 
level or the effluent level of the pollutant. The major 
ambient standards are the National Primary Drinking Water 
Regulations. These regulations are applicable to the public 
water systems* and specify the maximum acceptable level of 
various contaminants. Table 91 lists these National Drinking 
Water Standards, along with comparable state standards. 

Although there are no general federal water quality 
standards applicable to the national water or waterways, 
there are various water quality criteria (e.g., 1976, EPA 
Water Criteria, proposed). Criteria serve as guidelines and 
recommendations to states in setting discharge standards, 
but unlike standards or regulations, are not legally en
forceable. Pursuant to Section 304(a) of the 1977 Clean 
Water Act Amendments, EPA must develop water quality criteria 

' 

*A public water system means piped water for human consumption 
if that system: (a) has at least 15 service connections; or 
(b) serves at least 25 people daily for at least 60 days per 
year. 



TABLE 91. SUMMARY OF FEDERAL AND SELECTED STATE WATER 
QUALITY STANDARDS AND CRITERIA 

.. . . -
~· u•~ 

' ". ~- ... ~ ~ .. :: t :i :· ..... 
~t; ~IA f~ 

EPA REGIONS ll.PR£SENTED IT SELBCTED COAL-BEARING STATES 

;:a~ Q,, ~:;: nr• ..... ..,; -; ~ ;. CV 

~ .5 I j Kfd 

VII u 
d:!~t:; 

.,,,, ILd ri• 

"'" 
n• ..,.• IN co HD SD ~ ""' ,}·· ,.n 

Arsenic 0.05 0 .01 1.0 

&arh.111 1.0 0. 5 5.0 

Cad.•l.1.1• 0.01 Q.05 0.005 

Chroaillll 0.05 0.01 

Fluoride 1.4-2.4° 0.6-1. t 0 1.0 1.0 l.4 1.0 0.01° 

Lead 0.05 0.1 

Mercury 0.002 o.0005 O.(J(J()J 0.[)(}J. 0.00} 

Nitrates (oiiiS N) 10 45 8.0 4.0 l•' 45 
(.as N0

3
) 250 

Selenium 0.01 1.0 Q.00.J 

Silve:r o.os o.oos 
.._,.nia nitrogen 

(ms.•) 
1., 0.02 0.6 1 

8ot'On 
0.5 

Chloride LO 100 loo• .. 
Chroaitm (total 250 100 500 

trivalent} l.D 

+:-- CoppeT 1.0 o.cn o.os o.os 
...... Cyanide (tcttal) 0.01 0.02) 0.025 o.oi; o.oo.5- 0.021 

l.11 
(he-to) 

o.z 

Hyd ro1en sul f lde 

o.oo~q 

o.ooz9 

Iron (to ta.l) 0.3 LO 0.2q 
f dis90l ved) 0.15 

kan,sane•e o.os LO 

Mid.el l.O 

Oil ii Gt@ase 0.1 s.o 10 

Oxygen, diasolved 
(daily ave.) s.o 6.0 5.0 1 .act. 
(•.!ni11:n..1m) 5.0 4.0 5.0 •.o •.o ;.o s.o 6.0q S.br >.O 

!)ff (acceptable r.mge) 6.0-8.5 6.5-9.(l 6 .o-9.o 6.0-S'.O 6.5-8 . .) 6.5-9. 5 7 .0-8.5 6~6-8.6q 6.S-8.S &.5-a.s 6.5-8.6 6. 5-8. '; 
(aaxillum change 
caused by discharges) o.s 0.5 

l>henols 0.001 0.1 0.01 

Pho111ph&t-es 0.1 o.ooz'i 
Solids, total 2501 l<J()Gl 

(dissolved) 500 100 1000 1-000" 1000• 
(malt. 90nthly ave.} 500 

Solids (total e.uspend-ed) 30' 

Sulfate 2>0 500 

Temperature (oC) (-xi-) 23;27. 20 18.)q Z6;llt Zl; 34 t 

(aadlll)lll lncrea.e) 2.8 2 .8 z.8 
29.4 l.6;21/J 

l.l 2-8 1.1; 2 .2° 1.l;Z.8 

foxl~ /deleter to us O. l 
s.ub!iltances 

1urbJdHy lnc,-ea.ff' (JTU) 1.0 10 lo• 10 

"~ 
0.5 0.1 5.0 



Footnotes to Table 91 

* Same as EPA National Interim Primary Drinking Water Standards 
**Same as the U.S. Public Health Service Drinking Water Standard, 1962 

8?ennsylvania water quality criteria are apecif ic to the waterway and it• u•••• 
and are too varied to aummarize here 

blew Mexico water quality atandard are specific to the uae and river basin area, 
and are too varied to summarize here 

~eat Virginia water quality criteria are specific to the deaignated waterways. 
Criteria listed are for the Gauley River and tributaries 

dGeneral water quality standards 

8?ublic and food processing water supply atandarda 

£General water quality standards applicable within 500 yards of any public water 
supply intak~ in Ohio 

"»o.estic water supply criteria. It is the goal that the chemical quality of all 
Texas surface waters used for domestic raw water supply conform to the U.S. Public 
Health Service Drinking Water Standards, reviaed 1962, or lateat revi1ion. However, 
in some cases the only water source available cannot meet these atandarda and .. y 
be deemed suitable for uae as a domestic raw water supply, where the chemical 
conatituents do not poaa a potential health hazard. Numerical criteria listed, 
other than the categories of Public Health Drinking Water Standards, are applicable 
to specific waters. 

i\tontana utilizes specific water quality criteria for apecific water - use claaaifi
cation. The metal limits below are for the Clark Pork liver (aainatream) froa the 
confluence of Cottonwood Creek to the Idaho state lina 

iClass I water quality standard1 

jClass "A" water, suitable 

kw,.oming has three water classes, baaed on whether water i• or baa the potential to 
support game fish, nongame fish, or no fish (Claasaa I, II and III, raapectively) 

1t>omeatic supply 

8Industrial supply 

nAlaska baa 7 water-use classification• and criteria. Criteria listed aenerally 
rapreaent the lllOSt stringent 

0 Allowable limit depends on water temperature 

PLimit of 100 mg/l for domestic suppliea; for cold watar permanent fi•h life 
propogstion waters, total chlorine residual shall not exceed 0.02 mall 

qCold water, permanent fish life propagation waters 

r5.0 mg/l minimum in Claaa I waters; 6.0 mg/l minimwa Class II waters 

8May-November 21°c limit; December-April 23°c limit 
t 
The lower temperature limit applies to cold water fisheries and the hiaher tempera-
ture to warm water fisheries 

ul6°c limit in Class A water1; 21°c limit in Claaa B waters. Indicates the lllO•t and 
least stringent criteria 

v ClaH Al waters 
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for each of the 65 toxic pollutants (designated by (*) in 
Table 92) with recommended maximum permissible concentra
tions (where appropriate, zero). 

In contrast to the Drinking Water Regulations, the EPA 
Effluent Standards are end-of-pipe limitations. The effluent 
standards specify the maximum permissible level of contamin
ants that are acceptable in effluents discharged from a 
specific source into navigable waters without regard to the 
quality of the receiving water. They prescribe effluent 
limitation guidelines for existing sources, standards of 
performance for new sources, and pretreatment standards for 
new and existing sources. EPA effluent standards are pro
mulgated under legislation referred to generally as the 
Clean Water Act (or more specifically as the Federal Water 
Pollution Control Act [FWPCA]) along with 1972 and 1977 
amendments to the Act. 

No federal effluent regulations have yet been promul
gated relative to the commercial SRC and related coal lique
faction technologies. Federal effluent guidelines and 
standards do, however, exist for several industries having 
operations and processes similar to SRC technology; these 
include coal preparatio~ plants and storage facilities, 
petroleum refineries, by-product coking, and steam electric 
power generation. The effluent guidelines and standards for 
the above industries are summarized in Table 93. 

(1) The Best Practical Control Technology currently 
Available (BPT) which existing plants were to meet 
by July 1, 1977 (compliance deadlines were in some 
cases extended to April 1, 1979); 
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TABLE 92. TOXIC POLLUTANTS - LIST OF 129 UNAMBIGUOUS 
PRIORITY POLLUTANTS, INCLUDING THE 65 CLASSES 

OF TOXIC CHEMICALS 

Compound Name 

1. *acenaphthene 
2. *acrolein 
3. *acrylonitrile 
4. *benzene 
5. *benzidine 
6. *carbon tetrachloride (tetra

chloromethane) 

*Chlorinated Benzenes (other than 
dichlorobenzenes) 

7. chlorobenzene 
8. 1,2,4-trichlorobenzene 
9. hexachlorobenzene 

*Chlorinated ethanes (including 
1,2-dichloroethane, 1,1,1-tri
chloroethane and hexachloroethane) 

10. 1,2-dichloroethane 
11. 1,1,1-trichloroethane 
12. hexachloroethane 
13. 1,1-dichloroethane 
14. 1,1,2-trichloroethane 
15. 1,1,2,2-tetrachloroethane 
16. chloroethane 

*Chloroalkyl ethers (chloromethyl, 
chloroethyl and mixed ethers) 

17. bis(chloromethyl)ether 
18. bis(2-chloroethyl)ether 
19. 2-chloroethyl vinyl ether 

(mixed) 

*Chlorinated naphthalene 

20. 2-chloronaphthalene 

*Chlorinated phenols (other than 
those listed elsewhere; includes 
trichlorophenols and chlorinated 
cresols) 

21. 2,4,6-trichlorophenol 
22. parachlorometa cresol 
23. *chloroform (trichloromethane) 
24. *2-chlorophenol 

(continue'd) 
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*Dichlorobenzenes 

25. 1,2-dichlorobenzene 
26. 1,3-dichlorobenzene 
27. 1,4-dichlorobenzene 

*Dichlorobenzidine 

28. 3,3'-dichlorobenzidine 

*Dichloroethylenes (1,1-dichloro
ethylene and 1,2-dichloroethylene) 

29. 1,1-dichloroethylene 
30. 1,2-trans-dichloroethylene 
31. *2,4-dichlorophenol 

*Dichloropropane and dichloropro
pene 

32. 1,2-dichloropropane 
33. 1,3-dichloropropylene (1,3-

dichloropropene) 
34. *2,4-dimethylphenol 

*Dinitrotoluene 

35. 2,4-dinitrotoluene 
36. 2,6-dinitrotoluene 
37. *l, 2-d.iphenylhydrazine 
38. *ethylbenzene 
39. *fluoranthene 

*Haloethers (other than those 
listed elsewhere) 

40. 4-chlorophenyl phenyl ether 
41. 4-bromophenyl phenyl ether 
42. bis(2-chlorsiopropyl)ether 
43. bis(2-chloroethoxy) methane 



TABLE 92. (continued) 

Compound Name 

*Halomethanes (other than those 
listed elsewhere) 

44. methylene chloride (dichloro-
methane) 

45. methyl chloride (chloromethane) 
46. methyl bromide (bromomethane) 
47. bromoform (tribromomethane) 
48. dichlorobromomethane 
49. trichlorofluoromethane 
50. dichlorodifuloromethane 
51. chlorodibromomethane 
52. *hexachlorobutadiene 
53. *hexachlorocyclopentadiene 
54. *isophorone 
55. *naphthalene 
56. *nitrobenzene 

*Nitrophenols (including 2,4-
dinitrophenol and dinitrocresol) 

57. 2-nitrophenol 
58. 4-nitrophenol 
59. 2,4-dinitrophenol 
60. 4,6-dinitro-o-cresol 

*Nitrosamines 

61. N-nitrosodimehylamine 
62. N-nitrosodiphenylamine 
63. N-nitrosodi-n-propylamine 
64. *pentachlorophenol 
65. *phenol 

*Phthalate esters 

66. bis(2-ethylhexyl) phthalate 
67. butyl benzyl phthalate 
68. di-n-butyl phthalate 
69. di-n-octyl phthalate 
70. diethyl phthalate 
71. dimethyl phthalate 

*Polynuclear aromatic hydrocarbons 

72. benzo(a)anthracene (1,2-
benzanthracene) 

73. benzo(a)pyrene (3,4-benzo
pyrene) 

74. 3,4-benzofluoranthene 
75. benzo(k)fluoranthene 

(11,12-benzofluoranthene) 
76. chrysene 
77. acenaphthylene 
78. anthracene 
79. benzo(ghi)perylene (1,12-

benzoperylene) 
80. fluorene 
Bl. phenathrene 
82. dibenzo(a,h)anthracene 

(1,2,5,6-dibenzanthracene) 
83. Indeno(l,2,3-cd)pyrene 

(2,3-o-phenylenepyrene) 
84. pyrene 
85. *tetrachloroethylene 
86. *toluene 
87. *trichloroethylene 
88. *vinyl chloride (chloroethylene) 

Pesticides and Metabolites 

89. aldrin 
90. dieldrin 
91. *chlordane (technical mixture 

and metabolites) 

*DDT and metabolites 

92. 4,4 1 -DDT 
93. 4,4 1 -DDE (p,p 1 -DDX) 
94. 4,4 1 -DDD (p,p'-TDE) 

*Endosulf an and metabolites 

95. a-endosulfan-Alpha 
96. b-endosulfan-Beta 
97. endosulfan sulfate 

(continued) 
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TABLE 92. (continued) 

Compound Name 

*Endrin and Metabolites 

98. endrin 
99. endrin aldehyde 

*Heptachlor and metabolites 

100. heptachlor 
101. heptachlor epoxide 

*Hexachlorocyclohexane (all isomers) 

. 102. a-BHC-Alpha 
103. b-BHC-Beta 
104. r-BHC (lindane)-Gamma 
105. g-BHC-Delta 

*Polychlorinated biphenyls (PCB's) 

106. PCB-1242 (Arochlor 1242) 
107. PCB-1254 (Arochlor 1254) 
108. PCB-1221 (Arochlor 1221) 
109. PCB-1232 (Arochlor 1232) 
110. PCB-1248 (Arochoor 1248) 
111. PCB-1260 (Arochlor 1260) 
112. PCB-1016 (Arochlor 1016) 
113. *Toxaphene 
114. *Antimony (total) 
115. *Arsenic (total) 
116. *Asbestos (fibrous) 
117. *beryllium (total) 
118. *Cadmium (total) 
119. *Chromium (total) 
120. *Copper (total) 
121. *cyanide (total) 
122. *Lead (total) 
123. *Mercury (total) 
124. *Nickel (total) 
125. *Selenium (total) 
126. *Silver (total) 
127. *Thallium (total) 
128. *Zinc (total) 
129. *2,3,7,8-tetrachlorodibenzo

p-dioxin (TCDD) 

*Specific compounds and chemical classes as listed in the consent decree. 
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TABLE 93-. EPA EFFLUENT STANDARDS FOR COAL.LIQUEFACTION RELATED 
TECHNOLOGIES (116) 

Category 

Coal Mining (Part 
434) 

Regulations ex
pressed in mg/l 

Steam Electric 
Power Generating 
(Part 423) 

Subcategory 

A. Coal Preparation 
Plant 

Basis 

BPT 

C. Acid on Ferrugin- BPT 
ous Mine Drainage 

A. Generating Unit BPT, 
BAT, 
NSPS 

Pollutant or 
effluent 

characteristics 
Maximum for 
any one day 

No discharge of pollutants 

Iron,· Total 
Iron, Dissolved 
Manganese 
TSS 

7.0 
0.60 
4.0 

70.0 

pH all discharges 6.0-9.0 

Polychlorinated No discharge 
Biphenyl com-

Average of daily values 
for 30 consecutive 

days shall not exceed: 

3.5 
0.30 
2.0 

35.0 

1-'. Regulations con- pounds 
centrations ex
pressed in mg/l 

Steam Electric 

TSS 

Oil and grease 

Total copper from 
metal cleaning 
wastes or boiler 
blowdown 

Free available 
chlorine from 
cooling tower 
blowdown 

Materials added for 
corrosion inhibition 
in cooling tower 
blowdown 

(continued) 

100 30 

20 15 

1.0 1.0 

0.5 0.2 

No detectable amount 



Petroleum Refining 
(Part 419) 
For typical lube re
fining, (19875 m3 per 
stream • day through
put) 
(Regulations expressed 
in kg/km.3 of feedstock) 

Petroleum Refining 
(Part 419) continued 

Iron and Steel (Part 
420) 
(Regulations expressed 
in kg/kkg of product) 

Subcategorv 

'A. Topping (for 
discharges 
other than 
runoff or 
ballast) 

A. By-product 
Coke 

H. Open-Hearth 
Furance 

TABLE 93. (continued) 

Basis 

NSPS 

BAT, 
NSPS 

BAT, 
NSPS 

Pollutant or 
effluent 

characteristics 
Maximum for 
any one day 

BOD5 
TSS 
COD 
Oil & Grease 
Phenolic compounds 
Ammonia (as N) 
Sulfide 

Total chromium 
Bexa-Yalent 
chromium 

Cyanides amenable 
to chlorination 
Phenol 
Ammonia 
Sulfide 
Oil & Grease 
'ISS 

TSS 
Fluoride 
Zinc 

11.8 
8.3 

61 
3.6 
0.088 
2.8 
0.078 

0.18 
0.015 

0.0003 

0.0006 
0.0126 
0.0003 
0.0126 
0.0312 

0.0156 
0.0126 
0.0030 

Average of daily values 
for 30 consecutive 

days shall not exceed: 

6.3 
4.9 

32 
1.9 
0.043 
1.3 
0.035 

0.105 
0.0068 

0.0001 

0.0002 
0.0042 
0.0001 
0.0042 
0.0104 

0.0052 
0.0042 
0.0010 



(2) The Best Available Control Technology Economically 
Achievable (BAT or BACT) which all plants must 
meet by July 1, 1984; 

(3) The New Source Performance Standards (NSPS), 
utilizing BAT, which apply to new plants and must 
be met upon startup. 

For each industrial category regulated, the U.S. EPA 
has published one or more development documents describing 
the industry, its pollutants and wastewater flows, and the 
process technologies considered in the establishment of BPT, 
BAT, and NSPS. 

Guidelines are promulgated on a mass discharge basis, 
limiting the discharge of regulated process wastewater 
pollutants according to the scale of industrial production, 
raw material usage or similar parameter of indiyidual in
dustrial plant activity. Although the effluent guidelines 
are expressed as mass discharge units, they are derived from 
expected concentrations of process wastewater pollutants 
achievable by application of appropriate control technology. 
Further, most development documents report expected wastewater 
volumes associated with the point source discharges, 
as volume of liquid per unit of industrial activity. 
example, effluent guidelines for the by-product coke 

expressed 
For 

industry 
(subcategory of iron and steel manufacturing) are expressed 
in allowable milligrams of each process wastewater pollutant 
regulated per 1000 kilograms of product produced. By dividing 
the mass discharge effluent limitation by the wastewater 
volume per unit of industrial activity, equivalent standards 
expressed as concentration units can be calculated (120): 
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/unit of activit 
unit o act1v1ty = mg/l 

Thus, it is simple to convert mass discharge limits to 
concentration limits for each process wastewater pollutant 
of each industrial category and subcategory. 

5.3.1.2 Federal Legislation 

5.3.1.2.1 Recent Amendments to the Clean Water Act 

The 1977 amendments to the Clean Water, or Federal 
Water Pollution Control Act (FWPCA}, along with the 1972 
amendments, establish long-range national goals to limit 
point source effluent concentrations and set forth the 
principal mechanisms for the control of water pollution from 
industrial sources. Various sections of the FWPCA which may 
have regulatory impact for the development and operation of 
commercial SRC facilities are briefly summarized below, 
along with the present status of the regulation. 

Section 307(a}, Toxic Pollutant Effluent Standards, 
requires the EPA administrator to publish a list of toxic 
pollutants for which an effluent standard will be established. 
A list of 129 unambiguous priority pollutants has been 
established, based on an expansion of the original list of 
65 classes of toxic chemicals (see Table 92}. Toxic Pollutant 
Effluent Standards have, however, been established for only 
six chemicals. Formulation of aldrin/dieldrin, DDT (DDE, 
DDD}, and PCBs was prohibited outright as were discharges of 
endrin and toxaphene from formulators. Benzidine dischargers, 
and manufacturers of endrin and toxaphene were required to 
meet standards based on the best available technology. 
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Section 311, Oil and Hazardous Substance Liability, 
provides for "designation of hazardous substances" which, 
when discharged (including spills), present an imminent and 
substantial danger to the public health or welfare, and for 
"penalties for discharges" of such hazardous substances from 
onshore and offshore facilities and vessels. 

EPA proposed a hazardous spills program on March 13, 
1978 which was rejected by the courts on August 11, 1978. 
EPA had designated 271 chemicals as hazardous substances, 
classifying the substances into five categories according to 
toxicity. These rejected regulations would have provided 
different penalty and reporting requirements for discharges 
of various substances based on multiples of a "one-pound" 
unit of measure (121). 

The oil and hazardous substance liability could be of 
particular significance to the coal liquefaction technology, 
since many of the constituents in the liquefaction product 
and by-products are classified as hazardous substances. 
Section 3ll(c) of the Act stipulates the development of a 
National Contingency Plan to minimize damage to the aqueous 
environment from oil and hazardous substance discharges. 
Action plans for containment, dispersal and removal are 
required, with particular reference to the discharge of oil 
and hazardous substances which may affect natural resources 
belonging to, or under the exclusive management authority of 
the U.S. and those under the Fishery Conservation and Manage
ment Act of 1976 (122). 

Sections 301 and 304, Effluent Limitations and Guide
lines, stipulate that technology-based effluent limitations 
and guidelines are required for all pollutants, including 
toxic substances, from point-source discharges. These 
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limitations are to be accomplished in phases. Th~. first 
phase of industrial cleanup required industrial discharges 
to use best practical control technology (BPT) by July 1, 
1977. For the second phase of cleanup, the amendments 
specify three classes of pollutants: toxic, conventional and 
nonconventional. 

For the 65 classes of chemicals listed as toxic in 
Table 92, industry is required to apply BAT and be in com
pliance by July 1, 1984. Should the EPA set a toxic standard 
(under Section 307(a)) instead of BAT, industry must comply 
within 1 to 3 years after the toxic standard is set. 

The EPA must promulgate BAT regulations for any chemical 
added to the list of 65 classes of toxic pollutants as soon 
as practicable. In this case industry must comply not later 
than 3 years after the BAT regulation was set. But, if the 
EPA should set a toxic standard instead of BAT, industry 
shall comply within 1 to 3 years after the toxic standard 
was set. 

For conventional pollutants the EPA must set effluent 
limitations requiring best conventional pollutant control 
technology, and industry must comply by July 1, 1984. The 
level of pollutant control can be no less than BPT, and as 
high as BAT (122). 

The EPA, on July 28, 1978, designated the following 
four pollutants as "conventional" (123): 

• Biochemical oxygen demand (BOD) 

• Total suspended solids (nonfilterable) (TSS) 
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• Fecal coliform bacteria 

• pH (hydrogen ion) 

Three additional pollutants (shown below) were proposed on 
August 4, 1978 to be designated as conventional (123): 

• Chemical oxygen demand (COD) 

• Phosphorus 

• Oil and grease 

For all unconventional pollutants (i.e., those other 
than toxic or conventional) industry must comply with BAT no 
later than July 1, 1987. These controls are subject to 
strict waiver requirements. 

Section 306 of the Clean Water Act provides for the 
development of Standards of Perform·ance for New Point Source 
IU-scharges, giving consideration to control technology, 
processes, and operating methods, among other alternatives. 

Sections 307(b) and (c) require that Pretreatment 
Standards be promulgated for discharge of toxic substances 
and other pollutants into publicly-owned treatment works. 
These standards would prevent the discharge of any pollutant 
known to be incompatible with such treatment works. Under 
the new amendments, localities may revise pretreatment 
requirements for toxic pollutants, particularly where the 
municipal treatment works removed all or part of the toxi
cants (122). 

Section 402, the National Pollutant Discharge Elimina
tion System (NPDES), requires that the EPA, or a state 
having an EPA approved permit program, shall issue a permit 
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for the discharge of point source pollutants into navigable 
waters. The NPDES permit must also be in compliance with 
all applicable requirements under Sections 301, 302, 306 to 
308, and 403 of the Clean Water Act. 

It appears that the weakest areas in the statutory con-
trol of toxic water pollutants include the following: 

• Accidental spills 

• Nonpoint sources of overland flows 

• Stormwater runoff 

With regard to spills, further implementation of Section 311 
of the Clean Water Act may strengthen controls in this area. 
With respect to nonpoint sources of overland flows (agri
cultural, silvicultural, construction and mining runoff) and 
stormwater runoff, Section 208 programs will culminate in 
guidelines for controlling nonpoint sources. These 208 
plans will be further developed by state and local authori
ties. 

5.3.1.2.2 Proposed Revision of the National 
Pollutant Discharge Elimination Systems 

The EPA recently proposed extensive revisions to the 
National Pollutant Discharge Elimination Systems (NPDES) as 
a whole (124). In addition to overall revision, the following 
two regulations, under the NPDES were proposed: 
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(1) Requirements for spill prevention control and 
countermeasure plans (SPCC) to prevent discharges 
of hazardous substances from facilities subject to 
permitting requirements (125). 

(2) Criteria and standards for imposing best management 
practices (BMP) for subsidiary, ancillary industrial 
activities to prevent the release of toxic and 
hazardous pollutants to surface waters (126). 

Spills of SRC product could be a major ecological and health 
hazard. The above regulations could contribute control 
measures to decrease the possibility of such spills and/or 
the hazard it would present to the environment. Best manage
ment practices (BMP) refers to methods, measures or practices 
to prevent or reduce the introduction of pollutants to 
waters of the United States. BMPs include but are not 
limited to treatment requirements, operating and maintenances 
procedures, schedules of activities, prohibition of activities, 
and other management practices to control plant site runoff, 
spillage or leaks, sludge or waste disposal, and drainage 
from raw material storage. They may be imposed in addition 
to or in the absence of effluent limitations, standards or 
prohibitions. 

The SPCC plan approach used in these proposed NPDES 
regulations is similar to the one developed and used in 
EPA's oil pollution prevention regulation (127}. The SPCC 
plan would be developed by the owner or the operator of a 
facility, or by his/her engineer, in accordance with guidelines 
contained in the regulations. The plan would have to be 
certified by a registered professional engineer and be 
implemented by the owner or operator. Compliance with SPCC 
plan requirements would be established as a minimum level of 
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control for best management practices (BMP) plans. The 
failure to develop and implement an adequate BMP plan, as 
well as the discharge of pollutants in contravention of an 
adequate BMP plan, will constitute a permit violation and 
subject the permittee to enforcement action. 

5.3.1.2.3 Other Federal Statutory Requirements 
Relating to Toxic and Hazardous Water 
Pollutants 

The Clean Water Act provides a broad spectrum of mechan
isms for the control of pollutants while other federal laws 
are more narrowly drawn and focus on individual sources of 
pollution such as transportation. 

The Marine Protection Research and Sanctuaries Act of 
1972 controls the ocean dumping of matter of any kind, in
cluding radioactive materials (but excluding oil), sewage 
from vessels, and effluents regulated by FWPCA, the 1899 
Rivers and Harbors Act, or the Atomic Energy Act. Permits 
may be issued by the EPA' for the transportation and dumping 
of materials (other than radiological, chemical and biologi
cal warfare agents and dredged material) should the Admini
strator conclude that such dumping will not unreasonably 
endanger or degrade human health and welfare. 

The Resource Conservation and Recovery Act of 1976 con
trols water pollution indirectly by requiring a regulatory 
system for the treatment, storage, and disposal of hazardous 
wastes. Hazardous waste is defined as a solid waste generated 
by industrial, commercial, mining and agricultural operations 
that, because of its quantity or characteristics (e.g., 
bottom ash or fly ash containing radioactivity and suspected 
carcinogens), may be hazardous to human health or to the 



environment. Subtitle C of the 1976 Act requires the EPA 
administrator to: 

• Promulgate criteria and regulations that identify 
the characteristics of hazardous waste, and list 
particular hazardous wastes. 

• Promulgate standards, regulations, and manifests 
applicable to those who generate, transport, 
treat, store or dispose of hazardous wastes. 
These procedures will specify record keeping, 
labeling, reporting, monitoring and inspection 
practices and compliance with requirements for 
permits. Also required is the promulgation of 
guidelines to assist the development of state 
hazardous waste programs. These programs must 
fulfill the criteria of consistency, equivalency, 
and adequacy of enforcement. For example, regula
tions developed by EPA relative to transporters of 
hazardous wastes subject to the Hazardous Materials 
Transportation Act, must be consistent with the 
requirements of that Act. EPA must also integrate 
all provisions of the Resource Conservation Act 
and avoid duplication (where practicable) with the 
Clean Air Act, the Clean Water Act, Safe Drinking 
Water Act, and other acts that grant regulatory 

authority to EPA. 

The Toxic Substances Control Act (TSCA) of 1976 author
izes the EPA to require the testing of suspected chemicals 
to determine the extent of the toxicity. This broad dis
cretionary power is highly relevant to certain potentially 
toxic inorganics and organics known to occur in certain 
waste streams and products of the SRC technology. The EPA 
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administrator may prohibit or limit the disposal of a chemi
cal or a mixture of chemical substances, when he finds that 
there is a reasonable basis to conclude that a chemical 
substance or a mixture poses an unreasonable risk of injury 
to human health or to the environment as a whole. The term 
"mixture 11 is defined as a combination of chemical substances 
that is not the result of a chemical reaction. 

The major importance of TSCA is that it stands as an 
alternative statutory control, if adequate -controls cannot 
be developed for a chemical substance through the Clean 
Water or Safe Drinking Water Act (122). 

5.3.1.3 State Standards or Criteria 

A majority of states have established water quality 
standards which are applicable, for the most part, to exist
ing receiving waters of the state. These water quality 
standards for selected states are summarized and compared to 
the EPA National Interim Drinking Water Standards and the 
U.S. Public Health Service Drinking Water Standards, 1962, 
in Table 91. 

States may have also established effluent standards, 
imposing discharge limitations on various industries. In 
addition, states generally require a discharge permit from 
industrial dischargers. The primary mechanism for controll
ing effluents into receiving waters is therefore by enforce
ment of the conditions imposed by a required discharge 
permit. 
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Water quality standards highlighted in this report are 
those of the coal-producing states that may affect future 
connnercial SRC operations. The several factors that are 
determinant to the establishment of standards applicable to 
state waters of all classifications are as follows: 

States by Beneficial Mixing Stream (Use) 
EPA Region Uses Zone Classification 

III Pennsylvania * West Virginia * 
IV Kentucky * 
v Illinois * * Indiana * * Ohio * * 
VI New Mexico * 
VIII Montana * North Dakota * Utah * Wyoming * 
IX Arizona * 
x Alaska * 

5.3.1.3.1 Effluent Standards of The States 

In contrast to the federal effluent guidelines which 

apply to specific industrial categories, the state numerical 

effluent standards for the seven coal-producing states 
(Table 94) apply equally to all point source discharges. 
In some states, the effluent standards are applicable only 
for discharges to selected bodies of water. Table 94 
shows the coal-producing states that have issued numerical 
effluent standards for specific pollutants. 
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TABLE 94. NUMERICAL EFFLUENT STANDARDS OF COAL-PRODUCING STATES 

EPA REGIONS REPRESENTED BY SELECTED STATES 

III IV v VIII I 
Pollutant Maryland Virginia Kentucky Illinois Colorado Montana North Dakota 

Arsenic - - - 0.25 - Avg. /d, -
o.01a Max. 
o.016a 

Barium - - - 2.0 - - -
BOD 45(7 day 

avg.) 30 
(30 day 
avg.) 

Cadmium - - - 0.15 - Avg./d,0.018 -
Max. o.01a 

Chromium - - - 0.30(hex.) - -
Copper - - - 1.0 - Avg./d,0.05- -

o.09b 
Max. ,1.3-2. 2b 

Cyanide - - - 0.025 - - -
Fluoride - - - 15.0 - - -

Iron - - - 2.0 - Avg./d,0.3-
1.Jb 

-

Max.,l.3-2.2b 

(continued) 
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TABLE 94. (continued) 

EPA REGIONS REPRESENTED BY SELECTED STATES 

Ill IV v VIII 
Pollutant Maryland Virginia Kentucky Illinois Colorado Montana North Dakota 

Lead - - - 0.100 - Avg./d,0.3- -
o.1ob 
Max.,0.05-
o.1ob 

Manganese - - - LO - - -
Mercury - - - 0.0003 - Avg./d,0.00lb -

Max. ,o.001b 

Nickel - - - l.O - - -

Oil 30.0 - - 15.0 10. 0(7 day - -
avg.)C 
10.0(30 c day avg.) 

pH 6.0-8.5 d 6.0-8.Sc 6-9(7 day 5-10 6-9(7 day - -
avg.) avg.) 
6-9(30 day 6-9(30 
avg.) day avg.) 

Phenols - - - 0.30 - - -

Selenium - - - 1.0 - - -

Silver - - - 0.10 - - -

(continued) 
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TABLE 94. (continued) 

EPA REGIONS REPRESENTED BY SELECTED STATES 

III IV v 
Pollutant Maryland Virginia Kentucky Illinois 

Total Dissolved - - - 750-3500 
Solids 

400d 4.0c 5-34f Total Suspended 45(7 day 
Solids o.oh avg.) 

30(30 day 
avg.) 

Zinc - o.s1 - 1.0 

a For Clark Fort River only. 
b For segments of Clark Fork River. 
c . 

There shall be no visible sheen. 

dEffluent limitation. 
e . 

For the entire Chickahominy watershed above Walkers Dam. 
f Depends on body of water being discharged to 
r Municipal wastes 

~or the Rappahanock River Basin above proposed Salem Church Dam 
f Applies to all bodies of water 

Colorado 

-

• 
45(7 day 
avg.) 
30(30 day 
avg.) 

-

VIII I 
Montana North Dakota 

- -

- lOr 

Avg./d,0.01- -
:o.3b b 
Max. ,0.2-1.0 



5.3.1.3.2 State Water Quality Standards 

A comparison of the water quality standards of the 
various coal producing states is shown in Table 91, along 
with the EPA National Drinking Water Standards and the 
Public Health Drinking Wate~ Standards. In general, the 
state standards are quite similar to the two national stand
ards, although states often establish numerical and nonnumeri
cal standards for additional contaminant categories. An 
individual state may also promulgate a number of different 
water quality standards, each of which may apply specifically 
to a particular waterway or a particular intended use of 
that water (e.g., swimming, fishing, and domestic water 
supply used). Those standards pertaining to domestic water 
supply or game fish breeding waters are, as a rule, more 
stringent than, for example, those pertaining to industrial 
or agricultural uses. A comparison of two Illinois standards 
in Table 91 (the general water quality standards are the 
public food processing water supply standards) illustrate 
the application of more stringent regulation to drinking 
water. 

EPA Region III (Pennsylvania and West Virginia - Penn
sylvania water quality criteria are based upon water use and 
are applicable to specific waterways. These criteria are 
too numerous and varied to incorporate into the summary 

table. 

West Virginia has water quality criteria similar to 
those of Pennsylvania. Criteria for the Gauley River and 
tributaries were chosen for representation in Table 91 due 
to their acceptability for all.water use classifications. 
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EPA Region IV (Kentucky) - Kentucky water quality 
standards vary with stream use classification. The general 
water quality standards are shown in Table 91. 

EPA Region V (Illinois, Indiana, and Ohio) - Illinois 
general water quality standards and the public and food pro
cessing water supply standards are shown in Table 91. 
Effluent standards are given in Table 94. The rules and 
regulations indicate that dilution of the effluent from a 
treatment works or from any wastewater source is not accept
able as a method of treatment of wastes in order to meet the 
effluent standards. It is further stated that the most 
technically feasible and economically reasonable treatment 
methods should be employed to meet the specified effluent 
limitations. 

Indiana water quality standards state criteria to be 
considered when determining a mixing zone but describe no 
absolute zone, reasoning that too many variables are involved. 
The numerical criteria are limited and apply primarily to 
changes in temperature, pH and dissolved oxygen. The cri
teria also state that toxic substances shall not exceed one
tenth of the 96-hour median tolerance limit. 

Ohio water quality standards depend on water use and 
mixing zone (which is formulated for specific discharges and 
locations) rather than a generalized definition. Table 91 
presents the general water quality standards applicable 
within 500 yards of any public water supply intake in Ohio. 

EPA Region VI (New Mexico and Texas) - New Mexico water 
quality standards, specific to the water use and the river 
basin, were too numerous and varied to present in the state 
standards summary table. 
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Texas water standards consist of three parts: general 
criteria, numerical criteria and water uses. The latter two 
are highly stream-specific, similar to the Pennsylvania 
legislation. Water quality parameters and uses for the 
domestic water supply criteria are shown in Table 91. It is 
the goal that the chemical quality of all Texas surface 
waters used for domestic raw water supply conform to the 
U.S. Public Health Service Drinking Water Standards, revised 
1962, or latest revision. However, in some cases the only 
water source available cannot meet these standards and may 
be deemed suitable for us~ as a domestic water supply, where 
the chemical constituents do not pose a potential health 
hazard. Numerical criteria listed, other than the categories 
of Public Health Drinking Water Standards, are applicable to 
specific waters. It should be noted that Texas has one of 
the warmest climates among those states considered. Natural 
water temperature may exceed 96°F (37.7°C). For this reason 
the 90 degree maximum temperature suggested by the National 
Technical Advisory Committee does not .apply. A maximum 
temperature increases of 3 F0 (1.7 C0

) is permitted for fresh 
waters, 5 F0 (2.8 C0

) for saline waters. Applicable water 
quality st~ndards for various water use class categories in 
Wyoming are shown in Table 91. 

Stream quality criteria are dependent upon stream 
classification. Class "A" waters are to be suitable without 
pretreating for a variety of uses including domestic water 
supply and propagation of fish and wildlife. Such waters 
are to be free from organic substances measured by biochemical 
oxygen demand. A pH range of 6.5 to 8.5 is to maintained. 
Physical characteristics and chemical concentration standards 
are the same as prescribed by "Public Health Service Drinking 
Water Standards, 1962." 
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Wyoming water quality standards which may affect future 
commercial SRC operations are summarized in Table 91. 
Wyoming waters are classified as having potential to support 
game fish (Class 1), potential to support nongame fish 
(Class 11), or as not having the potential to support fish 
(Class III). In addition, waters designated as part of the 
public water supply must meet the most recent Federal Drink
ing Water Standards. 

EPA Region VIII (Colorado, Montana, North Dakota, South 
Dakota, Utah and Wyoming) - Both water quality standards 

and effluent limitations have been promulgated for Colorado, 
as shown in Tables 91 and 94 respectively. 

Montana's water quality policy consists of general 
water quality criteria and specific water quality criteria 
which correspond to the various water-use classifications. 
The metals limits listed in Table 91 are for the Clark Fork 
River (mainstream) from the confluence of Cottonwood Creek 
to the Idaho state line. 

North Dakota water quality 1s dependent upon water 
classification. Mixing zone guides are described in pre
ference to defining a mixing zone applicable to every situa
tion. Applicable criteria for Class I waters are shown in 
Table 91. 

EPA Region IX (Arizona) - Water quality standards for 
Arizona are established for surface waters with specific 
uses. Applicable standards for domestic and industrial 
waters are compiled in Table 91. 

EPA Region X (Alaska) - Alaska has seven water use 
classifications and criteria. The criteria listed in Table 
91 generally represent the most stringent. 
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With respect to toxic and hazardous water pollutants, 
nonnumerical standards have been proposed by Pennsylvania 
and West Virginia (EPA Region III); Kentucky (Region IV); 
Ohio (Region V); Colorado, Montana, North Dakota, South 
Dakota, Utah and Wyoming (Region VIII); and Arizona (Region 
IX). 

Numerical standards for toxic substances have been 
issued by Illinois (Region V), Montana (pegged to bioassay 
and Public Health Service Drinking Water Standards), Indiana 
(pegged to Drinking Water Standards of USPHS), Texas and 
Montana. The state of Alaska has proposed neither numerical 
or nonnumerical standards for toxic and hazardous substances. 

A comprehensive summary of various water qulaity and 
effluent standards of coal producing states is presented in 
the document, Environmental Standards Applicable to Coal 
Conversion Processes (118). 

S.3.2 Comparisons of Waste Streams with Effluent 
Standards 

The flows of effluents and accidental spills from basic 
unit operations and various auxiliary (required for and 
incidental to the SRC system) are combined and routed to the 
wastewater treatment facility, as shown in Figure 63. The 
primary focus therefore becomes the quantity and composition 
of effluents and discharges from the wastewater treatment 
facility that may eventually interact with aquatic and land 
environments. In conformity with the earlier discussion of 
emissions to the atmosphere effluents from auxiliary proces
ses are categorized in terms of: (1) those that are clearly 
required for, and (2) those that are incidental to the 
primary functions of the SRC-11 system. Streams shown in 
figure 63 are characterized in Section 3.0. 
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5.3.3 Impact on Ambient Water Quality 

Table 95 lists the concentration of water pollutants 
for which regulations are available, the applicable MATEs, 
and comments on the toxicity of each pollutant. In a few 
cases, for reasons listed as "comments", in our opinion, 
reevaluation of MATE values should be considered. In these 
cases the toxicity of this pollutant predicted by the SAM/IA 
method may be too low. Table 96 shows these MATEs and 
recommendations for proposed MATEs. Our recommendations are 
meant to be multiplied by a dilution factor before they are 
applied to the waste streams; hence, they are analogous to 
the ecological-based MATE. In order to determine the health
based MATE, simply multiply the proposed (ecological) MATE 
by 10 (i.e., the worst case dilution factor). 

Estimates of pollutant levels in the water-bound waste 
streams and elements of the SAM/IA analysis of these streams 
are given in Tables 97 and 98. The SAM/IA analysis indicates 
that aluminum, calcium, chromium, iron, manganese, mercury, 
nickel, and sulfate may be a problem in the coal pile drain
age. Mercury may be a problem in the ash pond effluent. 
Phenols, cresols, xylenols, c3-phenols, naphthalene, naph
thols, bismuth, calcium, and iron may be a problem in the 
wastewater effluent. In addition, we have indicated, in 
Sections 5.3.2 and 5.3.4, some problem areas in which the 
potential degree of hazard predicted by the MEG-SAM/IA 
approach may be underestimated. 
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TABLE 95. REGULATED WATER POLLUTANTS WHICH MAY EXCEED STANDARDS AND/OR 
WHICH MAY CAUSE HEALTH OR ENVIRONMENTAL HAZARD 

~211call le MATE Critical Cone. 
b 

FWPCA Pub He Live-
Eco- Water stock 

C<lal PU~ .Uh Pond Wastewater Be&lth loaical llrinlting Fresh Marine Surface SuplJlY Potable Drinking 
PalJ.w;,Et a11i.uu lf{lyes 'Avs. !!!::l!;·l !!!!!! !ll•ed w1se1 Water W1ter W!L!E Ii:r111:,1on in,1!r.1 Watet Water 

Alumin .... 7 .3xlOS 700-2000 150. (340.) 8.0xlO 4• 
1000* 10. 

Barium 100. 200. 125. (250.) 5000.* 2500.* 1000. 1000. 

Beryllium 10. <10. JO.• 55 .• 1000. 100. 20. 1000. 

Cadmium 4. 1. 50.• 10* 10 5. 10. 5. 100. 50. 

Chlorine l.Ox105 5000-12000 6SOO (11000) l.3xl0
6 io. 8 2S0,000 

Cnr01ll.ium 2000. 20.-45. 90 (220) 250.• 2so.• 50. s. 0.06 50 sooo. 50 20. 1000. 

Copper 1500. 20-SO 11(30) 5000.* so.• 100(1000) 20. 1. 1000. 200 1000. 10. 500. 

Iron 9x106 230-240 560(1250) 1500. 250. (300) 

~ 
~ 

Lead 10-25 2so.• so. so. 10. s. so. sooo. so. 10. 100. 

w 
6.5xl04 9.0xl.04 a. 7xl0

4 
Magnesium 1000-2000 1800(4500) 10000. 

Manganese 6.Sx104 1-10. 20.(77.) 2SO. 100. so. 10. 2. so. 2000. 10. 

Mercury 14. o. 4-38. 3. 9(19.) 10.* 250.• 2. L 5xl0-5 2. 2. 1. 

Nickel 1000. 50-70. 0.015 (0.098) 250. JO. so. s. 1. 500. 50. 

Selenium 20. 11.-16. 0.80(2.l) so.• 25 •• 10. l. 2. 10. so. 10. 10. so. 

Silver < 10. no.• 5.0• 50. I. 5. 0.5 l, 2 

Sulfur 2.&x106 
8-~~~l.6 

sulfur dioxide 2 .OxlO~ 
hydragen sulfide ~:~~~4h 4SO.h sulfate (25000) 

Zinc 5100. 40.-50. 2. SxlO 
4• 100.• 5000. 5000. sooo. 50. 25000 

pH z.s-1.e 9.4-114 S-9 

Su a pended l-182. xl03 

sol.id 

Phenol 390 5.0 soo.• l. 

ere sols 940 s.o 500. I. 

Xylenol 380 5.0 500. l. 

c3-?henols 90 s.o 500. l. 



Aluminum 

Barium 

Beryllium 

TABLE 95. (continued) 

Growth reduction in wheat and orange seedlings were reported in nutrient solutions ~on
taining lOOµg/l alUlllinum. A conc4ntration of 70 µg/l is toxic to the stickleback fish, 
Gasterosteus aculeatus (43). 

One hundredµg/l bariUll reduces the heterotrophic activity of freshwater aicroflora 
(109). 

Some varieties of citrus fruit seedlings show toxic effects at concentrations of 2.5-5.0 
µg/l beryllium (154). The 96-hour LC50 for the fathead minnow is 150 µg/l as BeCl2 in soft 
water. Nutrient solutions containing SOOµg/l beryllium reduced the growth of bush beans 
(43). 

Cad:nium Five µg/l cadmium in drinking water of rats for one year apparently results in hyperten
sion. Reproduction of Daphnia ~'Was reduced at a cadmium concentration of 0.5 µg/l. 
Five months exposure to cadmium concentrations of 0.02 to lOµg/1 increased mortality of 
crayfish, Cambarus latimanus, but had little effect on growth or temperature tolerance. 
In freshwater systems, 0.01 g/l cadlllium inhibited the growth of floating aquatic plants. 
The 200 hour LC50 for steelhead trout, Salmo gairdneri, varies from 0.9 to 1.5 µg/1 depend
ing on the age of the fish (108). The 200 hour LC50 for chinook salmon. Oncorhynchus 
tsbawytscha, varous from 1.6 to 2.3 µg/l for fish from 3 weeks to 18 months old (IV-21). 
Adult coho salmon, Oncorhynchus kisutch, show a 200 hour LC50 of 3. 3 µg/l (108). The 
grass shriap, Daphnia magna, show a 3 week LC50 of l. 7 µg/l (153). The most stringent 
state standard for cadmium is 10. The EPA Water Quality Criteria for fresh soft water 
is 0.4-4, and the criteria for fresh hard water is 1.2-12. 

Chlorine The preliainary draft of the EPA Qualit:y Criteria for water indicates that 3 ug/l chlorine 
would not hara salmonid fishes and that a level of 10 g/l should be satisfactory for 
other fishes. Lethal concentrations for brook trout, Salvelinus fontinalis; bro'WO trout, 
Salmo ~; grass shrimp, Daphnia magna; and seeweed hoppers, Ga111Darus pseudolimnecus 
ranged from 14 to 20 llg/l (43,47). 

Chro•ium Mean brood size of the marine polychate, Heanthes arenaceodentata, ill.- reduced by 12. 5 
µg chromium/liter (108). The 48-hour LC50 for the grass shrimp, Daphnia hyalina, is 22 
µg/l (108). The algae lethal level is 32-6400 µg/l (43,154). The lethal level for 
for oysters is 10-12 µg/l (43,154). 

Copper Photosynthesis of certain species of phytoplankton can be inhibited by as little as 6 µg 
Cu/l (156) and growth reduction can occur at 10 µg/l (155). Toxic effects of copper on many 
aquatic organisms range from 0.04 to lOµg/l (108,109). With many more toxic effects beioa 
noted in the range 10 to lOOµg/l (108,112). 
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TABLE 95. (continued) 

eo-e.nts 

Levels of more than 1000 µg/1 inorganic iron and compounds (as iron) are toxic to certain 
sensitive plants while animals are unaffected by levels of 100 µg/g animal. The preliminary 
draft of the EPA quality criteria for water indicates that 300 µg/l iron is satisfactory for 

iron public water supplies and that 1000 µg/l should allow fish and wildlife propagation. The 
1972 EPA Water Quality Criteria indicates that a level of SOOOµg/l is satisfactory in waters 
to be used for irrigation. Iron levels of 1.5-1.0 µg/l stimulates the growth of the algae, 
Chlorella pyrenoides (109) which can lead to eutrophication. The lowest LC50 is for 
tbe mayfly, Ephemarella subvaria, at 320 g/l for 96-hours; the .next lowest known iron con
centrations showing a biological effect is 3000µg/l which causes reproductive impairment in 
seaweed hoppers, Canlllaride, after 4 1110nths (112). 

A lead concentration of lOOµg/l inhibits 50 percent of the light-induced oxygen evolution ln 
'-"•d several species of freshwater algae (110}. The toxicity of lead to aquatic organims generally 

occurs at concentrations greater than 10 p.g/l (112). Daphnia showl!d 16 percent reproductive 
ilupainnent in 3 weeks at a concentration of 30 ~g/1 {112). Sensitive fish species (e.g., 
trout and salmon} suffer fry mortality at concentrations ranging from 10 to 1000 µg/l (112). 

Magnesium At 7200 µg/l, magnesium inhibits the growth of Botryococcus (43). The concentrations of 
calcium and magnesium in water influence the toxicity of heavy metals (43). 

Manganese 

Mer-cury 

Nick.el 

Seleniua 

Levels of 5 to 20 µg/l manganese stilllUlates the growth of the alga, Dunaliella tertiolecta, 
and inhibits the growth of Anabaena sp. and Aphanizonmenon sp. (109). 

The proposed EPA 1976 Water Quality Criteria is 2.0µg mercury/! for health protection, 0.05 
µ.g/l for protection of freshwater life and wildlife, and 0.10 µg/.l for marine life. The 
NAS/NAE 1972 Water Quality Criteria rec011111endations are essentially identical to these EPA 
1976 Water Quality Criteria. Toxic 111ercury concentrations range from 0.06 to lb µg/l 
(108,122). 

++ . 
The 96-hour LCSO is 260 gNi /1 for the stickelback. Data indicates that nickel concentra-
tions greater than 100 µ g/l may adversely affect several aquatic species. Nickel is very 
toxic to many plants especially citrus fruits; at concentrations above 0.0005µ.g/l it will 
inhibit plant growth (154). 

One microgram seleniUlll per liter in drinking water for just 8 hours one time killed ~O per
cent of Guinea pigs within 30 days (108). 
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Silver 

Sulfur 

TABLE 95. (continued) 

C.0-ts 

In .arine teleosts, 0.12µg/l silver caused significant respiratory depression (154), and 
O.lJlg/l reduces the heterotrophic activity of bacteria (109). Sea urchins, Echinoidea 
Bp., suffered delayed development and deformation at 2 g/l silver (154). Fiveµg/l is 
toxic to the stickelback, Gasterostaidae (43,154). The ca. 48 hour LC50 for tbs American 
oyster, Grassostrea virginica, eggs and adults 6 µg/l while these anilllals suffered 
100 percent 1110rtality at 10 µg/l. Rainb<)w trout, Salmo gairdneri, showed 94 percent 
llDrtality in recently hatched fry and retarded growth and development (154). The LC50 
forthe mayfly, Ephemerella grandis, is less than l g/l (108) while the TL50 for the 
atonefly is 4-9 Jig/I (108). 

The exact form of the sulfur in the waste streams is not known. Hydrogen 
sulfide i& toxic to bullgills at concentrations of l µg/l. The 96 hour 
LC50 for northern pike, Esox lucius, is 17 to 32 µg/l (43). 

Zinc Tadpoles suffered stunted growth and shO'Wed no evidence of limb buds when exposed to 
5.4 µg zinc/I (108). Levels of 6.5 µg/l zinc sti.laulate the growth of microflora, 
Chlorella pyrenoidosa (112). Levels of 10 to 100 µg/l zinc is toxic to grass 
shrillp, Daphnia .!!!!B!!!. (112); chinook sal1110n, (112); rainbow trout, Sala> gairdeneri 
(43), unicellular green algae, SelanastrQm capricornatU1B (108); marine algae, 
Skeletonema costatua (108), and minnows, Phioxinus phoxinus (108). 

pH 

Suspended 
solid 

Phenol 

In general, pH levels below 5 cause severe changes in c011111unities of microdecomposers, 
algae, aquatic microphytea, zooplankton, and benthos.. The grasa shrimp, Daphnia 
pulex does not reproduce successfully below pH 7.0, but it can tolerate a pH as low as 
4.3 (112). No snails were found in 832 lakes at pH values lass than 5.2; snails were 
rare in the range pH 5.2-5.8 and occurred less frequently in the pH range 5.8-6.6 than 
in 110re neutral or alkaline water {108). Many fish species including small mouth, 
Micropterus doloaieui, walleye, Stizostedion ~; and burbot, Lota lota (108). A 
pH range of 6.0 to 8.3 should not be hazardous to livestock. 

The preliminary draft of the EPA Quality Criteria for water indicates that a suspended 
solid level of 25,000µg/l will allow fieh and wildlife propagation (157). 

The green algae, Chlorella vulgaris, gre~ abnormally during chronic exposure to lOµg/l 
phenol/I (158). Concentrations of phenol as low as 79"µg/l is reported toxic to some 
minnows (43). The EPA recomnends a level of l µ.g/l to protect against fish flesh 
tainting. 

See cresol. 

See cresol. 



TABLE 96. REGULATED WATER POLLUTANTS FOR WHICH 
THE PREDICTED ENVIRONMENTAL HAZARD MAY BE TOO LOW 

Present MATE (Mg/l) Proposed (Ecological) 
Pollutant Health Based Ecological Based MATE (ug/l) 

Aluminum 8.0xlO 4 1000. 100. 

Barium 5000. 2500. 100. 

Beryllium 30. 55. 2.5 

Cadmium 50. 1.0 0.01 

Chloride l.3xl0 6 3. 

Chromium 250. 250. 10. 

Copper 5000. 50. 1. 

Lead 250. 50. 10. 

Mercury 10. 250. 0.05 

Selenium 50. 25. 0.5 

Silver 250. 5.0 0.1 

4 100. 5. Zinc 2.5xl0 

Phenols 5. 500. 10. 
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TABLE 97. SAM/IA ANALYSIS OF AQUEOUS EFFLUENT OF THE 
HYDROTREATING MODULE, PHENOL RECOVERY MODULE, AND BIO-UN:T 

Potential Degree of Hazard 

Bidrotreating Module Phenol Recove!l: Module Bio-Unit Effluent 
Health Ecological Health Ecological Health Ecological 

Material Based Based Based Based Based Based 

A...nia S.2xl0 3* 2.6xto5* 6400. * 3.2xl05 

Biphenyl 0.0020-0.0073 
Cresols 188.* -5 1.88* 
C2-Anthracene l.2x10 
CJ-PheDOls 18.* s 0.18 
Diaethylnaphthalene 1.Sx32.9xlQ5 Fluoranthene 4. 3-45.xlO 
Hydrocarbon (as 0.0073 
ethane) 

i.2xio6* l.2xto6* Hydrogen sulfide 510.* 520.* -5 1-Isopropyloaphthalene 9.4-32.9xl0_5 
2-Iaopropylnaphthalene 3. 2-11. SxlO 
Naphthalene 0.0011 8.1* 
Naphthols (<>-, 13 -, 60.*-580* 0.6-5.8• 
methyl-) 4* 

Phenol 2.4xl0 240.* 78.* 0.78 
Pheoanthrene/anthracene 0.010 -5 
Pyrene 6.9xl0 
Xylenol 76.* -s 0.76 
Tetralin 2.SxlO 0.05 
Quinoline 

Ho<o,1,n<nolln• 1 
Dimethylquinoline 0.0-0.4 
Ethylquinoline 
Benzoquinoline 
Hethylbenzoquinoline 0.0-0.12 
Tetrahydroquinoline 0.0-0.65 
Isoquinoline 0.0-0.65 

'°"ol• } Hetylindole 0.0-0.16 
Dimethylindole 
Benzoindole 
Kethylbenzoindole 

Stream flow rate (l/sec) Q - 9.2 9.2 6 0. 034 7 0.03476 36.6 36.6 
Stream degree of hazard: 5700 l.4xl0 3.lxl04 l.5xl0 420-940 13-18 
No. of entries compared 2 2 4 3 19 7 
to MATEs 

S.2xl04 1.8x107 
1.lx10

3 5.3xl04 l.5(3.4)x104 
Toxic unit discharge sum: 480-660 

*A potential degree of hazard greater than one (1) indicates that this component may represent a 
significant environmental hazard 



TABLE 98. SAM/IA ANALYSIS OF AQUEOUS. EFFLUENT FROM COAL PILE DRAINAGE, ASH 
POND EFFLUENTE AND WASTEWATER 

Potential Degree of Hazard 
Ash Pond Waetevatar• 

Coal Pile Dra1D&1e• Effluent Health leological 
!!l~•,H)i llea)§h .... l52l21&s•l ll•ed Health Baaed laeed Baaed 

AllllldlWD. 9.1*(15.*) 730.*(1200.*) 0.021-0.025 0.0031(0.0042) 0.25(0.34) 
"->nia 0.038(0.098) 2.0*(5,l*) 
Arsenic 0.0014(0.0014) 0.20(0.20) 0.020-0.048 0.0013(0.0044) 4 0.0066(0.022) 
Antimony 4.4x10-7(2.7xl.O-} l. 6x10-5 (<0. l). 
Bari.Wll 0.04(0.04} 0.20(0.20) 0.040 0.025(0.050) 0.052(0.10} 
Beryllium 0.33(0.33) 0.18(0.18) 0.33 
Biamut:h 5.2* 
Cadllrl.Ulll 0.080(0.12} 4.0*(6.0*) 0.02 
Calciua 1.2•(1.5*) 19.*(22.*) 0.363-0.479 0.35(0.74) -9 S.3*(12.*) 
CeriWll 5.3(7 .2)xlo_6 
Cesium 4. 3(7. 2)xl0 
Chlodde 0.071(0.37) 0.0050(0.0085) 
Cnromium 8.•(63.*) B.•(63.*) 0.084-0.172 0.36(0.88) -6 0.36(0.88) 
Cobalt 2.3(540.)xlO 6.8(1640)x10 
Copper 0.30(0.68) 30.*(68.*) 0.04--0.10 0.0022(0.0060) 0.22(0.60) 
Gallium. 3.5(5.7)xl0-5 
Hafniua 

36000. *(3. 7x105) 
2.9{4.3)x10-lO 

Iron 6000.*(6200.•) 0.153-0.160. 0.37(0.83) 2. 2*(5. O*) 
Lantflanum 4* 

J.9(5.9)x10-ll 
.i:-- Lead 0. 064 (3300. *) 0.32{1. 7xl0 ) 0.040-0.10 ..... Magnesium o. 72(1. 9*) o. 75(2.0*) 0.011-0.022 0 .020 (0.050) 0.21(0.05) 
\0 Manganese 272.1•(440. *) 680.*(1100. *) 0.040 0.080(0.31) 0.20(0. 77) 

Mercury 1.4*(2. 7*) 0.056(0.11) 0.040-3.S 0.39(1.9*) 0.01&(0.01&) 
Nickel 4.3•(7.4*) 100.*(170.*) 0.217-0. 304 6.5x10-5co.os6) 0.0015(1.3*) 
Phosphorus 0.048(0.()80) 1440.*(2400.*) 
Potasaiwn 0.050(0.11)_9 0.065(0.14) 
Bubidium l.4(4.9)xl0 -11 
Samarium 9.0(15.l)xlo_

10 
Scandiua 1.6(125. )xlO 
Selenium 0.40(0.60) 0.80(1.2") 0.22-0.32 0.16(0.040) o.032co.084) 
Silicon 0.61(0.61) 
Silver 0.04 
Sodium 0.84(1.6*) 0.15(0. 76) -4 
Strontium 7.4{15.9)xl0 
Sul.fide 170. *(170. *) 5800.*{SSOO.*) -9 
Tantalum 2.9(4.0)x10_8 
Thorium 1.9(4.0)xlO 
Titanium 0.01(0.0l) 3. 7*(3. 7*) 0.0013(0.0030) 0.44(1.0*) 
Vanadium 4.8(9.6)xl0-4 0.0080(0.016) 
Zinc 0.20(0.92) 51.*(230.*) 0.001-0.002 i . &itl o-6 _

4 
4.0xio-4 

Zirconium 3.J(6.4)x10 

Stream flow rate 
(l/sec) q • .£!!.-1.0 £!_.1.0 Not estimated 36.6 36.6 

Stream degree of 
4 • .S(40)xl0

4 
hazard " 6500.{66000.) l.7-6.0 7.1-11. 9.3-22. 

No. of entries com- 24 20 17 34 19 
t1ared to MATEs 

~.4 • .5(40)xl04 
Toxic unit discharge £!·6.SOO(ca.66000) 260.-400. 340.-800. 

•um 
*A potential degree of hazard greater than one (1) indicates that this component may represent an_ 
environmental hazard. 

a " 
Numbers ln parenthesis based on maximum, other numbers based on average~ 



5.3.4 Evaluation of Unregulated Pollutants and Bioassay 
Results 

Table 99 shows two pollutants for which standards do 
not exist. The SAM/IA analysis indicates that these two 
pollutants may cause problems in the coal pile drainage. No 
other unregulated pollutants have been projected to represent 
an environmental hazard. 

The use of bioassays for the prediction of ecological 
and health hazards of various effluents to the environment 
from the SRC main unit operations and auxiliary processes is 
underway, as reported in Section 3.0. Bioassay results re
ported to date, however, are limited to studies of the 
toxicity to fish of acid and neutral leachates from the SRC
mineral residue from Kentucky No. 9 coal. Both the undiluted 
acidic (pH 5.6) and neutral leachates of SRC-mineral residue 
caused the death of one to six day-old fathead minnows 
during 96-hour exposures. Survival was ensured only with a 
1:10 dilution of either leachate (42). From these data it 
was not possible to determine which inorganic constituent(s) 
caused fish death; however, toxic levels of Al, Cr, Cu, Ni 
and Zn were present in the acid leachate (42). 

5.4 Impacts of Land Disposal 

5.4.1 Summary of Final Land Disposal Standards 

5.4.1.1 Federal Regulations 

On February 1, 1978 the U.S. Environmental Protection 
Agency promulgated, under Section 3006a, Subtitle C of the 
Solid Waste Disposal Act as amended by the Resource Conserva
tion and Recovery Act (RCRA) of 1976, a set of guidelines 
for State hazardous waste management programs. Hazardous 
wastes were found by the U.S. Congress to present special 
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TABLE 99. AMOUNT AND HAZARD EXPECTED FROM UNREGULATED POLLUTANTS 

Coal Pile Appropriate MATE (µg/l) 
Drainage Wastewater Health Ecological 

Pollutant (ug/12 (ug/l) Based Based Co1Ill!lents 

Phosphorus 720. l.SxlO 4 o.s Phosphate is not directly toxic 
to man or to aquatic organisms. 
It is an essential nutrient and 
may affect water quality by 
enhancing the rate of eutrophi-
cation. 

Silicon 9.lxlO 4 LSxlO 5 Levels of 500 µg/l stimulate the 
growth of the alga, Asterionella 
sp. (109). If this is a general 
effect, this silicon concentra-

+' could lead to entrophication. 
V'I ..... 

Naphthols 300-2900 5.0 500. 13-naphthol is carcinogenic. 



dangers to health; therefore, the states must develop programs 
to control them. In the event that any state chooses not to 
develop such a program, the EPA is required to do so. 
Hazardous wastes that are judged to have a significant 
impact on human health and the environment will be defined 
by the Section 3001. These final regulations were to have 
been issued by April 1978 along with criteria and methods 
for identifying and listing hazardous wastes. As a result 
of delays, EPA is an estimated six months behind schedule in 
issuing standards for what constitutes a hazardous waste 
(128). Once EPA criteria are established those wastes 
identified by such means are then to be included in the 
management control system constructed under Sections 3002 
through 3006, and 3010 of the RCRA guidelines. The effective 
date for the regulations promulgated under Sections 3001 to 
3005 was stated as October 21, 1978. The 6-month time 
period after final promulgation will be used to increase 
public understanding of the regulations, and to allow com
pliance by those covered by the regulations. During this 
same period, notifications required under Section 3010 may 
be submitted, and facility permit applications required 
under Section 3005 may be distributed for completion by 
applicants. 

Section 3002 of the regulations presents the standards 
applicable to classes of generators of hazardous wastes and 
requires the creation of a manifest system for tracking 
wastes from the generation point to the final site of storage, 
treatment or disposal facility to which a permit was issued. 
Thus, the "cradle-to-the-grave" concept on which Subtitle C 
is based, includes the requirement that the regulatory 
agency has knowledge of the existence and movement of hazard
ous wastes through their entire life cycle. Those few 
states which already have a manifest system may be required 
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to make it consistent with the federal system. The EPA 
expects to provide assistance to the states (i.e., software 
and other tools) in setting up the new manifest system. 

Section 3003 addresses standards applicable to transport
ers of hazardous wastes relative to management of such 
wastes during the transport phase. Section 3004 addresses 
standards affecting owners and operators of hazardous waste 
storage, treatment, and disposal facilities. These standards 
provide the criteria against which EPA (or state) officials 
will review permit applications for on-site as well as off
site facilities operated by a generator or transporter of 
wastes. Generators and transporters who do not treat, 
store, or dispose of hazardous wastes do not need permits. 

Section 3005 regulations define the scope, coverage, 
and requirements for permit application as well as for the 

~ 

issuance and revocation of perm\ts. Any possible overlaps 
between the state's issuance of permits to hazardous waste 
injection wells, and the issuance of hazardous waste permits 
under a state's existing program will be resolved by EPA. 

Section 3010 requires that any person generating, 

transporting, owning, or operating a facility for storage, 
treatment and disposal of hazardous wastes must notify the 
EPA of a state of this activity within 90 days of the EPA 
promulgation of regulations defining a hazardous waste 
(Section 3001). 

Any state already having promulgated other legislation, 
which, in the opinion of the state and of the EPA is suffi
cient to allow the enforcement of a state hazardous waste 
program equivalent to that of the EPA, will be considered to 
satisfy the hazardous waste guidelines proposed by EPA. 
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5.4.1.2 State Regulations 

Requirements promulgated by the EPA for state hazardous 
waste management programs were discussed earlier in this 
section. Seventeen coal-producing states have issued stipu
lations for some form of hazardous and solid waste management, 
as shown in Table 100. Thus, among the 17 coal-producing 
states listed, 14 have provided some type of statutory 
control over hazardous waste disposal operations. Among 
these states, Ohio, North Dakota and Utah have explicit 
monitoring requirements for types of waste disposal operations. 
In view of the fact that the potentially vast amounts of 
solid wastes produced by coal conversion technologies, 
through compliance with air quality standards, must be 
disposed of on land, it is apparent that there is an equally 
vast potential for the degradation of local surface and 
groundwater systems near these disposal sites by-the inorganic 
and organic leachates. 

5.4.1.2.1 EPA Region III (Pennsylvania and West 
Virginia 

The solid waste legislation of Pennsylvania is among 
the most extensive of any of th~ states considered. In 
addition to the general solid waste legislation, Pennsyl
vania has promulgated rules and regulations governing coal 
refuse disposal. These rules may be more indicative of 
future legislation regarding SRC generated residue. The 
rules are general, prohibiting disposal which will promote 
fire, subsidence, or leaching problems. The state also has 
published a statement of guidelines and acceptable proced
ures for the operation of such disposal areas. Generally, 
two feet of final cover are required. The landfill shall be 
a minimum of six feet above the seasonal high water table. 

454 



TABLE-100. EXISTING STATE REQUIREMENTS FOR 
HAZARDOUS AND SOLID WASTES 

Hazardous Design 
EPA Region Waste Permit Criteria and Monitoring 
and States Controls Requirement Approval Standards Requirements 

III Pennsylvania yes yes no yes no 
West Virginia yes yes no yes no 

IV Kentucky yes yes no yes no 

v Illinois yes yes no yes no 
Indiana yes yes no no no 
Ohio yes yes no yes yes 

VI New Mexico no yes no yes no 
.i::-- Texas yes yes manifest yes no 
V1 
V1 

VIII Colorado yes yes no yes no 
Montana yes no notice yes no 
North Dakota yes yes no yes yes 
Utah yes no- yes no yes 
Wyoming yes no yes yes yes 

IX Arizona yes no yes no no 

x Alaska no yes no no no 



Disposal cells may not exceed eight feet with compacted 
solid waste layers of two feet or less. Hazardous waste 
disposal plans must be approved by the appropriate state 

agencies. 

West Virginia has three solid waste disposal class 

ratings: 

• Class I (wastes having a hazardous nature or water 
soluble substances having toxic or infectious pro
perties or special water pollution potential-which 
must be kept away from useable water sources re
gardless of costs) 

• Class II (decomposable organic materials; 

• Class III (inert and relatively nondecomposable 
materials presenting only confinement and esthetic 
problems. The mineral residue wastes from the SRC 
process would be considered under the Class I 

category, for which the disposal requirements are 
determined separately for each application. 

5.4.1.2.2 EPA Region IV (Kentucky) 

Kentucky solid waste requirements include providing 
more than two feet of compacted soil between solid waste and 

maximum water table, two feet or more of compacted earth 
between solid waste and bedrock, solid waste layers of two 
to three feet and a final daily cover of six inches to 
prevent waste dispersion. A final cover of two feet of 
compacted soil is required to be followed by revegetation. 
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5.4.1.2.3 Region V (Illinois, Indiana and Ohio) 

The Illinois EPA (IEPA) stated in Rule 310(b) of the 
Solid Waste Rules and Regulations (Chapter 7 of the Environ
mental Protection Act) that hazardous wastes or liquid 

wastes and sludges may be accepted at a sanitary landfill 
only if authorized by permit. Thus, the !EPA can issue a 
supplemental permit allowing sanitary landfills to deviate 
from the applicable rules. 

The !EPA requires that the applicant for a supplemental 
permit must submit information on the following (129): 

• Type, consistency and physical/chemical properties 
of the special or hazardous wastes 

• Quantity 

• Method of disposal. 

The IEPA stipulates procedures for analysis of specific in

organics and organics, by use of their landfill simulation 
leaching test. All known organic components of the waste 
should be determined if their concentrations exceed 0.1 
percent (1000 ppm) of the total waste volume. Table 101 

lists the minimum number of inorganics (130), organics (94), 
and radioactivity (alpha emitters) to be assayed. The 
assumption is made that the waste generator is aware of his 
usage of beryllium, selenium, antimony or other potentially 

hazardous chemicals, and that the waste will be analyzed for 

components used in the process by which the waste origi
nates. The analysis numbers in Table 101 refer to the 
industry classification by !EPA in which thousands of stan

dard industrial classification (SIC) numbers were condensed 

into nine categories composed of 46 subgroups (129). 
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TABLE 101. ANALYSIS CHART FOR WASTE GROUPS (136) 

PAIWtETER 

u 
Ill c: 
~ ,J:I 0 u § Cll >. Ill '" '" '" ... ~ ... r-4 r-4 4-1 

c:: '" e GI ..... ::s QI e 1111"' GI .0 Q. Iii "O u -"' 0 ..c:.i 
WASTE ANALYSIS II k Cl. Ill ... 0 c:: Q.'t) 

~ Ill 6 0 >. GI QI '" ..c: '" ~~ GROUP NUMBER u u u ..:I :::: z ~ N 

Uetals 1.01 ... x x x x x x x x x x 
1.02 x x x x x x x 
1.03 x x x x x x x 

Chemicals 2.01 x x x x x x x x x 
2.02 x x x x x x x x x x 

Chemical 3.01-3.06 x x x x 
Specialties 

x x x x x x 

Food 4.01-4.06 

General 5.01-5.11 x 
l!anufacture 

x x x x x x x x x 

~!ining 6.01-6.04 x x x x x x x x x 
Service 7.01 x x x x x x Industries 7.02 x x x 

7.03 x x x x 
7.04-7.06 x x x x x 

Utilities 8.01, 8.05 x x 
8.02 

x x x x x 
8.03 x 
8.04 x x x x x x x x x x 

Wholesale, 9.01-9.03 x x x x x x x x Retail Trade 

8Total soluble chromium 
b"Free" cyanide per modified Leibeg method (ASTM) 

cMeasured from waste as received (unfiltered) in pCi/l 
Note: As more data become available, it is likely that this 

analysis chart will be expanded in terms of minimum 
required parameters and lengthened relative to industry 
specific analyses. 
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The IEPA has specified absolute permissible maximum 
water soluble waste chemical concentrations for disposal at 
either of Types I, II or III disposal sites, as follows 

(129) : 

Soluble 
Inorganicsa 

As 
Cd 
crb 
CNC 
Cu 
Hg 
Ni 
Pb 

Type of Disposal Site, and 
Limiting Concentration (ppm) 

Type I Type II 

500 75 
500 75 

1,000 150 
500 75 

1,000 150 
500 75 
500 150 
500 lSO 

Type III 

25 
2S 
so 
25 
50 
2S 
so 
so 

8where soluble concentrations exceed limitations, a waste may 
receive pretreatment to insolubilize excess concentrations. 

bTotal soluble Cr. 
cTotal soluble cyanide (CN-) . 

The Type I site will receive waste displaying a high 

ingestion toxicity (based on the Sax rating), and thus "very 
hazardous." The criteria for the Type I site require that 
it be buffered by at least 3.04 meters of soil having a 
coefficient of permeability not greater than 1 x 10-8 cm/sec, 

or not less than 3.04 meters of soil which can provide 
contaminant for 500 years (129). The Type II site must 
provide a containment life for less hazardous substances of 
250 years. The Type III site must provide a containment 
life for municipal refuse of 100 years. Liquid special 
wastes may be placed onto any of the three site types if the 
liquid is subjected to vertical and horizontal containment. 

Acceptable methods for disposing toxic and hazardous wastes 
in Illinois are shown in Table 102. 
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TABLE 102. IEPA ACCEPTABLE DISPOSAL METHODS (136) 

,...,..._ __ . ----·----·- --
Troe of Sica Di1po1al Method• 

Waste Property I II III A B c D 

Highly Acidic - - - - - - -
Moderately Acidic - - - - - - -
Low Acidity xb x x x x x x 
Highly Alkaline x x x - x x x 
Moderately Alkaline x x x x x x x 
Low Alkalinity x x x x x x x 
High Volatility. x: x - - x x x 
Moderate Volatility x x - - x x x 
Low Volatility x x x x x x x 
High Toxicity (dermal) x x - - x x x 
Moderate Toxicity (dermal) x x - x x x x 
Low Toxicity (dermal) x x x x x x x 
High Toxicity (Inhalation) x x - - x x x 
Moderate Toxicity (Inhalation) x x - x x x x 
Low Toxicity (Inhalation) x x x x x x x 
High Toxicity (Oral) x - - x x x x 
Moderate Toxicity (Oral) x x - x x x x 
Low Toxicity (Oral) x x x x x x x 
Radioactive - - - - - - -
Reactive x x - - - - x 
Explosive - - - - - - -
8 Note: A•Direct Landfill; B•Subsurface Injection; C•Surface Adsorption; D-Consignment 

Burial 
bx - Indicate• permittable di1po1al aite or method of di1po1al. 



In Indiana, prior to the issuing of permits to operate 
landfills, a detailed plan of the operation must be submitted 
to and approved by the appropriate state agencies. Hazardous 
wastes shall not be accepted at a sanitary landfill unless 
authorized by the Indiana Stream Pollution Control Board. 

The state of Ohio defines hazardous wastes as those 
substances which singly, or in combination, pose a signifi
cant present or potential threat or hazard to human health 
or to the environment, because of the following factors: 

• Flammability 

• Explosiveness 

• Reactivity 

e Corrosiveness 

• Toxicity 

• Infectiousness 

e Carcinogenicity 

• Bioconcentrative potential 

e Persistence in multimedia environment 

e Potential lethality 

e Acts as an irritant or sensitizer. 
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Under the requirements promulgated by the Ohio Depart
ment of Health for sanitary landfill operations, there is an 
explicit requirement that the operator "shall install such a 
number of monitor wells ... as the Health Comissioner deems 
necessary to determine the effect of the facility upon the 
quality of groundwater" (131). Each monitor well(s) shall 
be sampled semi-annually for chlorides, COD, TOC, TDS, and 
methylene blue active substances. More frequent sampling 
and sampling for additional substances may be required if a 
substantial threat of water pollution exists. Specific in
structions were issued concerning the eventual detection of 
leachate on the disposal site. Hazardous waste cannot be 
accepted at sanitary landfills. The monitoring wells must 
be maintained by the operator for three years after closure. 

5.4.1.2.4 EPA Region VI (New Mexico and Texas) 

Solid waste regulations in New Mexico are not as ad-.. 
vanced or as complicated as their standards for air and 
water controls. State requirements include six inches of 
daily cover, compaction of wastes to smallest practical 
volume and a minimum final cover of two feet of earth. 
Landfill bottoms must be a minimum of twenty-feet above 
groundwater level. 

5.4.1.2.5 EPA Region VIII (Montana, North Dakota, 
South Dakota, Utah, and· Wyoming) 

Colorado's solid waste requirements are general and not 
very vigorous. Compaction of wastes is required. 



In Montana site approval is required for solid waste 
disposal when hazardous wastes are involved. A daily cover 
of six inches and a final cover of two feet or more are also 
required. Disposal sites shall not be located near springs 
or other water supplies, near geologic formations which 
could cause leaching problems, in areas of high groundwater 
tables or within the boundaries of 100-year flood plains. 

In North Dakota, the Department of Health may impose 
any reasonable conditions upon a permit to construct a land 
disposal site, including the following: 

e Sampling, testing and monitoring facilities. 

• Trial operation and performance testing. 

North Dakota has stipulated standards of performance for the 
following types of disposal operations: 

• Sanitary landfills 

• Construction and demolition disposal sites 

• Incinerators 

• New and unique methods of disposal 

• Hazardous wastes. 

The monitoring standards presently apply to sanitary landfills, 
and sites handling construction and demolition wastes. 

The standards for disposal of hazardous wastes shall be 
met by the owner of such wastes. However, the state may 
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provide technical assistance to the owner for the storage, 
transportation and disposal of hazardous wastes. North 
Dakota defines hazardous wastes as those substances which 
singly, or in combination, exhibit a substantial present or 
potential hazard to hum.an or living organisms because of the 
following factors: 

• Nondegradability 

• Persistence in multimedia context 

• Biomagnif ication potential 

• Lethality 

• Shown to produce detrimental cumulative health and 
ecological effects. 

South Dakota solid waste regulations have requirements 
pertaining to site locations. Landfills are not permitted 
within 1,000 feet of any lake or pond, or within 300 feet of 
any stream or river. Also, a minimum of six feet between 
waste and the groundwater table must be preserved. Such 
requirements, promulgated specifically to prevent leaching 
to groundwater, may provide an applicable basis for future 
regulatory control of disposal of SRC solid wastes. 

In Utah all solid waste disposal operations must meet 
with the approval of the Utah State Division of Health. 
Approval for disposal of hazardous wastes will depend upon 
the following: 

• Location of hazardous waste disposal area 
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• Consideration of pertinent geological data 

• Responsible control of hazardous waste disposal 
sites 

• Installation of adequate fencing, gates, and signs 
to enclose the hazardous waste disposal area 

• Precautions to protect all surface and ground
waters. 

The Wyoming Department of Environmental Quality reviews 

construction and operating plans of all industrial or hazar
dous waste disposal operations. Industrial waste disposal 
sites shall not be located in areas of low population den
sity, land use value and groundwater leaching potential. 
Monitoring wells must be installed prior to commencement of 

operations. Disposal sites may not be located near drinking 
water supply sources. It is suggested, but not required, 
that disposal sites with impermeable soil be selected. 

5.4.1.2.6 EPA Region IX (Arizona) 

Arizona solid waste legislation lags behind air and 

water legislations. Daily landfill covers of six to twelve 
inches are required. The final cover must be a minimum of 
two feet deep. 

5.4.1.2.7 EPA Region X (Alaska) 

Alaska regulations for the management of solid wastes 
are directed primarily towards municipal wastes rather than 
industrial. Should leaching or permafrost prove a problem, 

special disposal procedures must be submitted to the Depart
ment of Environmental Conservation. A minimum of two feet 

465 



of earth must be maintained between solid wastes and the 
anticipated high groundwater table. Surface drainage must 
be prevented from coming into contact with the landfill 
area. Solid waste may be landfilled in layers of not more 
than two feet prior to compaction. 

5.4.2 Comparison of Waste Streams with Dipsosal 
Standards 

Flows of solid wastes from applicable basic unit opera
tions and auxiliary processes are shown in Figure 64. Ac
companying this chart is a tabular summary and a narrative 
summary that attempts to identify, and where feasible to 
quantify those hazardous wastes which may be destined for 
land disposal. In Section 5.4.3, comparisons are made of 

certain unregulated pollutants associated with hazardous 
wastes from seven auxiliary processes whose levels may cause 
ecological and/or human health problems. In Section 5.4.2, 
no comparisons of regulated pollutants were made, since no 
SRC-specific land disposal standards were found. 

5.4.2.1 Potential Hazardous Wastes from Basic Unit 
Operations 

The six main unit operations are shown along the right 
side of Figure 64. Vertical (downward) arrows trace the 

flows of known solid wastes from the applicable processes. 

Throughout this discussion, it is assumed that most of the 

solid wastes generated will be disposed of by landfilling in 
appropriate areas, as advocated in an earlier report (6). 
With reference to the hazardous nature of several SRC solid 
wastes, the following precautions should be considered prior 

to disposal: 
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Figure 64. Potential solid wastes from 
basic unit operations 
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• That the solids, singly or in-mixture, should 
receive chemical stabilization. 

• That the potential physical/chemical reactions of 
sludges, singly or in-mixture, should be known. 

• That the compatibility of the hazardous waste with 
appropriate liners, sealants, and container mate
rials should be established. 

That the life span of the land disposal site 
should meet the most stringent state standards, 
(via., 500 years for the most hazardous wastes). 

Those fugitive emissions from solid wastes which escape 

pollution control measures have been considered under emis
sion to air, Section 5.2.2. Characterization data are 
given in Section 3.0. 

5.4.3 Evaluation of Unregulated Pollutants and Bioassay 
Results 

The components of the solid waste which may cause 
problems are listed in Tables 103 and 104. These solid 

pollutants were judged to be hazardous using the MEG-SAM/IA 

method. For some pollutant species, documented evidence was 

found suggesting possible environmental hazards at concen

trations below current MATE values. In those instances, 

proposed MATEs have been developed, based on evaluation of 
the documented evidence. These MATEs are listed in Table 
105 along with recommendations for lower MATEs. 
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TABLE 103. UNREGULATED SOLID WASTES WHICH MAY CAUSE ENVIRONMENTAL HAZARDS 

SllC-
Mineral API Flare !1!2ltcable MATE (~s/g) 
Residue Separator Bioaludge Fly Ash Bottom lt.O. Gasifier Health Ecological 
("8/g) lk>ttoas <,ig/g) (µsis> Ash Dnm Slag llased Baaed 

Pollutant [Ava. ~max. l] "'8ls2 {Avs. !max. 2 l [Ava.max.] ~sis~ W..11l112 ~sis! MATE KATE eo-nt 

Aluminum 5. 9 (8. l)x10
4 l.8(2.5)x104 7.9(11. )x l.6xl0

4 200. High concentrations of 
104 aluainua in soils with 

low pB causes restricted 
root growth in plants 
(43) 

Arsenic 56. (180) 1.0 120.(385.) 30. 1.4(4.6) 24.(130.) 50. 10. The amounts of arsenic 
(pri111arily in its ar-
senate form) producins 
toxicity in sensitive 
plants vary from 110-
340 kg/hectare for saoc:ly 
to clayey soils re-
spectively (43). 

Boron 1200. (2470.) 115.(230) 2500. (5000.) 1400. 48.(95.) 1000. 500. 

~ Beryllium 7.(15.) 4.8 11.(24.) 2.1 6. 11. 
~ 
\0 Boron 250. (550.) 7.2 385. (3000.) 300. 9300.* 5000.* Fruit trees require 0.5 

to 1.0 µg/g boron for 
growth while 2.0 µg/g 
is possibly toxic. Oats, 
radishes and clover 
show abnormal growth at 
more than 3.0 µg/g 
boron (43,109). 

Cadmium 6.2(29.) 0.5 71. (340.) 40. 10. 0.20 The recommendation of 
the U.S. Department of 
Agriculture and Land 
Grant Colleges is a 
concentration of cadmtia 
of 10 kg cadmium/hectaft! 
for moat soils (43). 

Calcium l.1(2.3)xl05 2.3(5.l)xl04 3.2(7 .l)xl0
4 1.J(Z.9)x 

io4 
4.8xl04 3200. 

Chromium 120. (2~.) 125. l>0.(500.) 170. 15. (35) 34.(8'.L) so ... SO." Chro&i~m concentrations 
of 10 p.g/g in soil 
culture reduced soybean 
yield (43). 

Cobalt 44 (110.) 100. (250.) 2.6(6.2) 150. 50. 
x io-3 
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TABLE 103. (continued) 
SRC-

Kinaral API nare Applicable HATE !i1s/ g~ 
Residue Separator Bioaludge Fly Ash lot tom K.O. Gasifier Beal.th Ecological 
(!lg/ g) Botto.,. (jlg/8) U&g/g) Aah Drua Sl.ag Based Based 

Pollut1n!i [Avg. ~max. l] !uslsl [Avg. !max. l J [Avg.max.] !~~/g) tl!slsl C!!ilsl MATE HATE Comnent 

Copper 83. (220.} 3500. 9l. (240.) 100. (400.) 170. 32. (84.) 1000.* 10. Chlorosis, or drying of 
leaves, vas observed in gusr 
Cyamopsis psoraboides; bottle 
gourd, Lageoaria levcantha; 
eggplant, ~ melonsena; 
and blue panic grass, ~ 
antidotale Retz, grown in 
soil containing 0.001, 0.01, 
0.10, 1.00 and l0.0011g/g 
copper for 70 days. Defi-
ciency symptoms may occur in 
planta at leas than S ppa 
copper in soil. At soil con-
centrations above 20 ppa, 
toxic symptoms may occur (43). 
The U.S. Department of 
Agriculture and Land Grant 
Institution recommended a 
concentration of 250 kg/ 
hectare (43). 

~· 
......... 
0 Fluorine ~.130. (345.) Llxl04 7500. 

Iron 4.2(20)xl05 5560. 7.4(16.)xl04 3400. J.7(8.25) 300. 50. 
(7600) x104 

Lead 68. (340.) 182. 130. (650.} 180. 20. (100.) 50. 10. "nte U.S. Department of 
Agriculture and Land Grant 
Institutions reco111111end a 
concentration of 1,000 kg 
lea1fha (43). 

Lithium 300. (670.) 70. 75. 

Manganese 240.(920.) 21. (80.) 250. (970.) 120. 97.(0370.) so.• 20.• Soil concentrations of 2.5 
µ~/g have caused this effects 
soybeans; soil effects, 
however, depend on a variety 
of factors such as pH and 
moisture (43) • 

Kolybdenua 22.(50.) 120(350.) 34. l.5xlo4* 1400.• Molybdosis of cattle is as-
sociated with alsike clover 
grown in soils that had 10 
~o 100 ug/l of molybdenua 
in saturation extracts (KEG.) 
A molybdenum dietary concen-

(continued) tration of S to 10 µg/g ia 
considered toxic to cattle (43). 



TABLE 103. (continued) 
SRC-

Kiner al MI Flare !f.!2llcable HATE ~f!1/g2 
Residue Separator lllosludge ny Ash Bott- 1..0. Gaaiflar ll&alth lcologica1 
(µg/g} Bottoiu (µg/g) (µg/g) uh Drua Slag Based Based 

Pollutant (Avg. (max.H ~1/12 (Avg. ~lll&X.2] (Avg.11&X.] ~i/..12 {u~l&l ~s/&2 MATE MATE Co.Dent 

Hick.el 95. (600.} 23. 130(920} 81. 13.(80.) 42. (270.) 45. 1.0 

Phosphorous 1000. (3200) 1000. 0.1 

Potaasim1 L8(4.0)xl04 L6(3.6)x 850. 4100. 6000. 
xlo4 (1800.) (9000.) 

Selenium 20. (51.) 26. 64. (170.) 0.31 1.3(3.4) 7.2(19.) 10-* 5.* Since flora concentrate 
selenium, the concentration 
of seleniWll in floral species 
can be up to 1000 tines the 
concentration in the soil 
without apparent floral 
damage; however, these con-
centrations in flora species 
can be toxic to foraging 
animals. A concentration of 
selenium between 0.04 and 2 
µg/g in the diet is required 

+:-- to prevent selenium def ici-
"'-J encies in cattle while con-
..... centrations of 4 to 5 µg/g 

in the diet causes seleni,.. 
toxicity, Assuming a concen-
tration factor of 1000, 
flora grown in soil contain-
ing 0.004 to 0.005 jj&lg 
selenium would be toxic to 
foraging animals while soils 
containing 4.0x10-5 to 0.002 
ug/g would be deficient. The 
facts that the dietary con-
centration of selenium which 
results in toxicity differ 
by only a factor of tvo and 
that the dietary concentra-
tion depends on the flora 
concentration factor and the 
soil concentration makes de-
termination of a ger.era: soil 
ambient level goal difficult 

J.0x104 (43,154). 
Silicon 1.4(3.0)x 3.9(4.8) 

105 xl04 

Silver < 3-5 50. LO 

(continued) 



TABLE 103. (continued) 

SRC-
Kiner al API Flare !l!l!licable MATE ~&l&2 
Residue Separator Bio sludge Fly Ash Bottoa K.O. Gasifier Beal th Bcoloaical 
(j.18/g) Bottoaa (ug/g) (Jl.s/g) Ash Drum Slag Based Based 

Pollutant [Avg. (max.) l (µg/g) [Avg. (max.)) [Avg.max.] (ug/g) (f.13/g) (µg/g) MATE MATE eo-nt 

Vanadium 1.50. (300.) 530. (1000. ) 310. (600.) <240. 500. 30. When present in plant 
culture solutions at con-
centrationa of O.S ug/g 
or greater, vanadiua is 
toxic to some plants (43). 

Zinc 400. (4800.) 1900. <200. 180. 5000. 20. The U.S. Department of 
~· (23000.) (2200.) Agriculture and Land ......... Grant Institutions recom-N mend ~ concentration of 

500 Kg Zn/hectare for 
llK>St soils (43). 

Naphthalene 1500 1.SxlOS 20. 



TABLE 104. SAM/IA ANALYSIS OF SOLID WASTES FROM THE 
INORGANIC FRACTION OF THE SOLID RESIDUE, 

API SEPARATOR BOTTOMS, BIOSLUDGE 
Potent:iat Degree of Hazard 

lnorsanic Fraction of API Separator 
Solid Reaiduea Bottoma Bio sludge a 

'i"iealth Ecologica_l __ Health Ecological Health Ecological 
Material Based Based Baaed Baaed Based Based 

AluainWll 3. 7*(5 .l*) 295.*(410.*) 1.1*(1.6*) 90.*(120.*) 
.Antimony 0.0087(0.019) 0.32(0.70) l.Oxio-5 4.0xl0-4 
Arsenic 1.1*(3.6*) 5.6*(18*) 2.• 10.* 0.0011 0.0057 
lerium 1.2*(2.5*) 2.5*(4.9*) 0.12(0.23) 0.23(0.46) 
Beryllium 1.2*(2.5*) 0.63(1.4*) so.• 44.* 
Bismuth 
Boron 0.027(0.059) 0.050(0.11) 0.8 0.14 
Cad•ium 0.62(2.9*) 31. * (145. *) 5.* 250.* 
CalciUlll 2.2*(4.8*) -4 33.*(72.*) 0.48(1.1*) -5 7 .2*(1.6*) 
Cerium · 9.1(12. 7)xlQ5 2.5(3.5)xl0 
Chlorine 2.7(4.4)xl0 
Qiromium 0.014(0.024) 0.0073(0.012) 
Cobalt 2.4*(5.8*) 2.4*('.,,!J*) 250.* 250.• 0.0014 0.0014_4 
Copper 0.29(0. 73) 0.88(2.2*) 

3.5xl04* 
3.3xio-5 1.0xlO 

Dyeprosium 0.083(0.22) 8.3*(22.*) 350.* 0.091(0.24) 9.1*(24.*) 
nuorine 
Gadolinium 

8.0(13.3)xl0-4 
O.lUum 0.0013(0.0021) 
GermaniWll 
Hafnium 0.027(0.039) 0. 0032 (0. 004 7) 
llolmium 
Indium 
Iron 310.*(670.*l4 1840. *(4000. *) -6 
Lathanum 1.7(2.6),,10 8.6(J.3.2)xl0 
Lead 1.4'' (6.8*) 6.8*(31.*) 364.* 1820.* 
Lithium 

0.29(0.75) Magnesium 0.28 (0. 72) 
Manganese 4.8*(18. *) 12.•(46.*) 0.42(1.6*) 1.0*(4.0*) 
Marcury 0.38(1.8*) 0.015(0.074) 530.* 21.2• 7.0* 0.28 
Molybdenum 0.0015(0.0053) 0.016(0.036) 
l.odymium 
Uckel 2.1*(13.*) 48. *(300. *) 51. * 1150.11 4.0xlO -4 0.0090 
Uobium 
O•ium 
Phosphoru• 
Polonium -5 -5 
Potassium 3.0* (6. 7) 3.9*(8.7*) 3.6:-10 4.8xl0 
Praseodymium -4 -8 
lubidi\1111 6.7(23.8)xl0 3.lxlO 
lluthenium -5 -6 
s-rium 4.6(7.9)xl0_4 8.8(14.4)xl0_6 
Scandium 1.0(l.7)xl0 6.9(11.9)xl0 
Selenium 2. O* (5. l*) 4.0*(10.*) 260.* 520.* 6.9xl0-4 0.0014 
Silicon 
Silver -6 
Sodium 0.12(0.61) 2.9x10 _

4 
Strontium 0.061(0.13)_5 8.3(17.4)xlQ6 
Tantalum 6.7(9.3)xl0 3.9(5.3)xl0 
Tellurium 
Thallium 0.012 
Thoriut' 0.18(0.38) 0.033(0.071) 
Thulium 
Tin 
Titanium 0.083(0.18) 9.4*(21.*) 
Tungst•·n 
Uranium 0.0012(0.0044) 0.15(0 .. 3) 
Vanadium 0.30(0.60) S.0*(10.*) 1.1*(2.0*) 18.*(33.*) 
Zinc 0.080(0.96) 20. *(240. *) 
Zirconium 0.21(0.41) 0.020(0.038) 

Stream Flow Rate (l/aec) Q • .£!.• 1.0 .£!.· 1.0 4 Not estimated 36.6 36.6 
Stream potential degree.: 6500.(6600.)4,5(40)xl0 1.7-6.0 7.1-11. 9.3-22, 

of hazard: 
Mo. of lntriH compared to 24 20 17 34 19 

*Tf:a 
Potential toxic unit 4 
discharge rate sum: £!•6500(6600) £!·4.5(40)xl0 260.-400. 340.-800. 
*A potential degree of hazard greater than one (1) indicates that this component may represent an 

environmental hazard. 

8Numbar• in psrenth••i• i>ll••d on maximum, other numbers ba•ed on average for maxi 
exponential term, the exponential 1• applicable to both the average and.maxi m~m values followed by an 
Ceri\1111: 9.1 (12.7)xl0-4 1• 9.lxlo-4, (l2.7xl0-4). mum va ues. Example: 
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TABLE 105. POLLUTANTS FOR WHICH THE SAM/IA METHOD 
MAY UNDERESTIMATE THE ENVIRONMENTAL HAZARD 

Present MATE ~~g/g) Proposed Land-
Pollutant Health Ecoogical Based MATE 

Based Based (µg/ g) 

Boron 9300. 5000. 2. 
Chromium 50. 50. 10. 
Copper 1000. 10. 10. 
Manganese 50. 20. 2.5 
Molybdenum l.5xlo4 1400. . 5. 
Selenium 10. 5. 0.005 
Vanadium 500. 30. 0.5 

These MATEs should be multiplied by dilution factors before 
being applied to the waste streams, hence the proposed MATEs 
are to be judged analogous to ecological-based MATEs. Since 
the dilution factors may be as low as one, these Rroposed 
MATEs may also be considered health-based MATEs. 

5.4.3.1 Level 2 Analysis - Solids 

Figures 65 and 66 are examples of the first Lev~l 2 

analysis form properly filled out for SRC-II solid residue 
(stream 301, Figure 65) and gasifier slag (stream 307, 
Figure 66) using "average U.S. coal" for the conceptualized 
SRC facility. These two waste streams were chosen since the 
SAM/IA indicates that these waste streams will be the most . . 
hazardous. Comparison of these two figures indicates that 
the SRC-solid residue will be the most hazardous. However, 
the unreacted carbon in the SRC residue may be utilized by a 
hitherto undeveloped technology. The gasifier slag has no 
known or projected use. 
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-·-
1. SOURCE/CONTROL OPTION Page 1 I 7 

Conceptualized SRC Facility using "Average U.S. Coal" 

2. EFFLUENT STRfAr.~ 3. EFFLUENT STREAM FLOW RA TE 

301 SRC M:Lne.ral Residue Q= 
47000 g/sec 

CODE# NAME (gas = m1/sec - liquid = I/sec - solid = g/sec) 

4. COMPLETE THE FOLLOWING TABLE FOR THE EFFLUENT STREAM OF LINE 2 (USE BACK OF FORM FOR SCRATCH WORK) 

" 8 c 0 E F G H I J 
' .J If .J If I 

l'OlLUTANT HEALTH ECoLOGICAL DEGREE Of DEGREE Of TOXIC UNIT DISCHARGE RATE 

POLLUTANT 

! 
CATEGORY CONCEN· MATE MATE HAZARD HAZARD HEALTH ECOL (HEALTH (ECOLOGICAL 

SPECIES TRATION CONCEN· CONCEN· (HEALTH) CECOlOGICAL) MATE MATE BASED) BASED) 
TRATION TRATION (8/C) (BID} f:XCEEDED EJl.CEEDCD (£ .1 UNE J) CF• LINE J) 

UNITS - µg/g µg/g µg/g - - - - g/sec g/sec 

4 5 7 
Aluminum 38 58,960. l.6xl0 200 3.7 29':. l.7xl0 l.4xl0 

-

I 4 
Antimony 50 13. 1500. 40, 0.0087 o. 12 407. l.5xl0 

Arsenic 4q 56. 50. 10. 1.1 5.6 5.3xl0 4 2.6x10 
5 

Barium % 1235. 1000. 500. 1. 2 2.5 5.8xl0 4 1. 2xl0 5 
-

4 4 
Ro:>.rv11 i11m 1?R 7 6. 11. 1. 2 o. 64 5.5xlD 3.0xlD 

Boron 37 250. 9300. 5000. 0.027 0.050 1200. 2400. 

Bromine 22. ----
4 6 

r.a.rlmium 82 f, 2 10. 0.20 0.62 31. 2.9x10 l.5xl0 

34 
~ 5 6 

Calcium 105, 00( 4.8x10 3200. 2.2 33. 1.0xlO l.SxlO 
c 4 

Cerium 84 100. 1.lxlo· 9.lxlO 43. 

IF MORE SPACE IS NEEDED. USE A CONTINUATION SHEET 

5. EFFLUENT STREAM DEGREE OF HAZARD 6. NUMBER OF 7. TOXIC UNIT DISCHARGE SUM ? 

HEALTH MATE BASED Cl COL. E) 5a 34Q POLLUTANTS COM· HEALTH MATE BASED(~ COL. I) 7a L6xl0 g/sec 
PARED TO MA TES 8 

ECOLOGICAL MA TE BASED (! COL. F) 5b 2~QO HEALTH Ga 74 ECO'...OGICAL MATE BASED (l COL. J) 7b l. lxlO g/ sec 

(ENTER HERE ANO AT LINE 8, FORM IAOl) --
ECOLOGICAL 6b 43 (ENTER HERE AND AT LINE 8. FORM IAOl) 

Figure 65. Level 2 analysis for SRC mineral residue 



. - --·---
---·----- I -----.----- ,-- -- - . -r· ·-- -. ~~~ -~ I G ---[ ·~ -._~---, - -i=-J--J A b I c I u ~ !:. 

i 
·-·-I ----t--- . ' i 

POLLUTANT ...•. TH I -·· ')(.;!". I t.1,.....'"\L,, ' t.1...- - .. ,_....:_.L. -ff- c J · :;~:- -~£ - · • -/ Ir I v' If TOXIC UNl"r Ol~HA.:GE RATE 
POUUTANT I MAT[ MAii:: I 

HAZAR~ I c: -· . -' I .-lE: -;-i I rr A I (HEAL TH (., ~O:GC'H cr,r«:E~! ! (tC:JlOGICAL ' 
SPECIES 7RA".'ION CC~·;CE!~- • CCf.f.:~ .• , :HG'.L!Hl (EC:)'.::_C'Ote·~: '::'-·rE_ 1- , .. _T_• ' BASEC) BASED) 

TrtATl.JN iHA. i...,.~: (E'. -· I k 1C': EX1.-El"";~i.) <,;'.~ ... ~-\~. !.INE 3) (f I LINE 3) ' I ---·- ,... ____ 
' 

UNITS µg/g µg/g µ. o Io . I , - - - - I -- g/ sec g/sec I -=>' 0 

5 
. ~· I 

I Cesium 31 6.7 2.SxlO 2.7xlo-5 · 1.3 

Chlorine 3600. 2.SxlO 5 0.014 650. 

Chromium 68 120. 50. 50. 2.4 2.4 l.lxlO 5 1.lxlO 5 

Cobalt 74 44. 150. so. 0.29 o. 88 1.4x10 4 4 a.1v10· 

CoDoer 78 83. 1000. 10. 0.083 8.3 3900. 3.9xl0 5 

E~ropium 1.5 ·-
Gallium 19 20. l.SxlO 

4 0.0013 6.3 

Hafnium 64 4.1 150. 0.027 1300. 

Iron n 92,000 300. so. 310. 1800. ! l.4xl0 7 8.6xl0 7 

Lanthanum 84 57. 3.4x10 5 1. 7x10 -4 7.9 

68. 1.4 
4 3.2x10.J Lead 46 so. 10. 6 .8 6.4xl0 

33 5000. 4 4 0.28 o. 29 
4 i.4x104 I Ma1mesium l.8xl0 1. 7x10 1.3x10 

240. 50. 20. 4.8 12 
5 5 

u ..... --..::i--"'- 11 2.3x10 S.6x10 

83 0.76 2.0 50. 0.38 o. 015 
4 710. Mercury l.8x10 

Molybdenum 69 22. 1.SxlO 4 1400. 0.0015 0.016 69. 740. 

76 95. 45. 2.0 48. 
4 6 

Nickel 2.1 9.9xl0 2.2xl0 

29 18000. 6000. 4600. 3.0 3.9 
5 5 

Potassium 1.4xl0 1. 8xl0 

Rubidium 30 240. 5 -4 31. 
I I 3.6x10 6.7xl0 

Figure 65. (continued) 



-------· ·--·· -----··- ·---------------------- ----- ·--·------
___ ---·-·---- _ HfLUlNl SlRlAM NO 301 

.. 

"' 
a c D E I F G H I J 

i POlLUTANT HEAllH ECOLOGICAl DtGREE Of' DEGREE OF J IF J IF TOXIC UNIT Ol~HARGC MU 
f'OLLUT AA"T CATEGORY CONCEN· MATE MATE HA ZARO .w.ARD HEAlTH ECOL (HEALTH ((COLOOICAl 

SPECIES TAATIOH CONCEN· CONCEf~· (HEALTH) (ECOlOGICAL) MATE MATE BASED) 8ASCD) 
TRATION TR4TIOH (SIC) (8/0) EXCEEDED EXCEEDED (E 11 LINE 3) (f • UN£ l) 

UNITS - µg µg µg - - ·- -
Samarium 84 7.4 l.6xl0 5 4.6xl0 -5 2.2 

Scandium 60 16. l.6xl0 5 
l.OxlO 

4 4.7 

Selenium 54 20. 10. 5. 2.0 4.0 4 5 
9.4x10 l.9xl0 

Sodium 47A 19.000. l.6xl0 5 0.12 5600. 

Strontium 35 560. 9200. 0.061 2900. 

Tantalum 67 1.0 1.5xl0 4 6. 7xl0 -5 3.1 

Terbium 0.68 

Thallium 41 3.5 300. 0.012 550. 

Thorium 85 23. 130. 0.18 8300. 

62 1500. 4 160. 0.083 9.4 3900. 
5 

Titanium 1.8x10 4.4xl0 

85 15. 4 100. 0.0012 0.15 7050. Uranium 1.2xl0 59. 

V;:1nRdi11m 65 150. 500. 30. 0.30 5.0 4 5 1.4xl0 2.4xl0 

z-1 ... ,.. 81 400. 5000. 20. 0.080 20. 3800. 9.4xl05 

63 320. 1500. 0.21 
4 

Zirconium 1.0xlO 

15 85. 5 4 5.9 Indane 6.8x10 l.2xl0 

15 40. 5 5 2.8 Methylindane 6.8xl0 S.9xl0 

ln-f-,.,.t-hvl indan• 15 25. 6.8xl0 5 3. 7x10 s 1. 7 
5 4 13. 4 

Tetralin 15 110. 4.0xlO 200. 2 .8x10 o.ss 2.6xl0 

Figure 65. (continued) 



Conceptualized SRC Facility 
SOURCE/CONTROL OPTION ------------ __ ------------------ _ _ EFFLUENT STREAM NO. _3.Dl __ _ __ ' 

·-
A 8 c D E F G H I J 

I I POLLUTANT HEALTH ECOLOGICAL DEGREE Of DEGREE Of ,/ If v' IF TOXIC UNIT OISCHAAGE RAT£ 
POLLUTANT CATEGORY CONCEN· MATE MATE HAZARD HAZAR::J HEALTH ECOL (HEALTH (ECOLOGICAL 

SPECIES TRATION CONCEN· CONCEl-i- {HEALTH) {ECOLOGICAL) MATE MATE BAS€0) BA5£D) 
TRATION TRATION (8/Cl (BID) EXCEEDED o:c~rnrn (E • LINE 3) (F • LINE 3) 

UNITS - µg µ.g µg - - -- -
"°6-Methyl- 5 200. 4 0.25 4 
rerralin 15 so. 4.0xlO 1. 2x10 5.9 1. 2x10 

Naphthalene 21 1500. 1.SxlO 5 20. 0.01 75. 470. 3.SxlO 6 

2-Met~i.l- 5 0.0011 
n~nrh<> <>n<> 21 740. 6.8xl0 51. 
1-Meth11-
naptha ene 21 180. 6.8x10 

5 . 4 
2.6x10 12. 

Dimethyl- 21 5 4 ; napthalene /.,. 70 6.8xl0 6.9x10 ~2 

2-Isorpoly- 5 6 
napthalene 21 2. 6.8xl0 2.9x10 0.14 
1-Isorloly- 5 6 naptha ene 21 1. 6.8xl0 1.5x10 0.069 
C4-napthalene 

21 15. 6.8xl0 5 2.2xl0 5 
1.0 

Cyclohexyl-
benzene 15 

1 

Biphenyl 15 5 3000. 0.0017 78. 

Acenapthylene 21 270. 

Dimethvlbipher vl 15 61. 0.020 960. 

Dibenzofuran 60 

Xanthene 20. -
DibenzothiophE ne 70. 
Methyldi-
h<>n7ot:hioohern 8. 
Dimethyidi-
han ... ,,,t-"hi nnh&>n' 20. 

Thioxanthene 5 

Figure 65. (continued) 



SOURC[ICONTROL OP110N --------- EFFLUENT STREAM NO.--------_ 

A 8 c 0 E- F G H I J 

I POLLUTANT HEAlTH ECOlOGICAL DEGREE Of DEGREE Of ..J IF ..J IF TOXIC UNIT Dl9:HAAGE RATt 
POUUTANT CATEGORY CONCEN· MATE MATE HAV.RD HAZARD HEALTH ECOL (HEALTH ([COlOGICAL 

SPECIES lRATION CONCEN· CONCEN- (HEALTH) (ECOLOGICAL) MATE MATE BASED) BAS£0) 
TRATION TRATION (BIC) (8/0) EXCEEDED EXCEEDED (E a LINE 3) (FI UNE 3) 

UNITS - µ g/g ug/g µg/g - - -- - g/sec g/sec 
-

Fluorene 80. 

9-Methvlfl11rire he 40. 

11-Methylfluore 
I 

'1'c'. 50. 
Antracene/ 

500. 1 7v1 ()5 Phenanthrene 21 0., () 4900. 
Methyl-

100. 
4 0.0011 ohenanthrene 21 9.lxlO 52. 

1-Methyl-
iDhenanthrene 21 50. 9.lxlO 4 5.SxlO 4 

') f, 

c2-Antrhacene 21 10. 

200. 5 -4 
Fluoranthene 22 2.8xl0 7.lxlO 1.£. 

Dihydropyrene 10. 

21 200. 5 -4 
Pyrene 6.9xlU 2.9xl0 14. 

6 4 
~.2v10-S 1n-11ntiPr~nP 1 A 90. 1.lxlO 2.0xlO 0.0045 3.8 210. 

n-dodecane lA 550. 1.lxlO 6 2.0xlO 4 -4 0.028 5.0xlO 24. 1300. 

n-tridecane lA 9100. 
6 4 4 1.lxlO 2.0xlO 0.0083 0.46 390. 2.lxlO 

n-tetradecane lA 210 6 4 -4 
0.010 l.lxlO 2.0xlO 1. 9x10 9.0 490. 

n-pentadecane lA 
80. 1.lxlO 6 2.0xlO 4 7.3x10 -5 0.0040 3.4 190. 

n-hexadecane lA so. l.lxlO 6 2.0xlO 4 4.SxlO -5 0.0025 2.1 120. 

lA 6 4 -5 
0.0010 n-heptadecane 20. 1.lxlO 2.0xlO l.8xl0 0.85 47. 

n-octadecane lA 10. 1.lxlO 6 2.0xlO 4 9.lxlO -6 5.0xlO -4 
0.41 24. 

Figure 65. (continued) 



~ 
co 
0 

. 

A 

POLLUTANT 
SPECIES 

UNITS 

n-nonadecane 

n-eicosane 

n-heneicosanE 

n-docosane 

n-tricosane 

n-t-<>t-rn ~osanE 

others 

8 

POLLUTANT 
CA-:-:OGORY CONCEN· 

TRATION 

- µg 

lA 14. 

lA 14. 

lA 16. 

lA 14. 

lA 14. 

lA 10. 

lA 26. 

--------- EFFLUEN1 STREAM NO ------

c D E F G H I J 

HEALTH 
i 

ECOLOOICAL DEGREE Of V If v ·~ TOXIC UNIT DISCHARGE RATt 

! DEGREE Of 
MATE MATE HAZARD 1 HAZARD HE-"LTH E'Jl \HEALTH (ECOLOGICAL 

CONCEN· CONCrn- (HEALTH) ' (ECOL_OGICAL) '-'-•TE r.tA rt: I a•.SED) BASED) TRATION TRATION (8/C) (SID) EXCEEOW OCEOED (E l LINE 3) (F 1 UNE 3J 

µ g µg - - -~ --
l.lxlO 6 2.0xlO 

4 l.3xl0 5 7.0xlO 4 0.60 33. 

1.lxlO 6 2.0xlO 4 l.3xl0 5 7.0xlO 4 0.60 33. 

1.lxlO 6 2.0xlO 4 1. 3xl0 5 8.0xlO 4 0.68 38. 
.6 l.lxlO .4 2.0xlO 

. 5 
l.3xl0 7 .Oxl0

4 0.60 33 •. 

l.lxlO 6 2.0xlO 4 l.3xl0 
5 7.0xlO 4 0.60 33. 

1.lxlO 6 2 .OxlO 4 9.lxlO 
6 S.OxlO 4 0.43 24. 

1.lxlO 6 2.0xlO 4 2.4xl0 5 0.0013 1.1 61. 

. . 

Figure 65. (continued) 



NOTES 

Estimated MATEs for alkanes of c9 or larger: 

health ca. l.lxl06 , ecological ca. 2.0xl0
4 

MATEs for substituted indanes, tetralins, biphenyl assumed equal to 
unsubstituted compound. 

Ecological potassium MATE estimated to be 4600. 

Assume all antrhacene/phenanthrene present as phenanthrene (worst case) to 
calculates the Potential Degree of Hazard and Potential Toxic Unit 
Discharge Rate. 

ASSUMPTIONS 

UST ALL ASSUMPTIONS MADE REGARDING FLOW RATE, EMISSION FACTORS AND MATE VALUES. 

Figure 65. (continued) 
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----- ----- ·-·-·" ---------
1. SOURCE/CONTROL OPTION Page 1 i 

Conceptualized SRC Facility Using "Average U.S. Coal" ! 
I 

2. EFFLUENT STREAM l 3. EFFLUENT STREAM FLOW RATE 

Gasifier Slag Q= 11000 g/sec. I J07 
CODE# NAME (gas = m3/sec - liquid = I/sec - solid = g/sec) 

4. COMPLETE THE FOLLOWING TABLE FOR -;-H£ EFFLUENT STREAM OF LINE 2 (USE BACK OF FORM FOR SCRATCH WORK) ' 
A B c 0 E F G H I J I 

I 
POllUTANT HEALTH ECOLOGICAL DEGREE Of DEGREE OF V IF V IF TOXIC UNIT DISCHARGE RATE 

POllUTANT CATEGORY CONCEN· MATE MATE HAZARD HAZARD HEALTH ECOL (HEALTH (ECOLOGICAL 
SPECIES TAATION CONCEN· CONCEN· (HEALTH) (ECOLOGICAL) MATE MATE BASED) BASED) 

TRATION TRATION . (8/C) (8/D) EXCEEDED EXCEEDED (Ea LINE 3) (f 1 LINE 3) 

UNITS - µ.g/g µg/g µg/g - - - - g/sec g/sec 

Antimony 50 13. 1500. 40. 0.0087 0.32 95. 3600. 

5300. 4 
Arsenic 49 24. so. 10. 0.48 2.4 2.6xl0 

Barium 36 420. 1235. 1000. 0.34 0.42 3700. 4600. 

Bromine 27. 

4 3000. 
4 

f'<>l"i11m 34 13090. 4.8x10 3200. 0.27 4.1 4.5xl0 

Cerium 84 170. 1.lxl05 0.0015 17. 

Cesium 31 10. 2.Sxl05 4.0xlO~ 0.44 

Chromium 68 34. 50 50 0.68 0.68 7500. 7500. 

Cobalt 74 57. 150 50 0.38 1.1 4200. .4 1.3x10 

350. .4 
Copper 78 32. 1000 10 0.032 3.2 3.SxlO 

If MORE SPACE IS NEEDED. USE A CONTINUATION SHEET 

S. EFFLUENT STREAM DEGREE OF HAZARD 6. NUMBER OF 7. TOK.IC UNIT DISCHARGE SUM 

HEALTH MATE BASED (l COL. E) Sa 160 POLLUTANTS COM- 6 
HEALTH MATE BASED (l COL. I) 7a 1. 8xl0 ~/sec 

800. PARED TO MATES 
ECO!...OGICAL MATE BASED(~ COL. J) 7bS .SxlO g/sec ECOLOGICAL MATE BASED (! COL f) Sb HEALTH 6a 29. 

(ENTER HERE AND AT LINE 8, FORM IAOl) ECOLOGICAL 6b 16. (ENTER HERE ANO AT LINE 8, FORM IAOl) 

. . . Figure 66. Level 2 analysis for gasifier slag 
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5.5 Product Impacts 

This section examines the potential impacts from SRC 
products and will cover: toxicity of products, spills and 

water contamination, fire hazard, and utilization (combustion) 

of SRC product. Regulations which would serve to limit or 

alleviate hazardous impacts in those areas are summarized. 

5.5.1 Summary of Toxic Substances Standards 

There are no.environmental regulations that pertain 

directly to regulating the level of toxic substances in SRC 

product. Regulatory controls would generally be implemented 

only when the product is discharged, spilled or burned. SRC 
product does, however, contain toxic compounds and could 

potentially be regulated by toxic substances standards, 

promulgated in response to the Toxic Substances Control Act 

(TSCA) of 1976. The regulatory approach of TSCA provides for 

direct control of new and existing chemicals, requires pre
market screening of new chemicals, and provides for authority 
to require the testing of a chemical to determine the extent 

of toxicity. A major significance of TSCA is that is provides 

authority to develop information on the impact of chemical 

substances on the water environment, and allows for broad con

trol of chemicals. If adequate controls cannot be developed 

through the FWPCA or the Safe Drinking Water Act, action 

could be invoked under the Toxic Substance Control Act. To 

date, no toxic substances standards have been promulgated 

which would impact SRC operations. 

Product spills may be subject to regulation under the 

National Pollutant Discharge Elimination System (NPDES) of 
the Clean Water Act, as discussed in Section 5.3.1. A pro

posed rule (40 CFR part 151) would establish requirements 
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for spill prevention control and countermeasure (SPCC) plans 
to prevent discharges of hazardous substances from facilities 
subject to permitting requirements of the NPDES. Facilities 
which become operational after the effective rule date shall 
prepare an SPCC plan before such facility begins operations 
and shall be fully implemented as soon as possible, but no 
later than six months after the facility begins operations. 

The SPCC plan shall be prepared in accordance with good 
engineering practices and the general requirements of provid
ing for appropriate contaminant, drainage control and/or 
diversionary structures. Specific requirements include the 
following: 

e In liquid storage areas, and truck/rail car liquid 

loading and unloading areas secondary contaminent 

should be sufficient to contain the capacity of 

the largest single container or tank in the drainage 
system, plus allowance for precipitation accumula
tion. Secondary containment systems shall be 

sufficiently impervious to contain spilled hazardous 
material until it can be removed or treated. 

• Raw materials storage areas which are subject to 
runoff, leaching, or dispersal ·by wind shall 

incorporate drainage or other control features 

which will prevent the discharge of hazardous 

substances. 

• All areas of the facility shall be inspected at 
specified intervals for leaks or conditions that 
could lead to discharges. 
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• Only uncontaminated rainwater may be released from 
diked or other plant drainage areas unless the 

released water will be given approved treatment. 

• Facilities shall have the necessary security 

systems to prevent accidental or international 

entry which could cause a discharge. 

• Facility employees and contractor personnel using 

the facility shall be trained in and informed of 

preventive measures at the facility. 

Standards applying to pollutant release into the var

ious media (air, water and land) have been discussed pre

viously in Sections 5.2.1, 5.3.l and 5.4.1, respectively. 

5.5.2 Comparison of Product Characterization Data with 

Toxic Substances Standards 

Given the absence of numerical toxic substances stan
dards, a comparison between such standards and the product 

compositions cannot be made. 

5.5.3 Environmental Impacts 

5.5.3.1 Multimedia Impacts of Accidental Spills 

A spill of SRC products containing toxic and hazardous 

compounds would be an environmental concern. Knowledge of 

ways in which impact from spills differ from those of con

tinuous discharge of a substance and the precautions which 
can be taken to combat spill impact are important. 
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The problem of potential spills is distinctly different 
from that of continuous discharges. Spill pollution differs 
from background pollution in several important ways: 

• There is no specific advance knowledge with regard 
to when or where a spill may occur, the amount of 
material involved, the resulting concentration, 
the size of .the affected environment, and the 

duration of the episode. 

• Spills generally involve much higher environmental 
concentrations than found in background pollution. 
However, these high concentrations may not last 
as long and may be in a more limited area. 

• Preventive measures can do much to reduce frequency 

aud size of spills but spills cannot be totally 

eliMinated. 

• Perhaps the most important difference between 

spill and background pollution situations lies in 
the need for immediate action to evaluate the 
hazard of a spill and to institute control mea
sures. 

The basic data required to evaluate the effects of SRC 
product oil on man and his environment under the spill 

situation are generally the same as are required for the 

evaluation of continuous discharges. These descriptors of 

the spill include time, place, quantity, physical and chem
ical properties, ecosystems at risk, and toxicity. Much of 

these data can be acquired in advance of a spill and stored 

for ready access at the time of the emergency. 
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Following a spill, it is necessary not only to predict 
the distribution of the material but also to monitor its 
dispersal into the environment until such time as dilution, 
degradation, or other mechanisms have reduced the contamina
tion to a safe level. 

Primary information needed to protect the population 
from the inunediate effects of the spilled material includes 
acute and subacute toxicity data for exposure through in
halation, skin contact·or ingestion of the material, or the 

contamination of food and drinking water. Information on 
sublethal, disabling concentrations are particularly impor
tant for the protection of those involved in controlling and 
cleaning up spilled chemicals. 

Spill situations should be exploited to gain the great
est possible knowledge of effects from exposure to SRC 
product. Primary emphasis should be placed on effects on 
human health. Field studies should be undertaken to deter
mine effects on the biota and the ability of damaged eco
systems to recover. Studies of model ecosystems, subjected 
to spill size quantities of product oil would, of course, be 

most helpful for predicting spill hazard. 

Special attention should be given to development of 
analytical and biological measurement techniques for use in 
spill situations. Relatively simple mathematical models 
should be developed for predicting the movement and concen
trations of hazardous materials in those ecosystems likely 
to be subjected to spills. These models, together with 

information on the effects of exposure, can be utilized to 
determine whether a hazard exists. 

Approximately 11,368 Mg/day of product and by-product 

will be produced in the commercial SRC process. These 
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products and by-products must be stored and shipped to 
buyers. A breakdown in production rates for SRC-11 is as 
follows: 

Product or 
Bi-Product (1) Mg/dal (1) 

Naphtha 518.2 
Fuel oil 2,591. 
SRC 5,527. 
Ammonia 63.9 
Sulfur 442~3 

Phenol 34.4 
SNG 1,312. 
LPG 820.7 

The hazardous nature of these materials requires that every 

precaution be taken to avoid spills and leaks during storage 
and shipping. Both preventive measures and recovery/dis
posal methods are required to negate the potential environ
mental disaster of spills. The toxic nature of SRC products 

can be appreciated from the analysis of SRC-I products shown 
in Section 3.0. Available MATE values for organic constitu
ents in SRC-1 products are presented in Table 106. A com
plete analysis of products from SRC-II is not available. 

The several preventative measures that will act to 
mitigate syncrude spills are as follows: 

• Structural integrity must conform to code con
struction and the materials must be stored in 
compatible materials. 

• Methods to prevent and repair corrosion are 
needed. 
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PNA Fraction 

Xylene 

o-ethylbenzene 

m/p-ethylbenzene 

.p.. c3-benzene 

"' 1--'. 
c4-benzene 

Indane 

Tetralin 

Napthalene 

Biphenyl 

Pyrene 

Fluoranthene 

TABLE 106. CONCENTRATIONS (mg/1) OF CONSTITUENTS IDENTIFIED IN 
SRC PRODUCTS 

Particulate MATE-Water (mg/l) 
Solvent Filter Based on 

Light Wash Process Raw Process Mineral Refined Concentration Health Ecological 
Oil Solvent Solvent Water Residue Coal ug/m3 Effects Effects 

1300 6500 1 

9800 1700 6500 1 

700 6500 1 

3900 1500 45 1 

500 45 1 

4300 13000 3400 2 

330 4100 0.1 llO 2000 1 

1630 32000 100 5 1500 750 0.1 

80 10000 5900 0.2 270 2 75 15 

20 40 11200 0.6 200 280 900 345') 

15 35 10500 0.4 200 180 700 1400 



• Periodic examination of tank integrity is required. 

Mobile storage tanks should be isolated from 
navigable waters. 

• Heating coils, where used, must be monitored for 
oil content; external heating systems rather than 
internal structural coils should be used. 

Tanks must be gauged carefully before filling to 
prevent overfill. 

• Overflow pipes should be connected to adjacent 
tanks. 

• Relief valves for excessive pressure and vacuum 

should be in place. 

• Inspection methods should concentrate on target 
areas, including pipeline exposure, pipeline 
crossing and areas of construction. 

Oil sensitive probes should be located throughout 
the drainage system of a potential spill. 

If an oil spill does occur within the confines of the 

:Jlant it can be expected to be contained. Dikes are required 
to contain the maximum spill and must be covered with an 

ifi1pervious material around each storage tank. In draining 
these dikes, contaminated waters will be routed to the 
chemical water sewer. 
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5.5.3.2 Fire and Explosion Hazard 

The SRC products pose some degree of hazard with regard 
to fire and explosion hazard. Figure 67 illustrates the 

possible fire reaction chains that could result from leaks 
in manufacturing equipment or accidental product spillage. 
The fire/ explosion hazard of SRC pr·oducts would be expected 

to be similar to that of comparable.petroleum products and 
should require similar precautions. 

5.5.3.3 Product Utilization Impacts 

A major consideration with regard to SRC product hazard 
is the impact from utilizing SRC fuel. This section will 

sununarize emission data from SRC combustion tests, comparing 

emissions from SRC-1, SRC-11, coal and oil. The data is 
derived from two major SRC combustion tests - one utilizing 
the solid SRC-1 product and the other utilizing liquid SRC
II product. These emission data will also be reviewed in 

terms of meeting standards and recommended MEG values. 

5.5.3.3.l SRC-I Combustion 

An SRC combustion test was conducted at Georgia Power 
company's Plant Mitchell, during the months of March, May, 
and June 1977. The purpose of the test was to determine 

whether SRC is an acceptable substitute for coal, and to 

demonstrate the assumed advantages of SRC. 

The test was conducted in three phases, with coal being 

fired during the first and second phases, and SRC during the 
third. Flue gas samples were collected for modified EPA 
Level I analysis, and analytical results were reported. Air 

emissions from the combustion of coal and SRC were compared 
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Figure 67. Coal liquefaction environmental· health and safety impact and hazard 
control requirements (132) 



for various organic and inorganic constituents, and so2 and 
NOx. Finally, the impact of the air emissions from the 
combustion of SRC was assessed by comparison with EPA's 

Multimedia Environmental Goals and existing New Source 

Performance Standards. 

Air quality emissions test data shown in Table 107 in

dicates that SRC so2 and NOx emissions were 0.46 and 0.19 
kg/GJ (1.06 and 0.43 lb/106 Btu) respectively. This is 
about 12 and 39 percent under the existing New Source Per

formance Standards (NSPS) of 0.52 kg/GJ (1.2 lbs/106 Btu) 
for SO and 0.30 kg/GJ (0.7 lbs/10 6 Btu) for NO . If the 

x x 6 
so2 standard is reduced to 0.26 kg/GJ (0.6 lbs/10 Btu), SRC 
derived from high sulfur coal may not achieve compliance. 

SO levels were slightly higher than that of the low sulfur x . 
coal normally burned at the plant. The sulfur content of 
the SRC prior to combustion was approximately 0.9 percent as 
compared to an estimated 0.6 percent sulfur in the Kentucky 

coal. The NOx emissions were unexpectedly low and may be a 
result of abnormally high excess air used during the combus
tion test; thus additional testing at normal conditions is 

required. 

Particulate emissions were at levels which can be con
trolled well below the EPA standard of 0.04 kg/GJ (0.1 lbs/ 
106 Btu) by installing a modern precipitator having a parti

culate collection efficiency of approximately 95 percent. 

During coal combustion highly volatile trace elements 

may appear in the combustion gases. The concentration of 

most of the trace elements in combustion gases from SRC 
derived from high sulfur coal are lower than those resulting 
from direct combustion of low sulfur coal. This comparison 

is made in Table 108, although the coal used to produce the 
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TABLE 107. COMPARISON OF COMBUSTION EMISSIONS TO STANDARDS FOR 
SOLID FOSSIL FUEL-FIRED STEAM GENERATORS 

Solid Fossil Fuel SRC-I Ave. 
Contaminant Existing Proposed Emission Rate 

Standards Standards 

SOX 1. 2 lb/106 Btu 0.6 lb/106 Btu 1.06 lb/106 Btu 
(520 ng/J) 260 ng/J (460 ng/J) 

NOX 0.7 lb/106 Btu 0.43 lb/106 Btu 
(300 ng/J) (190 ng/J) 

Particulates 0.1 lb/106 Btu 
(43 ng/J) 



TABLE 108. COMPARISON OF INORGANIC AIR 
EMISSIONS -- COAL VS. SRC 

Coal SRC ** 
May 25, 1977 June 14, 1977 

Constituent µ.g/m3 µg/rn3 

Aluminum 809.98 215.03 

Antimony 4.55 3.57 

Arsenic 2.32 1.42 

Barium 48.23 11. 71 

Boron 0.24 1.95 

Chromium 57.13 16.61 

Copper 8.30 0.63 

Lead 6.24 1.40 

Iron 1,268.94 799.62 

Magnesium 138.15 57.60 

Manganese 29.81 62.55 

Mercury 0.57 2.06 

Nickel 82.33 13.46 

Thorium 7. 96 1.08 

Uranium 0.20 3.53 

Vanadium 12.28 5.91 

Zinc 12.88 9.02 

*It should be noted that the coal used to produce the SRC was not the 
coal fired on May 25, 1977. It is known, however, that solvent refining 
of coal results in the removal of some highly volatile trace elements, 
such that, when SRC is burned, lower concentrations of these elements 
generally should appear in the combustion gas. 
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SRC was not the coal fired on May 25, 1977. It is known 
however, that solvent refining of coal results in the removal 
of some highly volatile trace elements, such that, when SRC 
is burned, lower concentrations of these elements generally 
should appear in the combustion gases. 

The concentration of inorganic elements in air emissions 
from the SRC-I combustion test are compared in Table 109 to 
the MEG for those elements. All elements meet the recom
mended MATE values, with the exception of chromium. Zinc 
and boron are the only elements which meet the ambient level 
goal values. None of the elements meet the elimination of 
discharge. It should be remembered, however, that these 
trace element emission levels are generally less for SRC 
than for coal. 

Air emission analysis was not performed, however. 
There are three elements (titanium, beryllium, and cobalt) 
which are reported at levels in SRC product oil that could 
potentially pose a pollution problem when burned. The 
inclusion of these elements in future air emission studies 
could resolve this uncertainty. 

The release of organic constituents to the air via com
bustion of SRC is not an area of major environmental concern. 
c1-c6 hydrocarbons were not detected during either Phase II 
or Phase III. The detection limit for these compounds was 

0.5 ppm. The emissions of c7 through c12 hydrocarbons 

during the combustion of SRC do not appear to differ signifi
cantly from the direct combustion of coal and are not an 
area of environmental concern. Also, no carcinogenic PAHs 
were found in the SRC flue gases. 
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TABLE 109. COMPARISON OF SRC AIR EMISSIONS WITH MEG's 

Minimum Acute 
Toxicity Effluent 

Constituent 
Based on 
Health 

Effects* 

Aluminum 5,200 

Antimony 500 

Arsenic 2 

Barium 500 

Boron 3,100 

Chromium 1 

Copper 200 

Iron ---

Lead 150 

Magnesium 6,000 

Manganese 5,000 

Mercury 50 

Nickel 15 

Thorium ---
Uranium 9 

Vanadium 500 

Zinc 4,000 

* 
3 Values are in µg/m 

Based on 
Ecological 
Effects* 

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

---
---

---
---

---

---
---

10 

---
---

---
1 

---

Values have not yet been developed 

SRC -'I: 

June 14, 1977* 

. 
215.0J 

3.57 

1.42 

11. 71 

1.95 

16.61 

0.63 

799.62 

1.40 

57.90 

62.55 

2.06 

13.46 

1.08 

3.53 

5.91 

9.02 



There could be a problem with fugitive dust from han
dling SRC, the extent of which will be determined by the 
equipment use. 

5.5.3.3.2 SRC-II Combustion 

A combustion test was performed by Consolidated Edison 
of New York on the liquid product from SRC-II. The test was 
performed at Con Ed's 74th Street generating station on a 

tangentially fired boiler manufactured by Combustion Engineer
ing (characteristically a low NOx producer). Some 5,000 
barrels of SRC-II from the Fort Lewis pilot plant were 
burned. A petroleum fuel, burned as the control was a 
little lighter than No. 6 residual oil. The SRC-II liquid 
contained one percent nitrogen by weight, compared to 0.23 
percent in the oil. Sulfur levels were more comparable: 
0.22 percent in SRC-II; 0.24 percent in the oil. 

A summary of the preliminary results of the study are 
shown in Table 110, along with existing and proposed stand
ards. NO emissions from SRC-II were 70 percent higher than x 
for conventional petroleum. The Electric Power Research 
Institute believes, however, that a utility boiler capable 
of meeting the existing NOx standard for oil (0.13 g/106 J) 

would, burning SRC-II, be able to meet the level of discharge 
currently being considered for proposed as a standard for 
coal-derived liquids (0.22 g/106 J). It should be noted 
that no standards have been officially proposed at the time 
of this writing and that the value states above is subject 
to revision. The U.S. EPA is mandated to establish New 
Source Performance Standards for all new major stationery 
sources by 1982. Although it is risky to read too much into 
a single datum point, the SRC-II registered a NOx emission 

level of 175 to 300, compared to the 400 to 420 ppm proposed 
standard for coal derived liquids. 
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Contaminant 

so 
x 

NO x 

Particulates 

Unburned 
hydrocarbons 

Carbon 
monoxide 

Sulfur 
trioxide 

TABLE 110. COMPARISON OF COMBUSTION EHISSIONS TO STANDARDS 
FOR LIQUID FOSSIL FUEL-FIRED STEAM GENERATORS 

Existing Standards for 
Liquid Fossil Fuel 

0.8 lb/106 Btu 
(340 ng/J) 

0.3 lb/106 Btu 
(130 ng/J) 
(230 ppm) 

0.1 lb/106 Btu 
(43 ng/ J) 

Proposed Standards for 
Coal Derived Liquid Fuel 

0.5 lb/106 Btu 
(217 ng/J) 
(400-420 ppm) 

Emissions from Combustion Test 
No. 6 petroleum 

Liquid SRC-11 Residual Oil 

175-300 ppm 

0.015-0.025 ppm 

3 ppm 

50 ppm 

1 ppm 

100-160 ppm 

higher than 
SRC-II 



Other emissions were low. Particulate emissions mea
sured at 0.015 to 0.025 ppm, lower than for oil. No parti
culate removal equipment was operated during the combustion 
test. Unburned hydrocarbons measured at less than three ppm 
(actually the threshold of the monitoring equipment); carbon 
monoxide was less than 50 ppm; sulfur trioxide less than one 
ppm. 

5.5.4 

5.5.4.1 

Evaluation of Unregulated Toxic Substances and 
Bioassay Results 

Potential Degree of Hazard of Unregulated 
Toxic Substances 

Analyses of SRC product and by-products has been sum
marized in Section 3.0. Filby and co-workers (45) of Washing
ton State University conducted studies of the trace element 
distribution and fate in the SRC-I process. Their data 
forms the basis of the inorganic product composition and 
SAM./IA potential degree of hazard tables. Fruchter and 
Petersen of Battelle Northwest Laboratories, have conducted 
a program to characterize SRC products, by-products and 
effluents. Their analyses have been performed primarily on 
samples derived from the SRC-I process with limited analyses 
of SRC-II samples. SRC-II samples were used in a recent 
Level I sampling and analysis study by Hittman Associates. 
The nature of the methodology used does, however, restrict 
this preliminary data to qualitative/semi-quantitative 
interpretation. 
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5.5.4.1.1 

5.5.4.1.1.l 

Inorganic Analysis 

SRC-I Partitioning Factors and 
SAM/IA Analysis 

Composition of various product and by-product streams 
is known to vary with the composition of the feed coal. An 
estimate of the concentration of the inorganic constituent 
in the naphtha, wash solvent, heavy oil, SRC-I, filter cake, 
and sulfur is presented in Tables 111 to 115. The tables 
are based largely on the data generated by Washington State 

University (45) with incorporation of Battelle Northwest 
data. The elements having a potential degree of hazard 
greater than (1) (indicating that the component may be an 
environmental hazard) are indicated by a(*). 

5.5.4.1.1.2 SRC-II Level 1 Methodology and 

SAM/IA Analysis 

Hittman Associates has completed preliminary charac
teristics of several SRC-II product and by-product streams 
according to Level 1 methodology. The SAM/IA methodology 
was utilized by HAI to assess the relative hazard of three 
product streams (naphtha, middle and heavy distillates) and 
residue. Although the SAM/IA model is intended to be used 
as a hazard assessment of discharged streams, the model can 
be a useful indication of the types of compounds which 
warrant concern in the event of a spill or as a result of 
fugitive emissions and leaks from product storage. A sum
mary of the SAM/IA worksheets of the spark source data for 
these streams is shown in Table 116. The results of the 

SAJ!i/IA model indicate the expected trend for trace element 
toxic unit discharge rates for these four streams: 

Residue > heavy distillates > middle distillates > naphtha 
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TABLE 111. ESTIMATED CONCENTRATIONS OF INORGANICS 
IN SRC-I LIGHT OIL NAPHTHA 

Name 

Aluminum 
Antimony 
Araenic 
Barium 
Bromine 
calcium 
Cerium 
CesiUlll 
Chlorine 
Chromium 
Cobalt 
Copper 
EuropiUlll 
GalliWll 
Hafnium 
Iron 
Lanthanum 
Lead 
Magneaium 
Manganese 
Mercury 
Nickel 
Potassium 
Rubidium 
Samarium 
ScandiWll 
Selenium 
Sodium 
Strontium 
Tantalum 
Terbium 
Thorium 
Titanium 
Vanadium 
Zinc 
Zirconium 

Health 
Based 

SAM/IA Analysis 
Potential Degree 

of Hazarda 

o. 75(1.0*) 
0.032(0.073) 
0.19(0.60)_4 
8.0(16)xl0 

o. 75(1.6*) -6 
6.5(9.l)xl0_9 1.2(2.0)xlO 
0.32(0.54) 
0.60(1.4*) 
0.0043(0.010) 
0.050(0.14) 

-5 8.9(13.5)xlQ5 5.3(7.9)xl0 
6.7*(15.•) -5 
1.6(2.6)xl0 
5.6*(28.•) 
ca.0.081(0.20) 
0.68(2.6*) 
0.79(3.9*) 
0.65(4.2") 
1.2*(2.5*) -4 
1.6(5.6)xlQ

5 1.9(33)xl0 _
6 2.5(4.2)xl0 

3.0•(7.6•) 
0.010(0.054) 
0.035(0.074)_9 
9.3(12.B)xlO 

3. 7 (7. 9)xl0-4 

0.019(0.040) 
0.14(0.28) 
0.14(1.7*) -4 
9.1(17.6)xl0 

Ecological 
Baaed 

6.0*(83.*) 
1.2*(2.8*) 
O. 94 (3. O*) 
0.0016(0.0032) 

0.013(0.031) 
5.0•(14.*) 

40.*(92.*) 

28*(142*) 
ca.0.084(0.21) 
1. 7*(6. 5*) 
0.032(0.16) 
15.•(97.*) 
1. 5*(3. 3*) 

6.3•(13.*) 
2.4•(4. 7*) 
35.•(420.•) 

aNumbers in parentheses based on maximum, other numbers are based on average. 
Only the average numbers are included in the SAM/IA analysis summary in 
Section 5.0. 

*A potential degree of hazard greater than one (1) indicates that this 
component may be an environmental hazard. 

SAM/IA Analysis8 

Stream flow rate: Q • 7.6851/sec 
(assuming specific gravity of 0.875) 
Stream Potential Degree of 

Hazard 

Health Mate Based _2_2~(7_2~) __ _ 
Ecological mate Based 215(920) 
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Number of Entries Compared to Mates 

Health ...,,......,3.,.3 __ _ 
Ecological ... 1 ... 8 ___ _ 

Potential Toxic Unit Discharge 
Rate Sum 

Health Mate Based 170(560) 
Ecological Mate Based 1650(7100) 



TABLE llL. ESTIMATED INORGANIC CONCENTRATIONS IN 
SRC-1 WASH SOLVENT 

SAM/IA Analysis 
Potential Degree 

Health of HazardaE 1 1 co ogica 
Name Based Based 

Aluminum 0.21(0.29) -4 17 .•(24.*) 
Antimony l.1(2.5)xl0 0.0040(0.0094) 
Arsenic 0.016(0.051) 0.082(0.26) 
Barium 0.21(0.42) 0.42(0.85) 
Bromine 
Calcium 0.42(0.92) -4 6.4(14) 
Cerium 3.2(5.4)xl0 _10 
Cesium 9.4(15.S)xlO 
Chlorine 0.13(0.22) 
Chromium 0.082(0.20) 0.082(0.20) 
Cobalt 0.041(0.10) 0.12(0.30) 
Copper 0.0075(0.020) o. 75(2.0*) 
Europium -4 
Gallium 5.1(8.0)xlo_

4 Hafnium 4.6(6.8)xl0 
Iron 2.5*(5.6*) 15*{34*) 
Lanthanum 2.3(3.6)xlo-6 

Magnesium 0.053(0.13) 0.055(0.14) 
Manganese 0.68(2.6*) 1. 7*(6. 5*) 
Mercury 3.7*(18.*) 0.15(0.72) 
Nickel 1.4*(8.9*) 32*(204*) 
Po·tassium o. 79(1. 7*) -5 1.0*(2. 2*) 
Rubidium 2.8(9.9)xlo_

6 Samarium 4.3(7.3)xl.0_
7 

ScandilJlll 2.6(4,4)xl0 
Selenium 0.19(0.48) 0.37(0.95) 
Sodium. 0.0057(0.030) 
Strontium 0.015(0.0312_9 
Tantalum · 6.2(8.6)xl0 
Terbium 

3.2(6.S)xlo-4 Thorium 
Titanium 0.014(0.031) 4.7*(10.4*) 
Vanadium 0.058(0.11) '0.96(1.9) 
Zirconium 0.0010(0.0020) 

aNumbers in parentheses based on maximum, other numbers are based on average. 
Only the average numbers are included in the SAM/IA analysis summary in 
Sect ion 5. 0. 

*A potential degree of hazard greater than one (1) indicates that this 
component may be an environmental hazard. 

SAl't/IA Analysia8 

Stream flow rate: Q • 27.67b l/sec 

Stream Potential Degree of 
Hazard 

Health Mate Based 11(4_0,_) __ 
Ecological Mate Based _ 81 (300 
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Number of Entries Compared to Mates 

Heal th _ _..;3::,::1,__ __ 
Ecological ...;:,17;_,_ __ 

Potential Toxic Unit Discharge 
Rate Sum 

Health Mate Based 290 (1100) 
Ecological Mate Based _2'.150 -Ono~1j __ 



TABLE 113. ESTIMATED INORGANIC CONCENTRATIONS IN 
SRC-I HEAVY OIL 

SAM/IA Analysis 
Potential Degree 

Health of HazardaEcological 
Name Based Based 

Arsenic 0.88(2.8*) 4.4*(14.*) 
Bromine 
Calcium 4.6*(10.4*) 69.*(160.*) 
Chromium 24.*(60.*) 24.*(60.*} 
Copper 0.20(0.54) 20.*(54.*) 
Iron 307.*(667*) 1840*(4000*) 
Lead 4.8*(25*) 24*(124*) 
Manganese 4.4*(17*) 11.*(43.*) 
Nickel 18.*(110.*) 410*(2600*) 
Potassium 4.3*(9.0*) -4 5.7*(11.7*) 
Ribidium 2.7(9.4)xl0 
Selenium 6.9*(18*) 14*(36*) 
Strontium 0.043(0.096) 
Titanium 0.34(0.73) 110.*(240.*) 
Vanadium 4.4*(8.0*) 73*(130*) 
Zinc 0.35(4.4*) 88*(1100*) 

~umbers in parenthesis based on maximum, other numbers based on average. 
Only the average numbers are included in the SAM/IA analysis summary in 
Section 5.0. 

*A potential degree of hazard greater than one (1) indicates that this 
component may be an environmental hazard. 

. a 
SAM/IA Analysis 

Stream Flow Rate: Q = 30 liters/sec (asfJ_uming specific gravity of LO). 

Stream Potential Degree of 
Hazard 

Health Mate Based ___ 3_80__....(9_4_0_)_....,..__..,...... __ 
Ecological Mate Based 27000 (8600) 
Number of Entries Compared to Mates 

Health 15 ---------Ecological _1_3 ___ _ 

Potential Toxic Unit Discharge 
Rate Sum 

Health Mate Based 1100 (28000) 
Ecological Mate Based 81000 (260000) 
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TABLE 114. ESTIMATED INORGANIC CONCENTRATIONS IN 
SRC-I FILTER CAKE 

SAM/IA Analysis 
Potential Degree 

Health of Hazarda Ecological 
Name Based Based 

Antimony 0.0031(0.0070) 0.115(0.26) 
Arsenic 0.46(1. 5*) 2.3*(7.4*) 
Barium 0.68(1.4*) 1.4*(2. 7*) 
Bromine -4 
Cerium 4.5(6,4)xl0_5 Cesium 1.5(2.5)xl0 
Chromium 0.94(2.2*) 0.94(2.2*) 
Cobalt 0.20(0.50) 0.60(1.5*) 
Europium 
Hafnium 0.13(0.020) 
Iron 140*(320*) -5 860*(1920*) 
Lanthanum 3.2(4.7)x10 1. 3*(2.9*) 
Lutetium 
Nickel 0.98(6.2*) 22.*(140.*) 
Potassium 1.0*(2.2*) -4 1. 3*(2. 9*) 
Rubidium 2.5(8.9)xl0_5 Samarium 3.1(5.3)xl0_5 Scandium 5.2(8.S)xlO 
Selenium 1.2*(3.l*) 2. 4*.(6. 2*) 
Sodium 0.035(0.18) 
Strontium 0.027(0.05915 
Tantalµm 3.3(4.6)xl0 
Terbium 
Thorium 0.10(0.21)_4 
Uranium 5.2(19)xl0 0.062(0.23) 
Zirconium 0,093(0.18) 

aNumbers in parenthesis based on maximum, other numbers based on average. 
Only the average numbers are included in the SAM/IA analysis summary in 
Section 5.0. 

*A potential degree of hazard greater than one (1) indicates that this 
component may be an environmental hazard. 

a 
SAM/IA Analysia 

Stream Flow Rate: Q • 53,000 g/sec. 

Stream Potential Degree of 
Hazard 

Health Mate Based 150. (340.) 
Ecological Mate Based 890. (2100.) 

Number of Entries Compared to Mates 

Heal th _ ___,2,...,2,---___ _ 
Ecological ....;;;.10.;.... ___ _ 

Potential Toxic Unit Discharge 
Rate Sum 

Health Mate Based 7.9xl06 to l.79xl07 

Ecological Mate Based 4.7xl07 to l.10xlo8 
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TABLE 115. ESTIMATED INORGANIC CONCENTRATIONS IN 
SRC SULFUR BY-PRODUCT 

a 

Name 

Aluminum 
Antimony 
Arsenic 
Barium 
Bromine 
Calcium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Europium 
Gallium 
Hafnium 
Iron 
Lanthanum 
Magnesium 
Manganese 
Mercury 
Praseodymium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Sodium 
Strontium 
Tantalum 
Terbium 
Thorium 
Titanium 
Vanadium 
Zirconium 

SAf1/IA Analysis, 
Potential Degree 

Heal th of Hazards Ecological 
Based Based 

4. 2 (<5. 9)x10:~ 
1. 3 (< 3 . 3) xl 0 
0.034(<0.ll) 
0.18(0.36) 

0.29(0.65) -5 
l.5(2.2)xl0_ 5 l.2(2. l)xlQ4 5.8(10)xl0 
0.048(0.11) 

~ :~~~h;~~-4 
1. 2 (1. 9) xl0-4 
0.0021(0.0031) 
2.4*(5.5*) 
6.8(ll)xl0-6 
0.016(0.041) 
0.17(0.66) 
0.10(0.50) 

-6 2.2(3.8)xlo_ 7 1. 8 (2. 9)xl0 
0.30(0.78) 
0.29(1.4*) 

~:g~~~~~~n~~ 
0.0035(0.0075) 
0.005(0.011) 
0.014(0.028) 
0.037(0.073) 

0.034(0.047) 
0.0050(0.0125) 
0.17(0.56) 
0.36(0.73) 

4.4*(9.7*) 

0.048(0.11) 
3.8*(9.4*) 
0. 064(0 .17) 

15*(33*) 

0.017(0.043) 
0. 43 (1. 6*) 
0.0042(0.020) 

0. 6 (1. 6*) 

0.56(1.2*) 
0.23(0.47) 

Numbers in parenthesis based on maximum, other numbers based on average. 
Only the average numbers are included in the SAM/IA analysis summary in 
Section 5. O. 

*A potential degree of hazard greater than one (1) indicates that this 
component may be an environmental hazard. 

SAM/IA Analysis8 

Stream flow rate: Q • 5127 g/sec. 

Stream Potential Degree of 
Hazard 

:~~i~:i~~ e M:~:e~a-s-'e~:-'·-=~-=';1~. ~=-'":""'~s=-.-=7----------------
Number of Entries Compared to MATE 

Health 28 
Ecologi-ca~r----1-5------~ 

Potential Toxic Unit Discharge 
Rate Sum 

Health Mate Based 2.7 to 6.9 x 104 

Ee olog ical Mate Bas-:e7d --;-1--:. 3;-"-;-to;.....;;;3:-. O~x-:-:10;:"'1!s,..-------
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TABLE 116. SUMMARY DERIVED FROM SAM/IA METHODOLOGY APPLIED 
TO SPARK SOURCE RESULTS FROM PRODUCT STREAMS AND RESIDUE 

Effluent stream 
potential degree of 
hazard 

• Health based MATE 
• Number of MATEs 

exceeded 
• Ecological based 

MATE 
• Number of MATEs 

exceeded 

Potential toxic unit 
discharge rate sum 

• Health based MATE 
• Ecological based 

Naphtha 

0.15 
0/19(0%) 

108 

1/12(8%) 

0.003 
2.5 

Middle 
distillate 

0.15 
0/20(0%) 

51.0 

1/13(7 .6%) 

0.008 
2.83 

Heavy 
distillate 

30. 
4/47(4%) 

5032 

7/23(30%) 

1 
154 

Residue 

40. 
2/47(4%) 

14,288 

12/24(50%) 

5900 5 
20.8xl0 

The level of trace elements found in the naphtha and 

middle distillates were low in comparison with those in the 
heavy distillates. None of the trace elements examined, and 
only aluminum in the naphtha and phosphorus (which may be 
phosphate) in the middle distillates, exceeded their respec
tive health MATE values. The concentration of aluminum and 
phosphorus in these product strea~s requires further veri
fication in a Level 2 analysis. For the heavy distillates 
many trace elements exceeded the ecological MATE values with 
some elements such as chromium, manganese and silica exceed
ing both the health and ecological values, as shown in 
Table 117. Further efforts should be made to accurately 
quantify these trace elements. 

As is expected the residue is the sink for most non
volatile trace elements. Application of the SAM/IA model 
for the residue, indicates that several trace elements exceed 

509 



TABLE 117. TRACE ELEMENTS EXCEEDING HEALTH OR ECOLOGICAL 
MATE CONCENTRATIONS IN THE HEAVY DISTILLATES 

Aluminum 
Cadmium 
Chromium 
Copper 
Iron 
Manganese 
Nickel 
Phosphorus 
Silicon 
Vanadium 
Zinc 

E* 
E 
H,E 
E 

·H 
H,E 
E 
E 
H,E 
E 
E 

*E = indicates ecological MATE was exceeded 
H = indicates that health MATE was exceeded 

health and/or ecological MATE values, where such values 
exist. The MATE's applied to the residue were for solid 
waste and as such were much more lax than MATE's used for 
the product streams. 

5.5.4.1.2 

5.5.4.1.2.1 

Organics Analysis 

SRC-II Level 1 Methodology and 
SAM/IA Analysis 

The diversity of organic compounds which can comprise 
the product streams from a liquefaction system preclude com
plete identification without years of research. It has been 
estimated that only 10 percent of the possible compounds in 
hydrogenation products have been identified and that those 
compounds found in the MEG's represent even a smaller per
centage. 

Hittman Associates' Level 1 analysis of the SRC-II 
product streams was intended to show relative distribution 
of broad classes of compounds and to determine for the 
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middle and heavy distillates concentration estimates for 
those organic classes present in highest concentrations. 

The SAM/IA model was applied to the middle and heavy 
distillates. Because of numerous short-comings inherent in 
MEGs, SAM/IA analysis, and Level 1 methodology, the applica
tion of the MEG's is only intended to point out the most 
highly toxic stream components. The SAM/IA analysis is 
summarized in Table 118. 

TABLE 118. SUMMARY OF SAM/IA FOR MIDDLE AND 
HEAVY DISTILLATES 

"Effluent Stream Potential 
Degree of Hazard" 

• Health based MATE number 
of MATEs exceeded 

• Ecological Based MATE 
number of MATEs exceeded 

"Potential Toxic Unit Discharge 
Rate Sum" 

• Health based MATE 

• Ecological based MATE 

Middle 
distillates 

2.16xl08 

22/25(88%) 

2.26x106 

13/13(100%) 

7 
1. 2xl0 

5 
1. 3x10 

Heavy 
distillates 

6.13x!06 

38/39(97%) 

l.9xl05 

9/10(90%) 

5 
1.9x10 

3 5.2xl0 

The higher effluent stream potential degree of hazard for 
the middle distillates is based on the health and ecological 
MATEs of the results of the high concentrations of phenolic 
compounds in Fractions 5 and 6. The lower effluent stream 
potential degree of hazard based on ecological MATEs for the 
heavy distillates is unexpected. The serious ecological 
hazard presented by the large aromatic concentration in the 
heavy distillates cannot be appreciated by comparison with 
the MEGs at this time because ecological MATEs are largely 

unestablished. 
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The concentration of various organic constituents 
identified in samples of SRC-1 light oil, wash solvent, and 
process solvent (a set of progressively higher boiling cuts) 
are shown in Section 3.0, along with analyses of particulate 
samples collected directly over the molten product. 

5.5.4.2 Potential Ecological and Health Effects of 
Unregulated Toxic Substances 

Although still in the early stages, a program for the 
toxicological evaluation of various materials associated 
with the Solvent Refined Coal process has been devised and 
is underway at the Fort Lewis pilot plant. The principal 
objective of the program is to evaluate potential health 
hazards to plant personnel, transporters, and users of SRC 
materials. 

There are three major parts to the program: (1) acute 
tests to provide guidance for dose levels for the longer 
term tests and to provide some insight into the effects of 
short term exposures such as might occur in spills or acci

dents; (2) inhalation and demand carcinogenesis surveys to 
evaluate the potential skin and respiratory cancer asso
ciated with long term exposures to SRC materials; and (3) 
subacute and special intermediate tests to evaluate poten
tial teratogenica and other effects. 

The only work completed so far are pilot studies to 

determine appropriate dose size for future studies and the 

acute inhalation study by vapor phase exposure. No formal 
reports have been issued as yet by the subcontractor. 
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5.5.4.2.1 Hazards of Product Oil 

Although assessment of the potential health or eco
logical hazard of spills can be approached in terms of the 
sum of the hazards of the individual product constituents, 

a much more realistic approach is to look at the potential 
hazards of the product as a whole. The intricacies of 
synergistic and antagonistic interactions of individual 
components are far from being understood at this time. In 
assessing the hazards of SRC product, data utilized includes 
bioassay studies, studies of the effects and hazards of 
similar fossil fuel substances (e.g., coal, tar and petrol
eum) and epidemiological studies of similar industries. 

Although SRC carcinogenicity studies have not been com
pleted, studies have been performed utilizing other lique
faction product oil. Several streams and products of the 

coal-hydrogenation process were painted on the skin of mice 
to test their carcinogenic effect. The light oil stream and 
eight separate fractions of this stream were all without 
tumorigenic action. The light and heavy-oil products were 

mildly tumorigenic, producing predominantely papillomas. 
However, the streams boiling at high temperatures, the 
middle oil, light-oil stream residue, pasting oil, and pitch 
products were all highly carcinogenic. The degree of car
cinogenicity increased and the length of the median latent 
periods decreased as the boiling points rose. The median 
tumor- or cancer-latent period is the time necessary to 
reach a 50 percent tumor or cancer index. Tumor induction 

periods were only slightly delayed by dilution of the past
ing oil, application of barrier creams, or application of 
various washing methods (133). 

Observations at a large scale coal liquefaction pilot 

plant at Institute, West Virginia, indicated that workers 
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were exposed to a significant risk of cancer. Few of the 
preventive measures commonly practiced in industry today, 
such as programs to promote worker hygiene and protective 
clothing, had been developed at the time of the West Virginia 
pilot plant operations. The risk of cancer to workers at 
present day coal liquefaction facilities is minimized by exer
cising the necessary precautions. The incidence of skin 
cancer in workmen exposed to the coal hydrogenation process 
was between 16 and 37 times greater than that of West Vir
ginia or the entire United.States. Benzo(a)pyrene deposits 
on the skin of workers could often be traced to exposure to 
high concentrations of airborne oil fumes. Analysis of air 
samples for benzo(a)pyrene indicated that pitch treatment or 
solids removal operations contributed significantly to 
airborne contamination. Maintenance and repair operations 
of ten resulted in direct dermal contact with carcinogenic 

materials (134). 

Insight into the potential carcinogenic hazard of coal 
liquefaction processes can be gained by examining hazards 
present in similar industries such as by-product coking. 
There are, however, significant differences between these 
processes and these differences can drastically affect the 
carcinogenicity of the fuel products. Briefly, coal tars 
consist of volatiles driven off coal which has been heated 

to very high temperatures (1000° to 1500°C) in the absence 
of air. By comparison, liquefaction processes utilize 
relatively low temperatures (less than 500°C), high pres

sures (2000 to 4000 psig) and a hydrogen enriched atmosphere. 

The carcinogenic potential of coal tars and coke oven 
emissions has been extensively studied and documented. 
Workers exposed to high levels of coal volatiles showed an 

increased incidence to skin and lung cancers. Such studies 
raise concern over the potential hazard of the coal lique-
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systemic effects, indicating that the PAR are absorbed pre
cutaneously. Pathological changes were observed in the 
blood, spleen, lymph nodes, and bone marrow (137). 

SRC product constituents are found in various waste 
streams. Discussion of these constituents has been covered 
under sections 5.2.3, 5.3.3, and 5.4.3. 

5.5.4.2.3 SRC Toxicity Studies 

As discussed in Section 3.0, a toxicological evaluation 

of varipus materials associated with the SRC process has 
been devised and .is presently underway. Only pilot studies 
and the acute inhalation study by vapor phase exposure have 
been completed. No formal reports have been issued as yet 

by the subcontractor. 

Initial exposures to the skin painting produced sub
stantial mortality among those mice exposed to with light 
oil, wash solvent, and wet mineral residue, containing 
about 50 percent wash solvent. The probable cause of the 
mortality experience is believed to be systematic phenolic 

poisoning caused by the relatively high concentrations of 
phenolic components in those test materials. 

A pilot study was then performed to determine appro
priate dose levels for the two-year skin painting study. 
Results indicated that dose levels approximately one-third 
those originally used would be adequately tolerated. Upon 
sacrifice, a sub3tantial number of the animals from the 
pilot study, including control, exhibited corneal capacity. 
The causative agent, if any, was uncertain; but, if it was a 
chemical agent, it was apparently transmitted from cage to 
cage in the vapor phase. A 30-day subacute inhalation study 
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is to be performed to determine if the corneal opacity was 

caused by the test materials. 

5.5.4.2.4 Other Liquefaction Toxicity Studies 

Although the SRC toxicity program has not been com
pleted, laboratory study results are available of the effects 
of product oils from other hydrogenation processes. Experi
mental studies were performed on Bergius oils and Fischer
Tropsch oils obtained from the experimental coal hydrogena
tion- liquefaction operation of the U.S. Bureau of Mines at 
Bruceton, Pennsylvania. All fractions were tested for 
carcinogencity by repeated application to the skin of ·mice 
and rabbits and by intramuscular injection into the thighs 
of rats. Eight of the nine fractions of the Bergius oil 
fractionation products were carcinogenic with the degree of 

carcinogenic potency generally increasing with increasing 

boiling point. Fischer-Tropsch synthesis products were less 
carcinogenic than Bergius products and appeared to have a 
narrower speces and tissues susceptibility spectrum than 
the latter (44). 

5.6 Radiation and Noise Impacts 

Heat, noise, and radioactivity are among the class of 
pollutants sometimes labeled as nonchemical pollutants (39). 
Factors determinant to the impacts of radiation and noise, 

as with other pollutants, include, in part, the intensity or 

level of the emission, the ·air dispersion features at specific 
sites, the duration of the exposure, and the distance between 
the point source(s) and the receptor(s). Therefore, until 
coimllercial-sized SRC liquefaction plants are built at specific 
sites, the precise impacts of heat loss, noise, and the 

release of radionuclides from the various process modules 
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faction process. The indications are, however, that the 
higher temperatures utilized in the coking industry produce 
a more potentially carcinogenic environment than does the 
SRC process. Further studies could assess more fully the 

relative hazards of the two processes and their respective 

fuel products. 

At times of spills or in workplace situations it is 
imperative that hazard of skin contact with SRC product be 

greatly emphasized. During SRC pilot plant, operations, 

toxic exposure has been limited to accidental skin contact. 
A worker suffered a case of skin burn on the hand (redness, 
vesiculation and ulceration of the skin) when he was moving 
a barrel containing a hydrocarbon liquid and some spilled on 
his hand. Subsequent analysis of the hydrocarbon liquid 
showed it contain0d 6.7 percent phenol, 4.4 percent of o

cresol, 13 percent m-cresol, and 3.5 percent p-cresol (135). 

In sununary, the toxicity and carcinogenic potential of 
SRC products is recognized. However, since little is known 

on the extent of this hazard, various studies have been 

initiated and are in progress to provide appropriate data 
from which a reasonable assessment can be made of the hazard. 

The potential hazard of SRC products is difficult to 

assess because of the incomplete status of SRC toxicity and 
carcinogenic studies. Also, quantitative analyses of SRC-II 

product has also not been completed 

In the absence of medical data, organic compounds with 

boiling points above 250°C should be handled with caution. 
In general, these are the compounds with the higher mole

cular weights, larger number of aromatic rings, lower water 

solubility and higher potential for relative persistence and 
bioaccumulation in organisms (136). 
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The environmental hazard of a spill of SRC product 
would at least equal, and in all likelihood, exceed that 
created by a spill of a similar petroleum oil. The SRC 
product is suggested to be more carcinogenic than petroleum 
oils, although this has not yet been verified by laboratory 
studies. The hazard of skin contact should be greatly em
phasized during clean-up of any spill as well as during SRC 
production and transporting. 

The environmental effects of toxic organics in coal 
liquefaction products and high-boiling, carbon-containing 
residues represent the area of greatest estimated concern. 
Quantitative definition of the presence and effects of these 
materials on workplace personnel, other impacted personnel, 
and the ambient environment is essential. 

5.5.4.2.2 Hazards of Known Constituents in 
SRC Products 

The constituents in coal liquefaction product oil are 
known to be carcinogenic. Analysis of product oil from coal 
liquefaction, as well as oils in coal tar and petroleum 
crudes, have revealed high levels of PAR compounds. Ben
zo(a)pyrene concentrations ranged from 40 to 50 ppm in coal
derived products. The concentration in mg/l of PAR in a 
liquefaction oil product similar to SRC (Synthoil) was: 
phenanthrene 413, benzo(a)antracene 18, and benzo(a)pyrene 
41. These levels greatly exceed recommended MATE levels. 

For example, the air, water, and land MATE values for benzo
(a)pyrene are respectively, 0.02, 0.3 and 0.6 µg/l (39). 

Aromatic hydrocarbons are highly lipophilic and readily 
penetrate into cells. Repeated topical application of PAH 

dissolved in solvent to the skin of mice and rabbits caused 
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cannot be determined in a quantitative sense; sources of 
these pollutants were discussed in a previous report (45). 

5.6.1 Radioactivity 

Concern over the potential extent and effect of radio
ac ti vi ty emitted during the operation of a commercial-sized 
SRC liquefaction plant is of recent origin. Approximately 
290 mCi of radiation would be associated with the 28,123 Mg 
of Illinois No. 6 coal consumed daily by a hypothetical com
mercial SRC plant (41). In an earlier report (41), treated 
emission streams of coal dust (the largest potential source 
of particulate radioactivity) associated with a hypothetical 
synfuels facility using 28,123 mg Illinois No. 6 coal per 
day were shown to contain between 0.9 and 167 Mg dust/m3 ; 
this amount of dust corresponded to between 9.28 x l0- 12 to 
1.72 x 10- 9 Ci/m3 . Of these values, from 4.77 x 10-16 to 
8.85 x l0- 14 Ci/m3 was associated with the decay of each 
isotype of the u238 series; 2.2 x 10- 17 to 4.1 x lo- 15 Ci/m3 

with each isotype of the u235 series, and 2.2 x lo- 16 to 4.1 
x 10- 14 Ci/m3 with each isotype of the Th232 series (47). 
The potential health effects associated with this amount of 
radioactivity are discussed further in Section 5.6.4.1. 

S.6.2 Noise 

Noise impacts can arise during both the construction 
and operation of the SRC liquefaction plant. Noise, irre
spective of its source, can exert localized, short-range 
impacts on receptors, generally not extending more than a 
radius of a few kilometers beyond the plant and the auxiliary 
facilities. Sources of noise in operating SRC plants have 
been reported elsewhere (41). 
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The noise generated by heavy construction equipment is 
generally at the level of 80 to 100 decibels dB(A) at a 
distance of about 15 meters; at a distance of about 600 
meters from the operating equipment, the noise level usually 
falls to 60 to 80 dB(A) and would be in compliance with 
noise standards although still noticeable to human ears 
(138). Blasting operations would superimpose a short-term 
spike on the construction equipment noise levels and would 
be perceptible at greater distances (138). 

Noise generated inside a coal liquefaction plant must 
be kept in compliance with federal regulations (i.e., at or 
below 90 dB(A)) under the Occupational Safety and Health Act 
(OSHA) 1970. The highest noise levels within the plant area 
will emanate from the coal shaker, reaching 110 to 125 dB(A) 
at a distance of about three meters (78); these levels 
exceed the OSHA limit set at 90 dB(A). Other important 
noise emitters in the plant area, .include the following 
(41): 

• Dust collector 

• Primary coal crusher 

• Secondary coal crusher 

Within the SRC plant, per se, potentially high noise 
levels of varying frequencies emanate from process heaters 
and boilers, compressors, high pressure let-down valves and 
reciprocating pumps; these sources would be expected to emit 
noise at between 90 to 100 dB(A) (74). Mitigation of noise 
levels at specific points inside the SRC plant, per se, 
could be accomplished after the noise-level contours have 
been established therein by (138): 
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• Installing mufflers where applicable 

• Enclosing or insulating motor cases 

• Insulating operating stations 

5.6.3 

• Adding insulated ducts or mufflers to boiler 
burners 

• Monitoring for noise so as to establish new areas 
requiring further equipment relocation or insula
tion (138). 

Thermal Factors 

The thermal efficiency of the SRC liquefaction process 
(SRC-11) base design is estimated to be about 74 percent, 
based on the assumption that the SRC-mineral residue is not 
further treated to recover excess energy (41). If one 
further assumes that the heating value of the feed coal 
(i.e., about 21,000 Mg feed coal per day) amounts to 29,822 
joules/kg, the heat loss to the external environment would 
be about 160 x 1012 joules per day (43). However, the 
impacts of such heat losses would be localized and would be 
expected to moify local rainfall patterns and snowmelt, 
particularly in the arid and semi-arid portions of EPA 
Regions VIII and IX (Four Corners and Fort Union Regions) of 
the United States. Relatively simple approaches to the 
mitigation of these negative impacts would include: (1) use 
of the waste heat for coal drying or other uses; (2) optimi
zation of heat balance when practicable; (3) increased water 
reuse; and (4) increased heat recovery by use of more heat 
exchangers (41). 
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5.6.4 

5.6.4.1 

Potential Ecological and Health Effects of 
Radiation, Noise, and Thermal Emissions 

Radiation 

The potential for various radioactive emissions to 
cause biological damage is determined, in part, by: the 
capacity of the particles (alpha, beta, or gamma) to pene
trate tissue; the frequency and amount of isotope ingested 
via food, water, or inhalation intakes; distance of receptor 
from the sources; duration of exposure; the effective dose, 
and the dose rate. 

Permissible exposure limits for the workplace and the 
general population are shown in Table 119. On the basis of 
present knowledge (43), it appears that dust from Illinois 
No. 6 coal (100 mg coal dust/m3/8 hr. day) would, if inhaled, 
not represent a hazard to workers in SRC plants. _Some 
uncertainty remains, however, in that it is not certain that 
radionuclide enrichment on small aerosols can be ruled out. 
However, it is important to remember that the general U.S. 
population is exposed annually to natural radiation at a 
whole body dose ranging from 0.1 to 0.4 rem; this exposure 
is judged not to require the monitoring of individuals 
(139). Radiological monitoring programs ongoing at the 
federal and state levels were discussed in an earlier report 
(41). 

In each one of the three natural radioactive series, 
there is a gaseous alpha particle emitter. Each of these 
gases is an isotope of the element having the atomic number 
86, usually called radon. The gases are: Rn219 (actinon), 
Rn220 (thoron), and Rn222 (radon). Radon is chemically 
inert; hence, no gas mask can separate if from. the air 



TABLE 119. RADIATION PROTECTION GUIDES (43) 

Type of Exposure Lcncth of Exposure 

Radiation worker: 
(a) Whole body, head and 

trunk, active blood
forrning organs, gonads, 
or lens of eye 

(b) Skin of whole body and 
thyroid 

(c) Hands and forearms, feet, 
and ankles 

(d) Bone 

(e) Other organs 

Population: 
(a) Individual (adult male) 

(b) Average 

Accumulated dose 

13 weeks 

Year 
13 weeks 

Year 
13 weeks 

Body burden 

Year 
13 weeks 

Year 

30 years 
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Dose (rem) 

5 times number of years 
beyond age 18 

3 

30 
10 

75 
25 

0.1 µCi of Ra 226 or its 
biological equivalent 

15 
5 

0.5 
(whole body) 

5 
(gonads) 



chemically. Once it enters the lungs, this gas is very 
destructive, since it is literally present within a vital 
organ. The maximum permissible safe concentration of radon 
in the atmosphere is about l0- 15 percent by volume (140). 

From the projections of the thorium and uranium levels in 
coal, and further by assuming that the steady state condi
tion exists, the amount of radon associated with a given 
amount of coal can be calculated. These calculations have 
been performed for 28,123 Mg of the most radioactive coal 
known in the United States, as shown in Table 120. The 
estimated concentration of uranium and thorium due to the 
dust from coal preparation at an SRC facility using Illinois 
No. 6 coal was reported to range between 0.091 to 1.4 and 
0.12 to 1.9 µg/m3 , respectively. The corresponding values, 
using the most radioactive known coal in the United States, 

are: 0.46 to 7.1 µg uranium/m3 , and 0.53 to 8.3 µg thorium/ 

m3 . The concentrations of radon which correspond to these 
figures are: 1. to 15. x lo- 18g Rn222 ; 5 to 81 x lo- 26g 
Rn

219 , and 6 to 99 x lo- 23g Rn220 per cubic meter for a 
maximum total of 1.5 x io-17 g Rn/m3 , or 1.7 x lo- 25 volume 

percent. This corresponds to a maximum of 0.0072 ergs/sec/m3. 
For a standard (70 kg) man having 0.00566 m3 lung capacity, 
the exposure would be 5.8 x lo-12 rads or 5.8 x lo-11 rems 
per second when his lungs are filled to capacity. These 
values are far below the estimated permissible levels estab
lished by the radiation protection guidelines shown in 
Table 119 (43). 

As a second estimate, the radiological exposure of a 
worker breathing coal dust containing radon daughters was 
calculated, on the assumption that a person doing light work 
would breathe 28.6 l/min or 13.728 m3 per eight hours. If 
one assumes that the air breathed in contains 100 mg coal 

dust/m3 and that 50 percent of the coal dust is trapped in 
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Isotope 

Rn222 

Rn 219 

Rn220 
lJ'I 
N 
V1 

TABLE 120. ESTIMATION OF THE MAXIMUM AMOUNT OF RADON 
ASSOCIATED WITH 28,123 MG OF THE MOST RADIOACTIVE COAL 

KNOWN IN THE UNITED STATES 

Total ·Energy Total Decomposition 
Amount Decay Product (ergs/sec) Time (sec.) 

-7 19700. 
9 

4.7xl0 alpha 2.79xl0 
gamma 1.8 2. 3xl06 

2.6xlo-14 1400. 8 
alpha l.32xl0 
gamma 12. 2. 4x10 7 

3. 3xl0-ll alpha 15000. 9 l.13xl0 
gamma 2.9 3. 3xl06 

Total ergs/sec produced: 37000. 



the lung, one finds a build-up of coal dust of 1.37 g per 
day; this calculates to a lung deposit of 350 g per year for 
a person doing light work on an eight hour day. This assump
tion is the maximum possible build-up since no coal dust is 
assumed lost due the normal cleaning processes of the lung. 
Consideration of the number of disintegrations, the energy 
of each disintegration, and the relative biological effec
tiveness of each type of disintegration, leads to the con
clusion that a 70 kg (standard) man would be exposed to 2.2 
x io- 12 or 1.9 x lo- 11 rem of irradiation/day. Given that 
the workers should stay with the same job for the total 
plant lifetime of 30 years, and that 260 days per year were 
worked, the cumulative exposure would be 5.7 x 10-lO rad 
or 4.9 x 10-9 rem. These values are far below the estimated 
permissible levels established by the Bureau of Radiological 
Health (1970) shown in Table 120. 

5.6.4.2 Noise 

Present evidence suggests that although noise could 
create serious health hazards for exposed workers, there is 
reason to believe that use of inexpensive measures such as 
individual hearing protection devices, or the use of equip
ment design modifications, may resolve most of the potential 
problems. For optimum results, it would be useful to esta
blish noise-level contours for SRC demonstration plants at 
the earliest date, whereupon control of plant-connected 
noises may be brought into conformity with OSHA noise stand
ards. 

Another facet of this problem is whether noises emitted 
at different frequencies and intensities beyond the con
struction site or the synfuels facility, might have adverse 

effects on brooding bird cycles, and/or on animal reproduc
tion cycles. Little or no information is available on this 
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problem; however, it is evident that the impacts of noise 

would be highly localized and that the general response on 

the part of mammals and birds would be to depart the noisy 

areas and occupy quieter zones. 

5.7 Summary of Major Environmental Impacts 

The potential degrees of hazard and toxic unit dis

charge rates were calculated for many waste streams in a 

manner similar to that shown for SRC solid residue and 

gasifier slag in the Appendix. Figures 68 and 69 are the 
SAM/IA summaries of the estimates (the second form of the 
SAM/IA analysis) using "Average U.S. Coal." Figure 70 is the 

SAM/IA summary using "Maximum U.S. 1 Coal" for several dis

charges, as follows: 

Gaseous Emission Stream Number* 

101 Suspended particulates 

102 Stretford tail gas 

103 Oxygen generation 

104 Flare 

105 Boiler flue gas - fly 
ash 

Aqueous Effluent Stream Number 

201 Coal pile drainage 

202 Ash pond effluent 

203 Combined treatment 
facility wastewater 

Category 

Coal pretreatment 

Sulfur recovery, required auxiliary 
process 

Oxygen generation, incidental 
auxiliary process 

Flare, required auxiliary process 

Steam generation, incidental 
auxiliary process 

Category 

Coal storage, incidental auxiliary 
process 

Wastewater treatment incidental 
auxiliary process 

Final wastewater treatment, inci
dental auxiliary process 

*Stream nwnbers correspond to the sampling points on Figure 68. 
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Figure 68. Diagrammatic representation of a conceptualized 
SRC facility showing appropriate stream numbers. 
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1. SOURCE AND APPLICABLE CONTROL OPTIONS 

Conceptualized SRC Facility Using "Average U.S. Coal" 

2. PROCESS THROUGHPUT OR CAPACITY 28,000 Mg "Average U.S. Coal" 

3. USE lHIS SPACE TO SKETCH A BLOCK DIAGRAM OF THE SOURCE AND CONTROL ITEMS SHOWING ALL EFFLUENT 
STREAMS. INDICATE EACH STREAM WITH A CIRCLED NUMBER USING 101-199 FOR GASEOUS STREAMS, 
201-299 FOR LIQUID STREAMS, AND 301-399 FOR SOLID WASTE STREAMS. 

See Figure 68 

4. UST A"ID DESCRIBE GASEOUS EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

101 SusEended Earticulates from coal preparation 

102 
Emissions after treatment of Stretford Tail Gas 

103 
Oxygen Generation 

104 Flare 

105 Boiler Flue Gas 

106 

107 

- 5. UST AND DESCRIBE LIQUID EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

201 
Coal Pile Drainage 

202 
Ash Eond effluent 

203 wastewater Treatment Facility 

204 

205 

206 

6. LIST AND DESCRIBE SOLID WASTE EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

301 
SRC Mineral Residue 307. Gasifier Slag 

302 
AP! Separator Bottoms 

303 Bio-Unit Sludge 

304 ~lY_Ash (Particulates - Steam Generation) 

305 Bottom Ash ~Particulates - Steam Generation) 

306 Flare K.O. Drum 

7. IF YOU ARE PERFORMING A LEVEL 1 ASSESSMENT, COMPLETE THE IA02·LEVEL 1 FORM FOR EACH EFFLUENT 
STREAM LISTED ABOVE. IF YOU ARE PERFORMING A LEVEL 2 ASSESSMENT, COMPLETE THE IA02·LEVEL 2 FORM 
FOR EACH EFFLUENT STREAM LISTED ABOVE. 

. . Figure 69. SAM/IA summary using average U.S. coal . 
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8. UST SUMS FROM LINE 7, FORMS IA02, IN TABLE BELOW 

DEGREE OF HAZARD AND TOXIC UNIT DISCHARGE RATES BY EFFLUENT STREAM 

GASEOUS LIQUID SOLID WASTE 

STREAM DEGREE OF TOXIC UNIT STREAM DEGREE OF TOXIC UNIT STREAM DEGREE OF TOXIC UNIT 
cOOE HAY.RO DISCHARGE RA TES COOE HAY.RO DISCHARGE RATES COOE HAZARD DISCHARGE RA TES 

HEALTH ECOL. l:iEALTH ECOL HEALTH ECOL. HEALTH ECOL. HEALTH ECOL. HEALTH ECOL 
BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED 

- - (m'/sec) - - (I/sec) - - (g/sec) 

101 A* - B* -- 201 6500 4.5E4 6500 4 .5EL 301 340 2400 l.6Ej l. lJ! 8 

102 C* D* E* F* 302 1900 3.9E4 H* I* -
103 0.08E 7.5 - 202 G* - - - 303 10 130 7Z ts80 

104 134 38 18 s.o 203 427 22 15 0.82 304 300 2500 L.2E4 2.3E! 

105 130 0.43 .4E4 50 305 21 300 l.6E4 2 .3!! 
306 12 76 - -
307 160 800 ll.8E6 8.8EE 

•' 

A B c D E F G H J K L M N 0 

9 SUM SEPARATELY GASEOUS, LIQUID AND SOLID WASTE STREAM DEGREES OF HAZARD FROM TABLE AT LINE 8 
(I.£, SUM COLUMNS) . 

TOTAL DEGREE OF HAZARD 
HEAL TH·BASED ECOLOGICAL-BASED 

<I COL. B) 9A 360-390 (I COL. C) 9A' 42-62 • 
(I COL. G) 98 6. 9xl0

3 
(I COL. H) g'e· 4. 5xlo

4 

(I COL. l) 9C 2700 (I CC?L. M) 9C' 4 • 5xl0
4 

GASEOUS 

LIQUID 

SOLID WASTE 

10. SUM SEPARATELY GASEOUS, LIQL!JO AND SOLID WASTE STREAM TOXl.C UNIT DISCHARGE RATES FROM TABLE AT 
LINE 8 (I.E .. SUM COLUMNS) . 

GASEOUS (m 1/sec) 

LIQUID (I/sec) 

SOLID WASTE (g/sec) 

TOTAL TOXIC UNIT DISCHARGE RATES 
HEAL TH-BASED 

4 4 
ECOLOGICAL·BASED 

<I COL. D) lOA 2. lxlO to3. 3xl0 CI COL. E) lOA' 380-2100. 
6500 4.Sxlo4 

CI COL. I) 108 CI COL. J) 108'----ti~--

(I COL N) lOC 1. 8x10' CI COL. 0) lOC' 1. 2xl08 

11 NUMBER OF EFFLUENT STREAMS 

GASEOUS 

LIQUID 

llA 5 

118 3 

SOLID WASTE llC 7 

Figure 69. (continued). 
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4 
1. 4E4 equ.ivalent to 1. 4x10 

Footnote 

A* 

B* 

C* 

D* 

E* 

F* 

G* 

H* 

I* 

NOTES 

Comment 

0.045-30 

1.7 to 1.1 x 10
4 

92.-100. 

4.0-24. 

7600.-8400. 

330. -.2000. 

1.9-5.7 

220.-2000. 

4 4500.-4.1 x 10 

ASSUMPTIONS 

UST ALL ASSUMPTIONS MADE REGARDING FLOW RATE, EMISSION FACTORS AND MATE VALUES. 

Figure 69. (continued). 
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l. SOURCE ANO APPllCABLE CONTROL OPTIONS 

Conceptualized SRC Facility Using "Maximum U.S. Coal" 

2. PROCESS THROUGHPUT OR CAPACITY 28,000 Mg "Maximum U.S. Coal" 

3. USE THIS SPACE TO SKETCH A BLOCK DIAGRAM OF THE SOURCE AND CONTROL ITEMS SHOWING ALL EFFLUENT 
STREAMS. INDICATE EACH STREAM WITH A CIRCLED NUMBER USING 101-199 FOR GASEOUS STREAMS, 
201-299 FOR LIQUID STREAMS, AND 301-399 FOR SOLID WASTE STREAMS. 

See Figure 68 

4. LIST A~D DESCRIBE GASEOUS EFFLUENT' STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

101 SusEended Earticulates from coal preparation 

102 Emission after treatment of Stretford Tail Gas 

103 Oxygen Generation 

104 Flare 

105 Boiler Flue Gas 

106 

107 

5. LIST AND DESCRIBE LIQUID EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

201 Coal Pile Drainage 

202 Ash Pond Effluent 

203 Wastewater Treatment Facility 

204 

205 

206 

6. LIST AND DESCRIBE SOLID WASTE EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

301 SRC Mineral Residue 307. Gasifier Slag 

302 API Separator Bottoms 
-

303 Bio-Unit Sludge 
304 Fly Ash 
305 Bottom Ash 
306 Flare K.0. Drum 

Figure 70. SAM/IA summary using maximum U.S. coal. 
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8 UST SUMS FROM LINE 7, FORMS IA02, IN TABLE BELOW 

DEGREE OF HAZARD ANO TOXIC UNIT DISCHARGE RATES BY EFFLUENT STREAM 

GASEOUS LIQUID SOLID WASTE 

~STREAM DEGREE OF TOXIC UNIT STREAM DEGREE OF TOXIC UNIT STREAM DEGREE OF TOXIC UNIT 

cooE HAZARD DISCHARGE RA TES CODE HAZARD DISCHARGE RA TES CODE HAZARD DISCHARGE RATES 

~ 

HEALTH ECOL HEALTH ECOL HEALTH ECOL HEALTH ECOL. HEALTH ECOL. HEALTH ECOL. 
BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED BASED 

- - (m '/sec) - - (I/sec) - - (g/sec) 

1101 A* - B* .- 201 6.6E4 4. OF. 1 .~ - f,~I. 4. n'l<'c ':t01 750 5400 3.SE7 2. SR~ 

102 C* D* E* F* 202 I~* - - - 302 1 onn 3.9E H* I* 

1101 0.08~ 7.5 - 203 9.52 40 34 1.5 303 14 200 96 1400 -
11 nu. 134 ~R 18 s.o 304 700 7300 2.9ES 3 .OEI 

1105 160. o.43 1 Rli't. so -:tns 21 '\QO l.6E4 2.3E5 
~ 

'lnt:. 29 190 - -
307 830 4900 8.8E6 5 .3E7 

~ 

A B c D E F G H J K L M N 0 

9. SUM SEPARATELY GASEOUS, LIQUID AND SOLID WASTE STREAM DEGREES OF HAZARD FROM TABLE AT LINE 8 
(I.E .• SUM COLUMNS} 

~ 

GASEOUS 

LIQUID 

SOLID WASTE. 

TOT AL DEGREE OF HAZARD 
HEAL TH-BASED ECOLOGICAL-BASED 

(! COL. B) 9A 390 • - 4 60 • (I COL. C) 9A' 42 • -62 • 
4 . 5 

(I COL. G) 98 6 • 7 x 10 (I COL. H) 98' 4. 0 x 10 

(!COL.L)9C 4200. (ICOL.M)9C' 5,7 x 10
4 

lO. SUM SEPARATELY GASEOUS, LIQY,ID AND SOLID WASTE STREAM TOXIC UNIT DISCHARGE RATES FROM TABLE AT 
LINE 8 (I.E .. SUM COLUMNS) 

GASEOUS (ml/sec) 

LIQUID (I/sec) 

SOLID WASTE (g/sec) 

TOTAL TOXIC UNIT DISCHARGE RATES 
HEAL TH-BASED 

4 4 
ECOLOGICAL-BASED 

(! COL. 0) lOA 2. 6x10 toS. 3x10 (I COL. E) lOA' 380. -2100. 
4 5 

6. 6xl0 (I COL. J) 108' 4. OxlO 

4.4xl0
7 

(ICOL.O)lOC' 3.lxlOS 

(! COL. I) 108 

(I COL. N) lOC 

-11. NUMBER OF EFFLUENT STREAMS 

GASEOUS llA_..5:.--_--~--------------------~ 
LIQUID 118__.1..__ _______________________ _ 

SOLID WASTE 11C_7 ________________________ _ 

~ 12. LIST POLLUTANT SPECIES KNOWN OR SUSPECTED TO BE EMITTED FOR WHICH A MATE IS NOT AVAILABLE. 

See Section 3.0 of this report. 

•See footnote list next page 
Figure 70. (continued). 
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NOTU 

4 
1.8 E4 equivalent to 1.8 x 10 

Footnote Comment 

A* 0.107 to 70 

B* 41. to 2. 7 x 104 

C* 92.-100. 

D* 4.0-24. 

E* 7600.-8400. 

F* 330.-2000. 

G* 1. 9-5. 7 

H* 220.-2000. 

4 
I* 4500-4.1 x 10 

ASSUMPTIONS 

UST ALL ASSUMPTIONS MADE REGARDING FLOW RATE, EMISSION FACTORS AND MATE VALUES. 

Figure 70. (continued). 
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Solid Waste Stream Number Category 

301 SRC mineral residue Solids/liquids separation process 

302 API separator bottoms Wastewater treatment 

303 Bio-Unit sludge Wastewater treatment 

304 Fly ash Steam generation 

305 Bottom ash Steam generation 

306 Flare knock-out drum Flare 

307 Gasifier slag Hydrogen generation 

In general, the health based potential degree of hazard 
was calculated for more pollutants in more waste streams 
than was the ecological based degree of hazard. This re
sults directly from the larger number of health-based MATEs 
available for this calculation. Thus, the potential toxic 
unit discharge rate sum, which is simply the potential degree 

of hazards of the individual pollutants in the stream multi
plied by the stream flow rate, should give the best relative 
indication of the individual toxicities of the individual 
streams. On this basis, the most toxic gaseous waste stream 
appears to be the boiler flue gas; the most toxic liquid 
waste stream appears to be the coal pile drainage, and the 
most toxic solid waste stream appears to be the SRC-mineral 
residue. The boiler flue gas appears to be: approximately 
as toxic (from 0.3 to 2 times) as the coal pile drainage; 
about 1000 to 2000 times less toxic than the SRC-mineral 
residue; 120 to 490 times less toxic than the gasifier slag; 
9 to 16 times less toxic than the fly ash, and approximately 
as toxic as the bottom ash. Of the wastes specific for 
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liquefaction technology, only the SRC-mineral residue and 
the gasifier slag are more toxic than the fly ash produced, 
with the relative toxicities being 120 to 130 and 15 to 30 
times as toxic, respectively. Considerable useable energy 
may be present in SRC-mineral residue which may be extracted 
using some future technology, but the gasifier slag appears 
practically useless. 

5.7.l Air Impacts 

Present indications are that air emissions during the 

regular operation of the SRC-II system will arise primarily 
from the auxiliary processes, several of which are consid
ered incidental to the primary function of the system. 
Emissions from the processes and the auxiliary processes 
should be limited to leaks in pump seals, valves, joints, 
and flanges and from product handling and storage. These 
processes should be monitored in the workplace as part of 

the industrial hygiene program. 

Other emissions of note, but unquantified and unevalu
ated by the SAM/IA methodology are: 

• Fugitive emissions from sulfur storage (one of the 
by-products, hence a required auxiliary process) 

• Gaseous emissions from the wastewater treatment 
plant (an incidental auxiliary process) 

• Fugitive hydrocarbon emissions from processes 

such as: hydrogenation (liquefaction); gas sepa
ration; solids/liquids separation; fractionation; 
and hydrotreating 
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• Fugitive hydrocarbon emissions from required 
auxiliary processes that include: acid gas re
moval, cryogenic separation, product storage, 
sulfur recovery, and unburned hydrocarbons from 
the flare system 

• Fugitive hydrocarbon emissions from: hydrogen 
generation, and wastewater treatment 

• Drift of corrosion inhibitors and antifouling 
agents from cooling towers (an incidental auxili
ary process) 

• Emissions associated with the regeneration of 
catalysts and activated carbon. This regeneration 
should be done using proper air pollution controls 
in that the catalysts have a fairly long lifetime 
(43). 

As discussed in Section 5.2.2 and 5;2.3, ammonia, 
arsenic, barium, beryllium, cadmium, carbon monoxide, carbon 
dioxide, chromium, copper, fluorides, iron, manganese, 
nickel, nitrogen oxides, sulfur, and particulates are regu
lated pollutants which may cause adverse environmental 
impacts. As discussed in Section 5.2.4, aluminum, anthan
threne, benzo(a)pyrene, lithium, titanium, and vanadium are 
unregulated pollutants which may cause environmental damage. 
As discussed in Section 5.1, the most hazardous atmos
pheric waste stream appears to be the boiler flue gas. In 
general, atmospheric emissions appear to be less of an 
environmental hazard than do solid wastes. 
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5.7.2 Water Impacts 

Table 121 shows the pollutants in the individual 
liquid waste streams which may represent an environmental 
hazard. The SAM/IA analysis shows that the total hazard 
expected from aqueous waste streams is about equal to that 
expec_ted from atmospheric waste streams and is less than 
that expected from solid waste streams. 

5.7.3 Impacts of Solid Wastes 

Table 122 indicates which individual pollutants may be 
a problem in the individual solid waste streams. No appli
cable solid waste standards or regulations were found so 
that all of the pollutants shown in these tables are con
sidered "unregulated", however, SRC wastes may be deter
mined to be haza~dous wastes under the Resource Recovery 
and Conservation Act of 19?6. The SAM/IA analysis indicates 
that the SRC-mineral residue and the gasifier slag will 
represent the greatest environmental hazard. This analysis 
considers the quantity of the waste streams as well as the 
composition. 

5.7.4 Product Impacts 

The potential impact of SRC products has been examined 
in terms of product toxicity, spills and fire hazards, and 
the SRC combustion emissions. Federal and state regulations 
are summarized where applicable. 

5.7.4.1 Regulations 

SRC product is known to contain toxic and hazardous 
constituents. There are, however, no toxic substances 
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TABLE 121. SUMMARY OF INDIVIDUAL POLLUTANTS WHICH 
MAY BE HAZARDOUS IN THE INDIVIDUAL AQUEOUS WASTE STREAMS 

FROM THE CONCEPTUALIZED SRC FACILITY 

Waste Streams in Which Pollutant May 
ReEresent an Environmental Hazard 
Coal Pile Ash Pond 

Pollutant Regulated* Drainage Effluent Wastewater 

Aluminum + ++ + + 
Barium + + + + 
Bismuth + + 
Cadmium + + + -
Calcium + + + 
Chlorine + ++ + + 
Chromium + + + + 
Copper + + + + 
Cresols + + 
Iron + ++ + 
Mangesium + + + + 
Manganese + ++ 
Mercury + + + + - -
Naphthalene + 
Naphthols + -
Nickel + + + 
Phenols + + 
c3-Phenols + + 
Phosphorous + -
Selenium + + + 
Silicon ? 
Sulfur + ? 
Xylenols + .... + 
Zinc + + + -
pH + ? + 

*For this column only, + = yes; - = no. 
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TABLE 122. POLLUTANTS WHICH ARE LIKELY TO BE HAZARDOUS IN THE 
INDIVIDUAL SOLID WASTE STREAMS 

SRC Mineral API Se-parator Fly Bottom Flare K.O. Gasifier 
Pollutant Residue Bottoms Biosludge Ash Ash Drum Slag 

Aluminum + + 
Arsenic + + + + 
Barium + + + 
Beryllium + + -
Boron + + + 
Cadmium + + ? 
Calcium + + + + -
Chromium + + + + + + 
Cobalt + + + 
Copper + + + + + + 

VI Fluorine + 
.p. Iron + + + + + 
0 

Lead + + + + + 
Lithium + 
Manganese + + + + + 
Molybdenum ?* ? ? 
Naphthalene + 
Nickel + + + + + + 
Phosphorus + 
Potassium + + + 
Selenium + + + 
Silicon + + 
Vanadium. + ? 
Zinc + + ? + 

*? = uncertain. 



standards regulating the compositions or constituents in SRC 

product. 

Leaks and spills of SRC product could be regulated to 
some extent by the proposed rule (40 CFR part 151) estab
lishing requirements for spill prevention control and count

ermeasure (SPCC) plans. The SPCC plans requirements would 
be promulgated under the National Pollutant Discharge Elim
ination System (NPDES) of the Federal Water Pollution Con
trol Act (FWPCA) and would establish measure to prevent 
discharges of hazardous substances from facilities. The 
SPCC plan would be prepared in accordance with good engi
neering practices and the general requirements of providing 
for appropriate containment, drainage control and/or diver

sionary structures. 

5.7.4.2 Evaluation of Unregulated Toxic Substances 

and Bioassay Results 

A general assessment of the potential hazard of spilled 
product can be made by comparing product constituents to 
recotmnended MATE values. It should be remembered, however, 

that MATE values are designed as guidelines for effluent 
concentrations and with regard to the product, would be 
meaningful only if assessing spill hazard. The same ra
tionale applies to SAM/IA potential degree of hazard assess
ment which are based on MATE values. 

Hittman Associates has utilized Level 1 methodology, 
and SAM/IA analysis to assess the relative hazard of three 

product streams of the SRC-II process (naphtha, middle and 
heavy distillates) and residue. Although the SAM/IA model 
is intended to be used as a hazard assessment of discharge 
streams, the model can be a useful indication of the types 

of compounds which warrant concern in the event of a spill 
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or as a result of fugitive emissions and leaks from product 

storage. 

The level of trace elements found in the naphtha and 
middle distillates were low in comparison with those in the 
heavy distillates. None of the trace elements examined, and 
only aluminum in the naphtha and phosphorous in the middle 
distillates, exceeded their respective health MATE values. 
For the heavy distillate many trace elements exceeded the 
ecological MATE value with some elements such as chromium, 

manganese and silica exceeding both the health and ecologi
cal values. 

SAM/IA analysis potential degree of hazard assessment 
has been performed on the data from Washington State Uni
versity studies of the trace element distribution and fate 
in the SRC-I process. A sunnnary is presented in Table 123 
of the inorganic elements in three product streams which 
have degree of hazard numbers exceeding "l" (indicating that 
the component may be an environmental hazard). 

The diversity of organic compounds which can comprise 
the product streams from the SRC process preclude complete 
identification without years of research. It has been esti
mated that only 10 percent of the possible compounds in 
hydrogenation products have been identified and that those 
found in the MEGs represent an even smaller percentage. 
Hittman Associates Level 1 organic analysis of the SRC-II 
product streams is intended to show relative distribution of 
broad classes of compounds and to determine, for the middle 

and heavy distillates, concentration estimates for organics 
present in highest concentrations. 

SRC-I organic constituents as determined by Fruchter 

and Peterson (63) of Battelle, have been compared with 
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TABLE 123. INORGANIC ELEMENTS IN SRC-I PRODUCT STREAMS HAVING 
SAM/IA ANALYSIS POTENTIAL DEGREE OF HAZARDS GREATER THAN "1" 

Potential Desree of Hazard 
Light Oil-Naphtha Wash Solvent: Heavy Oil 

Health Ecological Health Ecological Health Ecological 
Element Based Based Based Based Based Based 

Aluminum 6.0 

Antimony 1. 2 

Arsenic 4.4 

Calcium 11 4.6 69 

Chromium 24 24 

Copper 20 

Iron 6.7 40 2.5 5.6 307 1840 

Lead 5.6 28 4.8 24 

Magnesium 2.6 

Manganese 1. 7 4.4 11 

Mercury 3.7 18 

Nickel 15 1.4 32 18 410 

Potassium 1.2 1.5 4.3 5.7 

Selenium 3.0 6.0 6.9 14 

Titanium 6.3 4.7 110 

Vanadium 2.4 4.4 73 

Zinc 35 88 

*The S.Afi/IA analysis was performed primarily on data of Filby and coworkers 
of Washington State University (45). 

543 



available MATE values. Where such MATEs are available, the 
product constituents are generally present at concentrations 
that greatly exceed the MATE, particularly when utilizing 
the MATE based on ecological effects. 

As stated in Section 3.0, a program for the toxicologi
cal evaluation of various materials associated with the 
Solvent Refined Coal process have been divised and is under
way at the Fort Lewis pilot plant. Since the toxicological 
program is still in the early stages and no formal reports 
have been issued on the results, the following data sources 
were utilized to assess the potential health and ecological 
impact from SRC product exposure: 

• Bioassay studies of other coal liquefaction oils 

• Studies of the effects and hazards of similar 
fossil fuel substances (e.g., coal, tar, and 
petroleum) 

• Epidemiological studies of similar industries. 

Carcinogenic studies of other liquefaction product oils 
have indicated that carcinogenicity is associated with the 
oils, excepting the lower boiling point fractions of the 
light oil. The streams boiling at higher temperature, the 
middle oil, light-oil stream residue, pasting oil and pitch 

products were all highly carcinogenic. The degree of car
cinogenicity increased and the length of the median latent 
periods decreased as boiling points rose. Evidence of the 
carcinogenic potential of SRC product is the presence of 
known carcinogens (e.g., benzo(a)pyrene) in the product oil. 
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In summary, the toxicity and carcinogenic potential of 
SRC products is recognized but difficult to assess because 
of the incomplete status of SRC studies in these areas. 

The environmental hazard of a spill of SRC product 

would at least equal, and in all likelihood, exceed that 
created by a spill of similar petroleum oil. The SRC prod
uct is suggested to be more carcinogenic than petroleum 
oils, although this has not yet been verified by laboratory 
studies. The hazard of skin contact should be greatly 
emphasized during clean-up of any spill as well as during 
SRC production and transporting. 

The environmental effects of toxic organics in coal 
liquefaction products and high-boiling, carbon containing 
residues represent the area of greatest estimated concern. 
Quantitative definition of the presence and effects of these 

materials on workplace personnel, other impacted personnel, 
and the ambient environment is essential. 

5.7.4.3 Product ·utilization Impacts 

A major consideration with regard to SRC product hazard 
is the impact from utilizing SRC fuels. Emission data from 
SRC-I and SRC-II combustion tests indicate that the solvent 
refining process can produce a fuel that when burned gives 
off lower emissions levels of regulated pollutants than does 
combustion of the original coal. 

SRC-II combustion emission data indicates that NOx 
emissions were 70 percent higher than for the petroleum 
burned in the boiler as a comparison. The SRC-II NO level x 
was within the proposed standard of 217 ng/J for coal de-

rived liquid fuels, although the level at times exceeded the 

present 130 ng/J NSPS for liquid fossil fuel. Other emis-
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sions were low. Particulate emissions measured at 0.015-
0.025 ppm and are lower than for the oil. Unburned hydro
carbons measured at less than 3 ppm; carbon monoxide was 
less than 50 ppm; sulfur trioxide less than 1 ppm. No SOX 
data were available at the time of this writing. 

In comparing the federal emission standards to the SRC
I air emissions test data, so2 and NOx emissions were 460 

and 190 nanograms/J, respectively; about 12 and 39 percent 
under the respective existing New Source Performance Stan
dards (NSPS) of 520 and 300 nanograms/J. If, however, the 
so2 standard is reduced (as proposed~ to 260 nanograms/J, 
SRC derived from high sulfur coal may not meet thi~ stan
dard. 

Particulate emissions were less than those from compar

able coal combustion and can be controlled well below the 
EPA standard of 43 nanograms/J by installing a modern pre
cipitator having a particulate collection efficiency of 
approximately 95 percent. The process of solvent refining 
of coal results in the removal of some high volatile trace 
elements, such that, when SRC is burned, lower concentra
tions of these elements appear in the combustion gases. 
When comparing trace element levels with the MATE values, 
only chromium exceeded the recommended level (16 µg/m3 

versus the MATE of 1 µg/m3). 

The release of organic constituents to the air, via 

combustion of SRC, does not appear to be an area of major 
environmental concern. The emissions of c1-c12 hydrocarbons 
do not appear to differ significantly from direct combustion 
of coal and are not an area of environmental concern. Also, 
no carcinogenic PAHs were found in the SRC flue gases. 
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The level of volatile trace elements in the combustion 
emissions are generally less with combustion of SRC than 
with coal. Comparing the concentrations of 17 inorganic 
elements in SRC-I combustion emissions with recommended MATE 
values, only chromium exceeded the recommended level. 
Analysis was not performed, however, on three elements 
(titanium, beryllium, and cobalt) which have been reported 
to be present at levels in SRC product oil which could 
potentially pose a pollution problem when burned. 

5.7.5 Other Impacts 

The inability to precisely define the major environmen
tal impacts resulting from the construction and operation of 
SRC plants, dictated by the fact that no commercial-sized 
SRC liquefaction plant has yet been built, does not deter 
one from calling attention to other impacts that may be 
significant and deemed as adverse and unavoidable. As 
pointed out by others, generic environmental considerations 
are useful for program planning and decision making (138). 

The most striking impacts resulting from the 20-year 
lifetime of the proposed synthetic fuels program would 
result from the commitment of the nonrenewable resources, 
coal, construction materials, and the land area; these 
impacts would be essentially irreversible. Once these 
resources are commited, an inevitable sequence of events 
would be set in motion effectively cutting across the eco
nomic, sociocultural, political, regulatory, land use, and 
water use aspects of the affected communities. 

Estimates of the total commitment of construction 
materials and coal to the year 2000 are shown for a national 
synfuels program in Tables 124 and 125. The results in 
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TABLE 124. TOTAL COMMITMENT OF CONSTRUCTION MATERIALS 

Long-Term Produc- Steel Copper Aluminum 
tion Levels (1000 Mg) (1000 Mg) (1000 Mg) 

High 22,498 218 699 
Intermediate 12,338 118 351 
Low 5,107 so 154 

*Assumes total production is equally divided among high-Btu 
gasification, low-Btu gasification, liquefaction and oil 
shale plants during 1985 to 2000 (138). 

TABLE 125. ESTIMATED MAXIMUM ANNUAL COAL CONSUMPTION 
BY SYNFUELS PLANTS BY THE YEAR 2000 (145) 

Production Level 
in Year 2000 

High 
Intermediate 
Low 

Coal Consumed* 
(Billion of Mg) 

2.4 
1.3 
0.5 

Percent of Recover
able Coal Reserves** 

0.9 
0.5 
0.2 

* Assumes 100 percent of synfuels production is from coal. 

**See reference (138). 
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Table 124 are reported to indicate that the highest annual 
steel, copper and aluminum requirements would be less than 
1.3, 0.9, and 1.0 percent, respectively, of the 1976 U.S. 
primary annual production (138). In a similar vein, assuming 
that 100 percent of the synfuels production would be from 
coal, as opposed to oil shale, tar sands, or other alterna
tives, the estimated maximum annual coal consumption (i.e., 
for the high production level in year 2000) would be about 
0.9 percent of the current recoverable coal reserves (Table 
125). These data suggest the eventual need to recycle 
construction materials (steel and copper), and the need to 
develop alternatives to coal. 

With reference to the land area committed to mines and 
to synfuels plants for the lifetime of the SRC system, ~he 
numbers are appreciable and relatively more serious than 
those for other nonrenewable resources. For example, the 
estimated land area consigned to the coal-mine area, the 
landfill at mine and the mine support buildings comprises 
about 94 percent of the total land area estimated for an SRC 
complex, assuming that the buffer zone surrounding the SRC 
plant was 777 hectares (43). The land area estimated for 
the commercial SRC plant (including cooling ponds, coal 
storage area, tank farm and coal preparation plant) comprises 
about 1121 ha, or six percent of the 17,693 hectare area 
(43). These data suggest that consideration should be given 
Lo locating synfuels plants in one county area, and locating 
surface mines in areas outside that county because the land 
area required for the additional housing, urbanization, 
recreation, pipelines, roads and waste disposal would likely 
come from the county selected for the commercial SRC plant. 
Land area required annually for the diposal of solids wastes 
is reported to range from 1619 to 6880 hectares, assuming 
that the maximum annual production of syncrude would come 

549 



from coal and operating efficiencies comparable to 1977 
(138). 

Other major impacts relate to human resources; these 
include; the changes in socioeconomic; sociocultural; life 
style; land use; water use; and archeological, historical 
and esthetic values. As pointed out elsewhere in this 
report, any generic assessment of these impacts would suffer 
from the fact that the possible range could be as varied as 
the elements that characterize the different community 
profiles. As pointed out by others (141), the severity of 
community impacts would depend upon the capacity of the 
local structures to adjust to accelerated demands for public 
and private goods and services; these structures have been 
divided into four major categories (141): 

(1) Population and labor supply structure 

(2) Private industrial supply structure 

(3) Political and taxing system structure 

(4) Basic community infrastructure 

Short-term impacts on human resources in rural, remote 
areas are expected to be greatest during the construction 
phase because of the potential influx of thousands of skilled 
workers and associated elements. Descriptions of these 
community characteristics, coupled with those for the SRC 
facility, can provide the baseline information needed for 
impact assessment. Generic impacts that might result from 
the construction and operation of a unit synthetic fuels 
plant are presented elsewhere (138). Suffice to say that 
the influx of construction and mining workers would be more 
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pronounced in the less densely populated areas of EPA Regions 
VIII and IX (the Powder River, Fort Union and Four Corners 
coal areas). For example, provision of necessary health 
services requirements alone could severely strain local 
governments of these areas in raising the needed revenues. 
These and other potential stresses emphasize the need for 
advanced planning to prepare for future growth. 

Water use impacts would be most severe in the arid and 
semiarid western states (i.e., EPA Regions VI, VIII and IX). 
For example, any loss of agricultural water rights through 
transfer to industrial or municipal users could lead to 
serious inroads or irrigated farmlands. 

Major unavoidable impacts to esthetic and human interest 
values would encompass the hyperurbanization of rural areas, 
the overloading of federal and state parks and recreational 
areas, and the disturbances of archeological, historic, and 
natural preservation areas (138). 

5.8 Siting Considerations 

In the present state-of-the-art for selecting and 
screening sites for SRC plants, the acceptability of such 
sites presumably would be based on information that allows 
the determination of a suitable balance of benefits, risks 
and costs, both environmental and socioeconomic. This 
information would then be embodied in the environmental 
impact assessment (EIA) report or the environmental impact 
statement (EIS) submitted by those in the federal sector who 
propose to construct and operate pilot or demonstration 
synfuels plants, as required under the final regulations on 
EIS's issued by the CEQ in 1978, with an effective date of 
July 31, 1979 (FR-78). 
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Three additional basic requirements that must be met 
for the proper siting of commercial synfuels plants are as 
follows: 

• Sufficient reserves of mineable coal of the proper 
rank and other characteristics to meet the 20-25 
year operating needs of the plant. 

• Sufficient volumes of surface and/or groundwaters, 
on a day-to-day basis, to meet the 20-25 year 
lifetime water needs, and 

• Compliance with systems of federal, state, and 
local standards for air, water and land quality 
and worker health protection in all areas. 

Certain of the synfuels EIA's and EIS's reportedly will 
be prepared during the design phase, while others appear 
scheduled for much later stages of a project when site 
alternatives and design modifications could be given more 
serious consideration {132,142). Although this approach 
appears consistent with a slowly evolving synfuels technology, 
its wisdom can be questioned on the basis of the following 
assumptions: 

• The substantive land use and growth control fea
tures of the Clean Air (PSD requirements), Clean 
Water, and Toxic Substances Acts change rapidly 
with time, thereby requiring site screening and 
selection decisions far in advance of the prepara
tion of the EIA's and EIS's for pilot and demon
stration plants. This need is magnified by the 
fact that some of the projected commercial synfuels 
plants will probably be built and operated at the 
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mine mouth in rural or remote areas where advanced 
planning is mandatory. 

• The current approach to impact assessment appears 
to place greater emphasis on the use of technolo
gically feasible pollutant control techniques, 
than on the initial screening and selection of 
sites which, by definition, could require the use 
of less sophisticated and less expensive controls; 
this latter approach could automatically result in 

the early identification of sites more suitable 
for synfuels development. 

• Estimation of environmental benefits versus the 
costs or impacts of an SRC technology are best 
made on a site specific basis at the level of a 
county, rather than on a statewide or regional 
basis. 

• Procedures for the screening and selection of com
mercial SRC sites need be no more rigorous than 

those currently being used for the siting of 
fossil or nuclear power plants. 

• The current programs to evaluate the environmental 
health and safety issues unique to the Solvent 
Refined Coal liquefaction technology, suffer from 
the lack of a well-coordinated effort that would, 

under realistic operating conditions, permit the 
selection of precise equipment design and operating 
conditions concurrently with the assessment of 
health and ecologic risks; these studies should be 

conducted at pre-selected sites judged suitable 
for the construction and operation of comrnercial
sized SRC facilities. 
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The major thrust of these assumptions is to emphasize 
the need and the importance of screening and selecting 
potential sites (or candidate sites) for the construction 
and operation of demonstration and near-commercial sized SRC 
plants at a much earlier date than presently envisaged. 
This approach dictates the use of a process of successive 
evaluations, extending from the generic to the site specific 
and culminating in more realistic overall impact assessments. 
Present knowledge clearly indicates that the SRC technology 
possesses unique environmental problem areas over and above 
those common to other fossil energy systems; these problem 
areas will require the application of considerations of both 
a design and site selection nature. Finally, this emphasis 
is consistent with the perceived limitations of federal 
programs, under NPDES, that require an industry to report on 
the hazardous substances that will be discharged and to 
assess their environmental impacts (143). 

5.8.1 Major Stages and Steps of the SRC Siting 
Methodology 

The basic considerations and exclusions involved in 
choosing acceptable sites are diverse and complex, in that 
these factors may be applied in both the generic and site 
specific contexts. Figure 71 represents a generalized power 
plant siting methodology judged applicable to the synfuels 
technology, based on a survey of siting methods in current 
use by U.S. utilities (138). 

Suggested steps for the three different stages in the 
siting of potential SRC plants reflect the premise that the 
use of a series of successive evaluations, extending from 
the generic to the site specific, will culminate in accept
able and timely overall impact assessments. Each stage of 
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this approach to the siting process may have three or more 
steps, as follows: 

Stage 1 - Determination of Candidate Areas 

Step 1 

• Identify major characteristics of the coal region 
that influence site selection 

• Establish and apply basic considerations and 
exclusions, with emphasis on feasibility of com
pliance with environmental standards 

• Ascertain for each coal region if mine mouth 
locations are feasible on a county basis 

• Integrate preliminary system planning and design 
relative to environmental/sociocultural concerns 
as well as basic engineering considerations. 

• Establish preliminary coordination with federal, 

• 

state and local agencies; provide for citizen 
participation in decision making. 

Step 2 

Conduct a straightforward generic evaluation of 
states in a single region of interest having water 
and coal supplies sufficient to cover the 20-25 
year lifetime of the SRC plant 

• Expand basic considerations and exclusions if 
necessary, and select 3-7 counties in each state 
comprising one coal region. 
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• Within the selected counties establish several 
geographic zones of interest for SRC plant loca
tions (number of zones will vary with size of 
county, its geomorphology etc., and may range from 
2 to 8); maps or aerial reconnaissance may be used 
depending on the area. 

Step 3 

• Make successive generic evaluations of coal, 
water, critical areas, land use, and water use 
conflicts within the context of total system 
requirements 

• Designate specific candidate areas (1 to 10) in 
the several zones of interest of key counties; 
these candidate areas may contain up to a total of 
200 candidate sites. 

Stage 2 - Determination of Candidate Sites 

Step 1 

• Develop a list of extended engineering, environ
mental, health and safety, system planning, in
stitutional, and socioeconomic considerations and 
exclusions suitable for more refined multilevel 
screening of candidate sites. Suggested site 
selection parameters and characteristics for site 
comparison are listed in Section 5.8.2. Most of 
the overall data needed at this step can be ob
tained from public documents. 
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Step 2 

• Use successive screening to eliminate less desir
able sites by use of a suitable site comparison 
matrix; carefully check previous data. 

Step 3 

• Prepare, through successive, multilevel screening, 
a list of potential sites in key counties; this 
list could contain from 10 to 200 sites. Conduct 
preliminary studies at sites lacking adequate 
data. 

Step 4 

• Select from 2 to 12 potential sites from the 
collective zones of interest in key counties by 
weighting all controlling site parameters and 
information collected from preliminary onsite 
surveys. 

Stage 3 - Determination of the Most Acceptable Sites 

Step 1 

• Elaborate and refine the engineering, environ
mental, and socioeconomic (human resources) con
siderations used in Stage 2 for selecting the 

candidate sites. Strong emphasis is required with 
reference to the development and end impacts. 
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Step 2 

• Develop a formalized, numerical rating system 

(e.g. the site evaluation process is more likely 

to be comparative or relative in nature, hence 
more site specific) to identify relative environ
mental impacts at the most acceptable sites. Most 
emphasis should be placed on identifying the 
irreversible adverse impacts on all media and 
resources. 

Step 3 

• The selection of sites that will be relatively 
free of potential environmental damage is key to 
this step, and will depend on how effective the 
rating/weighting system was in the weeding-out 
process. If such an end is achieved, the final 
siting decision will be strongly cost-oriented and 
various cost comparison analyses may be used 
(144). However, where significant differences 
between candidate sites are noted, separate, 
detailed cost and environmental considerations 
will be required (144). 

Further discussion of the use of the joint site selec

tion and impact assessment methodology is presented in the 

Appendices. 

5.8.2 BaJic Siting Considerations 

Basic considerations to be addressed in the siting of 
potential SRC plants have been suggested, as follows (144): 
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• System planning and design 

• Regulatory standards, guidelines and criteria 

• Engineering factors at the site(s) 

• Abiotic and biotic environmental considerations 

• Sociocultural and socioeconomic considerations 

• Institutional factors and key issues 

Further discussion of each of these basic siting considera
tions is presented in the Appendices. 

5.8.3 Basic Exclusions 

Basic exclusions to be addressed in the siting of 
potential SRC facilities are suggested as follows: 

• Lack of an adequate and useable water supply for 
the 20-25 year life of the facility 

• Lack of an adequate supply of coal 

• Prohibitive nearness to natural preserves, wilder
ness, and Indian lands. 

• Prohibitive nearness to pristine air and water 
resources 
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pose a hazard to workers and the environment (due to oil and 
grease in process wastewater discharges). Process changes 
in hydrotreater operating conditions or catalyst may permit 
increased conversion of cyclic nitrogen compounds to recover
able ammonia, thereby lessening the risks of workplace 
health hazards and adverse environmental impacts. 

Table 126 summarizes the extent to which SRC waste 
streams can be characterized in terms of the existing avail
ability of the processes proposed for use in future commer
cial facilities. From the table it can be seen that not all 
processes to be included in SRC commercial facilities are 
being used in current pilot plants, notably hydrogen genera
tion and hydrotreating. Hydrotreating, an optional operation 
for upgrading product quality is not part of the Fort Lewis 
or Wilsonville pilot facilities. Makeup hydrogen is provided 
by conventional technology (e.g., natural gas refining) 
rather than gasification of SRC mineral residue or filter 
cake. 

A 1978 visit to the Fort Lewis SRC facility (at that 
time operating in the SRC-11 mode) was made by Hittman 
Associates, personnel with the objective of obtaining product 
and grab samples from the plant's wastewater treatment 
system (41). Figures 72 and 73 show the pilot facility and 
wastewater treatment scheme respectively. Samples obtained 
are indicated in the figures. 

The Fort Lewis pilot plant facility is not, by design, 
a minature version of a commercial SRC facility. Any conclu
sions concerning the applicability of pilot plant data to a 

commercial-scale plant must include consideration of the 
pilot plant design as well as its scale, the applicability 
of the streams and samples to a larger plant, and its opera
tion. 
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TABLE 126. TECHNICAL AVAILABILITY OF COMMERCIAL SRC SYSTEM COMPONENTS 

Operation/Auxiliary Process 

Coal preparation 
Liquefaction 

Part of SRC Pilot Facilities 

Yes 
Yes 
Yes 
Yes 
Yes 

Gas separation 
Fractionation 
Solid/liquids separation 
Hydrotreating No (not essential-upgrades 

products) 
Coal receiving & storage 
Water supply 
Water cooling 
Steam & power generation 
Hydrogen generation 
Oxygen generation 
Acid gas removal 
Sulfur recovery 
Hydrogen/hydrocarbon recovery 
Annnonia recovery 
Phenol recovery 
Product/by-product storage 

Yes 
Yes 
Yes 

No (not produced on-site) 
No (industrial hydrogen used) 
No (not required) 

Yes 
Yes 
Yes 
No 
No 

. Yes 

Connnercially Available/Applications 

Yes/coal and power production 
No 
No 
Yes/petroleum industry 
No 
Yes/petroleum industry 

Yes/coal and power production 
Yes 
Yes 
Yes 
No 
Yes/industrial gas manufacturing 
Yes/petrolum industry 
Yes/petroleum industry 
Yes/petroleum industry 
Yes/chemical industry 
Yes/chemical industry 
Yes/petroleum industry 



S.8.4 Suggested EPA Regions for Siting Synfuels Plants 

The National Coal Policy Project (NCPP) recently recom
mended that coal development technologies should be concen
trated in EPA Region III (the States of West Virginia and 
Pennsylvania), EPA Region V (the States of Illinois, south

western Indiana, EPA Region IV (western Kentucky) and in EPA 
Region VIII (the States of Montana and Wyoming). 

Based on a siting study of the 14-state midwest region, 
the Argonne National Laboratory Regional Studies program 
(ANLRS) forecasted, on the basis of an accelerated synfuels 
scenario, that by the year 2020 the distribution of coal 
liquefaction plants in the five states exhibiting a suitable 
coincidence of useable water and coal resources, would be as 

follows (145): 

State Number of Plants EPA Region 

Illinois s plants v 
Indiana 2 plants v 
Missouri 1 plant VII 
North Dakota 6 plants VIII 
Ohio 2 plants v 

Coal producing states having the highest potential for 
accommodating synfuels plants were reported to be: south
western Ohio; southwestern Pennsylvania; northeastern West 
Virginia; Illinois; western Kentucky; western North Dakota; 

southeastern Montana; northeastern Wyoming; northwestern New 
Mexico, and northeastern Arizona (138). Additional details 
on the selection of desirable sites for synfuels plants is 

given in the Appendix. 
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6.0 SUMMARY OF NEEDS FOR ADDITIONAL DATA 

6.1 Categories of Data Needs 

Sections 2 to 5 of this report constitute a one-source 
reference of available environmental information pertinent 
to Solvent Refined Coal (SRC) liquefaction systems. In the 
accumulation and analysis of the information presented, 
additional data needs have been identified for inclusion in 
revisions to this environmental assessment report. Pre
sumably, this approach will permit refinements of environ
mental assessment information to parallel progress in process 
development so that when commercial SRC facilities emerge, 
the risk of adverse environmental impacts is minimized. 

Existing information needs generally fall into one of 
two categories: data on waste stream characteristics for use 
in development and enforcement of realistically attainable 
discharge standards; and information which facilitates 
control technology research and development and increases 
the accuracy of predictive methodologies in estimating SRC 
systems effects on the environment. 

The remainder of subsection 6.1. is a discussion of the 
data needs identified. Subsection 6.2 overviews near-term 
efforts to obtain additional environmental data on SRC 
systems. 

6.1.1 Data Needs to Support Standards Development and 
Enforcement 

Development of New Source Performance Standards (NSPS) 
for SRC systems require compilation and evaluation of appli
cable environmental data. As a minimum, an environmental 
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data base on SRC systems should include the following informa

tion: 

• Characterization of SRC waste streams via sampling 
and analysis 

• Effects of system variables on waste stream char
acteristics 

• Performance/cost of applicable control technologies 

• Environmental impacts associated with SRC production/ 
utilization. 

The first two items are discussed in this subsection. The 

latter two items, which indirectly influence standards 

development are discussed in subsection 6.1.2. 

To provide accurate characterization of SRC waste 

streams requires the development and implementation of 
sampling and analysis methodologies. Current sampling and 
analysis activities at the Wilsonville and Fort Lewis pilot 

plants satisfy two objectives necessary for standards develop
ment. The first objective is to obtain preliminary waste 
stream characterization data for an environmental data base. 
The second objective is to evaluate and improve the sampling 
and analysis methodologies employed and to establish priori

ties for subsequent sampling and analysis efforts. Results 

of waste stream characterization at the pilot level can then 

~e used in development of programs for SRC-1 and SRC-11 

Je1nonstration scale facilities. Sampling and analysis at 
the demonstration scale will provide results more applicable 
to commercial facilities than previous pilot-scale work 

(especially if commercial facilities consist of parallel 
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trains of demonstration-scale equipment as has been suggested.· 
Detailed characterization of waste streams produced during 
operation of the demonstration plant would vastly expand the 
existing environmental data base. This data base, augmented 
by data on control technology options and results of environ
mental impact assessments, will permit development of improved 
preliminary standards for the first commercial SRC plants. 
Expansion of the data base by continuing sampling and analy
sis of the commercial facilities during their early years of 
operation would permit revisions of the preliminary standards 
if necessary. 

Another key consideration in developing an environmental 
data base on SRC production is identification of factors 
which may significantly affect waste stream characteristics. 
For instance, New Source Performance Standards (NSPS) based 
on SRC plants converting feed coal of 2 wt. percent sulfur 
may not be obtainable by SRC plants converting 4 wt. percent 
sulfur feed coals. Other factors which may influence waste 
stream characteristics include feed coal ash content (as 
well as other aspects of feed coal composition), process 
operating conditions (in particular operating characteristics 
of the dissolver), and operating mode (SRC-1 vs. SRC-11). 
Planning efforts for sampling and analysis activities must 
be directed toward compiling an environmental data base 
considered most representative of any and all conditions 
which may exist in commercial SRC plants. 

Characterization of SRC waste streams products, and by
products and determination of those processing variables 
which influence these streams' characteristics are both 
essential to estimation and minimization of environmental 
impacts. For example, compounds containing cyclic nitrogen 
species are present in SRC product liquids. Such compounds 
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As can be concluded from Section 3.0 of this report, 
existing information on waste characterization of SRC systems 
is limited to conceptual designs, based on minimal pilot 
data. This fact, in conjunction with conclusions from the 
HAI visit to Fort Lewis, tend to indicate the following 
regarding future sampling activities: 

6.1.2 

• Data obtained by sampling of pilot facilities 
should be regarded qS preliminary data, useful 
primarily for establishing priorities for future 
sampling efforts at the demonstration and commer
cial levels. 

• That sampling efforts at the pilot facilities be 
used to gain expertise in applying sampling and 
analysis methodology. 

• Future sampling efforts can identify problem areas 
which can result in additional refinement of the . . 
existing methodology and procedures. 

Data Needs To Support Effects and Control 
Technology Research and Devel~pment 

Control technology performance and estimates of environ
mental effects are interrelated subjects. Optimum environ
mental assessment of SRC systems will require additional 
data in these areas. These data will also be supportive in 
development of standards as discussed in Section 6.1.1. 

Efforts to secure additional data for effects and 
control technology research and development should be directed 
to the following areas: 
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• Additional waste stream characterization by sampling 
and analysis activities (discussed in Section 
6.1.1.) 

• Ambient and background monitoring studies 

• Regional and/or site-specific studies 

• Testing of applicable control technologies. 

Data needs relevant to monitoring, regional/site-specific 
studies, and control technology testing are overviewed in 
the remainder of this subsection. 

Ambient monitoring of air and water quality in the 
vicinity of existing SRC pilot facilities should be performed 
to determine if any changes occur that are attributable to 
operation of the facility. Preconstruction background 
monitoring at the site of proposed future facilities, followed 
by ambient air and water quality monitoring during the 
construction, startup and operation of the facility are 
essential components of an environmental effects data base. 
Prerequisite to this effort is the need to define and determine 
the availability of sites of future SRC facilities~ Proposed 
sites for SRC demonstration facilities should be given first 
priority with additional attention directed to other accept
able sites for commercial plants. Monitoring and stream 
characterization data can be used to evaluate and improve 
environmental impacts and effects methodologies. In this 
manner, estimates of environmental effects can be improved 
consistent with technical development and SRC waste stream 
characterization efforts. 
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Prediction of environmental impacts requires regional 
and site-specific information as well as data on ambient air 
and water quality. Among the types of information required 
are: 

• Climatic factors such as precipitation frequency 
and direction of prevailing winds 

• Geologic factors such as groundwater availability 
and quality and suitability of locations for solid 
waste disposal 

• Biological and ecological factors, including the 
types of plant arid animal life indigenous to the 
area 

• Sociological factors - for example, the proximity 
of residential, commercial or industrial facilities 
to proposed SRC plant sites. 

It is of particular value to compile such information prior 
to and during construction of the SRC-1' and SRC-11 demonstra
tion plants. Application of waste stream characterization, 
background monitoring and regional/site-specific data can 
permit preparation of preliminary environmental assessments 
prior to construction of future proposed SRC facilities. 

To date, assessments of control technology applicability 
in SRC systems have been based primarily on engineering 
evaluations of candidate control technology costs and 
estimates of performance when matched with SRC waste stream 
characteristics. Such assessments, while valuable in deter
mining applicable control technologies, may require supple
mental site-specific testing of candidate control technolo-
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gies to establish which control technologies are best for 
that particular facility. Data collected during such tests 
would be useful in standards development and enforcement, 
evaluation of environmental effects/impacts, and in minimiz
ing SRC production costs. 

Small-scale testing of control technology alternatives 
is a cost-effective method which provides valuable data for 
evaluation of full-scale control technology performance. 
Candidate control options, such as the zero aqueous discharge 
scheme described in Section 4.7 can be skid mounted on a 
flatbed truck and tested at SRC pilot or demonstration 
facilities. Bleed streams of untreated wastewater from the 
plant would be directed to the small-scale unit for treatment. 
Samples of treated water could then be analyzed for evalua
tion of control technology performance and environmental 

effects. 

Again, it should be reemphasized that the existing SRC 
pilot facilities are not entirely representative of conuner
cial or even demonstration facilities, particularly in terms 
of waste stream characteristics. Assessments of environmen
tal impacts or control technology applicability must be 
viewed as preliminary, in the absence of actual conunercial
scale, site-specific data. The major value of such assess
ments is to obtain preliminary data, evaluate assessment 
techniques and gain expertise for performing subsequent 
efforts. 
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6.2 Data Acquisition by Ongoing Environmental Assessment 
Activities 

6.2.1 Ongoing IERL-RTP Environmental Assessment Activi
ties 

As a contractor of EPA Industrial Environmental Research 
Laboratory-Research Triangle Park (IERL-RTP), Hittman Asso
ciates is continuing work efforts on a program to perform a 
multimedia environmental assessment of coal conversion to 
liquid fuels energy technologies, including utilization of 
the product fuels in stationary souce applications. One 
project key to the environmental assessment of SRC systems 
was performed in February, 1979: sampling of the SRC pilot 
plant at Fort Lewis, Washington. Primarily, samples of 
emissions to air and wastewaters before treatment were 
taken. Both EPA Level 1 and Level 2 sampling procedures 
will be employed in this effort. Subsequent to sampling, 
analysis of air emissions and wastewater samples will be 
performed at Hittman's analytical laboratory. 

As part of this effort, several subcontractors are 
providing technical support for both on-site sampling and 
analysis activities. Analyses to test both chemical and 
biological characteristics of SRC samples are included in 
the program. 

6.2.2 Other Ongoing Environmental Assessment Activities 

The United States Department of Energy (DOE) is the 
government agency sponsoring other SRC environmental assess
ment activities. A list of DOE contractors and subcontrac
tors presently involved in SRC environmental assessment is 
shown in Table 127. Research objectives and technical 
approaches taken are included in the table. 
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C.Ontractors and Subcontractors 

Pittsburg and Midway 

Washington State University* 

Alsid, Snowden & Associates* 

New subcontractor to be awarded 
in near future* 

Battelle Northwest Laboratories 

TABLE 127. DOE CONTRACTORS AND SUBCONTRACTORS 

Area of Research 

Future demonstration plant - en
gineering design 

Ft. Lewis pilot plant - overall 
operation: 

- Health Programs: 
Industrial hygiene program 

Clinical examination program 

Educational program 

Toxicological program 

Chemical program - analysis of 
trace element distribution in 
SRC-1 

Environmental sampling/monitoring 
program 

Toxicology program 

Biomedical program 
- Mutagenicity of SRC materials 
- Toxicity of SRC materials 
- Late effects (carcinogenicity) 

of SRC materials 

Ecological program 
- Acute and chronic 

toxicological studies 

Chemical program 
- Sampling and analysis to char

acterize products, by-products 
and effluents from SRC process 

Reference of 
Available 

Reports 

(49) 

(501 

** 

** 

** 

(continued) 

Data Source 

Future plant 

Fort Lewis 

Fort Lewis 

Fort Lewis 

Fort Lewis 

Fort Lewis 

Fort Lewis 

Fort Lewis 

Technical Approach 

Design and preparation stage of 6000 T/D 
SRC-11 plant, to be built near Charles
town, W. Virginia 

Monitoring in pilot plant for potential 
air and skin contaminants 

Monitoring in pilot plant for potential 
air ~nd cki" contaminants 

Periodic visual skin examinations and 
pulmonary function tests 

Health protection indoctrination presen
tations 

Animal bioassays. Program not now operat
ing - see below "New subcontractor to be 
awarded in future" 

Neutron activation analyses (NAA) and 
atomic absorption spectroscopy (AAS) are 
utilized 

Ongoing air, water and foliage monitoring 
(sampling & analysis) studies of environ
ment surrounding SRC pilot plant 

aased on animal bioassays of various 
product and intermediate streams from the 
SRC process, using short and long-term 
(2 year) studies 

Developlllll!nt of appropriate sampling 
techniques. Inorganic analysis by 
utilizing NAA, X-ray florescence (XRF), 
and chemical speciation methods. During 
organic analysis, extracts are parti
tioned into acidic, basic, polynuclear 
aromatic and neutral fractions which are 
analyzed by gas chromatography/mass 
spectrometry (GC/MS) and high pressure 
liquid chromatography 
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TABLE 127. 

Contractors and Subcontractors 

Illinois State Ceologica\ Survey 

Con•olidatl'tl Edison of NY and 
thL' Elcctrie Po"Wer Rcsearl·h 
Inst itutl!" 

Area of Research 

Chemical program - to determine the 
recoverable and/or economic amounts 
of valuable or semi-valuable metals 
in solid residues from SRC and other 
liquefaction processes 

Burn test of SRC-II fuel to deter
mine if it would meet EPA emission 
standards 

* Subcontractors to Pittsburg and Midway 

Reference of 
Available 
Reports 

I 146) 

*** 

(continued) 

Data Source 

Fort Lewis 

Technical Approach 

Analytical determinations of over 60 
elements in feed coal and the lique
faction residues of several separate 
processes under multiple conditions 

4500 barrels of SRC-11 fuel were 
burned, followed by a comparison burn 
test using low-sulfur oil 

** Annual report~ sh,>uld be out in early •-r, 1979. A draft "Program Planning Document" is ue.•ring completion. The purpose of this document 
is to describe th~ research program which will provide a data base integrated environmental assessment of SRC technology. 

***Work still b .. lni: ,·.indu,·ted on the test burn. A final report is therefore not yet availabl" u of thi• vrit1111. 



DOE's primary SRC contractor is the Pittsburg and 
Midway Coal Mining Company (P&M), a subsidiary of Gulf Oil 
Corporation. P&M is responsible for overall operations at 
the SRC pilot plant facility in Fort Lewis, Washington. 
Extension of current P&M-DOE contracts, including subcon
tracts, effective January 1, 1979, has permitted continuation 
of environmental assessment activities. Discussions of 
these programs, including progress to date, is provided in 
Subsection 3.1.2. As mentioned in Section 2.0, P&M is also 
involved in the design of an SRC-11 demonstration facility. 

Stearns-Roger Corporation is currently engaged in a 
study to provide baseline monitoring data for the proposed 
facility site (147). 

Battelle Northwest Laboratories (51) is engaged in 
three major programs for assessment of materials from SRC 
systems: 

• Biomedical program - testing for toxicity, carcino
genicity and mutagenicity. 

• Ecological program - acute/chronic toxicological 
studies 

• Chemical program - sampling and analysis to charact
erize streams of SRC systems. 

Intensive SRC environmental assessment research activities 
at Battelle Northwest Laboratories have been underway for 
approximately one year. Currently, minimal information is 
available on this effort, however, it is anticipated that an 
annual report will be prepared by early summer, 1979. 
Battelle Northwest Laboratories is also preparing a "program 

576 



planning document", the purpose of which is to outline a 
research program to provide a data base for integrated 
environmental assessment of SRC systems (51). 

Under contract with DOE the Illinois State Geological 

survey is engaged in a study to determine if the solid 
residues produced by SRC and other coal liquefaction systems 
contain economically recoverable amounts of valuable or 
semivaluable metals that could justify classification of the 
residues as a potential reserve source of such metals. 
Chemical analysis and macro-mineralogical characterization 
of SRC residues and parent coal will be conducted. The 
characterization data obtained in this study may be useful 
in SRC process optimization studies. Completion of labora
tory analyses is scheduled for the end of 1978. A report on 
the study with analytical findings is scheduled for prelim
inary review in the spring of 1979 (146). 

Consolidated Edison of New York and the Electric Power 
Research Institute recently participated with DOE in con
ducting a burn test of SRC-II liquid fuel. The purpose of 
the test was to demonstrate the utility of SRC-II fuel as a 
satisfactory substitute for low-sulfur oil and to determine 
if emissions from combustion would meet the EPA proposed 
emission standards. A final report is not yet available, 
but preliminary results appear to be "very encouraging" 
with regard to the combustion and emission qualities of 
SRC-II. However, the SRC-II oil produced by the Fort Lewis 

pilot plant is considerably different than the oil that 
would be produced by a commercial plant. Interpretation of 
the test results should be made with full awareness of those 

differences. 
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APPENDIX A - Glossary 

Auxiliary Process: Processes associated with a technology 
which are used for purposes that are in some way incidental 
to the main functions involved in transformation of raw 
materials into end products. Auxiliary processes are used 
for recovery of by-products from waste streams, to furnish 
necessary utilities, and to furnish feed materials such as 
oxygen which may or may not be required depending on the 
form of the end product which is desired; e.g., the auxili
ary processes for low-and medium-Btu gasification technology 
include: (1) oxygen plant which is used only for medium-Btu 
gas; (2) the Stretford plant used to recover sulfur com
pounds from gaseous waste streams. 

By-Product Streams: Discharge streams from which useful 
materials are recovered to: (1) eliminate undesirable envi
ronmental discharges; or (2) recover valuable materials 
which are most economically isolated from process input 
stream after it has been physically or chemically trans
formed; e.g., sulfur is recovered as a by-product from coal 
gasification to prevent pollution while vanadium is re
covered from the ash generated by the burning of residual 
oil to produce electricity because it is profitable to do 
so. 

Closed Process: For the purposes of this report, a closed 
process signifies a process which has no waste streams. 

Coefficient of Runoff: An empirical constant developed for 
the purpose of predicting the amount of stormwater runoff 
as a function of average rainfall intensity and drainage 
areas. The mathematical relationship is as follows: 
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Q = CIA 

where: Q =maximum rate of runoff, cubic feet per second 
(cubic meters per second). 

C = coefficient of runoff based on type and character 
of surf ace 

I = average rainfall intensity, inches per hour 
(centimeters per hour) 

A= drainage area, acres (square meters). 

Control Equipment: Equipment whose primary function is to 
reduce the offensiveness of waste streams discharged to the 
environment. It is not essential to the economic viability 
of the process, e.g. if the recovery of sulfur from gas 
cleaning operations associated with coal gasification in
volves the use of a Stretford plant. The Stretford process 
is an auxiliary process and is not control equipment. An 
incinerator used to clean the tail gas from the Stretford 
unit would be considered control equipment. 

Discharge: The release of pollutants to the environment in 
the most general sense. Usually applied to intermittent or 
accidental releases. 

Effluent Streams: Continuous aqueous process waste streams 
which are potentially polluting; these will be discharged 
from a source. 

Emission Streams: Confined gaseous process waste streams 
which are potentially polluting, these will be discharged 
from a source. 
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Energy Technology: A technology is made up of systems which 
are applicable to the production of fuel or electricity from 
fossil fuels, radioactive materials, or natural energy 
sources (geothermal or solar). A technology may be applica
ble to extraction of fuel, for example, underground gasifica
tion; or processing of fuel, for_ example, coal liquefaction, 
light water reactor, or conventional boilers with flue gas 
desulfurization. 

Final Disposal Process: Processes whose function is to 
ultimately dispose of solid or liquid waste containing 
materials which have potential for environmental contamina
tion. The waste materials treated emanate from the collec
tion of process waste streams for final disposal or from 
treatment of waste streams using control equipment to collect 
and concentrate the potential pollutants which are subse
quently sent to final disposal. Examples of final disposal 
processes are landfills and lined ponds. 

Flottazur: Dissolved air flotation unit. 

Fugitive Emissions: Those emis~ions of air pollutants not 
directed through ducts or stacks and not amenable to measure
ment by established source sampling methods. 

Input Streams: Materials which are supplied to a process in 
performance of its intended function. Input materials will 
consist of primary raw materials, secondary raw materials, 
or intermediate products. 

Intermediate Products: Process output streams that feed 
from one process to another within a technology for further 
processing with another technology; for example, for the 
low-and medium-Btu gasification technology, gasification 
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converts pretreated coal into raw gas which is an intermed
iate product input to gas cleaning. Where an intermediate 
product is further processed using a different technology it 
becomes a secondary raw material which is described below. 

LDSO (Lethal dose, 50%): That quantity of a substance ad
ministered either orally or by skin contact necessary to 
kill 50% of exposed animals in laboratory tests within a 
specified time. 

MEG (Multimedia Environmental Goals): Levels of significant 
contaminants or degradents (in ambient air, water or land) 
that are judged to be (1) appropriate for preventing certain 
negative effects in the surrounding populations or ecosystems, 
or (2) representative of control limits achievable through 
technology. 

MATE (Minimum Acute Toxicity Effluent): A subset of MEG 
listing concentration levels of contaminants in air, water, 
or solid waste effluents that will not produce significant 
harmful responses in exposed humans or the ecology, provided 
the exposure is of limited duration (less than eight hours 
per day). 

Opacity Rating: A measurement of the opacity of emissions, 
defined as the apparent obscuration of smoke of a given 
rating on the Ringelmann chart. 

Operation: A specific function, associated with a technology 
in which a set of processes are employed to produce similar 
products starting from the same input material; e.g., some 
operations associated with the technology for coal lique
faction are: (1) coal preparation where the processes employed 
are receiving, crushing and sizing, drying, and slurry 
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mixing. These processes will be used in different combina
tions dictated by the type of coal processed; (2) hydrogena
tion which can be accomplished using any of six hydrogenation 
processes; and (3) gas purification, where different proces
ses are employed for pressurized vs. atmospheric systems, 
cleanup of gases containing tar vs. cleanup of tar-free gas. 

Output Streams: Confined discharges from a process which 
are either end products, intermediate products, by-product 
streams, or waste streams. 

Plant: An existing system (set of processes) that is used 
to produce a specific product of the technology from specific 
raw materials. A plant may employ different combinations of 
processes but will be comprised of some combinations of pro
cesses which make up the technology. For example, the Glen
Gery Brick Company low-Btu gasification facilities are 
plants used to produce combustion gas from anthracite coal. 

Primary Raw Materials: Materials which are extracted (such 
as coal and ores) or grown and harvested (trees,·corn, etc.) 
and processed to yield intermediate or end products. For 
energy technologies the principal raw materials are fossil 
fuels, ores for nuclear fuels, geothermal deposits, and 
sunlight. 

Processes: Processes are basic units which make up an 
operation. A process is employed to produce chemical or 
physical transformations of input materials into end products, 
intermediate products, or by-products. Every process has a 
definable set of waste streams which are, for practical 
purposes, unique. The term used without modifiers is used 
to describe generic processes. Where the term is modified, 
such as, for example, in the term "Lurgi process", reference 
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is made to a specific process which falls in some generic 
class consisting of a set of similar processes; for example, 
the low-and medium-Btu gas technology includes the fixed
bed, atmospheric, dry ash gasifier as one of the gasification 
processes. Specific processes which are included in this 
generic class are Wellman-Galusha, Woodhall-Duckham/Gas 
Integrale, Chapman (Wilputte), Riley-Morgan, and Foster
Wheeler Stoic. 

Raw Materials: Raw materials are feed ·materials for pro
cesses. They are of two types: (1) primary raw materials 
that are used in the chemical form in which they were taken 
from the land, water, or air, and (2) secondary raw materials 
that are produced by other industries or technologies. For 
example, primary raw materials for low/medium-Btu gasifica
tion technology include coal, air, and water. Secondary raw 
materials include fluxes, makeup solvent, catalysts, etc. 

Residuals: Uncollected discharges from control equipment 
used to treat waste streams or discharges from final disposal 
processes which are used for ultimate disposal of waste 
material; for example, traces of pollutants that pass through 
a scrubber cleaning the tail gas from the Claus plant used 
in coal gasification are residuals. If a scrubber is used 
to clean the Stretford unit tail gas and a bleed stream is 
sent to a lined pond serving as a final disposal process, 
any runoff to the environment would be a residual. 

Ringelmann Chart: A chart used in air pollution evaluation 
for assigning an arbitrary number, referred to as the smoke 
density, to smoke emanating from any source. 

Secondary Raw Materials: Materials which are output from 
one technology and input for another. For the technology 
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with which it is produced, it is an intermediate product. 
For the technology associated with further processing, it is 
a secondary raw material; for example, liquid fuel from coal 
is an intermediate product from coal liquefaction and, if it 
is burned utilizing a technology associated with production 
of electricity, it is a secondary raw material. 

Six-tenths Factor: A logarithmic relationship between 
equipment size and cost, used to adjust one set of estimates 
to a different design size. The simple form of the six
tenths factor is: 

where Cn is the new cost, C is the previous cost, and r is 
the ratio of new to previous capacity. 

SAM (Source Analysis Models): A methodology which allows 
the quick identification of possible problem areas where a 
suspected pollutant exceeds the MEG. 

SRC System: A noncatalytic direct-hydrogenation coal lique
faction process for converting high-sulfur and ash coal into 
clean burning gaseous, liquid or solid fuels. 

SRC-1 Product: A solid coal like product of less than one 
(1) percent sulfur and 0.2 percent ash. 

SRC-11 Product: A low-sulfur fuel oil of 0.2 to 0.5 percent 
sulfur, and naphtha product. 

Threshold Limit Value (TLV): A set of standards established 
by the American Conference of Governmental Industrial Hygien
ists for concentrations of airborne substances in workroom 
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air. They are time-weighted averages based on conditions 
which it is believed that workers may be exposed to day 
after day without adverse effects. The TLV values are 
intended to serve as guides in control of health hazards, 
rather than definitive marks between safe and dangerous 
concentrations. 

System: A specified set of processes that can be used to 
produce a specific end-product of the technology e.g., low
and medium-Btu gasification. The technology is comprised of 
several systems. The simplest system is producing combus
tion gas from coal using a small fixed-bed, atmospheric, dry 
ash gasifier coupled with a cyclone. One of the most complex 
systems has very large gasifiers with high efficiency gas 
cleaning being used to produce a fuel clean enough to be 
fired in the gas turbines of a combined-cycle unit for 
production of electricity. 

Waste Streams: Waste streams are confined gaseous, liquid, 
and solid process output streams that are sent to auxiliary 
processes for recovery by-products, pollution control equip
ment or final disposal processes. Unconfined "fugitive" 
discharges of gaseous or aqueous waste and accidental process 
discharges are also considered waste streams. The tail gas 
from an acid gas removal process is an example of a waste 
stream in low/medium-Btu. 
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APPENDIX B - Metric Conversion Factors 

To Convert From To Multiply By 

Acceleration 

ft/s 2 metre per second2 (m/s 2) 3~048-000 E-01 

Acre 
ft~ 
in2 
yd 

12 (U.S. survey) 

British thermal unit 

Area 
2 2 meter2 (m2) 

meter2 (m2) 
meter2 (m2) 
meter (m ) 

Energy (Includes Work) 

(mean) 
Calorie (kilogram, 
kilocalorie (mean) 

joule (J) 
mean) joule (J) 

joule (J) 

foot 
inch 
yard 

grain 
grain 
pound (lb avoirdupois) 
ton (metric) 
ton (short, 2000 lb) 

lb/ft2 

Length 

meter (m) 
meter (m) 
meter (m) 

Mass 

kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 

Mass Per Unit Area 

kilogram per 2meter
2 

(kg/m ) 

(continued) 
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4.046 873 E+03 
9.290 304 E-02 
6.451 600 E-04 
8.361 274 E-01 

1. 055 87 
4.190 02 
4.190 02 

E+03 
E+03 
E+03 

3.048 000 E-01 
2.540 000 E-02 
9.144 000 E-01 

6.479 891 E-05 
1.000 000 E-03 
4.535 924 E-01 
1.000 000 E+03 
9.071 847 E+02 

4.882 428 E+OO 



To Convert From 

lb/ft 
lb/in 

To 

Mass Per Unit Length 

kilogram per meter (kg/m) 
kilogram per meter (kg/m) 

Mass Per Unit Time (Includes Flow) 

lb/h kilogram per second (kg/s) 
lb/min kilogram per second (kg/s) 
ton (short)/h kilogram per second (kg/s) 

Mass Per Unit Volume (Includes Density & Mass 

lb/ft3 kilogram per meter~ (kg/m~) 
lb/gal (U.S. liquid) kilogram per meter (kg/rn3) 
lb/yd3 kilogram per meter3 (kg/rn ) 

Power 

Btu (thermochemical)/h watt (W) 
Btu (thermochemical)/h watt (W) 
cal (thermochemical)/ 

min watt (W) 
cal (therrnochernical)/s watt (W) 

Multiply By 

1.488 164 E+OO 
1. 785 797 E+Ol 

1. 259 979 E-04 
7.559 873 E-03 
2.519 958 E-01 

CaEacity} 

1.601 846 E+Ol 
1.198 264 E+02 
5.932 764 E-01 

2.930 711 E-01 
2.928 751 E-01 

6.973 333 E-02 
4.184 000 E+OO 

Pressure or Stress (Force Per Unit Area} 

. atmosphere (standard) 
foot of water (39.2°F) 
lbf/ft2 
lbf/in2 (psi) 

degree Celsius 
degree Fahrenheit 
degree Fahrenheit 
degree Rankine 
Kelvin 

pascal (Pa) 
pascal (Pa) 
pascal (Pa) 
pascal (Pa) 

TernEerature 

Kelvin (K) 
degree Celsius 
Kelvin (K) 
Kelvin (K) 
degree Celsius 

(continued) 
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1. 013 250 E+OS 
2.988 98 E+03 
4.788 026 E+Ol 
6.894 757 E+03 



To Convert From 

f t/h 
ft/min 
ft/s 
in/s 

centipoise 
cent is tokes 
poise 
stokes 

To 

Velocity (Includes Speed) 

meter per second (m/s) 
meter per second (m/s) 
meter per second (m/s) 
meter per second (m/s) 

Volume 

Viscosity 

pascal second (Pa·s) 2 meter2 per second (m /s) 
pascal second (Pa·s) 2 meter2 per second (m /s) 

(Includes Capacity) 

acre-foot (U.S. survey) 
barrel (oil, 42 gal) 
f t3 

me terr 
meter3 meter3 meter3 meter 

gallon (U.S. liquid) 
litre," 

f t~/min 
ft /s 
gal (U.S. 
gal (U.S. 

Volume Per 

liquid/day) 
liquid/ min) 

Unit Time 

meter~ per 
meter3 per 
meter3 per 
meter per 

(Includes Flow) 

second (m~/s) 
second (m3/s) 
second (m3/s) 
second (m /s) 

Multiply By 

8.466 667 E-05 
5.080 000 E-03 
3.048 000 E-01 
2.540 000 E-02 

1. 000 000 E-03 
1.000 000 E-06 
1.000 000 E-01 
1. 000 000 E-04 

1.233 489 E+03 
1. 589 873 E-01 
2.831 685 E-02 
3.785 412 E-03 
1. 000 000 E-03 

4.719 474 E-04 
2.831 685 E-02 
4.381 264 E-08 
6.309 020 E-05 

*In 1964 the General Conference on Weights and Measures adopted 
the name litre as a special name for the cubic decimetre. 
Prior to this deci~ion the litre differed slightly (previous 
value, 1.000028 dm) and in expression of precision volume 
measurement this fact must be kept in mind. 

605 



APPENDIX C - Quality of Rivers of the United States (148,149) 

The maps in this subsection illustrate regional 
water quality parameters. Some are reprinted with the 
permission of the United States Geological Survey. 
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Figure 74. Principal areas of water pollution (148). 
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Figure 80. Dissolved solids content of surface water (148) 
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Figure 82. Hardness of surface water (148) 
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Figure 83. Concentration of sediment in streams (148) 
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APPENDIX D - Pollution Control Alternatives 

D-1 Air Emissions Control Alternatives 

D-1.1 Particulate Controls 

D-1.1.1 Settling Chambers 

The most basic of the inertial separation collectors 
available are settling chambers. Settling chambers are com
partments placed in the exhaust stream which are large 
enough to provide a velocity reduction and long residence 
time to 'allow settling of particulate matter out of the 
exhaust stream. The residence time of the chamber is suf
ficiently long enough to allow a particle to settle out of 

the stream. 

In determining the characteristics of gravity settling 

chambers the following relationships must be determined 
(6,8): 

• 

• 

• 

tsettling = t residence 

tsettling = H 
v s 

H = height of chamber 
Vs = settling velocity 

tresidence = L 

~ 
= L 

Q7W 

vg = gas velocity 
Q = gas flow volume 
L = length of chamber 

W = width of chamber 
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• v = s 

where: rp = particle radius 
g = acceleration due to gravity 
µ = gas velocity 

Pp•Pg =particle and gas density, 
respectively. 

The minimum particle size which can be captured is: 

rpmin - i ( ~stt:-~:}) 
Collection efficiency is: 

Vs WL 
n = Q x loo 

where: n = efficiency weight percent. 

Figure 99 illustrates various configurations of simple 
settling chambers. The following list swmnarizes the advan
tages of settling chambers: 

• Simple to construct 

• Simple to maintain 

• Economically capture particulate matter larger 
than 50 µm in size 

• Operate at their greatest efficiencies at gas 
velocities less than 10 fps 



--1\ 
-Q!J 

a. Horizontal settling chamber b. Multi-tray settling chamber 

-

c. Simple baffle chamber d. Rounded trap settling chamber 

Figure 99. Settling chamber configurations 
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• They allow for a small internal duct pressure 
drop 

• Mainly utilized as a pretreatment to remove large 
particulate matter prior to more efficient methods. 

D-1.1.2 Cyclones (150,151,152) 

Cyclonic collectors are generally of two types: 

• Large diameter cyclones 

• Small diameter, multitube, high efficiency cy
clones. 

Large diameter cyclones (Figure 100) are primarily installed 
to collect particles >30 µm. Small diameter, multitube, 
high efficiency cyclones are capable of collecting parti
cles > 10 µ m with a collector efficiency rating of over 90 
percent. Efficiencies of conventional and high efficiency 
cyclones are summarized in Table 128. However, these units 

TABLE 128. EFFICIENCY OF CYCLONES 

Efficiency Range (% Collected) 

Particle Size Conventional High Efficiency 

Less than 5 Less than 50 50-80 

5-20 50-80 80-95 

15-40 80-95 95-99 

Greater than 40 95-99 95-99 
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are expensive to install and usually require more maintenance 
than large diameter cyclones. The principle behind cyclone 
collection is that centrifugal forces on particulate matter 
in a spinning gas stream may be many times in excess of 
gravitational forces. Therefore, particulate matter tends to 
collect on the walls of the cyclone. The downwind spiraling 
effect of the gas stream forces the particulate matter to the 
bottom of the cyclone where they are collected. 

Cyclone design characteristics are as follows: 

Major cylinder height h = 2 DC 
Cone length h = 2 DC 
Gas outlet diameter De - .5 DC 
Gas outlet length H+S - .625 DC 
Gas inlet height a = .5 DC 
Gas inlet width b = .25 DC 
Dust outlet B = .25 DC 

Cyclone efficiency increases with an increase in the follow

ing: 

• Density of the particulate matter 

• Inlet velocity to cyclone 

• Cyclone body length 

• Number of revolutions made by gas streams in cyclone 
body 

• Ratio of cyclone body diameter to cyclone outlet 
diameter 

• Particle diameter 
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• Particulate volume entrained in carrier gas 

• Smoothness of interior cyclone body. 

A theoretical approach to predict cyclone efficiency 
has been advanced by Leith and Licht (152) based on the 
concept of continual radial back mixing of uncontrolled 

particles, coupled with the calculations of an average 
residence time for the gas in a cyclone. Leith and Licht 
stated that cyclone efficiency may be calculated by: 

e E = 1 - exp - 2 y._g. (N+l)(0.5/(N+l) 
DC 

• 

where: E = cyclone efficiency (%) 
G = cyclone configuration factor 
s = residence time 

Q = volumetric gas flow rate 
N = Vortex exponent 

where: Pp = particle density 
DP = particle diameter intercepted 

u = fluid viscosity 

where: kc = volume of cyclone cylinder 

ka = a/Dc 

kb = b/Dc 

638 



• 
_ [ ( 12 Dc O.l

4 
T + 46o

0
·
3

)] 
~ - 1 - 1 - 2.5 x 530 

where: T = temperature, °F 

the overall efficiency for a cyclone can then be calculated 
as follows: 

where: ~T = overall efficiency 

mi = mass fraction of particles in size 
range i 

~· = efficiency of cyclone at midpoint of 
]. 

interval i, % 

A correct estimate of the pressure drop across a cyclone 
is necessary, in addition to cyclone efficiency, so that 
cost effectiveness may be calculated. A pressure drop 
magnitude of 10 or less in H20 is generally accepted operat
ing range. The following equations determine the pressure 
drop across a cyclone separator (153): 

• 

• 

F = Ka b 
Dz 

e 

where: K = dimensionless constant 

D 2.34 
c = K0.272 

When collection of particulate matter in the 5 to 10 
micron range is required, multiple small diameter cyclones 
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are utilized. Multiple cyclone separators consist of a 
number of long small diameter cyclones operating in paral
lel, having a common gas inlet and outlet. Gas flow is sub
stantially different in the multiple cyclone separators in 
that gas enters the top of the cyclone and is passed by a 
stationary vane which imparts the spinning motion to the gas 
flow. These cyclone separators are high in efficiency, but 
are expensive to operate and increase the pressure drop 
across the cyclone. Multiple cyclone separators efficiency 
is determined by the same procedure as for large diameter 

cyclones. 

D-1.1.3 Electrostatic Precipitators 

Electrostatic precipitators operate by using a direct 
current voltage to create an electric field between a nega
tively charged discharge electrode and a posititively 

charged collection electrode. As the suspended particles 
(or aerosols) pass between the electrodes the particles are 
charged and collected on the oppositely charged electrode. 
The deposited matter is removed by rapping or washing the 

electrode. The precipitated material is then collected in 
hoppers for final disposal. 

Electrostatic precipitators exhibit removal effici

encies of 90 to 99 percent within a particle range of less 
than 0.1 microns to 200 microns (154). Precipitators have 
the ability to handle very large flow rates at high effi

ciencies. They can operate in a wide range of temperatures 

and pressures, up to 800°C and 50 atmospheres, respectively 
(155). Their major disadvantages include high initial cost 
and little adaptability to changing process conditions. 
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Removal efficiency is directly related to the volu
metric gas flow rate, as described by the following equation 
(154): 

F = 1-e (-~A) 

where: F = efficiency 
A = collecting area 

Q = volumetric flow rate 
w = drift velocity 

The drift velocity, W, can be calculated by the following 
equation (154): 

W = (1+1.72 ~p) D£!~EP 

where: W = drift velocity 

DP = particle diameter 

L = mean free path of gas 

Ep = precipitation field density 

E
0 

= corona field strength 

µ = absolute viscosity of the gas 

Removal efficiencies are dependent on the temperature 
and humidity of the gas stream. An increase in humidity 
and/or a decrease in temperature will cause a decrease in 
sparkover voltage, i.e., the voltage at which the gas be
comes locally conductive. At sparkover voltage there is a 
dramatic decrease in the electric field strength and hence a 
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large power loss. Such gas streams as dryer off-gases may 
be too humid to separate particulates by electrostatic pre
cipitation. 

D-1.1.4 Filtration 

Baghouses and fabric filters are used for high ef f i
ciency removal (up to 99.9%) of particulates from gases. 
Baghouses and fabric filters, along with dry collectors, 
share the following characteristics. 

• Particulates are collected dry and in usable 
condition. 

• Gases are not cooled or saturated with moisture. 

• Solids handling accessories must be properly 
designed to avoid secondary dust generation. 

• Unlike scrubbers, filters do not add moisture to 
the cleaned exhaust and do not create a plume. 

• There is an explosion hazard risk; proper fire 
protection equipment must be on-site. 

There are two major types of bag filters. Envelope
type bags prove maximum surface area per unit volume, but 
suffer from dust bridging problems and are difficult to 
change. Tubular bags are open at one end and closed at the 
other, with the direction of filtering being either inside-

• 
out or outside-in. An outside-in design requires a frame to 
prevent bag collapse and has a shorter bag life. Tubular 
filter bags are often sewn together to form multibag sys
tems; the major disadvantage is costly bag replacement. 
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Different gas characteristics require different filter 
media for proper operation. There are three main filter 
types: paper filters, woven fabric filters, and felted 
fabric filters. Paper filters are used for sampling and 
analysis and clean room use rather than in large industrial 
units. Woven fabric filters are employed with low air/cloth 
ratios, generally from 7.6 x lo-3 to 3.0 x 102 m3/s/m2 (1). 
Fabric life is a function of operation temperature, frequency 
and method of cleaning, and properties of particulates and 
carrier gas. Average life of woven fabric filters ranges 
from 6 to 18 months. Performance of some filter fabrics are 
summarized in Table 130 (154). The more efficient felted 
fabrics are more expensive, but can be utilized with high 
air/cloth ratios typically 6.1 x 10-2 m3/s/m2 (154). Felted 
fabrics require thorough cleaning for proper operation. 

Cleaning methods affect air/cloth ratios significantly. 
cleaning by shaking can be accomplished manually or mech
anically, intermittently or continuously. Reverse jet 
cleaning 
fabric. 
gas flow 

uses compressed air to remove filter cake from the 
Reverse air flexing is accomplished by reversing 
to cause a filter backwash effect. 

Air-to-cloth ratios for coal dust are shown for dif
ferent types of cleaning mechanisms in Table 129. 

TABLE 129. AIR-TO-CLOTH RATIOS FOR COAL DUST 

Type of Cleaning 

Shaker 
Reverse Jet 
Reverse Air Flexing 
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°' .p. 
.p. 

Fabric 

Cotton 

Dacron 

Orlon 

Mylon 

Dynel 

Polypropylene 

Creslan 

Vycron 

Nomex 

Teflon 

Wool 

Glass 

E • Excellent 
G • Good 
F • Fair 
P = Poor 

TABLE 130. CHARACTERISTICS OF FILTER FABRICS (154) 

Phxsical Resistance Chemical Resistance 
Specific Dry Moist Oxidizing 
Gravit I Heat Heat Abrasion Shaking Flexing Acids Acids Alkalies .Ntents Solvents 

1.6 G G F G G p G F F E 

1.4 G F G E E G G F G E 

1.2 G G G G E G G F G E 

1.1 G G E E E p F G F E 

1.3 F F F P-F G G G G G G 

0.9 G F E E G E E E G G 

1.2 G G G G E G G F G E 

1.4 G F G E E G G G G E 

1.4 E E E E E P-F E G G E 

2.3 E E P-F G G E E E E E 

1. 3 F F G F G F F p p E 

2.5 E E p p F E E G E E 



D-1.1.5 Wet Scrubbers 

Wet scrubbers comprise a large variety of equipment, 
the main types being spray chambers, impingement plate 
scrubbers, venturi scrubbers, cyclone-type scrubbers, 
orifice-type scrubbers, and packed bed scrubbers. Low 
pressure scrubbers, such as spray towers collect coarse 
dusts in the range of 2 to 5 microns. High pressure drop 
venturi scrubbers are effective at removing 0.1 to 1.0 
micron particles at up to 98 percent efficiency (155). 

The wet scrubbers remove dust from the carrier gas 
stream by contacting it with water or a specified scrubbing 
liquor. The following is a list of the characteristics of 
wet scrubber technologies (154). 

• The flue gas is both cleaned and cooled. 

• Stack effluent will contain fines, mists, and 
steam plume. 

• The temperature and moisture content of the inlet 
gas is essentially unlimited. 

• Corrosive gases can be neutralized with proper 
scrubbing liquor selection. 

• Consideration of freezing conditions is important. 

• Hazards of explosion are reduced. 

• Equipment is relatively compact and capital cost 
is less than dry collection equipment. 
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• The equipment is highly efficient in collecting a 
wide range of particulate sizes. 

• Removes simultaneously gaseous pollutants such as 
sulfur dioxide, hydrogen sulfide, and nitrogen 

oxides. 

• Maintenance cost is lower because of simple 
design. 

• Water utilization is high and is an important 
consideration in certain areas. 

Efficiencies of various scrubbers at different particle 
sizes are shown in Table 131. Wet scrubbers that can be 
applied to coal dusts and fly ash control are shown in Table 

132. 

TABLE 131. EFFICIENCY OF SCRUBBERS AT 
VARIOUS PARTICLE SIZES (154) 

Percentage Efficiency at 

Type of Scrubber 50µ. 5µ. lµ. 

Jet-impingement scrubber 98 83 40 
Irrigated cyclone 100 87 42 
Self-induced spray scrubber 100 94 48 
Spray tower 99 94 55 
Fluid bed scrubber 99+ 98 58 
Irrigated target scrubber 100 97 so 
Dis integrator 100 98 91 
Low energy venturi scrubber 100 99+ 96 
Medium energy venturi 100 99+ 97 

scrubber 
High energy venturi scrubber 100 99+ 98 
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TABLE 132. APPLICABILITY OF VARIOUS WET 
SCRUBBERS TO COAL DUSTS AND FLY ASH (154) 

Collection 
T;t;i2e of Scrubber Coal Dust Fl;t: Ash Ef ficiencl 

Elbair scrubber x x 99+, 99 
Floating bed x N.A. 
Flooded bed x N.A. 
Cyclonic x 96+ 
Self-induced spray 

scrubbers x N.A. 
Mechanically induced 

spray x N.A. 
Venturi scrubbers x x 96, 99+ 

N.A. - Not Available 

D-1.2 Hydrocarbon Controls 

Four types of control technologies that can be employed 
to treat gas streams containing hydrocarbons are: (1) 
direct-fired and catalytic afterburners, (2) condensation 
systems, (3) adsorption systems and (4) flares. 

Direct-fired and catalytic afterburners employ high 
temperatures to carry out oxidation of organics to carbon 
dioxide and water. They are applicable to gases with hy
drocarbon content below the limit of flammability. In gen
eral, catalytic afterburners, with platinum or palladium 
catalysts to facilitate oxidation, utilize temperatures 
lower than the direct-fired afterburners. A comparison of 
temperatures required to convert various combustibles to 
carbon dioxide and water for both direct-fired and catalytic 

afterburners is given in Table 133. 
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TABLE 133. COMBUSTION TEMPERATURES IN DIRECT-FIRED 
AND CATALYTIC AFTERBURNERS (154) 

Combustible 

Methane 
Carbon Monoxide 
Hydrogen 
Propane 
Benzene 

Ignition Temperature (°C) 
Direct-Fired Catalytic 

632 
665 
574 
480 
580 

500 
260 
121 
260 
302 

Direct-fired afterburners have exhibited conversion ef fi

ciencies of more than 99 percent while catalytic units have 
slightly lower efficiencies (85 to 92 percent) (155). 

Direct-fired afterburners are designed to operate at 

about 760°C with retention times of at least 0.8 seconds (155). 
Catalytic afterburners operate at about 538°C with retention 
times of 0.05 to 0.1 seconds (155). Operating temperatures 
are sustained by combustion of a fuel gas. This fuel con

sumption can only be partially off set by heat recovery 
systems in which heat from exhaust gases is used to preheat 
incoming gases. Another general disadvantage of afterburners 
is that they produce no saleable product. 

Catalytic afterburners have a number of important ad
vantages and disadvantages compared to direct-fired units. 
Because they operate at lower temperatures, they have lower 

operating and maintenance costs. Initial capital equipment 
cost, however, is higher. Catalysts also are easily poisoned 
by heavy metals, halogens, and sulfur compounds, or fouled 

by inorganic particulates. Catalytic incineration devices 

have been judged by the Los Angeles County Air Pollution 
Control District to be incapable of meeting efficiency 
requirements of 90 percent conversion. 
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In condensation systems, the gas stream is cooled and 
compressed to facilitate condensation of vapor phase pollu
tants. Condensation is applicable when pollutants with dew
points above 30°C are present in high concentrations. Con
densers are normally used in conjunction with other control 
equipment, since they are a relatively inefficient means of 
control at lower organic concentrations. 

Carbon adsorption systems employ parallel cycling beds 
of activated carbon to adsorb gaseous organic pollutants. 
Removal efficiencies are claimed to be up to 95 percent (154). 
Carbon bed regeneration and desorption of organics is accom
plished by a number of means, i.e., steam contacting, hot 
inert gas contacting, or vacuum desorption. The concentrated 
organic vapor is either incinerated or recovered as solvent 
by condensation, distillation, or adsorption. 

The major advantages of carbon adsorption systems are 
that a saleable organic solvent may be recovered through 
desorption, or the desorbed concentrated gaseous pollutant can 
be incinerated in a much smaller unit with much less fuel . 
consumption than if the original gas stream were incincerated. 
Another major advantage of carbon adsorption is that sulfur 
oxides, nitrogen oxides, and carbon monoxide are concurrently 
adsorbed with organic vapors. 

There are a number of important design criteria that must 
be considered when selecting carbon adsorption systems (154). 
If pollutant concentration is below 0.1 percent by volume, 
carbon regeneration is not economical and a nonregenerative 
system should be utilized, in which spent carbon would be 
disposed of or regenerated in e~ternal equipment. The capacity 
of the solid adsorbent decreases with increasing temperature; 
therefore operating temperatures should be kept below 40°C 
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for efficient operation. Because the adsorption reaction is 
exothermic, there is a temperature rise of about 10C0 for 
dilute organic solvent-air mixtures. However, concentrated 
hydrocarbon streams can cause temperatures to rise to 
dangerously high levels, presenting an explosion hazard if the 
gas-air mixture is within explosive limits. Excessive tempera
ture fluctuations must be avoided since periods of temperature 
rise can cause massive desorption (154). 

Operational problems are mainly related to the adsorbent 
surface. High molecular weight molecules may not be easily 
desorbed under normal regeneration; -high temperature steam 
stripping may be required to control organic build-up. 
Particulate matter may adhere to the adsorbent surface and 
become alsmost impossible to remove. Plugging may occur from 
particulate build-up. In some operations it may be necessary 
to place a filter at the inlet to the adsorber to protect 
against particulate entry. Corrosion can be a problem if 
steam stripping is used for adsorbent regeneration. Light 
hydrocarbons, such as methane and ethane, are not effectively 
adsorbed and will be present in the off-gas (154). 

Flares incorporate direct combustion of the pollutant 
gases with air, and can be used only if the organic concentra
tion of the gas stream is in the flammable range. Flaring 
is the least costly form of incineration since the fuel is 
usually made available to maintain a flammable mixture in 
the event the organic concentration drops below the lower 
explosive limit. 

The hydrocarbon-rich pressure control releases from SRC 
systems are considered suitable for disposal by flaring. 
There are three basic classifications of combustion flares, as 
follows: 
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• Elevated combustion flares 

• Ground combustion flares 

• Ground pits 

Burning pits are generally unacceptable except as a 
device to handle catastrophic emergency situations. They 
are excavated units with alloy steel burners along one or 
more sides. The walls are usually concrete or refractory
lined. Dense clouds of smoke are released during operation 
and the combustion products are not dispersed efficiently. 
Elevated and ground combustion flares are discussed below. 
ELevated combustion flares are the most commonly used type. 
The combustion tip is usually 33-100 meters above grade, which 
drastically reduces the effects of heat radiation. Conse
quently, the flare can be located close to process units. In 
this way, the amount of vent piping and land requirements 
are minimized. The extra height also gives the added advantage 
of better dispersion of combustion products than with ground 
flares. Minimum height is determined with respect to radia
tion protection and is adjusted upward so that ground level 
contaminant concentrations will meet ambient air standards. 
The elevated flares, depending upon the method of achieving 
smokeless combustion, utilize air inspiration with steam or 
mechanical air blowing. 

Steam injection into the flare tip can greatly reduce 
or even eliminate smoke generation. This reduction results 
from two effects. Steam has an inspirating effect and drass 
large quantities of air into the combustion zone. This 
supplies necessary oxygen for burning, provides intense 
mixing, and has a solvent cooling effect which reduces 
cracking and polymerization. The steam also reacts with 

651 



untreated carbon particles to form carbon monoxide and hydro
gen. 

The principal methods for injecting steam into flares 
involve the use of multiple jets, single nozzles, or a shroud. 
In the multiple jet design, waste gases are exhausted from 
the open end of the flare tip. A large header located 
around the periphery of the tip distributes steam to several 
jets. The jets are oriented so that their discharge covers 
the tip and creates turbulence and mixing of the waste gases 
with the surrounding air. Steam consumption is relatively 
low, 0.1-0.2 kg of steam per kilogram of waste gas; however, 
this is balanced against the maintenance costs which are 
slightly higher than the single nozzle design. Tip construc
tion utilizes corrosion-resistant alloy steel (154). 

In single steam nozzle design, the steam line enters 
the flare and continues upward in the center until it 
terminates several inches below the top of the tip. As the 
steam exits the supply line, it expands to fill the inside 
of the flare tip and, in so doing, mixes with the waste gas. 
The turbulence created is not as great as with multiple 
jets. However, the system requires less maintenance due to 
its simple design (154). 

In the shroud type design, the flare tip is surrounded 
by a metal skirt or shroud. This reduces some of the cross
wind effects and forms a turbulent zone for premixing of the 
air and steam. Waste gas exits radially from the center 
portion of the tip and travels toward the shroud, causing 
intense mixing with the vent gas. Steam utilization is com
parable with that of the multiple steam jet type. (154). 
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In mechanical air blowing, blowers are utilized to pro
vide air for smokeless combustion of small gas streams. For 
gas rates over 45.4 Mg-moles/hr, the amount of air requires 
large equipment. Capital investment is not competitive with 
steam injection systems, if steam is available. 

Ground flares are built near grade level and seldom 
exceed 20 meters in height. Consequently, heat radiation 
effects require that flares be limited in size and located 
away from the process areas. This raises piping costs and 
eliminates them from consideration in plants with little 
available space and high-vent gas rates. Greatest applica
tion is for locations where elevated flares would be un
sightly and complete smokeless operation is not required 
( 154). 

Ground flares have an important advantage in that water 
can be substituted for steam in many cases. Consequently, 
operating costs are greatly reduced. However, as the water 
requirement increases at high vent gas rates, it becomes 
increasingly difficult to obtain satisfactory combustion. 
Therefore, smokeless operation is limited to a maximum of 
45.4 Mg-moles/hr gas flowrate (154). 

A typical water injected ground flare is composed of 
three concentric stacks. The innermost stack contains the 
burner and water atomization nozzles. The second stack is 
slightly larger and serves to confine the tiny water drop
lets for effective mixing with the incoming air and the vent 
gases. The outermost stack merely directs the flame upward 
and protects against crosswinds. Slots are provided near 
the base of all three stacks to. allow entrance of air by 
natural draft (154). 
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Ground flares can be designed to handle higher vent gas 
rates by using air inspirating venturi burners. Application 
is limited due to a pressure requirement 7,000-28,000 Pa at the 
burner and 48,000 Pa backpressure {154). 

Several burners are required to handle a wide range of 
vent gas rates. These auxiliary burners and their automatic 
control valves become a significant cost item. A major 
drawback of the system is that it cannot handle vent rates 
which substantially differ from the design basis. 

D-1.3 Sulfur Dioxide Controls 

There are well over thirty processes that have been 
developed for the control of sulfur dioxide stack emissions. 
They can be divided into a number of broad categories, namely 
dry additive injection {limestone), dry adsorptive processes, 
wet adsorption processes, adsorption by charcoal, and catalytic 
conversion processes. 

The dry additive injection process involves the in
troduction of pulverized limestone or dolomite directly into 
the flue gas. The additive reacts with sulfur dioxide and 
oxygen in the flue gas to form calcium or magnesium sulfate. 
Major characteristics of dry additive injection techniques 
are listed below {154): 

• Flyash and limestone particles are carried along 
in the gas stream and must be removed by another 
pollution control unit. 

• Capital cost is low. Feed materials are rela
tively inexpensive. 
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• so2 removal efficiencies are low. 

• Operational difficulties included sintering and 
slagging of limestone. 

• There is little corrosion and no interference with 
boiler operation. 

• It is a throw-away process and presents solid 
waste disposal problems. 

Dry adsorption processes utilize a bed of metal oxide 
to adsorb sulfur dioxide from the gas stream. The metal 
oxide is converted to the sulfated form and must be regenerated. 
A list of characteristics of dry adsorption techniques is 

given below: 

• Adsorbent generation is difficult and the adsor
bents lose their activity after a number of re
generation cycles. 

• The most effective adsorbents are very expensive. 

• Fly ash and metal oxide particulates must be 
removed in a second pollution control unit. 

• Little corrosion of metal surfaces occurs, and in 
most cases there is no pressure loss through the 

system. 

• A saleable by-product such as ammonium sulfate can 
be produced; hydrogen sulfide, which can be 
routed to the Stretford unit for recovery of sul
fur, may be produced. 

655 ' 



• Particulate matter may plug absorbent beds. 

Wet adsorption processes employ a spray tower .or other 
wet scrubber to carry out sulfur dioxide removal. The 
adsorbent liquid is usually a water solution of lime, dolo
mite, metal sulfite, magnesium and manganese oxides, ammonia, 
or caustic soda. Products from regeneration are concentrated 
sulfur dioxide, ammonium sulfate, or a waste stream. A 
number of characteristics in the processes are listed below 
(154): 

• Wet adsorption methods are not restricted by 
temperatures or residence times within the fur
nace. 

• They can be added to existing units without 
boiler modifications. 

• Heat loss due to scrubbing reduces plume buoyancy 
and the effluent gas stream must be reheated. 

• Adsorbents have a capacity for heavy loading but 
require complex regeneration unless a throw-away 
system is acceptable. 

• Wet adsorption techniques remove particulates and 
nitrogen oxides as well as sulfur oxides. 

• Mist eliminators must be included to avoid excess 
plume opacity. 

• Efficiencies in most wet absorption processes are 
better than 90 percent. 
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Charcoal adsorption systems utilize commercial acti
vated carbon to chemisorb sulfur dioxide from the gas stream. 
The sulfur dioxide is oxidized to sulfuric acid in the 
presence of water vapor and oxygen. The spent carbon is 
regenerated thermally. Both dry and wet adsorption technolo
gies are available. Advantages and disadvantages of charcoal 
adsorption systems are listed below: 

• Smaller adsorber-desorber units are required due 
to the short retention periods. 

f Problems with regeneration are inherent including 
loss of carbon due to carbon monoxide and carbon 
dioxide formation during thermal regeneration. 

• Wet processes require added equipment and cor
rosion resistant construction. 

• Due to the continuous movement of the charcoal 
material in the system, carbon abrasion becomes a 
problem. 

• Wet processes generate a wastewater stream and 
reduce plume buoyancy. 

In catalytic conversion processes, gaseous sulfur 
dioxide is oxidized to sulfur trioxide in the presence of a 
vanadium catalyst. The sulfur trioxide reacts with water 
vapor in the flue gas and is condensed as sulfuric acid. 
The characteristics of catalytic conversion of sulfur dioxide 
are discussed below (154): 
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• It is a simple process with no catalyst recycling 
required. There is no heat loss and plume buoy
ancy is maintained. 

• Corrosion resistant materials are required. 

• A particulate control unit is required to remove 
fly ash so that reactor plugging does not occur. 

• The gas stream must be reheated to a high tempera
ture for efficient conversion (371 to 472°C). 

• A mist eliminator or electrostatic precipitator 
must be added at the end of the process. 

• A saleable by-product (sulfuric acid or ammonium 
sulfate) is produced. 

Because of the large number of sulfur dioxide removal 
processes, it is not possible to discuss each one separ
ately. A summary of known removal processes is given in 
Table 134. 

D-1.4 Secondary Sulfur Recovery Processes 

D-1.4.1 Beavon Process 

In the Beavon process, entering tail gas from primary 
sulfur recovery is mixed with hot flue gas. The gas is 
passed through a catalytic reactor containing a cobalt
molybdate catalyst. Sulfur compounds are hydrogenated to 
form hydrogen sulfide. The gas is then cooled. Water vapor 
condenses, leaving a cool, dry gas. The gas is then passed 
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to a Stretford section where hydrogen sulfide is converted 
to elemental sulfur. Final tail gas concentrations in the 
range of 40 to 80 ppm sulfur (as sulfur dioxide) have been 
reported for the process. The process flow sheet is shown in 
Figure 101. 

The 
carbonyl 
sulfide. 

I 

Beaven process effectively recovers sulfur from 
sulfide and carbon disulfide as well as from hydrogen 
Operation of the Beavon process require$ supple-

mental fuel gas. Beaven recovers sulfur in its elemental form 
as a by-product. The process condensate may require further 
treatment prior to discharge. 

D-1. 4. 2 SCOT Process 

Figure 102 shows a simplified SCOT process flow chart. 
The catalytic reactor converts organic sulfur to hydrogen 
sulfide according to the following reactions: 

COS + H2o H2s + co2 
cs2 + 2H20----- 2H2s + co2 (89) 

Sulfur dioxide and free sulfur react as follows: 

H2s + 2H20 (89) 
H2s (96) 

Alkanolamine scrubbing removes the hydrogen sulfide 
from the tail gas stream. The hydrogen sulfide can be 
recovered in an hydrogen sulfide stripper and recycled to the 
sulfur recovery process. Reports indicate treated tail gas 
have a total sulfur content of 200 to 500 ppm by volume. 
The SCOT process requires additional fuel gas to provide 
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reducing gas and heat for the reactor section. The equip
ment utilized is proven and removal efficiencies higher than 
reported are theoretically possible. 

D-2 Water Effluent Control Alternatives 

Water effluent control processes may be divided into 
three classes according to their treatment function, i.e., 
primary, secondary or tertiary treatment. Table 135 lists 
the general classes of treatment methods and applicable 
processes within each class which may be employed in a coal 
liquefaction plant. 

TABLE 135. PROCESSES FOR WATER EFFLUENT CONTROL 

Class of Treatment 
Primary Secondary Tertiary 

Equalization 

Sedimentation 

Neutralization 

Oil and Grease 
Separation 

Recovery Processes 

Ammonia 
Phenol 
Sulfur 

Stripping 

Biological treatment 

Flocculation/flotation 

Filtration 

Carbon adsorption 

Advanced:* 

Electrodialysis 
Reverse osmosis 
Ion exchange 

*Advanced process for sidestream treatment in water cooling 
process. 
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In the selection of control alternatives, the most 
significant pollutants to be removed from each wastewater 
stream must first be determined. Then it must be decided 
whether to segregate or integrate various wastewater streams 
prior to treatment. Also, it must be decided if any stream 
constituents may be recovered. Once the chemicals to be 
recovered and main treatment systems needed to treat various 
wastewater streams have been identified, then the appropriate 
pretreatment (primary) and post treatment (tertiary) methods 
may be selected. 

The following sections deal with the various treatment 
operations included under the three classes of treatment. 

D-2.1 Primary Treatment 

Primary treatment units are designed to remove waste
water stream constituents which may adversely affect the 
operation of the main treatment processes and/or may be 
recovered economically. Applicable primary treatment 
operations are enumerated in Table 135. 

D-2.1.1 Recovery Operations 

In SRC systems, there are a number of pollutants, 
namely, sulfur, ammonia, and phenols, which may be recovered 
economically from the wastewater streams. Although they 
are, by definition, auxiliary processes, they are, in 
essence, primary (pretreatment) treatment processes. If it 
had not been economically feasible to recover these com
pounds, then it most likely would have been necessary to 
incorporate various treatment methods into the overall 
treatment process to remove them or render them harmless. 
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D-2.1.2 Sedimentation 

Sedimentation is a solids-liquid separation process 
whereby suspended solids are separated from water and con
centrated by gravity settling. This type of separation is 
effective when the suspended solids are capable of settling 
readily as is the case for domestic wastewaters. Often, 
wastewaters may contain finely divided suspended matter 
which does not settle easily. Chemical coagulants are 
usually added in these instances to agglomerate the suspend
ed matter into larger particles which exhibit improved 
settling characteristics. Typical coagulants are alum, 
ferric chloride, and aluminate. Popular coagulant aids are 
bentonite, powdered carbon, activated alumina, and poly
electrolytes. 

Sedimentation removal efficiencies vary widely depend
ing on the nature of the influent suspended matter. A well 
designed and operated tank should remove between 50-60 per
cent of the influent solids (93). 

Sedimentation tanks may be either rectangular or circu
lar. The detention times in circular tanks is usually 
between 90-150 minutes with surface loading not to exceed 
36.7 m3/day/m2 (93). 

The design of rectangular sedimentation tanks is usually 
based on the wastewater flow, solids loading, and settling 
characteristics. The horizontal velocity through the chamber 
is given by the following equation (93): 

V = Vs L 
d 
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where* V = maximum horizontal velocity (ft/sec) 

Vs = terminal settling velocity of the particle 
to be removed (ft/sec) 

L = length of basin (ft) 

d = depth of basin (ft) 

The terminal settling velocity in ft/sec may be estimated 
from the following equation (93): 

where: 

(Ps - pi ) gD2 

18µ 

p
8 

= density of solid particle (lb/ft3) 

Pi = density of wastewater (lb/ft3) 

D = diameter of solid particle (ft) 

= viscosity of wastewater (lb/sec-ft) 

g = acceleration of gravity (32.2 ft/sec2) 

Horizontal velocities are usually less than or equal to 0.3 
m/s (93). This fixes the size of the chamber for a given 
flow rate. 

*Metric conversion factors are given in the appendices. 
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Tube settlers may also be used to remove suspended 
matter in lieu of sedimentation basins. They essentially 
act as a series of rectangular basins, where water enters 
the bottom of the inclined tube settler and flows upward 
through the tubes. Particles tend to move toward each tube 
wall where they become entrapped in a layer of particles 
previously settled. The steep incline of the tubes causes 
the sludge to counterflow along the side of the tubes after 
it accumulates. In then falls into a sediment storage sump 
below the tubes assembly. The inclined tube settler config
uration also requires influent and effluent chambers to 
distribute the flow to the tubes and to collect if after 
clarification. 

Inclined tube settlers are manufactured with tubes 
having various geometrically-shaped cross sections. Systems 
employing flocculation with inclined tube settlers are 
capable of removing particles less than 10 microns in dia
meter (fine sand). They are usually used to clarify in
fluent waters which have under 1000 mg/l of suspended solids 
(157). The number of tubes may be increased to provide 
treatment for virtually any flow rate desired. 

The horizontal velocity through the settler is given by 
the following equation (151): 

V = Vs L cos A a 

where: A= angle of inclination (o.o ~ A $ tan-1 ~) 

Tube settlers are generally designed for flows of 3.4 x lo-3 
-3 3 2 to 5.4 x 10 m /s/m (158). 
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In addition to sedimentation basins, screening devices 
may also be used to remove suspended solids. Separator 
screens normally consist of rectangular or circular struc
tures supporting wire mesh screens. Water is introduced 
directly onto the screen surface. Solids are detained on 
the surface while the screened water exits downward. Trap
ped solids are vibrated to the outer periphery of the screen 
element for disposal. Typical separator screens may remove 
particles ranging from a few hundred microns in diameter to 
as small as 45-50 microns (157). Screen designs are based 
on the screen opening and solids loadings which can be 
accommodated without blinding the screen. The sedimentation 
removal rate decreases with decreasing size of particles 

removed. 

D-2.1.3 Steam Stripping 

Steam stripping may be used to remove hydrogen sulfide, 
ammonia, and phenol from a wastewater stream. Depending on 
the operating temperature and pressure, the ammonia and 
hydrogen sulfide content of the raw feed, the type of 
system - refluxed or nonrefluxed and the number and effi
ciency of trays or packing, approximately 98-99 percent of 
the hydrogen sulfide and 95-97 percent of the ammonia pres
ent in the raw feed stream may be removed (159). It has 
also been observed that up to 40 percent of any phenols 

present in the raw feed may also be removed by this process 

(159). 

The volume of steam required in this process has been 
found to vary between 0.11 and 0.13 kg of steam per liter of 
tower feed (159). As high as 0.24 kg per liter have been 
used. Typical design parameters include 8-10 trays, a tower 
pressure of 3.4 x 104 to 2.1 x 105 Pa, and a tower tempera
ture of 110-132°C. The stripper volume will depend on the 

668 



composition of the feed stream and the number of trays 
required to produce the desired effluent. 

This process has an advantage over air stripping pro
cesses in that chemical addition is not required and addi
tional compounds can be removed. 

D-2.1.4 Equalization 

Equalization is a process whereby the composition of a 
wastewater stream is made uniform and the volumetric flow 
rate constant. It is normally required when a number of 
streams with highly variable chemical compositions and flow 
rates are combined for treatment. The addition of equal
ization facilities to a treatment plant improves the effi
ciency, reliability, and control of subsequent physical, 
chemical and/or biological treatment processes. 

Equalization basins are normally designed with a preset 
detention period for chemical mixing (i.e., 15-30 minutes) 
based on the average daily flow, or, in the case of highly 
variable flows, to retain a sufficient portion of the 
wastewater stream, while maintaining adequate freeboard, in 
order that a predetermined constant flow rate is discharged 
to the treatment plant (160). 

D-2.1.5 Neutralization 

When biological treatment processes are used to treat 
industrial wastes, the influent wastewater stream pH should 
be between 5.0 and 10.0. Extreme pH wastewaters may be 
adjusted within these units by the addition of acids or 
bases. Common reagents used for neutralization are sunnnar
ized in Table 136. 
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TABLE 136. 

Acid Wastes 
Waste alkalis 
Limestone 
Lime slurry 
Soda ash 
Caustic soda 
Ammonia 

NEUTRALIZATION REAGENTS 

Alkaline Wastes 
Waste acids 
Sulfuric acid 
Hydrochloric acid 
Sulfur dioxide 

Selection of neutralization reagents is based primarily on 
cost considerations. Reagent solubility, neutralization 
reaction rate, neutralization end products, and ease of 
operation also require consideration. 

The process flow scheme used for neutralization depends 
on the neutralization reagent(s) employed, desired degree of 
neutralization and waste flow characteristics. Depending on 
the rate of waste flow, either continuous or batch-wise 
neutralization is employed. Generally continuous neutrali
zation is used when the waste flow exceeds 4.4 x 10- 2 

m3/s. Detention times of 10-30 minutes are typical (158). 

D-2.1.6 Oil and Grease Separators 

Oily wastes may be grouped in the following classifica
tions: 

• Light Hydrocarbons - These include light fuels 
such as gasoline, kerosene, and jet fuel, and 
miscellaneous solvents used for industrial pro
cessing, degreasing, or cleaning purposes. The 
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presence of these light hydrocarbons may encumber 
the removal of other heavier oily wastes. 

• Heavy Hydrocarbons (Fuels and Tars) - These in
clude the crude oils, diesel oils, #6 fuel oil, 
residual oils, slop oils, and in some cases, 
asphalt and road tar. 

• Lubricants and Cutting Fluids - These are gener
ally in two classes, non-emulsifiable oils such as 
lubricating oils and greases, and emulsifiable 
oils such as water soluble oils, rolling oils, 
cutting oils, and drawing compounds. Emulsifiable 
oils may contain fat, soap or various other addi
tives. 

These compounds can settle or float and may exist as 
solids or liquids, depending upon such factors as method of 
use, production process, and temperature of wastewater. 

Primary oil-water separators are designed to remove 
free oils readily separated from a wastewater stream. This 
process provides a reduction in the oxygen demand of the 
wastes (both BOD and COD) and reduces operational difficulties 
caused by oils and grease in subsequent biological treatment 
processes. 

Gravity separators are most commonly used to remove 
free oils from wastewaters. The difference in densities of 
oil or grease and water will cause free oily wastes to rise 
to the surface of the wastewater, where they are collected 
and removed by skimming devices. 

671 



The parameters considered in the design of oil-water 
separators are: (1) rate of rise of oil globule, (2) minimum 
horizontal area, (3) minimum vertical 
and (4) minimum depth to width ratio. 
given in Table 137. 

cross-sectional area, 
Design equations are 

The horizontal and vertical areas and the depth to 
width ratio fix the size of basin to be used. 

D-2.2 Secondary Treatment 

Biological treatment and flocculation/flotation are the 
two main treatment processes most commonly employed for 
wastewaters similar to those found in coal liquefaction pro
cesses. When flocculation/flotation is needed, it usually 
precedes the biological treatment system. 

D-2.2.1 Flocculation/Flotation 

Air flotation is a process whereby suspended matter, 
including both suspended solids and insoluble oily wastes, 
is separated from water. This process is often used in 
conjunction with gravity oil/water separators when there are 
significant quantities of both free and emulsified oils 
present in wastewaters. 

Air flotation separates oil globules from the waste
water by introducing tiny air bubbles into the flotation 
chamber. The air bubbles attach themselves onto oil glo
bules dispersed throughout the water. The resultant buoyancy 
of the oil globule - air bubble complex causes it to rise to 
the water's surface where it is removed by surface skimming 
devices. Air flotation processes are classified as dispersed 
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TABLE 137. GRAVITY OIL-WATER SEPARATOR 
DESIGN EQUATIONS (6) 

(1) vt = 0.0241 (sw - s0 ) 

µ 

(2) Ah = F Qr:r/Vt 

(3) Ac = ~/Vh 

(4) d/B = 0.3 

where* Vt= rate of rise of a 0.015 cm diameter globule, 
(ft/min). 

Sw = specific gravity of wastewater at design tempera
ture 

s
0 

= specific gravity of oil in wastewater at design 
temperature. 

µ = absolute viscosity of wastewater at design tem
perature (poises). 

Ah = minimum horizontal area (ft2) 

~=wastewater flow (ft3 /min) 

F = correction factor for turbulence and short cir
culating in separator (see Figure ·103) 

Ac = minimum vertical cross-sectional area (ft2) 

=horizontal flow velocity (fpm), not to exceed 
3 f pm 

d = depth of wastewater in separation (ft) 

B =width of separator channel (ft). 

*Metric conversion factors are given in the appendices. 
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air or dissolved air depending upon the method of air intro
duced into the flotation unit. Pressure dissolved air 
flotation units are most conmonly employed in industrial 
wastewater treatment. The basic equation governing the 
separation of oil from water is given below (158): 

Where* 

Vt = terminal velocity attained by suspended 
solids passing through water (ft/sec) 

g =acceleration of gravity (32.2 ft/sec2) 

D = diameter of suspended impurity (ft) 

p
0 

= density of oil in waste (lb/£t3) 

Pw = density of wastewater (lb/ft3) 

µ = viscosity of wastewater (lb/sec-ft) 

Based on this principle, the following design criteria have 
been recommended for rectangular flotation chambers (158): 

• The ratio of depth to width should be between 
0.3 and 0.5. 

*Metric conversion factors are given in the appendices. 
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• The maximum ratio of the horizontal water velocity 
to particle rise velocity is recommended to be 15. 

• The maximum horizontal water velocity is recom
mended to be 1.5 cm/s. 

• The optimum length to width ratio is set at 4 to 
1 . 

• A maximum width of 6.7 mis recommended. 

Typical operating parameters are given in Table 138. 

TABLE 138. AIR FLOTATION UNIT OPERATING CONDITIONS (158) 

Parameter 

Residence time in flotation chamber 
Residence time in pressuri~ation tank 
Hydraulic loading in flotation chamber 
Oily waste loading 
Air requirement (full flow operation) 

Value 

10-40 minutes 
1-2 minutes 

41-244 l/m2-minutes 
9.8-19~5 kg/hr-m2 
0.075 scm/m3 

There are three basic flow schemes employed for the 
pressure type dissolved air flotation process. They are 
designated as full-flow operation, split-flow operation, and 
recycle operation. Full-flow operation is the most general 
form of the process. Split-flow operation is used primarily 
to remove oily wastes from wastewaters of low suspended 
solids concentration, while the recycle operation is used 
when a delicate floe is present in the influent wastewater 
stream. These operations are shown in Figure 104 (158). 
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The efficiency of the air flotation process is depen
dent upon the influent water characteristics. Water contain
ing free oil is readily removed by this process, while 
emulsified oil is not. Pretreatment methods, encompassing 
chemical addition, usually precede the flotation chamber 
when the influent wastewater contains significant concentra
tions of emulsified oils. Coagulation/flocculation and 
acidification are the most common pretreatment methods used. 
Dissolved air flotation treatment efficiencies are given in 
Table 139. 

TABLE 139. DISSOLVED AIR FLOTATION (158) 

Oil Removal, Percent 

Treatment Description 

Flotation without chemical 
pretreatment 

Flotation with chemical 
pretreatment 

Floating or Free Oil 

70-95 

75-95 

D-2.2.2 Biological Treatment 

Emulsified Oil 

10-40 

50-90 

The three basic types of biological treatment systems 
applicable to coal liquefaction wastewaters are activated 
sludge processes, aerated lagoons (oxidation ponds), and 
trickling filters. 

Important parameters to be considered in the design of 
biological treatment processes are: 

• BOD loading 
• Oxygen availability 
• Temperature 
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• pH 
• Toxicity 
• Dissolved salts 

Design parameters for various biological treatment 
systems are given in Table 140. 

The treatment process required for any industrial 
wastewater will mainly depend on the biodegradability of the 
waste, cost considerations taking into account other unit 
processes which may be required, and the degree of treatment 
required. For example, wastes which degrade very slowly 
will require longer detention times than wastes which degrade 
rapidly. This would most likely necessitate the use of 
lagoon systems in lieu of conventional systems. 

In addition to the basic biological treatment unit, 
secondary clarifiers are also integral components of the 
biological treatment system. The clarifiers serve two 
functions: to settle out suspended matter from the bio
logical aeration basin effluent and to recycle a portion of 
the solids to the aeration basin. 

The secondary clarifiers are normally designed for 4-6 
hours detention based on the average daily flow (93). 
Surface loading rates and weir loading rates do not normally 
exceed 36.7 m3/day/m2 and 126 m3/day/m, respectively (93). 
The recycle volume from the clarifier to the aeration basin 
usually ranges from 30-100 percent of the influent flow (93). 
In the case of trickling filters, there is no recirculation 
of solids to the filter in standard rate filter systems. In 
high rate filters, however, the recycle ranges from 100-400 
percent of the influent flow (93). 
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TABLE 140. BIOLOGICAL TREATMENT SYSTEMS (93) 

Process 
Loading 

kg BOD/day/m3 

Activated sludge 

Extended aeration 0.16-0.40 
High rate aeration 1.6-16.0 
Conventional 0.32-0.64 

Aer~ted Lagoon 

Stablization Ponds 0.32-0.80 

Trickling Filters 

Standard rate 0.14-0.22 
High rate 1.11 

Detention Time 
(hours) 

18-36 
0.5-2 

4-8 

72-240 

240-720 

Treatment Efficiency 
(percent) 

75-95 
75-90 
85-95 

80-95 

80-95 

85 
65-75 



D-2.3 Tertiary Treatment 

Tertiary treatment basically consists of physical
chemical processes which polish or refine the effluents from 
secondary processes to within acceptable limits either for 
discharge to surface water or for plant reuse. Some tertiary 
treatment processes are filtration, carbon adsorption, ion 
exchange, electrodialysis, and reverse osmosis. 

D-2.3.1 Filtration 

There are numerous filtration processes which may be 
used to polish secondary effluent wastewaters. Filtration 
processes applicable to coal liquefaction wastewaters are 
given in Table 141 along with design parameters. Filtration 
processes may be divided into two classes: deep bed filtra
tion and polishing filtration. Microscreening and vacuum 
filtration are considered polishing filtration while gravity 
and pressure filters are considered deep bed filtration. 

There are three types of deep bed filtration systems 
which will be described: gravity downflow, gravity upflow, 
and pressure filters. 

Deep bed filtration utilizes a bed of granular filter 
media to separate suspended matter from water. These sys
tems are usually applicable up to 1,000 mg/l of solids with 
particle sizes ranging from 0.1 to 50 (161). Since the 
entire filter media is available to capture solids, a clear 
filtrate is produced. 

Downflow filtration involves the filtration of water in 
a downward direction through progressively coarser filter 
media. Upflow filtration involves the filtration of water 
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TABLE 141. FILTRATION PROCESSES 

Solids 
Removal Efficiency 

Filter Load in~ Capacity (Suspended Solids 
Process Media (lpm/m ) kg/unit area Removal) 

Microscreening Garnet 81-407 45-85% 
( 5 mg/l) 

Gravity filters 

Downf low Coal 81-244 0.14-0.23 50-90% 
Sand (one layer) 
Garnet 81-244 0.23-0.45 80-90% 

(multi-layer) 

°' 00 Upflow Coal 81-244 0.23-0.45 50-90% N 
Sand 
Garnet 

Pressure filters Coal 81-407 0.14-0.23 90% 
Sand 

Vacuum filtration Diatomaceous 20-41 98% 
earth 



in an upward direction through progressively finer filter 
media. Prevention of the movement of the filter materials 
is accomplished by the use of restrictive screens and grids. 
Polyelectrolytes can be added to the sediment-laden influent 
for further solids removal by these filters. Pressure 
filters rely on pumps to force sediment-laden wastewaters 
either upward or downward through a filter media. 

The loading rates are essentially the same for both 
gravity downflow and upflow filters. The use of upflow 
filter is generally more advantageous because the filter 
runs are usually longer and consequently the number of 
backwashings required are reduced. The use of downflow 
filters is somewhat disadvantageous becaus~ sufficient 
hydraulic head must be available for successful operation of 
the filter. A disadvantage of the upflow fjlter is loss of 
filter material during the normal operating cycle. 

Pressure filters are basically more advantageous than 
gravity filt~rs for wastewater applications because they can 
handle higher solids loadings and higher pressure heads and 
are more compact and less costly. A major disadvantage is 
the dif~iculty encountered in servicing the filters when 
they malfunction. The filter is completely enclosed. 

Those parameters which must be considered in the design 
of deep bed filters are available head loss, filtration 
rate, influent characteristics, media characteristics, and 
filter cleaning system. Media characteristics have been 
found to be the most important considerations in the design 
of deep bed filters. Media particle size determines the 
performance and operation of the filter. It has been ob
served to be inversely proportional to both filtrate quality 
and pressure drop across the filter. A distribution of 
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particle sizes (multi-media beds) enables the filter to be 
utilized more efficiently in that it will not clog as readily 
as a filter containing only one filter medium. Multi-media 
filters consequently require less frequent backwashing. 

Polishing filters such as the diatomaceous earth vacuum 
filter are capable of removing suspended solids in the 
micron and submicron range from very dilute aqueous suspen
sions. Although they are capable of producing a high quality 
effluent, the occurrence of varying quantities of influent 
suspended solids has led to erratic operation of this filter 
in tertiary treatment operations. A microscreen consists of 
a rotating drum with a fine screen around its periphery . 

• Feed water enters the drum through an open end and passes 
radially outward through the screen, depositing solids on 
the inner surface of the screen. At the top of the drum, 
pressure jets of effluent water are directed onto the screen 
to remove the deposited solids. A portion of the backwash 
water penetrates the screen and dislodges solids, which are 
captured in a waste hopper_ and removed through the hollow 
axle of the unit. Particles as small as 20-40 microns may 
be removed by this system. Disadvantages include incomplete 
solids removal and inability to handle solids fluctuations. 

D-2.3.2 Carbon Adsorption 

Carbon adsorption is usually employed as a tertiary 
treatment unit for the removal of soluble organic matter in 
wastewaters. Approximately 70-90 percent of the influent 
BOD and 60-75 percent of the influent COD may be removed by 
this process when it is preceded by secondary biological 
treatment (162). 
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Carbon adsorption design considerations include adsorp
tive capacity of the carbon, wastewater flow and character
istics and method of carbon contacting. The general range 
of hydraulic flow rates are 1.4 x io- 3 to 6.8 x 10-3 m3/s/m2 
(118). Bed depths are typically 3.3-10 m (162). The maximum 
area for good flow distribution is 93 m2 (162). 

The alternatives for carbon contacting systems include: 
downflow or upflow contacting, series or parallel operation, 
pressure or gravity downflow contactors, and packed or 
expanded bed upflow contactors. Upflow beds have an advant
age over downflow beds in that there is a minimum usage of 
carbon. Upflow expanded beds are able to treat wastewaters 
relatively high in suspended solids and can·employ finer 
carbon (reduces contact time) without excessive headloss. A 
disadvantage of the upflow packed bed is that it requires a 
high clarity influent. The principal use of the downflow 
contactor is to adsorb organics and filter suspended materials. 
Pressure downflow contactors increase the flexibility of 
operation since they allow the system to be operated at 
higher pressure losses. 

The carbon dosage required depends on the strength of 
the wastewater feed and the desired effluent quality. Rough 
estimates of the carbon dosage required for secondary bio
logical effluents plus filtration are 48-72 Mg/m3 of waste
water (162). 

Bench scale tests determine more quantitatively the 
carbon dosages needed to produce a desired effluent. The 
carbon column contact time (empty bed basis) is generally 
6.8 x 10- 3 to 3.4 x 10-2 m3/s/m2 (162). 
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D-2.3.3 Reverse Osmosis 

The reverse osmosis process is capable of removing 
particles from water in the range of 0.0004-0.06 microns. 
Removal efficiencies range from 90 to 99+ percent in most 
cases (163). 

The principal use of reverse osmosis is for purif ica
tion of brackish waters. It is also used as water pretreat
ment for ion exchange deionization to make ultrapure water 
for subsequent use as boiler feed, cooling tower makeup, and 
washwater of essentially zero hardness. Organic matter is 
also removed by this process which offers a significant 
advantage over demineralization systems such as ion exchange 
or electrodialysis. 

Measures required to reduce the incidence of membrane 
fouling represent a significant disadvantage of the reverse 
osmosis process in terms of operation and cost. Membrane 
fouling is due to biological growth, manganese and iron, 
suspended solids scale, and/or organics. Pretreatment is 
generally required to reduce the incidence of fouling which 
consequently increases the capital and operating costs 
considerably over other processes. Pretreatment measures 
commonly used are chlorination to control biological growth, 
polishing filters to reduce suspended solids levels, soft
ening to reduce scale, and precipitation of iron and man
ganese as ferric hydroxide and manganese dioxide. 

The most important parameters considered in the design 
of a reverse osmosis plant include recovery, product water 
quality, brine flow rates, the necessary degree of pre
treatment, flux maintenance procedures, and post treatment. 
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The design flux, expressed in m3;m2/day, is a function 
of the feed composition, temperature, and pressure. Given 
the operating conditions and influent flow rate, the mem
brane area required can be determined. Membrane manufac
turers should supply these data. The product water quality 
can be determined by iterative techniques from the following 
equations (169): 

1. 

4. 

where: 

c. = im 
Q C. + QfC. f 

C l.C l. 

QC + Qf 

Cip = concentration of salt i in product stream (mg/l) 

Cif = concentration of salt i in feed stream (mg/l) 

~ = volumetric flow rate of product (l/min) 

Qf = volumetric flow rate of feed stream (l/min) 

= average salt rejection by membrane 

= mean local brine concentration on upstream side 
of membrane (mg/l) 

= concentration of salt i in concentrate stream 
(mg/l) 

687 



Qc = volumetric flow rate of l in concentrate stream 
(l/min) 

Pretreatment and post-treatment methods are designed 
based on influent water constituents and effluent limitations. 

D-2.3.4 Ion Exchange 

Ion exchange is a process whereby ions that are held by 
electrostatic forces to charged functional groups on the 
surface of a solid are exchanged for ions of similar charge 
in a solution in which the solid is immersed. This process 
is used extensively in water and wastewater treatment, 
primarily for the removal of hardness ions such as calcium 
and magnesium. A series of cationic and anionic ion ex
changers (demineralization) are also often used to produce 
water of hign.purity for industrial applications. 

The design of ion exchangers is based on the ion ex
change capacity of the selected ion exchange resin. The 
basic resin usually consists of a three dimensional matrix 
of hydrocarbon radicals to which are attached soluble ionic 
functional groups. There are two types of ion exchange 
resins, namely, cationic and anionic. Cationic resins have 
positively charged functional groups such as hydrogen or 
sodium attached to the hydrocarbon radicals, while anionic 
resins have negatively charged functional groups such as 
hydroxide or chloride ions attached to the hydrocarbon 
radicals. The ability of the resin to adsorb ions is the 
ion exchange capacity expressed in kg/m3. Each resin has a 
different capacity which must be specified by the manu
facturer of the resin. Also, resins have observed pref
erences for certain ions which must be considered in the 
selection of a particular resin. 

688 



Once the resin has been selected, the volume of resin 
required may be determined from the following equation (177): 

R = QI 
c 

where: 

R = cubic meters of resin required 

Q = 

T = 

equivalents of ions which must be removed per day 
to meet certain effluent limitations (i.e. 90-99 
percent removal for two stage operations) 

selected operating period (days) beyond which the 
effluent limitations will be exceeded and the resin 
requires regeneration (economic selection based on 
cost of regeneration chemicals and required 
removal efficiency) 

C = ion exchange capacity of resin in equivalents/day 

The depth of the exchanger is usually at least 50 
percent greater than the depth of the resin to allow for 
expansion during backwash and regeneration (163). 

Other factors to be considered in the design of ion 
exchangers are the flow rate and volume of chemicals needed 
to regenerate the ion exchange resin. Flow rates of 4.1 x 
10- 3 to 6.8 x 10-3 m3/s/m2 are typical (163). Typical re
generant solutions are sodium chloride, sulfuric acid, 
sodium hydroxide, sodium carbonate, ammonium hydroxide, and 
hydrochloric acid. Cost considerations and type of ion 
exchanger dictate the chemicals to be used. Since it is 
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not the intention of ion exchangers to remove large quantities 
of suspended solids, filtration usually precedes the ion 
exchange process. If filtration was not normally required 
for a particular wastewater, then it must be included in the 
cost considerations for selecting the ion exchange process. 

Typical removal efficiencies for the ion exchange 
process preceded by biological treatment and filtration are 
given in Table 142. 

TABLE 142. REMOVAL EFFICIENCY OF ION EXCHANGE (93) 

Wastewater Constituent 
BOD 

COD 

NH3 
organic nitrogen 

N03 
Po4 

dissolved solids 

D-2.3.5 Electrodialysis 

Percent Removal 
40-60 
30-50 
85-98 
80-95 
80-90 
85-98 

depends on resin used 

The electrodialysis process is capable of removing 
particles in the range of 0.0004-0.1 microns (93). The 
removal efficiency for wastewaters which have been treated 
by biological processes, filtration, and carbon adsorption 
is approximately 40 percent (93). 
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Parameters used in the design of electrodialysis sys
tems are dilute cell compartment velocity, cell power input, 
cell current, product concentration, current efficiency, 
cell resistance. Experimental analyses are usually per

formed for a significant wastewater constituent such as 
sodium chloride. The first four parameters listed above are 
measured in a specific volume electrodialysis cell. The 
current efficiency, required membrane area, power require
ments, and energy requirements may be determined from the 
following equations using the experimental results (163): 

Qd(~Ni) F 

• n = I 

• Qd = Wt! 

Ap 
QdF (Nd} ln Nf 

• = (IooO)n .....--
~ l.lim 

e i = I/Ao 

• p = 

c 
• Na = lOOO(MW) 

e E = P/Qd 
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• pt = p No 

where: 

Qd = flow rate in dilute compartment (ml/s) 

~Ni= = difference in feed and product water 
normalities 

F =Faraday's constant= 96,500 

I = input current (amps) 

n = current efficiency 

W = width of test cell (cm) 

t =thickness of test cell (cm)· 

AP = effective required cell area (cm2) 

Nd = waste product concentration of wastewater 
constituent (equivalents/l) 

ilim = limiting current density • i (amps) 

Nf = feed wastewater constituent concentration 
(equivalents/l) 

NP = effluent wastewater constituent concentration 
(equivalents/l) 

692 



RP = cell area resistance (ohm-cm2) 

C = concentration of wastewater constituent 
(gm/equivalents) 

MW = molecular weight of wastewater constituent 
(gm/equivalents) 

E = energy requirements (kWhr/1000 gal product) 

N
0 

= number of cells required 

Ao = area of test cell (cm2) = LW 

Pt = total power required (KW) 

·p = test power (W) 

L = length of test cell (cm) 

Na = definition of normality of wastewater constituent 
(equivalents/l) 

P = power required per cell (W) 

D-3 Solids Treatment Alternatives 

This section discusses control alternatives applicable 
to the treatment of sludges generated within the SRC plant 
and from the operation of the wastewater treatment facili
ties. A representative survey of applicable equipment has 
been included. 
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Solids treatment encompasses solids volume reduction 
and/or treatment processes designed to render solid wastes 
harmless for ultimate disposal by improving their handling 
characteristics, reducing their volume, and/or reducing their 
leachability. Typical control equipment available to accom
plish these objectives is listed in Table 143. Each type 
of equipment is discussed separately. 

TABLE 143. SOLIDS TREATMENT 

Volume Reduction Processes 

D-3.1 

Thickeners 
Filter press 
Centrifuges 
Rotary vacuum filter 
Lagoons 
Other processes: 

Moving screen concentrators 
Belt pressure filters 
Capillary dewatering 
Rotating gravity concentrators 

Volume Reduction Processes 

Treatment Processes 
Wet oxidation 
Pyrolysis 
Incineration 
Lime recovery 
Heat drying 

Sludge volume reduction processes are, most often, 
essential components of a wastewater treatment facility when 
a significant quantity of sludge must be disposed of. Eco
nomically, it is more advantageous to dispose of sludge which 
has a low moisture content and is relatively compact. The 
dewatering equipment listed in Table 143 is capable of 
providing a significant reduction in the moisture content of 
wastewater sludges. 
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The selection of dewatering equipment depends on the 
characteristics of the sludge, the method of final disposal, 
availability of land, and economics involved. 

D-3.1.1 Thickeners 

There are three basic classes of thickeners: gravity, 
dissolved air flotation, and centrifugal. Design parameters 
for each class of thickener are given in Table 144 (170). 
Performance of these units is dependent upon the solids 
loading, hydraulic loading, and removal efficiencies. 

Dissolved air flotation thickeners are preferred over 
gravity thickeners because of their reliability, thicker 
product, higher solids loading, lower capital cost, and 
better solids capture. The operating costs, however, are 
higher for the flotation unit. Centrifugal and dissolved 
air-flotation units are generally used for excess activated 
sludge while gravity units may be used for both primary and 
excess activated sludge. 

D-3.1.2 Filter Press (Pressure Filtration) 

The design of filter presses depend on the quantity of 
waste sludge to be processed and the desired daily filter 
press operating period. Often, chemical conditioning agents 
must be added to the sludge prior to being applied to the 
filter press to aid in the dewatering process. Typical aids 
are ferric chloride ash, and lime. It has been observed 
that the moisture content of pressed sludges ranges from 40-
70 percent (164). 
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TABLE 144. DESIGN PARAMETERS FOR THICKENERS 

Class 
Dissolved i:!entrifuf aI 

Parameters* Gravity Air Flotation Disc So id Bowl 

Hydraulic loading Max. acceptable NA NA 

Solids loading P. NA NA 
A.S. 

Air/solids rates NA NA NA 

Percent solids inlet P. 2.5-5.5 0.5-1.2 0.7-1.0 0.5-l.5 
A.S. 0.5-1.2 

Percent solids outlet P. 8-10 4 4-7 5-13 
A.S. 2.5-3.0 

Percent solids recovery 90 80-97 65-95 

Recycle ratio (percent) NA 30-150 NA NA 

Pressure NA NA NA 

Flow range NA NA 

Detention time (hours) 24 0.33 NA NA 

Thickener depth NA NA NA 

P. = primary sludge A.S. = activated sludge NA = not applicable 

*Data presented are typical parameters used for domestic wastewater solids. Con
sequently, thickeners do not have to be designed strictly within these limits. Also, 
data on dissolved air flotation and centrifugal units are presented for excess 
activated sludge. 



Approximately 1 to 3 hours is required to press a 
sludge to the desired moisture content (93). The whole 
process, including the time required to fill the press, the 
time the press is under pressure, the time to open the 
press, the time required to wash and discharge the cake, and 
the time required to close the press varies from 3-8 hours 
(93). 

Advantages of this process are high cake solids con
centration, improved filtrate. quality, improved solids 
capture, and reduced chemical consumption. 
include batch operation, high labor costs, 
limitations, operator incompatibility, and 

D-3.1.3 Centrifuges 

Disadvantages 
filter cloth life 
cake delumping. 

The three basic types of centrifuges which may be used 
to dewater sludges include solid bowl (countercurrent and 
concurrent), basket and disc. Polymeric flocculants are 
roost often used with this type of equipment. The use of 
flocculants is dependent upon the characteristics of the 
sludge to be dewatered. 

Hydraulic capacities and applications of the three 
types of centrifuges are given in Table 145. The theore
tical maximum capacities of these centrifuges are given by 
the following equations (164)~ 

For basket and solid bowl centrifuges; 
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Centrifuge 

Basket 

Solid bowl 

Disc 

TABLE 145. CHARACTERISTICS OF CENTRIFUGES (165) 

Hydraulic 
Capacity 

up to 227 lpm 
decrease to 151 lpm 

to 151 lpm 
as low as 284 lpm 

78-1135 lpm 
1151 lpm 

Application 

Metal hydroxide wastes, aerobic sewage sludges, water treatment 
alum sludges 

Raw primary or mixed primary & biological sludges (domestic), 
anaerobically digested primary or mixed sludges, and heat
treated of limed chemical sludges. It may be applied at high 
cost to excess activated sludge, aerobic digested sludges, and 
alum or ferric chemical sludges. In water treatment, it is 
excellent on water softened lime sludges. 

Excess activated sludge for feed concentrations of 0.3 to 1.0 
percent suspended solids. 



For disc centrifuges; 

T = 2 nw2 (ro3 - ri..3) 
3gtan0 

where* 

T = theoretical capacity 

Le = effective length of settling zone (ft) 

w = angular velocity in centrifugal zone (radian/sec) 

r 2 = radius of inside wall of cylinder (ft) 

r 1 = radius of the free surface of the liquid layer 
in the cylinder (ft) 

g = acceleration of gravity (32.2 ft/sec2) 

n = number of spaces between discs 

d = half the included angle of the discs 

r
0 

= radius of outside measure of the disc (ft) 

r 1 = radius of inside measure of the disc (ft) 

Variables of importance which affect the performance of cen
trifuges include bowl design, bowl speed, pool volume, con
veyor design, relative conveyor speed, and sludge feed rate. 

*Metric conversion factors are given in the appendices. 
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The hydraulic loadings which may be applied to each centri
fuge is a function of Q/T, where, Q is the flowrate and T 
is the theoretical capacity of the centrifuge. 

Solids concentrations of 15 to 40 percent have been 
observed from various centrifuges (164). Solids capture 
ranges from 80-95 percent for oxygen activated sludges 
(170). For excess activated sludges, a higher degree of 
dewatering may be expected from a basket centrifuge than 
from a disc centrifuge. Typically, basket centrifuges have 
been found to concentrate solids in the range 0.5-1.5 per
cent to approximately 10-12 percent. Given the same sludge, 
disc centrifuges can concentrate the solids to only 6 per
cent. Also, 90 percent solids capture is possible in the 
basket centrifuge with no chemical addition (164). 

In many cases, two or more types of centrifuges may be 
operated in series to increase the solids concentration of 
sludges. A typical design may include a di~c centrifuge to 
thicken a sludge followed by a solid bowl centrifuge. 

Disc centrifuges have a high clarification capability 
but possess an upper limit on the size of particle which can 
be handled. Feed waters should be degritted and screened 
prior to entering this equipment. 

D-3.1.4 Rotary Vacuum Filters 

Rotary vacuum filters consist of a cylindrical rotating 
filter partially submerged in an open tank filled with the 
slurry to be filtered. The filter elements can be coated 
with a substance such as diatomaceous earth or other precoat 
material so that particles much finer than the openings in 
the filter element can be retained. 
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Vacuum filters operate at low differential pressures, 
on the order of 0.04-0.07 MPa (164). When a precoat sub
stance is utilized on a vacuum filter, particles down to 
about 1 micron in diameter can be removed, resulting in very 
clean effluents. Influent slurries, however, usually must 
be limited to less than a one precoat solids concentration. 
The vacuum filter can be cleaned by hosing, internal 
sluicing, or air pump backwashing. 

The use of vacuum filters is governed by the media's 
opening and size distribution of particles in the sludge. 
It has been observed that the solids captured by vacuum 
filters may range from 85-99.5 percent depending on the type 
of filter media, chemical conditioning, and solids concen

tration in the applied sludge. Cake yields usually range 
from 2.7 - 20 g/s/m2 for domestic sludges. The surface area 
of vacuum filters generally ranges from 4.6-28 m2 . Estimated 
performance for design purposes is usually taken to be 4.7 
g/s/m2 (dry weight basis) '(164). 

The filtrate discharge rate and cake thickness left on 
the filter may be calculated by the following equations 
(165) : 

= 7200( P)Bn 1/2 
A W 

1 7200B( P)nW _ zcwf 
Lc = 60 en 
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where* 

zc = filtrate in gph/ft2 total area 

n = cycles per minute 

vf = volume filtrate (gal) 

A = filter area (ft2) 

P = pressure differential maintained across the leaf 
(psi) 

B = fraction of total area actually being filtered 

at any given time 

= specific resistance of cake (to be calculated) 

= viscosity of filtrate (lb/sec-ft) 

W = mass of dry solids/volume of slurry (lb/gal) 

c = density of cake (lb/ft3) 

wf = solids content of filtrate (lb/gal filtrate) 

Lc = cake thickness (ft) 

The quality of the filter cake is measured by the percentage 
moisture content of the cake on a weight basis. A typical 
range of moisture contents which may be expected from this 
equipment is 60-80 percent (164). 

*Metric conversion factors are given in the appendices. 
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Typical chemical conditioning agents for the raw sludge 
are lime and ferric chloride. 

D-3 .1. 5 Lagoons 

Drying lagoons are most ideally used where there is a 
great deal of land and the climate is hot and arid. Lagoon 
depths are generally not more than 0.6 m with loading rates 
of 35-38 kg/yr/m3 (164). Sludge can usually be removed from 
the lagoon in 3 to 5 months (164). If it were feasible to 
load a lagoon for a period of 1 year and allow a drying 
period of 2-3 years, then it is conceivable that the applied 
sludge may be dewatered from 5 percent to 40 to 50 percent 
solids (164). An obvious disadvantage of this method is the 
extensive time required to obtain the desired product. 

D-3.1.6 Other Systems 

There are four types of dewatering systems manufactured 
by various companies which do not fall into any of the 
previous categories. They include moving screen concen
trators, belt pressure filters, capillary dewatering, and 
rotating gravity concentrators. 

Moving screen concentrators are capable of processing 
182-364 kg/hour of excess activated sludge and 364-728 
kg/hour of primary sludge (164). These concentrations have 
been reported to increase the solids content of primary 
sludges to 20 to 30 percent (164). Typical yields vs. sludge 
cake solids are shown in Figure 105. These units handle 
thickened polymer treated sludges. 

Belt pressure filters have been reported to produce 
mixed sludge concentrations of 25 to 30 percent (164). 
Polymer aids are generally used with these filters. 
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Pilot scale studies on domestic sludges using capillary 
dewatering ·systems have indicated that loading rates of 7.25 
g/s/m2 will produce cake solids of 14-19 percent with solids 
recoveries of 50-90 percent (164). Polyelectrolytes and 
ferric chloride were used as filter aids in these systems. 

The rotating gravity concentrator has been mainly 
employed as a concentrating device when more complete de
watering was required~ In one instance, it was reported 
that a 25 percent filter cake was produced from a 6 percent 
raw primary sludge (164). A disadvantage of the system is 
the short life of the dewatering belt. 

D-3.2 Treatment Processes 

In addition to dewatering equipment there are numerous 
processes which may be required in a wastewater treatment 
plant to render solids wastes harmless prior to ultimate 
disposal, to recover valuable chemicals, and/or to make sub
sequent processes operate mor~ ef~iciently. Typical pro
cesses include heat drying, wet oxidation, pyrolysis, 
incineration, and lime recovery. In many cases, one or more 
of these processes may be combined with appropriate dewatering 
equipment to produce sludges acceptable for ultimate disposal. 

D-3.2.1 Heat Dryit!:_g 

Heat treatment may be used in lieu of chemical pre
treatment to improve the dewatering characteristics of 
sludges. In this process, sludge may be thickened to approx
imately 7 to 11 percent by breaking down particle structures 
within the sludge. Operating conditions are generally 182°C 
and 1.2 MPa (166). The detention time is approximately 30 
minutes (166). Up to 379 liters per minute can be processed 
by this method. It has been observed that, in many instances, 
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the moisture content of sludges may be reduced to lower 
levels by using heat drying than by chemical addition. 

D-3.2.2 Wet Oxidation 

The wet air oxidation process is based on the principle 
that any substance capable of burning can be oxidized in the 
presence of liquid water at temperatures of 121°-371°C. It 
is excellent for waste sludges which do not dewater easily. 
Typical operating conditions are given in Table 146. Figures 
106, 107, and 108 provide operating conditions as a 
function of each other. 

TABLE 146. WET AIR OXIDATION PROCESS 
OPERATING CONDITION (172) 

Operating Condition 
Feed cob 
Temperature 
Pressure 
COD reduction 
VSS reduction 

Value(s) 
25-150 g/l 

149-316°c· 
2.1-13.7 MPa 

5-80% 
30-98% 

Four important parameters which control the performance 
of the oxidation process are temperature, air supply, pres
sure, and free solids concentration. The degree and rate of 
sludge solids oxidation are significantly influenced by the 
reactor temperature. It has been observed that higher 
degrees of oxidation and shorter retention times are possible 
with increased temperatures. The air requirements are based 
on the heating value of the sludge and the degree of oxida_ 
tion desired. Operating pressures must be carefully con
trolled to prevent excess water vaporization in the oxidation 
reactor. 
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Figure 106. Steam-to-air ratio at saturation in the 
reactor vapor space for various operation temperatures 

and pressures (166) 
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Figure 108. High operation temperatures result in 
high COD reduction and low reaction time (166) 
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Advantages and disadvantages of the process are listed 
in Table 147. 

TABLE 147. WET OXIDATION PROCESS 

Advantages Disadvantages 

does not require dewatering 
no air pollution 

produces easily filtered and 
biodegradable end products 

potential to generate or recover 
steam, power and chemicals 

flexible in degree of oxidation 
and type of sludge handled 

D-3.2.3 Pyrolysis 

need stainless steel con
struction materials 

need to recycle wet air 
oxidation liquors, high in 
organic content, phosphorus, 
and nitrogen back through 
the plant 

possible frequent shut-down 
and maintenance problems 

odor problems 

Pyrolysis involves the destruction of longchain organic 
materials by high temperature exposure. Retorts, rotary or 
shaft kilns, or fluidized beds are used to pyrolyze waste 

sludges. This process has been proposed as an alternative 
to incineration since it partially disposes of solid wastes. 
Volume reduction also occurs in the process. It has an 
advantage over incineration methods because it eliminates 
air pollution problems and produces useful by-products. 
Little data has been published, as yet, on the pyrolysis of 

sludges. 

D-3.2.4 Incineration 

Incineration is a two stage process including drying 

and combustion. It is most often used to render offensive 
sludge wastes harmless so that the sludge may be safely 
disposed of in landfills. The most conunonly used incinera-
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tion processes are the multiple hearth furnace and the 
fluidized bed furnace. 

Considerations important in the design of incineration 
processes are the following: 

• familiarity with state and local air and water 
quality regulations and with occupational, health 
and safety standards 

• nature and amount of sludge to be incinerated 

• applicability of incineration processes to sludge 
treatment 

• auxiliary fuel and excess air requirements 

• economics 

The composition of industrial sludges may vary so widely 
from one plant to another that standard incineration pro
cesses are usually not applicable. Hence, special incin
erators must be designed to handle the complex compounds 
found in these sludges. Often more than one incinerator 
must be provided to combust complex organic materials 
formed in the first incineration process. 

· Multiple hearth furnaces have been adapted to numerous 
uses including burning of raw sludge, digested sludge and 
sewage greases; recalcination of lime sludges; and pyrolysis 
operations. Capacities generally range from 91 to 3636 
kg/hr dry solids (166). Combustion zone temperatures range 
from 760 to 927°C) (166). Fluidized bed incinerators are 
most often used for sewage sludge disposal. Capacities 
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range from 100 to 2273 kg/hr dry solids (166). Operating 
temperatures range from 704 to 816°C (166). 

Although well-designed incinerators are relatively 
simple to operate and maintain, a major disadvantage result
ing from the process is the air emissions which must be 
controlled. Advantages and disadvantages of incineration 
are listed in Table 148. 

TABLE 148. INCINERATION 

Advantages Disadvantages 

Less land required for disposal 
of incinerated sludges 

Incinerator residue is free of 
food for rodents and insects 

Incinerators can burn a variety 
of refuse materials 

Adverse weather conditions 
should have no effect on incin
eration process 

Incineration construction is 
flexible 

D-3.2.5 Lime Treatment 

Large initital expenditures 

Disposal of remaining residue 
must be provided 

Air pollution 

Possible incomplete reduc
tion of waste materials 

High stacks needed for 
natural draft chinmeys 
present safety problems 

Lime treatment is a process whereby lime is recovered 
from a waste sludge. Economic considerations dictate whether 
or not this process should be included in industrial waste
water treatment facilities. 

The lime treatment process typically includes dewater
ing devices such as thickeners or vacuum filters, centri
fuges, a furnace, lime cooler, classifier, and lime storage 
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unit. The design of thickeners, vacuum filters, and furn
aces has been previously discussed. Contactive (direct) 
heat transfer methods may be used to cool the resultant 
furnace residue prior to directing it to the classifiers. 
Centrifuges (also previously discussed) may be used prior to 
the furnace to purge the sludge of inert solids. They also 
reduce the required furnace volume. Dry classifiers are 
used after the furnace to separate the calcium oxide from 
the residue. This is accomplished by air separations based 
on particle size. The regenerated calcium oxide is then 
sent to a lime storage tank for reuse. 

D-4 Final Disposal Alternatives for Solid Wastes 

There are numerous wastes resulting from SRC systems and 
from the operation of wastewater treatment facilities which 
may be ultimately disposed of on land. Wastes discharged to 
land may be in the liquid or solid phase. Typical land dis
posal methods include spreading on soil, lagooning, dumping, 
landfilling, composting, spray irrigation, and evaporation 
ponds. The first five are considered sludge disposal techni
ques while the latter two are considered liquid waste disposal 
techniques. State, federal, and local regulations, avail
ability of land, applicability of ultimate disposal processes, 
and economics will dictate which of the aforementioned methods 
may be employed to ultimately dispose of liquid and solid 
wastes. 

D-4.1 Sludge Disposal 

Land disposal of sludges includes the application of 
sludge on soils used for crops or other vegetation, and the 
stockpiling of sludges on land. Stockpiling refers to the 
disposal of sludges in mines, quarries, landfills, and 
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permanent lagoons. An inherent disadvantage of land dis
posal is that it is not a permanent solution because the 
sites fill and new locations must be found. 

D-4.1.l Land Spreading 

Land spreading encompasses the disposal of sludge on 
soils used for crops or other vegetation and on lands oc
cupied by abandoned strip mines. Sludge may be spread on 
the land as a soil conditioner or as an organic base for 
fertilizers (biological sludges). It also serves as a 
source of irrigation water. Other areas where land spread
ing may be applicable are forest regeneration, development 

J 

of new parklands and institutional lawns, and top dressing 
for parklands. 

There are six acceptable methods of land application 
including: plow furrow cover, contour furrow, trenching, 
subsod injection, spray or flood irrigation, and spreading 
(solid) (167). The application method selected will depend 
on physical properties of the sludge, quantity of sludge, 
acceptable application rate, site characteristics, crops 
grown, site management, and public acceptance. Land spread
ing of both liquid and dewatered sludges are feasible by the 
above methods. An analysis of liquid sludge transport costs 
vs. dewatering equipment costs must be undertaken when there 
are no regulations restricting the moisture content of the 
sludge to determine the most economic means of sludge 
disposal. 

Spray and flood irrigation systems are applicable only 
to the disposal of liquid sludges. This method may be used 
year round with proper maintenance on crop covers located on 
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0.5 to 1.5 percent sloping lands (167). Power requirements 
may be significant when stationary application systems are 
used. Flood irrigation is less costly than spray irrigation, 
but can only be used in basin shaped sites. Problems re
sulting from this method include fly breeding, odors, and a 
tendency of solids to settle out near the outlets. 

The plow furrow cover method may be used for both 
liquid and dewatered sludge application. Sludge may be 
applied in a plow furrow manner using trucks, wagons or 
irrigation systems. This method eliminates odor and pest 
problems but is not usable on wet or frozen soils and on 
highly sloped lands. 

Contour furrows are normally used for the application 
of liquid sludges. This method leaves the soil in only a 
partially plowed condition. 

Subsurface injection is reserved for the disposal of 
liquid wastes. The site must be level or slightly sloped 
and must not be wet, hard, or frozen. 

Trenching may be used for both liquid and dewatered 
sludges. Problems encountered with this method include 
possible groundwater pollution and difficulty in keeping the 
sludge where placed during backfilling operations. 

Spreading applies only to the disposal of dewatered 
sludges. This method encompasses the spreading of sludges 
on reasonably dry solid surfaces with bulldozers, loaders, 
graders or manure spreaders, and plowing it under. 
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It has been recommended that several alternative land 
spreading methods should be made available at each site to 
coincide with weather conditions, presence of crops, poor 
quality sludge (odors) and equipment breakdown. 

D-4.1.2 Lagooning 

Sludge lagooning is a simple and economical method of 
sludge disposal especially in remote locations. Sludges can 
be stored, indefinitely in this type of system or removed 
periodically to other sites after draining and drying. 
Lagoons are usually 1.3 to 1.7 meters deep. This method is 
usually feasible only when there are large tracts of land 
available for dedication to lagoons. 

D-4.1.3 Dumping 

Dumping is a process whereby stabilized sludge is 
deposited in abandoned mines and quarries. Where available, 
this provides an alternative to other ·disposal methods. 

D-4.1.4 Landfills 

Sanitary landfills are the most widely used type of 
landfill. In many cases, it is permissible to mix domestic 
and industrial waste sludges for disposal in a sanitary 
landfill. 

Criteria commonly used in the selection of a suitable 
landfill site include the following: 

• The site should have a relatively low permeability 
and low water table. 

715 



• The site should be far enough away from surface 
water bodies or shallow wells. 

• A liner and drain system is recommended at the 
site. 

• The site should be covered with an impervious 
layer to maximize runoff. 

• Vector control should be provided. 

• A wooded barrier should be provided. 

Sludges applied to a landfill site should be dewatered as 
much as possible to minimize the quantity of free water 
which may leach out of the sludge. 

Application rates will depend on sludge composition, 
soil characterisitcs, climate, vegetation, and cropping 
practices. Loading rates of 0.056 to 11.2 kg/m2 are common 
(166). 

Problems associated with the use of landfills include 
the following: 

• groundwater pollution 

• surface water pollution 

• land requirement 

• health hazards 
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•• landfill gases (explosive) 

• aesthetic effects on neighboring communities . 

D-4.1. 5 Composting 

Composting requires larger.tracts of land than other 
stabilization methods and produces a solid product which 
must be disposed of. Its uses are similar to those for land 
spreading, namely, as a soil conditioner and organic base 
for fertilizers. Considerations with regard to site selec
tion and maintenance are,also similar to land application 
methods previously discussed. Land,requirements are 0.17 
m2/kg of sludge using the forced air, static pile process. 
Advantages and disadvantages. of the process are listed in 

Table 149. 

TABLE 149, COMPOSTING 

Advantages Disadvantages 

• odor free product 
• easy to store product 
• able to return nutrients 

and organics to soil 
• nitrogen levels are 

reasonably low 

• cost of transport to com
posting site may have high 
levels of heavy metals 

• requires large tracts of 
land · 

• product requires further 
disposal 

D-5 Accidental Release Technology 

Accidental. releases of pollutant materials from a coal 
conversion process are very similar to those encountered in 
a conventional petroleum refinery. Genarally, there are two 
main categories of accidental releases: material spills, 
and gaseous venting during emergency operating conditions. 
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Spills are the result of leaks from tanks, pipes, valves, 
and fittings; ruptures in storage and process equipment; 
overfilling of tanks; and poor operation and maintenance 
processes in general. Material spills in coal conversion 
plants are mostly on land rather than on water. However, 
land spilled pollutants may find their way into the aquatic 
environment via groundwater contamination, so proper pre
vention, control, and cleanup procedures are essential to 
maintain environmental integrity. 

Provisions must be made to handle huge quantities of 
process gases released by pressure release valves during 
emergency operating conditions. These emergency conditions 
occur due to compressor failures, loss of cooling water, 
vessel overpressure, power failures, fires, and other emer
gency conditions. It is common practice to tie all emer
gency relief valve outlets, along with any continuous waste 
gas streams, into a common header system that vents to a 
flare system. 

Preventive and countermeasure techniques will be 
discussed with respect to material spills within the plant. 
A description of the types of flare systems that can be used 
for emergency venting will then ~e discussed. 

D-5.l Material Spill Prevention 

There are a number of engineering practices which can 
be applied to a material spill prevention program and they 
are discussed below: 

Leaks from storage tanks seem to be an ever present 
source of soil and groundwater contamination in oil refin
eries. Leaks develop when the tank bottom undergoes sig-

718 



nificant corrosion, and so many prevention practices involve 
the control of tank corrosion and include: 

• Insure that structural materials are compatible 
with the material being stored. 

• Assess structural integrity for conformance to 
code construction. 

• Contained water promotes corrosion. Proper 
methods for draining water from tank bottoms 
should be employed. Figure 109 shows several 
commonly used methods for draining tank bottoms. 
It is also possible -to develop automatic methods 
employing oil/water interface sensors such as 
density sensors, conductivity sensors, and diel
ectric constant sensors. 

• Repair of leaks and corrosion must be prompt, 
no matter how minor. Leaks may be repaired by 
patching while the tank is in service, and numer
ous products are commercially available for 
patching. 

• Buried carbon steel tanks should be coated, 
wrapped, and lined. Depending on the nature of 
the soil, cathodic protection may be appropriate. 
Partially buried carbon steel tanks can set up 
galvanic corrosion and increase the rate of cor
rosion at the soil/air interface. 
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Figur 109. Tank bottom drainage systems (168) 
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• Tanks should be examined periodically for evidence 
of external leakage (especially bottoms). This 
examination may consist of visual inspection, 
hydrostatic testing, and/or nondestructive shell 
thickness testing. 

Shell thickness may be measured by ultrasonic 
analysis. Inspection records should be kept on a 

frequency basis that is consistent with the his
torical failure rate of tanks in the ,same service. 

• Corroded tanks should be lined and coated with 
epoxy. This treatment fills small pits and cre
vices and prevents inside corrosion. 

Normally, tanks are sandblasted to remove rust, 
dirt and scale which not only prevents product 
contamination but prepares the interior surface 
for epoxy coating. The coating needs to be sel
ected for its compatibility with the material 
stored. X-ray analysis will locate pits and 
crevices. 

• Deteriorated bottoms should be replaced with 
inverted cone-type bottoms. Figure 110 illu
strates one technique for replacement of tank 
bottoms. 

• Mobile storage tanks should be isolated from 
navigable waters by positioning and containment 
construction. 

One of the most common sources of leaks and spills 
is the mobile storage tank such as the diesel fuel 
tank used for construction machinery. It is 
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Figure 110. Tank bottom replacement (168) 
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Figure 111. Internal heating coil monitoring system (168) 
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usually a simple task to dig a small pit or con
struct temporary dikes around the tank. 

• The condition of foundation and supports of tanks 
should be assessed regularly. 

In order to allow for adequate inspections and 
possible structural calculations, up-to-date 
drawings of the tank, foundation and structure 
must be maintained. Records of inspection should 
be kept for future reference. 

• If a tank has internal heating coils, the conden
sate from these coils must be monitored for oil 
content. 

Condensate oil content can be monitored visually 
or automatically. Figure 111 depicts the visual 
method using an inspection sump and the automatic 
method using a conductivity probe. 

• Condensate from heating coils should be directed 
to oil/water separator or similar systems. 

• Heating coils should be tested, maintained and 
replaced as needed. 

• External heating systems are preferable to inter
nal heating coils. 

Typical external systems use plate coils which are 
placed on the outside of the tank near the bottom. 
Plate coils are bolted together and equipped with 

723 



a band that can apply pressure to the contact 
surface between tank and coil for improved heat 
transfer. 

• Internal condition of tank should be checked dur
ing every clean out maintenance. 

Overfilling of storage tanks is a frequent cause of 
accidental spills. Preventative engineering techniques are 
listed below: 

• Tanks should be carefully gauged before filling. 

• High level alarms and pump shutoff devices should 
be in place. 

Figure 112 shows a control system that will auto
matically stop a tank from overfilling. The sig
nal generated by the level alarm can be used to 
close the inlet valve, stop the pump or both. 

• Overflow pipes connecting to adjacent tanks should 
be in place. 

• Automatic gauges and fail-safe devices must be 
tested periodically. 

• A communication system between pump operation and 
tank gauging operation should be available. 

A number of preventive techniques are available with 
respect to storage tank rupture and boilover: 
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Figure 112. 
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Tank filling control system (168) 
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• Insure structural integrity by code construction. 

• Relief valves for excessive pressure and vacuum 
should be in place. 

Many types of relief devices are possible. One of 
the most common is a pressure release manhole in 
the tank top which provides a large opening that 
can quickly relieve any pressure buildup. 

• Safety relief provisions should be tested period
ically. 

• Adequate fire protection facilities must be avail
able. 

Even tank maintenance practices, such as tank cleaning 
and water drawoff, can generate material spillage and us
ually do. Pollution problems can be minimized by practicing 
the following guidelines. 

• Water drawoff from crude storage should go to 
oil/water separator or oily sewer system. 

• Water drawoff must be accomplished under con
trolled conditions with fail-safe devices, direct 
supervision, visual inspection, etc. 

• Tank bottoms (sludge) during cleanout should be 
disposed of promptly. 

• Temporary containment should be provided for 
bottom sludge. 
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Underground pipes, valves, and fittings have a high 
leak potential due to their susceptibility to corrosion. 
The following practices should be coqsidered when installing 
and maintaining underground piping systems: 

• Corrosion resistant pipe is preferable. 

• Carbon steel pipe should be coated and wrapped 
(coal tar, asphalt, waxes, resins, fiberglass, 
asbestos, etc.). 

• Cathodic protection system should be in place 
where surrounding soils contain organic or car
bonaceous matter such as coke, cinders, coal, acid 
wastes, or other conditions. A soil resistivity 
survey may be in order. 

There are companies that specialize in cathodic 
systems and.they provide routine inspection ser
vices. 

• Corrosion inhibitors should be used in piped pro
ducts where internal corrosion is found and the 
inhibitor is compatible with the product. 

• Marking lines should be obvious to prevent damage 
by third party excavators. 

• Block valves should be located at strategic loca
tions and periodically checked for operability. 

• Insure that pipe meets specifications codes. 
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• Pressure drop fail-close devices should be in 
place. If the pressure in a line changes, then 
alarms can be activated and shutdown procedures 
initiated. 

• Check valves to insure one-way flow should be in 
place where required. 

• Rate of flow indicators should be in use. 

• Pipe corridors should be inspected visually. 

• Pipe lines should be hydrostatically tested 
periodically. 

• Accoustical or magnetic testing equipment should 
be used to check for leaks. 

• Condition of pipe should be checked and recorded 
when construction activities expose buried lines. 

• Inventory of emergency repair equipment and fit
tings should be maintained. 

• All abandoned lines should be removed, plugged or 
capped. 

Above-ground piping systems also exhibit potential for 
leakage. Proper preventative techniques are as follows: 

• Frequent inspection should be made. 

• Protection from vehicle collision should be used. 
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• Abrasion around pipe supports should be controlled. 

• Pressure drop fail-close devices should be in 
place. 

• Block valves should be installed at strategic 
locations. 

• Rate of flow indicators .should be in place. 

• A preventive maintenance program should be in 
force. 

• Inventory of emergency repair equipment and fit
tings should be maintained. 

• All abandoned lines should be removed, plugged or 

capped. 

If a storage area spill does occur, the spill should be 
contained by a system of dikes, which should surround each 
storage tank. Dikes must be constructed to accommodate the 

maximum expected spill volume. Adequate freeboard allowance 
for rainfall retention is imperative. Dikes should be 
stabilized with an impervious coating such as asphalt, clay, 
or concrete, so that leak potential is minimized. Material 
of construction should be of an erosion-resistant nature. 
With respect to maintenance, the following guidelines should 

be established as practice. 

• A program of dike inspection and maintenance 
should be in force. 
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• Vegetation on earth dikes should be controlled. 

• Through-the-dike pipes no longer in use should be 
removed or plugged. 

• Breaches made in dikes for maintenance purposes 
should be minimized. Build ramps for vehicle 
access. 

Even if the diking system is adequate and well main
tained, overspills or leaks may occur due to a problem with 
the containment area drainage valve. The following general 
practices should be employed: 

• Positive shutoff valves should be used, instead of 
the flapper type. 

• Full operational range {positive open and closed) 
should be assured. 

• Valves should be locked in closed position. 

• Visual indicator should be installed in the 
drainage system 

• Easy access to drainage valves should be main
tained. 

• All weather operation should be assured, and no 
debris should be present in the valve area. 

When draining dikes of oily water or stormwater, the fol
lowing guidelines should be practiced: 
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• Retained water should~be checked for oil con
tamination before release. 

• Contaminated waters should go to oily water sewer 
(oil/water separator system). 

• Storm waters (uncontaminated) can be routed to the 
stormwater drain. 

• Records of drainage operations should be kept. 

Miscellaneous practices that do not fit into any one cate
gory are listed below: 

• A closed drainage system should be installed at 

sample locations. 

• A maintenance and housekeeping program for drain
age ditches and sewer inlets should be followed. 

• Flooding of separator facilities must be precluded 
by retention, designing separator for stormwater 

flow and installing connected spare pumping 
capacity. Such designs may be governed by NPDES 
regulations. 

• Procedures for minimizing concentrated oil dumps 
to the separator (sample coolers, bleed valves, 

etc.) must be followed. 

• Absorbents are preferable to flushing to sewer 
during maintenance of piping and equipment. 
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D-5.2 

• Security should be observed through limited access 
lighting, fencing, patrols, alarms, etc. 

• Overpressure release valves should be installed on 
all process vessels to prevent plant losses and 
subsequent material spills. 

Material Spill Countermeasures 

A material spill contingency plan indicates procedures 
to be followed in the event that a spill occurs. 
four phases to a material spill contingency plan: 
tion, containment, recovery, and disposal. 

There are 
detec-

D-5.2.1 Detection 

Suitable detection methods must be employed, so that a 
material spill, no matter how minor, can be detected quickly. 
Although large spills usually receive immediate attention, 
this may not be true with smaller spills, whether continuous 
or intermittent. Frequently, small spills go unnoticed and 
unreported unless suitable detection methods are used. Some 
methods lie midway between prevention and detection. 

Periodic inspections are essential. A complete survey 
can identify potential problem areas for periodic or con
tinuous surveillance. Target areas should include heavily 
eroded stream banks where pipeline crossings occur, points 
of pipeline exposure, and any area where construction or 
excavation work is in progress. Generally, observation 
methods are marginally effective, and companion methods 
should be employed. 
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Oil sensitive'probes can be located throughout a drain
age system of a potential spill. When a spill occurs, feed
back to a central control panel will immediately identify 
the location. Two types of probes are predominant: a 
conductivity type which depends on an induced change in the 
dilectric constant, and an ultrasonic type which is trig
gered by a change in viscosity. These units will signal the 
presence of oil in an area but not the source location of 
the spill. 

Tagging may be used to identify both the source of a 
leak and the spread. This ~onsists of adding coded mater
ials to the stored or piped materials and then periodically 
analyzing drainage samples for their presence. The mater
ials used must satisfy the following criteria: 

• :Physically and chemically stable 

• Read~ly identifiable 

• No effect on commercial uses of material 

• Soluble and dispersible in the material, yet 
insoluble and nondispersible in water 

• Inexpensive 

Examples of tagging substances include halogen~ted aro
matics, nitrous oxide, and radiochemicals. Tagging 'has not 
been widely used because of cost and complicating factors. 
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D-5.2.2 Containment 

In the event that storage tanks are undiked or a 
material spill extends beyond the diked area, diversion 
systems, such as a catchment basin containing an oil trap, 
should be available. These should be designed to contain at 
least the amount of stored material plus sufficient excess 
capacity to insure complete interception. The primary 
separation of oil from the water should be accomplished as 
early in the system as possible so that the problem of 
handling large volumes of oil/water mix is minimized. 

Should a spill take place outside the confines of a 
drainage system, a temporary dike or diversion trench must 
be constructed. The location would depend on expected 
direction and rate of flow. Information concerning these 
two factors, and in particular their relationship to tempera
ture, should be included in a reaction plan. 

Materials and equipment necessary for the construction 
of diversion or holding structures should be on hand. Bar
riers may be manufactured or improvised from a wide variety 
of materials including wood, plastics and metal. In some 
cases, locally available materials such as hay bales and 
sandbags will suffice. Aside from the requirement for 
mechanical strength, other considerations would include 
susceptibility to heat in the event of a fire and softening 
or cracking in the presence of some mineral oil components. 
Equipment that should be available includes standard exca
vation machinery and tools and commercially marketed booms. 
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Figure 113. "Navy" boom (169) 
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Figure 114. Kain boom (169) 
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LEAD-BOAT f2 l!JOAT 

Figure 115. Boom/skimmer configuration for oil 
spill cleanup (169) 

Figure 116. Circulation pattern upstream of an 
air barrier in a current (169) 
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Surface tension modifiers inhibit the spread of oil in 
water. When relatively small quantities of these chemicals 
are placed on the surface next to the floating oil, the oil 
is repulsed and tends to agglomerate. Application is sim
ple; only a small amount need be used, applied as a coarse 
spray on the water at the edge of the spill. The effects 
last only a matter of hours, so cleanup plans should be 
implemented as soon as possible. As with any chemical, 
approval for the use of surface tension modifier must be 
obtained from appropriate governmental agencies. 

D-5.2.3 Recovery 

Numerous harvesting devices and various removal tech
niques exist for handling harbor and inland spills. Sor
bents are oil spill scavengers, cleanup agents which adsorb 
and/or absorb oil. Based on origin, sorbents may be divided 
into three classes: 

• Natural products include those derived from veget
ative sources such as straw, seaweed and sawdust; 
mineral sources such as clays, vermiculite and 
asbestos; and animal sources such as wool wastes, 
feathers and textile wastes. 

• Modified natural products include expanded per
lite, charcoal, silicone-coated sawdust and 
surfactant-treated asbestos. 

• Synthetic products include a vast array of rubber, 
foamed plastics, and polymers. Table 150 details 
the effectiveness of various materials. 
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TABLE 150. SORBENTS RELATIVE EFFECTIVENESS AND COSTS (169) 

Type material 

Ground pine bark, undried 
Ground pine bark, dried 
Ground pine bark 
Sawdust, dried 
Industrial sawdust 

Pick-up ratio-weight 
oil pick-up/weight ab

sorbent 

0.9 
1.3 
3 
1.2a 

Reclaimed paper fibers, dried, 
surface treated 

1. 7 

Fibrous, sawdust and other 
Porous peat moss 

Ground corn cobs 
Straw 
Chrome leather shavings 

Asbestos, treated 
Fibrous, perlite and other 
Perlite, treated 
Talcs, treated 
Vermiculite, dried 
Fuller's earth 

Polyester plastic shavings 
Nylon-polypropylene rayon 
Resin type 
Polyurethane foam 
Polyurethane foam 
Polyurethane foam 
Polyurethane foam 
Polyurethane foam 

3 
1.0 

5 
3-5b 

10 

4 
5 
2.5 
2 
2 

3.5-5.5 
6-15 

12 
70 
15 
70 
40 
80 

Unit cost absorbent 
( $/T absorbent) 

6 
15 

15 
56 
30 

30 

$ cost of absorbent for 
cleanup of 1,000-gal. oil 

spill* 

27 
47 

50 

75 

30 
indicated comparable 
to straw in cost. 

21 
27 

500 
416 
230 

70-120 

25 

100 

3,100 
20,000 
4,500 

2,260 
1,200 

440 
290 
320 

120-210 

80 

200 
1,000 
1,050 

195 
55 

a Another reference gives a ratio of 20 
b Other reports have indicated ratios of 20 and above 

*1000 gal - 3785 liters 



The requirements for a satisfactory sorbent include the 
following: 

• Aids in handling and removing oil 

• Minimizes spread of oil 

• ls nontoxic 

• Enhances performance of booms and other skimming 
devices 

Removal of soil on water may require skimming. Skim
mers may be purchased commercially or built for a particular 
application. Additionally, they may be floating, fixed, or 
mobile (mounted on boats, barges, trucks, etc.). The type 
of skimmer depends on its probable application. Of primary 
concern is its capacity in terms of total fluid handling 
volume, recovered oil volume, and pumping rate. These 
factors should be compatible with the expected utilization. 
Of secondary importance is the size, seaworthiness, speed, 
maneuverability, and other skimmer characteristics. Figure 
117 shows the classes of skimmers. 

Once the spill has been contained, it is usually re
moved and disposed of with a vacuum truck. One or more of 
these should be permanently assigned to the installation. 
If this is not the case, outside contractors must be iden
tified and made familiar with the site facilities. 

An underground water supply may be endangered by a land 
spill. A considerable portion of the oil can be removed by 
excavating the contaminated soil before the oil has reached 
great depths. The extent or depth to which this would be 
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economically feasible is a function of the type of oil as 
well as the underlying soil structure. 

Oil from a land spill may reach the water table. If 
its viscosity is not too high, large amounts may be recovered 
by pumping. A well is drilled, centered in the spill, and 
screened at a depth no further than the oil/groundwater 
interface. In the pumping process, a cone of depression of 
the oil/water interface will be formed and will prevent oil 
from spreading further. At first the pump should extract 
oil exclusively; it should extract progressively more and 
more water. The amount of pumping is a function of recovered 
oil, spilled oil, and oil retained by the soil. Generally, 
pumping should stop when the oil/water ratio becomes less 

than 1 percent. 

Spills eventually reach the plant drainage system; 
therefore, the site treatment facilities play a significant 
role in the oil removal process. Various types of sepa
rators are in use. Besides the classical AP! type, there 
are gravity plate separators and a host of multistage 
separators, some equipped with coalescence filters. In 
addition, there are other devices that employ proprietary 
methods ranging from ultrasonic treatment to polyelectrolyte 
injection. 

Separation is ideally followed by physical-chemical 
treatment. This will incorporate some sequence of coagula
tion, flocculation, sedimentation and possibly air flota
tion. The remaining petroleum fraction can be removed by 
biological treatment. The activated sludge process is 
commonly used, often in conjunction with an aerated lagoon 
and a trickling filter. Following a dewatering step, the 
sludge may either be incinerated or hauled off for land
filling operations by a local contractor. 
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D-5.2.4 Disposal 

Slop oil which has been recovered prior to reaching the 
drainage system or which has been separated in the initial 
step of the treatment system can be disposed of in several 
ways: 

• Recycling recovered oil back into the plant pro
cess is the most common and the most economical. 
This is done by bleeding the slop oil into the 
feedstock over a period of time. Any impurities 
picked up during recovery of the spill are removed 
along with the usual bulk, sediment, and water. 
Any emulsions which have been formed can be broken 
using chemical agents and heat. As long as exten
sive 11 weathering11 (evaporation of volatile com
ponents) has not significantly affected the fuel 
quality, this method can be used. 

• Reclaiming recovered oil for other uses is a less 
desirable alternative. It is economically feasi
ble only when the oil is not amenable to blending 
with the feedstock. This is normally done by an 
outside contractor equipped with appropriate re
refining facilities. These might include steam
ing, filtering, and additive rebalancing. Such 
contractors frequently specialize in storage tank 
and sump cleanout operations as well. 

• Burning is another method of final disposal of 
oil, particularly nonreclaimable sludges. Large 
amounts can efficiently be disposed of in this 
manner with the help of combustion agents or by 
blending with lighter grades of fuel such as 
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kerosine. The mixture is then atomized and burned. 
This course of action requires careful control to 
obtain complete combustion to avoid air pollution. 

• Dispersing. Dispersants are chemical agents which 
emulsify or solubilize oil in water. Their use is 
governed by Annex X of the National Contingency 
Plan. They should not be employed except when 
other methods are inadequate or infeasible. 

• Sinking. As oil weathers and becomes more dense, 
there is a natural tendency of the residual frac
tion to sink. This phenomenon depends, of course, 
on the type of oil involved in the spill. Oil can 
be made to sink by application of a nucleus of 
high density material having an affinity for the 
oil (oleophilic property) and not having an affinity 
for water (hydrophobic property). The resulting 
mass of material then settles to the bottom. 
Typical oil sinking agents include sand, fly ash, 
lime, stucco, cement, volcanic ash, chalk, crushed 
stone, and specially produced materials such as 
carbonized-silicanized-waxed sands. These are 
effective on thick, heavy, and weathered oil 
slicks. 

The major problem in sinking oil is that the 
bonding of the agent with the oil must be nearly 
permanent. Many agents will release oil back into 
the environment after a period of time or as a 
result of agitation and turbulence. Microbial 
action on the oil-soaked particles also produces 
gaseous by-products which give the particle a 
tendency to float. 
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D-5.3 Fugitive Emissions Control 

Hydrocarbon vapors and particulate matter are released 
to the atmosphere from storage tanks or piles and leaks from 
pipe and process vessels flanges. Emissions from storage 
tanks are due to several mechanisms that occur simultaneously 
as the tanks become warmer. The vapor within the tank 
expands and is released to the atmosphere, carrying hydro
carbons with it. The higher temperature also raises the 
equilibrium partial pressure of the hydrocarbons. In an 
effort to maintain equilibrium, more hydrocarbons are evaporat
ed from the vapor phase. These evaporated hydrocarbons dis
place some of the vapor phase, causing further venting. Vent 
emissions from storage tanks can be controlled by the 
following practices: 

• Eliminating the vent and building a tank which is 
strong enough to withstand the expected pressure 

• Installation of a floating roof, thereby minimizing 
the vapor phase and allowing for changes in the 
volume of the stored hydrocarbons with temperature 

• Passing the vented hydrocarbons through a control 
unit such as an adsorber. 

These control methods can not only recover valuable 
hydrocarbons for use or for sale. They also decrease the 
hazard associated with the handling and storage of these 
materials. Moreover, in many cases, they improve the 
working conditions for operating personnel. 

Leaks from pipe systems and process vessel flanges will 
occur and present yet another source of fugitive emissions. 
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Guidelines for the prevention of fugitive emissions from 
piping systems and process vessels are listed below: 

• Tighten all flanges 

• Replace leak-prone threaded couplings with flanges 
or welded joints 

• Gasket materials and pump seals should be corrosion 
resistant and compatible with the process fluid 

• Double sealed or canned pumps should be employed 

• Rupture disks should be installed under relief 
valves, to avoid leaks if a valve reseats im
properly 

• Preventative maintenance and inspection programs 
for above-ground and buried pipelines should be 
set up. These procedures are similar to those 
discussed under material spill control 

• Double-pipeline systems for leaks monitoring of 
buried pipelines should be considered 

• The number of flanges, valves, and pumps should be 
minimized while provisions for promt isolation of 
leaking sections and disposition of their contents 
must be planned with great care 

• Prior to maintenance work or routine disassembly, 
material scavenging systems should be used, such 
as evacuating a process vessel using a compressor 
or purgi:n1~ the vessel with an inert: gas. 
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Fugitive dusts from coal, sulfur and SRC storage will 
generally be of a highly variable nature, depending on 
environmental conditions. Particle sizes are generally in 
the 1 to 100 micron range (169). For relatively small storage 
piles, such as sulfur storage, enclosures with particulate 
control apparatus must be weighted against outside storage 
piles using organic polymer coatings for dust control. For 
larger storage piles, such as the raw coal pile, enclosure 
is infeasible. 
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APPENDIX E - Baseline Factors for SRC-11 Development 

E-1 Planning and Design Factors 

To a large extent, the planning effort conducted before 
the construction and operation of a commercial synfuels 
facility will greatly influence the magnitude of impacts. 
The development of acceptable and viable coal liquefaction 
technologies will entail the application of effective plann
ing and design programs, from conceptualization to commer
cialization, during a period of 15 to 20 years. The scope, 
pace, and objectives of such activities will be influenced 
by the evolving national energy plans that combine initia
tives to increase domestic energy supply, decrease domestic 
energy demand, and provide emergency preparedness measures 
(138). 

Implicit to these efforts will be the development of 
research programs that will provide the following items: 

• The location of alternative sites distributed geo
graphically in the national interest. 

• Technical information needed to verify plant 
design, establish precise operating procedures and 
plant reliability and the cost-effectiveness of 
emissions control technology. 

• Environmental and industrial hygiene information 
needed to support and improve plant siting and 
design, assess impacts on the physical, biological 
and socioeconomic environments, and to prepare an 
overall synfuels development plan that is coor
dinated with the land use, transportation, and 
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other plans of local and state agencies. The 
development plan should specify criteria for 
preventing adverse environmental impacts on air, 
water, and land during the construction and opera
tion of the facility, and set forth the appropriate 
ecological and health effects monitoring and 
surveillance programs that would extend from the 
preconstruction through the construction stages 
and the operational and post-operational stages 
(e.g., for at least 40 years). Also desirable 
would be the development of procedures at an early 
date for state and county inputs into specific 
project decisions (138). 

E-2 Government Rulemaking Factors - Environmental 
Requirements 

Following closely upon the recent enactment of the 
Toxic Substances Control Act (TSCA), the Resource Conserva
tion and Recovery Act, and the 1977 amendments to the Clean 
Air and the Clean Water Acts, representatives of major 
industrial groups (petroleum, power, transportation and 
chemicals), have expressed much concern over several items 
that they perceive as a threat to their economic well-being 
(138); these issues are discussed here because of their rele
vance to an emerging synthetic fuels industry. The issues 
are as follows: 

• Existence of an apparent "dollar crunch" to cover 
the cost of applying the best environmental 
control measures by the affected industries (138). 

• An apparent consensus that existing environmental 
regulations are arbitrary and have been promulgated 
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without sufficient federal research to ascertain 
their cost-effectiveness (138). 

• The belief that the existing regulatory philosophy 
is based mainly on technological feasibility, with 
little or no regard to environmental need or 
benefit; this approach is perceived by some as 
wasteful in the control of toxic substances, in 
that the technologies for achieving new regulatory 
standards have yet to be fully demonstrated 
(138). 

• The opinion that blind adherence to the zero-risk 
concept is inconsistent with governmental legisla
tion and regulatory control in other areas such as 
auto traffic safety, radiation exposure and quality 
control for manufactured products (136). 

• The new amendm~nts to the Clean Air Act will cause 
licensing delays, increase the cost of building 
and operating power plants, reduce the number of 
suitable sites for building new power plants, lead 
to the loss of economics of scale by forcing 
construction of smaller plants, and generally 
limit industrial growth (138). 

• The TSCA chemical inventory reporting requirements 
will increase the manpower needs of power plants 
through the requirement that by-products sold or 
used at levels greater than 45 Mg (100,000 pounds) 
per site requires the filing of comprehensive 
reports because, under TSCA, such outputs 
would make it necessary to classify the power 
plant as a manufacturer of chemical substances 
(138). 
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• The Clean Water Act requires industrial discharges, 
because of the stringent technology-based water 
quality requirements, to meet these standards 
while oftentimes ignoring the fact that municipal 
discharges and nonpoint stormwater discharges 
continue to pollute the waters (138). 

• The opinion that improved mechanisms are needed to 
provide additional opportunities for industry 
groups to interface with regulatory agencies, 
particularly during the early stages of the rule
making process and prior to the publication of new 
regulations in the Federal Register (136). 

• The consensus that the federal government should 
require long range planning for the construction 
of energy facilities, consider all relevant socio
economic factors, and provide for full citizen 
participation in the decision making process. In· 
addition, it was recommended that EPA should pro
mulgate new ambient air quality standards as soon 
as significant risks of harm to the health of the 
general population are established (138). 

One rather interesting aspect of these concerns voiced 
by the industrial sector has been the recognition by President 
Carter that the 1977 amendments to the Clean Air and Clean 
Water Acts will have economic and resource impacts of their 
own, and that these impacts will require close analysis. 
The extent to which these factors will likely affect the 
U.S. Department of Energy Alternate Fuels Demonstration 
(AFDP) Program for a synthetic fuels technology cannot be 
fully assessed at this time. However, the proposed AFDP 
reportedly includes provisions for conducting performance 
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tests on various types of environmental control equipment, 
on the premise that the best available technology will be 
identified for use by the synthetic fuels industry (AFDP). 
Whatever the outcome, the Congress has passed laws that are 
perceived as capable of protecting environmental quality. 
The DOE position on the impacts of existing regulations and 
standards is to give a higher priority to research directed 
towards producing cost-effective control technologies than 
to the determination of the impacts of alternative levels of 
control. In the final analysis, however, commercialization 
of any synfuels technology will largely be controlled by the 
extent to which national standards and criteria can be met 
(138). 

E-3 Source Factors and Their Interactions 

Discussions of pollutant releases and characteristics 
for nonpoint and point sources during the construction and 
operation phases of SRC liquefaction system and likely 
interactions between SRC source factors and the various 
abiotic and biotic features of a hypothetical site in White 
County, Illinois were addressed given in a previous report 
(47). Beyond these data, it appears fruitful to discuss the 
influence of variations in the operating parameters of an 
SRC facility on pollutants and their characteristic effects 
in by-product and product streams. For example, the rank 
and origin of the coal feed may influence the yield, distri
bution, and compositon of the product as well as the composi
tion of waste streams (63). The kinds and quantities of 
trace elements in coal can act either to inhibit the lique
faction catalysts, or to act as catalysts themselves (43). 
At the relatively low reactor temperatures of the SRC process 
(less than 500°C) the chemical composition of the coal tar 
pitches varies widely with the nature of the coal feed, the 
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temperatures, program, residence time, and the maximum 
temperature (43). 

A major concern with regard to the effect of tempera.ture 
on the production of carcinogenic agents in the SRC process 
is that the amount of these agents in coal tar pitches 
produced at less than li-50°C, was reportedly very small while 
at temperatures between 450° and 560°C the amount of known 
or suspected carcinogens (primarily polynuclear aromatic 
hydrocarbons) increased markedly (43). Table 151 summarizes 
the general effects of using higher versus lower temperatures 
for coal conversion processes. Additional research will be 
required to resolve these and related problems associated 
with the SRC liquefaction process. 

TABLE 151. EFFECTS OBSERVED FOR TEMPERATURE VARIATIONS 
USED DURING FOSSIL FUEL PROCESSING OR CONVERSION 

Aromatics 
PAHs 
Carcinogens 
Cancer rate among coke 

plant workers 

Quantities Observed 
With High Process 

0 Temperature (<500 C) 

greater 
greater 
greater 
greater 

Quantities Observed 
With Low Proc,ess 

Temperature (<500°c) 

less 
less 
less 
less 

Another point relating to the temperature factor is 
that of the boiling point of various fractions of the SRC 
product. For example, laboratory studies show that the car
cinogenic potential of oil fractions having boiling points 
above 260°C is greater than that for oil fractions with 
boiling points below 260°C (43). However, it has been 
reported that SRC liquefaction oils will be less carcinogenic 

than coal tars, but likely more hazardous than petroleum 

crude (43). 
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E-4 Dissipative Forces 

Contaminant dissipation in abiotic environments is one 
of the least explored ecological subjects, yet it has a 
great deal to do with the ability of people and entire 
ecosystems to resist or to recover from exposure to pollutants; 
this fact stems from the principle that the eventual effect 
of a contaminant is largely determined by the duration and 
level (or dose) of the exposure. However, strict confirma
tion of the dose-response concept has not been made at the 
ecosystem level (43). Suffice to say that physical dissipa
tive forces act to establish the physical half-life of many 
organic contaminants in air, water, and soils. 

Another aspect of the role of physical dissipative 
forces is seen in the ability of mobile organisms (including 
man) to detect the presence of ambient contaminants and then 
move away to areas of lower stress. Immobile organisms 
often respond to contaminants by sharply curtailing their 
rate of filtration or feeding activities (43). 

The operation of these forces leads to the establishment 
of the biological half-life of many inorganic and organic 
contaminants in various media. 

The most striking biological dissipative forces at the 
level of the organism include: 

• Species-specific control of the permeability of 
cell membranes and tissues, thereby securing a 
slow or rapid absorption rate irrespective of 
dose. 
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• Storage of potentially toxic chemicals 1n fat, 
bone, and protein depots. 

• Metabolic detoxification (i.e., degradation) of 
organic contaminants, converting them either to 
innocuous forms or to forms more toxic than the 
parent substance. Passage of degradation compounds 
across a food web can produce serious effects on 
higher life forms. 

At the ecosystem level, the forces of physical dissipa
tion and biological degradation provide the chief resistance 
mechanisms. 
and chronic. 

Stress on ecosystems occurs in two forms, acute 
In a chronically stressed ecosystem, the 

inference is usually made that losses of a given organic 
contaminant are partially offset by a continued fresh input. 
Under these conditions, the most sensitive species may be 
decimated or lost, but if sufficient species diversity 
exists, there can be restructuring of the ecosystem over a 
period of time. Adaptation normally is greatest among the 
microflora and insects having short generation times. Some 
evidence suggests that continued exposure to certain contamin
ants can induce an enhanced capacity for biodegradation at 
many, and perhaps all levels of the ecosystem (43). 

With reference to acute ecosystem stresses, periodic 
acute contamination stresses may provide the greatest prob
abibili ty of damage. Sudden losses of key (or sensitive) 
species could trigger extensive ecosystems changes; this 
condition is particularly important for airborne contaminants. 
Large quantities of all volatile organic contaminants and 
many aerosols can be transported for long distances, trans
formed oxidatively in the atmosphere, and then deposited on 
vegetation and surface waters, sometimes with destructive 
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effects (171). The problem of assessing the risks associated 
with the development of a synfuels technology will require 
the delineation of the reversible from ~he irreversible 
effects on ecosystems and on human populations (171). 

E-5 Development and End Impacts 

The socioeconomic impacts resulting directly from the 
construction and operation of a synfuels industry are termed 
development impacts; those resulting from the interplay 
between the primary development impacts (e.g., land area 
required by the plant and conjunctive developments, or the 
workforce) are termed end impacts. As pointed out elsewhere, 
because the potential end impacts could be almost as varied 
as that of existing local communities (e.g., highly site 
specific), it is generally more instructive to "match" the 
development impacts of synfuels industry with the existing 
features of selected illustrative impact communities (171). 
In turn, these results can be compared with data from a so
called average U.S. county, as shown in Table 152. The 
comparison of predicted operating and maintenance costs 
versus existing local expenditures reveals that differences 
in perceived public service needs between the population 
associated with the synfuels plant and the native (original) 
population, could produce political conflicts regarding the 
scale and the type of budgetary allocations, tax assessments, 
and the already established loyalties between the citizens 
and public officials (171). Further details on these and 
related comparisons are found elsewhere (171). 

The importance of the analysis of end impacts by use of 
comparisons between impact communities and an "average" U.S. 
county situation is that it serves to flag needed policy 
decisions and actions that, if taken early, could greatly 
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TABLE 152. END IMPACTS ASSOCIATED WITH A 
HIGH-BTU GASIFICATION PLANT (138) 

Hait lllunrative lllpact COllllunitiee Aver ... ractor (a) Development U.S. Iapact• (b) A' I c D E Count7 

TOT AL EMPLOYMENT {4,240(c) 1,690 4,470 4,800 15,200 26,100 24,SSO 
1,610 

CRAFTSMEN, FOREMEN, OPERATIVES {2 ,640(c) 140 850 2,070 5,370 11,350 7,710 
390 

HALE EMPLOYMENT 
Total 1,130 1,340 2,750 3,610 9,850 17,010 15,270 

Average Earnings (Dollars) 12,200 6,300 10,()00 13,200 11,000 9,200 11,200 
Employment Rate 96% 88% 93% 15% 83% 85% 

FEMALE EMPLOYMENT 
Total 480 360 1,720 1,200 5,310 9,130 9,280 

Average Earnings (Dollars) 9,400 3,700 4,100 4,400 4,100 4,600 S,300 
Employment Rate 29% 53% 36% 37% 42% . 49% 

PRIMARY EMPLOYMENT 
Agriculture 960 610 600 380 l,720 910 
Mining 700 10 so 1,320 2,250 1,330 200 
Manufacturing 0 120 150 1,430 7,260 6,360 

POPULATION 
Urban 3,350 0 9,020 7,190 25,310 16 ,500 47,890 
R11ral 4,900 3,150 ~ 27,200 59,500 171280 
Total 3,350 4,900 12,170 12,960 52,510 76,000 65,170 

MIGRATION RATE 
During 1960's -35% -17% +101% -26% -7% 
During Early 1970'a -10% -2% -37% +28% 0% 

CITIES AND TOWNS (Number) 
2,500-5,000 Population 0 0 0 l l 0.6 
5,000-10,000 Population 0 1 1 0 2 o.s 

10,000 and Over Population 0 0 0 l 0 0.6 

POPULATION AGE GROUPS 
Ages 5-17 960 l,660 3,540 3,770 18,430 19,080 16,830 
Ages 18-39 1,360 970 2,820 4,170 13, 760 18,170 8,760 
AaH 65 and Over 110 410 1,550 620 2,570 9,280 6,450 

OTHER DEMOGRAPHIC GROUPS 
Non-White 410 100 120 18,960 150 8,170 
Nonstandard Households { l,450(c) 310 1,280 810 4,500 6,580 6,230 

240 

HOUSEHOLD INCOME 
Total (Million Dollars) 22 15 50 67 170 273 300 
Per Capita (Dollars) 6,500 3,010 4,120 S,190 3,230 3,590 4,610 

HOUSING STOCK 
Single-Family Units 680 1,400 J,130 1,790 11,520 19, 770 15,060 
Mobile Home 280 90 260 1,670. 1,590 1,270 590 
Multi-Family Units -11.Q. _!Q. ~ ~ 1,640 41400 6 1050 
Total 1,130 1,570 4,310 3,950 14,750 25,440 21, 700 
Adjusted Total 0 J,100 3,150 7,SSO 5,530 15,070 

(continued) 
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TABLE 152. (continued) 

Plant Illustrative Impact co-unities Average 
Factor (a) Development U'. s. 

Impacts (b) A B c D E County 

LAND REQUIREMENTS 
Plant and Community Develop- 821 821 821 821 821 821 821 

ment (Acres) 
Extraction Land (Acres) (e) (d) 5,500 1,600 1,600 7,100 ~.eoo (d) 
Total (Square Kiles) (f) (d) 9.9 3.8 3.8 12.4 8.8 (d) 

LAND SUPPLY (Square Miles) 
1% Total Land Area 20 40 50 55 l2 
Gently Sloping Land 1,100 1,310 2,380 3,580 380 
Federal Administration Land 500 l,llO 890 4,810 0 

LAND VALUE (Thousand Dollars) 
As Farmland 800 180 140 310 2,400 
Market Value Farm Production 120 30 20 40 280 

COMMUNITY DEVELOPMENT COSTS 
VERSUS LOCAL DEBT OUTSTANDING 

Total (Thousand Dollars) 16,090 490 1,680 6,700 6,250 20. 760 19,230 
Per Capita (Dollars) 3,540 100 140 520 120 270 300 

OPERATION AND MAINTENANCE COSTS 
VERSUS CURRENT LOCAL EXPEN-
pITUR£S 

Total (Thousand Dollars) 2,000 1,560 4,240 8,940 18,070 25,400 25,744 
Per Capita (Dollars) 600 380 350 690 340 330 400 

LOCAL TAXING DIS~RICTS (Number) 16 19 4 12 62 21 

HUNICIPALITIES (Number) 4 2 1 l 25 6 

<·>'·All <.:O&ts and revenues ar' expressed in 1~75 dollars. 

(b) All values are for the operational phase except as noted. 

(c) Peak construction. 

(d) Varies by coal region. 

(e) Land required over 20 years 

(f) S\D of plant, co .. unity development and mining land. 
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temper the predicted impacts. For example, early community 
action prior to the time that a synfuels technology. becomes 
operational could (138): 

• Report the potential for friction among racial, 
ethnic, age, or income groups in the impact com
munity. 

• Reduce the front-end financing problems of local 
government. 

• Increase job opportunities for various groups of 
local residents. 

• Assist planning for the transition to a post -
synfuels situation after the plants are closed 
down. 

• Assist local business and financial groups to 
respond to housing and secondary employment needs. 

• Enhance the beneficial effects of the synfuels 
development on the existing local infrastructure. 

• Improve the coordination responses of state, 
local, and federal agencies in meeting the problems 
of synfuels development. 

E-6 Standards Applicable to SRC Development 

E-6.1 State Emission Standards 

The following tables are a summary of selected state 
emission standards (organized according to EPA region) 
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TABLE 153. PENNSYLVANIA STANDARDS FOR CONTAMINANTS 

Particulates - unspecified process 

For effluent gas discharge rates greater than 8500 
dscm/min, 458 mg/dscm is allowed. 

Particulates - petroleum refineries 

20 kg/metric ton of liquid feed 

Visible Emissions - unspecified process 

Opacity equal to or greater than 20% is not allowed for 
aggregate periods of more than three minutes in any 
hour. Additionally, 60% opacity may never be exceeded. 
Opacity due to uncombined water mists is excluded in 
determining opacity levels. 

TABLE 154. 

Coal Preparation 

APPLICABLE AIR POLLUTION REGULATIONS 
IN WEST VIRGINIA 

Drying and Handling 

Particulates - for volumetric flow rates greater 
than 6800 scm/min., the allowable emission rate 
is 0.16 g/scm. 

Air Table Operation 

Particulates - 0.11 g/scm 

Manufacturing Process Operations 

Particulates - for process weight rates exceeding 
45,500 kg/hr the allowable emission rate is 9.6 
kg/hr. 

Smoke - no smoke darker than No. 1 on the Ringlemann 
Smoke Chart is permitted. No smoke darker than 
No. 2 on the Ringlemann Smoke Chart is permitted 
for more than five minutes in any sixty minute 
period. 
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TABLE 155. STANDARDS OF PERFORMANCE FOR PETROLEUM 
REFINERIES IN KENTUCKY 

Particulates 

1.0 kg/metric ton feed 

Carbon monoxide 

0.050% by volume 

Sulfur dioxide 

Emissions may not exceed the equivalent of combustion of 
fuel gas containing 230 mg/dscm of hydrogen sulfide. 

TABLE 156. APPLICABLE ILLINOIS EMISSIONS REGULATIONS 

New Fuel Combustion Emission Sources 

Sulfur Dioxide 

For actual heat input ? 264 x 106 kJ/hr resulting from 
the burning of solid fuel exclusively, so2 emissions must be 
exceed 0.5 kg/million kJ. 

Nitrogen Oxide 

For actual heat input ~ 264 x 106 kJ/hr resulting from 
the burning of solid fuel exclusively, NO emissins must not 
exceed 0.3 kg/106 kJ. 

Carbon Monoxide 

For actual heat input ~ 10 M Btu/hr, CO emissions must 
not exceed 200 ppm corrected to 50 percent excess air. 

Fugitive Particulate Matter 

Emissions should not exceed 0.043 kg/106 kJ actual heat 
input using solid fuel exclusively over a period of one hour. 

(continued) 
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TABLE 156. (continued) 

Particulates 

Discharge of particulates from new process sources during 
a one hour period shall not exceed the allowable emission 
rates specified by the following equations: 

Process weight rate < 450 tons/hr 

E = 2.54 (P)o.s34 

Process weight rate > 450 tons/hr 

E - 24.8 (P)O.l6 

where 

E = allowable emission rate in pounds/hour 

P = process weight rate in tons/hour 

Waste Gas Disposal 

Organics 

Emissions from any petroleum or petrochemical manufactur
ing process should not exceed 100 ppm equivalent methane. 

TABLE 157. NEW MEXICO EMISSIONS STANDARDS 
FOR COMMERCIAL GASIFIERS 

Constituent/Operation Standard Remarks 

Particulates 

Briquetting 69 mg/scm Based on heat input to 
General operations 69 mg/scm boiler 
Gas burning boiler 0.013 kg/106 kJ 

(continued) 
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TABLE 157- (continued) 

Constituent/Operation 

Hydrogen sulfide 
Carbon disulfide 
Carbon oxysulf ide 
(Any combination) 

General operations 

Hydrogen cyanide 
General operations 

Hydrogen chloride 
General operations 

Ammonia 
General operations 
Storage 

Standard 

100 ppm (total) 
14 mg/m3 (hydrogen 
sulfide) 

11 mg/m3 

7.4 mg/m3 

17.4 mg/m3 

Sulfur dioxide 
Gas burning boilers 0.07 kg/106 kJ 

Sulfur 
General operations 0.003 kg/10 6 kJ 

Hydrocarbons 

Remarks 

Based on heat 
input to boiler 

Based on heat 
input to feed 

Storage - for a vapor pressure greater than 0.1055 kg/cm2 
a floating roof, vapor recovery and disposal system or equiva
lent control technology is required. 

Loading systems - vapor collection adapters are required. 
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TABLE 158. NEW MEXICO EMISSIONS 
STANDARDS FOR REFINERIES 

Constituent 

Mercaptan 

Carbon monoxide 

Concentration 
(Metric) 

0.11 kg/hr 

573 mg/m3 
22,900 mg/m3 

Remarks 

New facilities 

Existing faci
lities 

TABLE 159. TEXAS EMISSIONS LIMITS FOR FOSSIL FUEL 
BURNING STEAM GENERATORS 

Constituent 

Particulates 

Suflur dioxide 

Nitrogen oxides 

Concentration 

0.13 kg/10~ kJ 
0.04 kg/10 kJ 

1.3 kg/106 kJ 

0.30 kg/10~ kJ 
0.21 kg/106 kJ 
0.11 kg/10 kJ 

Remarks 

24 hr max (2) 
2 hr max (3) 

2 hr max (4) 
2 hr max 
2 hr max 

(1) applicable for heat inputs greaters than 2640 x 106 kJ/hr. 

(2) solid fuel burners 

(3) gas and liquid fuel burners 

(4) standards apply to opposed fire, front fired, tangential 
fired-steam generators, respectively. 
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TABLE 160. STANDARDS OF PERFORMANCE FOR PETROLEUM 
REFINERIES IN COLORADO 

Particulates 

1 kg/metric ton 

30% opacity for greater than 3 minutes in any hour is not 
allowed. Failure to comply due to uncombined water is not 
a violation. 

Carbon Monoxide 

Discharge gases may not contain greater than 0.050% 
carbon monoxide by volume. 

Sulfur Dioxide 

Emissions may not exceed those resulting from fuel gas 
containing 230 mg/dscm of hydrogen sulfide. 

TABLE 161. SELECTED SOUTH DAKOTA INDUSTRIAL 
EMISSIONS STANDARDS 

Fuel Burning Installations 

Particulates 

0.13 kg/106 kJ of heat input 

Sulfur Oxides 

1.3 kg/106 kJ of heat input 

Nitrogen Oxides 

0.09 kg/10 6 kJ of heat input 

General Process Industries 

Particulates 

E = 55.0 pO.ll - 40 
where E = rate of emission in lb/hr 

P = process weight rate in ton/hr 
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TABLE 162. APPLICABLE WYOMING EMISSIONS REGULATIONS 

New Fuel Burning Equipment - Sulfur Dioxide 

0.09 kg/106 kJ input (applicable to coal burners) 

New Fuel Burning Equipment - Nitrogen Oxides 

0.30 kg/106 kJ input (applicable to nonlignite coal 
burners) 

Stationary Sources - Carbon Monoxide Requirement 

Stack gases shall be treated by direct flame after burner 
as required to prevent exceeding ambient standards. 

Stationary Sources - Hydrogen Sulfide Requirement 

Gases containing hydrogen sulfide shall be vented, in
cinerated, or flared as necessary to prevent exceeding 
ambient standards. 

New Sources - Particulates 

E = 17.31 p0 · 16 (for P 30 tons/hr) 

where E = maximum allowable rate of emissions in lb/hr 
P = process weight rate in tons/hr 

For a 50,000 bbl/day SRC plant 

E = 17.31 22~000 ton/day 
~24 hr/day) 0 · 16 

E = 17.31 (917) 0 · 16 
= 51.6 lb/hr= 23.4 kg/hr 

TABLE 163. ARIZONA AIR QUALITY GOALS 

Constituent Concentration 
Particulates 
Nonmethane hydrocarbons 

Carbon monoxide 
Photochemical oxidants 
Standard Conditions: 

Temperature = 16°C 
Pressure = 1.03 kg/cm2 

100 g/m3 
80 g/m3 

7 mg/m~ 
80 g/m 

765 

Remarks 

24 hr max. 
3 hr max. 
(6-9 A.M.) 
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TABLE 164. INDUSTRIAL EMISSIONS STANDARDS IN ARIZONA 

Particulate Emissions - Process Industries - General 

E = 55.0 p0 · 11-4o (E = 17.31 p0 ·16 for Phoenix-Tucson Air 
Quality Control Region) 

where: 
E = max. allowable emission rate (lb m/hr) 
P = process weight rate (ton m/hr) 

For commercial SRC plants: 

E = 55 O 202000 ton/day 11 = 75 2 lb m/hr = 165 4 kg/hr · ( 4 hr/day) -40 · · 

E = 17.31 p0 · 16 = 50.8 lb m/hr = 111.9 kg/hr (Phoenix-Tucson) 

Suflur - other industries 

Requirement: a minimum of 90% removal 

Storage of volatile organic compounds 
(for storage capacities of 65,000 gallons or greater) 

Requirement = A floating roof is required for compounds with 
vapor pressure greater than 2 lb/in2 but less than 12 
lb/in2. Equipment of equal efficiency may be substituted. 
The pressure ra~ge in metric units is from 0.1406 kg/cm2 
to 0.8436 kg/cm . 

TABLE 165. EMISSIONS STANDARDS FOR iNDUSTRIAL 
PROCESSES AND FUEL BURNING EQUIPMENT IN ALASKA 

Visible Emissions 

Particulate matter 
(coal burning equipment) 

Sulfur compounds (as so2) 

20% opacity+ 

114.4 mg/m3 

1310 mg/m3 

+Denotes that the standard may not be exceeded for a total of 
more than three minutes in any hour. 
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potentially applicable to development or operation of SRC 
facilities. 

E-6.2 

E-6.2.1 

Air Pollutants Associated with SRC 

Regulated Pollutants of Concern and Sugges
tions for Environmental Goals Relative to 
SRC Systems 

For the reasons discussed previously, the MEGs are 
probably the best suggestion for environmental goals. 
Adverse environmental effects which may become a problem 
when these concentrations are approached are found in Section 
5 of this report. 

E-6.2.1.1 Phenols 

Because of its low volatility, phenol is primarily of 
concern as a water contaminant rather than an air contaminant. 
Only in the workplace does the potential air emission of 
phenol present any health or ecological concern. OSHA 
standards limit the workplace concentration of phenol to 19 
mg/m3 . 

In Fort Lewis pilot plant studies, essentially all air 
samples showed less than 0.04 ppm of phenol and less than 
0.01 ppm of the three type of cresols. Xylenols, ethyl
phenols and other higher phenols were not detected (135). 

The highest airborne phenol concentration detected is 
0.03 mg/m3 (0.008 ppm), which is about two orders of magni
tude below the permissible occupational exposure level of 19 
mg/m3 (5 ppm) for phenol (135). 
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E-6.2.2 Alkanes, Alkenes and Aromatic Hydrocarbons 

Emission limitation of hydrocarbons from SRC facilities 
would be imposed primarily through New Source Performance 
Standards. Hydrocarbons may be emitted to the atmosphere by 
incomplete combustion, leaks in hydrocarbon by-product 
transfer, evaporation from aqueous effluent of cooling 
streams during slurry mixing, or emission of flue gases from 
coal, ~har, and oil combustion. 

Petroleum storage at refineries requires specified con
trol technology, depending upon the vapor pressure of the 
hydrocarbons. Storage vessels must be equipped with either 
a floating roof or a vapor recovery system or equivalent. 
Similar controls could, foreseeably, be imposed on SRC 
product storage. 

In addition to New Source Performance Standards, the 
National Ambient Air Quality Standards specify the maximum 
permissible atmospheric level of nonmethane hydrocarbons to 
be 0.16 mg/m3 . The enforeceability of such an ambient level 
standard has increased and will continue to increase with 
the implementation of the Clean Air Act. If nonmethane 
hydrocarbons were to be included in determining prevention 
of significant deterioration {PSD) increment limitations, 
then the building of coal liquefaction facilities in certain 
areas could conceivably be restricted on the basis of such 
ambient level regulations. 

E-6.3 Summary of Most Stringent Water Quality Standards 
(118) 

The following compilation represents the most stringent 
criteria as established by the individual states, regions, 
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and countries considered for this project. It must be 
emphasized that this compilation represents an analysis 
based on numerical considerations only; compliance with 
these criteria should, in all probability, allow construction 
at any location. However~ engineering design based on the 
following criteria may result in over design, and this 
should be considered for any cost data developed that are 
based on the criteria. 

E-6.3.1 General Criteria for Receiving Waters 

The following minimum water quality procedures should 
be applicable to all receiving waters, and such waters 
should be: 

• Free from substances that will cause the formation 
of putrescent or objectionable sludge or bottom 
deposits. 

• Free from floating debris or other floating mater
ials. (Alternate: Free from floating debris or 
other floating materials in amounts to be unsightly 
or deleterious). 

• Free from substances producing color, or odor to 
the water. (Alternate: Free from substances 
which produce color or odor in amounts to be de
leterious or to such degree as to create a nuisance). 

• Free from substances in amounts which would impart 
an unpalatable flavor to fish. 

• Free from substances which would be harmful or 
toxic to human, animal, plant, or aquatic lif~. 
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(Alternate: Free from substances in amounts which 
would be harmful or toxic to human, animal, plant 
or aquatic life). 

• Free from substances or conditions in concentrations 
which would produce undesirable aquatic life. 
(Alternate: Add to above, "Free from nutrients 
entering the waters in concentrations that create 
nuisance growths of aquatic weeds and algae"). 

• Free from toxic substances, heated liquids or any 
other deleterious substances attributable to 
sewage industrial wastes or other wastes. (Alter
nate: Add to above, in amounts which would affect 
public health or the desirability of the beneficial 
water use). 

Acid mine drainage control measure applicable to coal 
processing include: 

• Surface and ground water shall be diverted where 
practicable to prevent entry or reduce the flow 
into and through the mine workings. 

• Refuse from the mining and processing of coal shall 
be handled and disposed of in a manner so as to 
minimize the discharge of acid mine drainage to 
streams. 

• Discharge of acid mine drainage to streams shall be 
regulated to equalize the flow of daily accumula
tion throughout a 24 hour period. 
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E-6.3.2 Specific Water Quality Standards - Receiving 
Waters 

The following table illustrates specific water quality 
criteria which should apply to all waters: 

TABLE 166. SPECIFIC WATER QUALITY STANDARDS -
RECEIVING WATERS 

Substance to condition 

pH (range) 

Temperature 

Dissolved oxygen 

Color 

Turbidity 

Total coliform bacteria 

Fecal coliform bacteria 

Settleable solids 

Dissolved solids 

Oil and grease 

*JTU = Jackson Turbidity Units. 

Limitation 

7.0-8.8 (Br. Columbia) 

1C 0 Rise (Canada-Federal) 
60°F (Alaska-Washington) 
85°F (North Dakota) 

9.5 mg/l (fresh water) 

7.0 mg/l (Marine water) 
5.0 mg/l (Probable average) 

None 
15 Color units (other criteria) 

No increase 
10 JTU* (Probable average) 

50/100 ml 

10/100 mg (Domestic water 
supply) 
200/100 ml (Probable average) 

None (Essentially free) 
200 mg/l - (Pennsylvania) 

100 mg/1- (Br. Col., fresh 
water) 

None 
10 mg/l (Others) 

(continued) 
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TABLE 166. (continued) 

Substance to condition 

Radioactivity 

Odor and/or taste 

Total dissolved gas 

Hardness 

Persistent organic contamin
ants (harmful to human, 
animal, or aquatic life) 

Toxic substances 

BODs (Deoxygenating waste) 

Limitation 

Gross beta - 100 pCi/l 
Strontium - 2 pCi/l 
Radium 226 - 1 pCi/l 
Alpha emitters - 3 pCi/1 

None 
3 threshold odor number 
(Probable average) 

100% of saturation 

95 mg/l, max. 30 day average 
(Delaware River Basin 
Commission) 

Substantially absent (North 
Dakota) 

Persistant toxicants - 1/2 
of 96 hour TLM 
Nonpersistant toxicants -
1/10 of 96 hour TLM 

30 mg/1 

Table 167 below, illustrates chemical pollutants which 
should not exceed the specified concentrations at any time: 

TABLE 167. MOST STRINGENT WATER QUALITY STANDARDS 

Constituent 

Alkalinity 

Alkyl benzene sulfonate (ABS) 

Annnonia (as N) 

Concentration 

20-100 mg/l (Del. R. Basin, 
tidal waters) 

0.5 mg/l 

0.02 mg/l 
value is 

(N. Dakota; next 
0.15 mg/l) 

(continued) 
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TABLE 167. (continued) 

Constituent 

Arsenic 

Asbestos 

Barium 

Boron 

Cadmium 

Chloride 

Chlorine, 

Chromium 

Coablt 

Copper 

Cyanide 

Fluoride 

residual 

(hexavalent) 

H2S, undissociated 

Iron 

Lead 

Manganese 

Mercury 

Mercury in fish 

Nickel 

Nitrates 

Phenols 

Concentration 

0.01 mg/l 

Lowest practicable level (IJC*) 

0.5 mg/l 

1. 0 mg/l 

0.002 mg/1 ( 0.01 probable) 

10.0 mg/l ( 250 probable avg.) 

0.002 mg/l (proposed !JC) (Br. 
Col.: Below detectable limits) 

0.05 mg/l 

1.0 mg/l 

0.005 mg/l (proposed !JC; 0.10 
p~obable average) 

a. 005 mg/l 

1.0 mg/l 

0.002 mg/l (proposed IJC) 

0.3 mg/l 

0.01 mg/l (proposed !JC, Lake 
Superior; Ohio = 0.04) 

0.05 mg/l 

0.0002 mg/l (proposed !JC) 

0.0005 mg/kg wet weight 
(proposed IJC) 

0.025 mg/l (proposed !JC) 

10 mg/1 

0.001 mg/l 

(continued) 
*IJC = International Joint Conunission of the United States 

and Canada. 
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TABLE 167. (continued) 

Constituent Concentration 

Phosphorus 0.05 mg/l 

PCB (polychlorinated biphenyl), 0.00 mg/l 
total 

Selenium 

Silver 

Sulfate 

Uranyl ion 

Zinc 

0.005 mg/l ( 0.01 probable 
average) 

0.0001 mg/l (proposed IJC; 
0.05 probable average) 

250 mg/l 

5.0 mg/l 

0.03 mg/l (proposed IJC) 

E-6.3.3 Effluent Standards 

(When not specified differently by discharge permit). 
Except as otherwise noted, COD1Pliance with the numerical 
standards should be determined on the basis of 24-hour com
posite samples, and no contaminant shall exceed five times 
the numerical.standards at any time or in any one sample. 
No effluents shall contain the following: 

• Settleable solids 

• Floating debris 

• Visible oil, grease, scum, or sludge solids 

• Obvious color, odor and/or turbidity 

• Fecal coliforms, concentration greater than 
400/100 ml. 
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The following table lists concentrations of contaminants 
which should not be exceeded in any effluent. 

TABLE 168. CONTAMINANTS AND CONCENTRATIONS NOT TO BE 
EXCEEDED IN ANY EFFLUENT 

Aluminum 

Annnonia 

Antimony 

Arsenic 

Barium 

Boron 

Cadmium 

Chlorate 

Chlorides 

Chlorine, 

Chromium 

Cobalt 

Copper 

Cyanide 

Fluoride 

Iron 

Lead 

Constituent 

residual 

(hexavalent) 

Concentration 

0.2 mg/1 (Br. Columbia, one 
industry category) 

0.5 mg/l (Br. Columbia, 
tentative) 

0.05 mg/l (Br. Columbia, one 
industry category) 

0.05 mg/l 

1.0 mg/l 

1. 0 mg/l 

0.005 mg/l (Br. Columbia) 

50 mg/1 (Br. Columbia, one 
industry category) 

250 mg/l 

0.2 mg/1 (Br. Columbia, one 
industry category) 

0.05 mg/l 

0.1 mg/l (Br. Columbia, one 
industry category) 

0.05 mg/l (Br. Columbia) 

0.02 mg/l 

1. 0 mg/l 

0.3 mg/l 

0.05 mg/l (Br. Columbia) 

(continued) 
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TABLE 168. 

Constituent 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrites (N) 

Nitrogen 

Phenols 

Phosphorous 

Selenium 

Silver 

Sulfate 

Sulfides and mercaptans (~) 

Urea 

Zinc (Ohio at hardness 80 
mg/l as Caco3) 

BOD5 

COD 

Temperature, maximum 

(continued) 

Concentration 

150. mg/l (Br. Columbia, for 
fresh water; one industry 
category) 

0.05 mg/l (Br. Columbia) 

0.001 mg/l (Br. Columbia, 
tentative) 

0.50 mg/l (Br. Columbia, one 
industry category) 

0.2 mg/l (Br. Columbia) 

10.0 mg/l (Br. Columbia, for 
several industry categories) 

2.5 mg/l - April-October 
4.0 mg/l at other times 

0.005 mg/l 

1. 0 mg/1 

0.01 mg/l 

0.05 mg/l 

50 mg/l (Br. Columbia) 

.011 mg/l (Br. Columbia, one 
industry category) 

1.0 mg/1 (Br. Columbia, one 
industry category) 

0.075 mg/l (usual 0.1) 

30 mg/l (deoxygenating wastes) 

125 mg/l 

90°F (Br. Columbia, several 
industry categories) 

(continued) 
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TABLE 168. 

Constituent 

Turbidity 

Solids: Total 

Dissolved (Total) 

Suspended 

Oil 

Persistent pesticides 

Dissolved oxygen (nontidal 
streams) 

Toxicity 

pH** 

(continued) 

Concentration 

10 JTU (Br. Columbia, several 
industry categories) 

1500 mg/1 (Br. Columbia, several 
industry categories) 

1000 mg/1 (Delaware R.B.C.*) 

25 mg/l (Canada-Federal) 

10 mg/l (Delaware R.B.C.) 

Not to exceed 1/100 of TL 
value at 96 hours appropr~Rte 
bioassay test (Delaware R.B.C.) 

Not to reduce dissolved oxygen 
content of receiving water by 
more than 5% (Delaware R.B.C.) 

50% max. mortality in 96 hours 
appropriate bioassay test with 
1:1 dilution (Delaware R.B.C.) 

6.5-8.5 (Br. Columbia, several 
industry categories) 

*R.B.C. = River Basin Conunission 
**The pH limitation should not be subject to averaging and 

should be met at all times. 

E-6.3.4 Other Water Quality Criteria 

Criteria include the following: 

• Waste treatment ponds - lagoons containing toxic 
substances or petroleum products must be lined. 

• Nondegradation - waters whose existing quality is 
better than the established standards shall not be 
lowered in quality. 
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• Aesthetic values shall not be reduced by dissolved, 
suspended, floating or submerged matter so as to 
affect water usage. 

E-7 Siting Considerations 

Basic siting considerations involved in the use of the 
joint site selection and impact assessment methodology, 
discussed in the text (Section 5.0), are detailed in the 
ensuing paragraphs. Existing state land use requirements 
that may be important in the development of the synfuels 
technology are shown in Table 169. Finally, the details of 
the integration of impact assessment with the site selection 
process are present in relation to recognized stages in 
current site selection procedures. 

E-7.1 System Planning and Design 

System planning and design refer in part, to the 
development of preliminary coordination with federal, state 
and local agencies in the region of interest as to the 
information concerned with: existing water, air, and land 
quality and use; identification of potential water use, 
water rights and other conflicts; identification of critical 
natural areas and air quality control regions, and a host of 
other activities. These informational contacts will save 
much time and effort in establishing the necessary working 
relationships at later stages, and also provide a basis for 
identifying additional constraints or exclusions to siting 
in a given region. 

Implicit in the system planning category is the develop
ment of design features that relate to the environmental, 
health, and safety issues considered unique to the coal 

778 



TABLE 169. STATE LAND USE PROGRAMS (172) 

Type of program 
Coastal Wetlands Power Surface DHigna- Diffenn- Flood- Statewide 

State Comprehen- Coordinatedb Mandatory zone manage- plant f miningl tion of tial as- plain Shore 
sive pemit Incremental local mana~c- mente siting critical ses-ent •ana,e- lanQs 
systems Planning c areash laws1 ment ment Act 

Alabama x x A x 
Arizona x x A x 
Colorado x x x A x 
Illinois x x A,B B x 

, 

Indiana x x A,B A x 

Kentucky x A,B B 

lfaryland x x x x A,B x B x 
Montana x x x A,B x B x x 
New Mexico x x A A 

North Dakota x A A 

Ohio x x A B 

Pennsylvania x x x " x B 

South Dakota A x A 

Tennessee x A,B 

Utah ·X A B 

Vir1tinia x x x A,B B 

\lest Virginia A,B x 
\lyomlng x x x A A 

a State has authority to require permits for certain types of development. 
b State-established mechanism to coordinate state land-use-related problems. 
c State requires local governments to establish a mechanism for land use planning (e.g., zoning, comprehensive plan, plannin~.commissions 
d State is participating in the Federally funded coastal zone management program authorized by the Coastal Zone Management Act of 1972. 
e State has authority to plan or review local plans and the ability to control land use in the wetlands. 
f State has authority to determine the siting of powerplants and related facilities. 
g State has statutory authority to regulate surfa~e mines. (A) State has adopted rules and regulations; .CB) State has issued technical 

guidelines. 
h State has established rules, or is in the process of establishing rules, regulations, and guidelines for the identification and 

designation of areas of critical state concern (e.g., environmentally fragile areas, areas of historical significanc~). 
i State has adopted a tax measure which is designed to give property tax relief to owners of agricultural or open space lands. (A) 

Preferential Assessment Program: Assessment of eligible land is based upon a selected fonnula, which is usually use value, 
(8) Deferred taxation: Assessment of eligible land is based upon a selected formula, which is usually use vaLue and provides 
for a sanction, usually the payment of b~ck taxes, if the land is converted to a non-eligible use. (C) Restrictive Agreements 
11ent of back tal"es if the owner vfolates the terns of the agreement. · 

j State has legislation authorizing the regulation of floodplains. 
k State has le1ialation authorizin& the regulation of ahorelanda of 1ignificant bodies of water. 



liquefaction process; these include: the development of in
dustrial hygiene programs and operating safeguards for sus
pected carcinogens and related hazardous substances important 
to human health; the testing and development of equipment 
and hardware that mitigate the health and other effects of 
fugitive emissions; the development of effective plans for 
the disposal of sludges and solid wastes, and the prepara
tion of plans for coping with spills of toxic and hazardous 
substances (142). By their assorted natures; these efforts 
will require close interagency coordination and effective 
cooperation with relevant industrial groups. For example, 
one company found a way to circumvent the use of engineering 
controls on workplace noise by the use of personal hearing 
protection; this resulted in estimated annual savings per 
worker of $3080 (173). 

Detailed discussions of the significance of the EPA 
offset policy and the PSD regulations of the Clean Air Act, 
the implications of the 1977 amendments to the Clean Water 
Act, the Resource Conservation and Recovery Act, and the 
Toxic Substances Control Act were presented in a previous 
report (43). 

Design considerations can be important with respect to 
intake structures for the diversion of surface waters for 
use in cooling towers. As pointed out elsewhere (138) con
sideration should be given to the location, design, construc
tion and capacity of water intake structures, especially 
cooling water intake structures, to insure that such struc
tures reflect the best technology available for minimizing 
adverse environmental impact. 
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Key environmental factors influencing impingement or 
entrapment are water temperature and velocity, light inten
sity, fish concentration and behavioral patterns, low dis
solved oxygen concentrations, the presence of toxicants, 
relative location and construction details of the intake 
structure, and the location of the intake in relation to the 
bottom, shoreline, and water surface (43). In situations 
where the intake water is filtered through the river bed 
(e.g., the Ranney Collector System) fish life will not be 
impaired (138). 

E-7.2 Regulatory Standards and Criteria 

All SRC liquefaction sites must meet the federal, 
state, and local environmental requirements for air, water, 
land (solid wastes), products and by-products, nonchemical 
pollutants (noise and thermal factors) and hazardous wastes 
and toxic substances during the constructional, operational, 
and post-operational phases. These factors represent a 
significant portion of the several areas of conflict that 
have arisen between federal and industrial groups since the 
adoption of the 1977 amendments to the Clean Air and Clean 
Water Acts. Subcategories of the so-called regulatory 
imperative include the following: 

• The effect of the emissions and effluents resulting 
from construction and operation of the plant on 
the environment. 

• The effect of the environment (e.g., floods, 
tornadoes, earthquakes, etc.) on the facility. 

Because of this dichotomy, it is understandable how these 
two subcategories interact significantly with design, engineer
ing, economic, and institutional factors (144). 
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E-7.3 Engineering Factors 

Engineering factors come into play both in terms of the 
site related and the technical design factors .. Site related 
factors must be well researched in order to make effective 
use of technical design factors and vice versa, both during 
the construction and operation of the synfuels facility. 
For example, slope and topography dictate the degree of 
environmental protection required during clearing and grading 
operations; these factors are also important in terms of the 
amount of borrow soils needed for fills, the size of borrow 
pits and soil stockpiles, engineering geology, soil stability 
under foundations, and the suitability of the subsurface 
soils for impoundments, cooling ponds, and wastewater disposal 
ponds. The number and complexity of site related factors to 
be considered depends upon the stage of siting and the need 
for site specific impact assessments. Fqr example, deficienc
ies in site related factors relative to environment/impinge-

, 

ment can be overcome by use of sometimes costly engineering 
designs. 

In general, the most important engineering design 
factors relate to an abundant supply of coal and water, with 
an ample transportation infrastructure (including pipelines) 
to move coal feedstock, the products and by-products, and 
the solid wastes to their destined places. Other design 
factors include: seismology and structural details; soil 
permeability beneath solid waste disposal sites; land access 
and acquisition; availability of construction materials and 
labor; general layout of plant and auxiliary units, and the 
preparation of erosion and sediment control and related 
plans during the construction phase. 
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E-7.4 Natural Environment - Abiotic and Biotic 
Considerations 

The physical, chemical and biological features of 
specific areas must be well understood if detailed impact 
assessments are to be made, as in Stage 3 of the siting 
process. During Stage 1, interest centers largely on the 
identification of natural land reserves and federal lands, 
the location of adequate coal reserves and water, and the 
potential for intrusion into sensitive ecosystems or en
dangered species. In Stage 2, seismic, climatic, hydrologic, 
topographic, and surficial geology factors are among the 
most crucial. 

E-7.4.1 Abiotic· (Physical) Considerations 

Abiotic features essentially determine the structure 
and diversity of aquatic and terrestrial ecosystems, as well 
as the dispersion of contaminants in air, water and on the 
land. Among these latter items are: surface water supply 
and its quality; groundwater supply and quality; stream low
flows; air dispersion and stream flushing patterns; existing 
air quality; land drainage patterns and related hydrologic 
features, and natural landmarks, trails and scenic rivers. 
The generic interaction of these factors with each other, 
and with biotic features was discussed in an earlier report 
(43) for a specific site. 

E-7.4.2 Contamination of Groundwater with Regard 
To Coal Liquefaction 

Two major potential sources of groundwater pollution 
associated with the SRC system are surface impoundments of 
various liquids and solid waste landfills. Impoundments in 
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the form of tailings ponds or sludge dewatering lagoons are 
surface depressions in which waste fluids are pumped or 
drained to the pond via pipeline or drainage ditch. The 
suspended solids then settle to the floor of the pond and 
the remaining portion (effluent) is either reused, discharged 
into local surface water, or spread on land. As the solids 
settle, the pond fills with sediment and is either abandoned 
or dredged to create new storage space. 

Seepage is the most prevalent source of groundwater 
contamination from ponded wastes. Other routes by which 
impoundments may contribute to pollution problems are through 
pond overflow and dike leakage, both of which can recharge a 
local aquifer with contaminated water. Also, prior to 
abandonment of the waste site, failure to properly cover the 
area (thus preventing or limiting the rainfall infiltration) 
could result in the area continuing to be a contamination 
source. 

Solid waste land disposal sites associated with SRC 
systems can also be sources of groundwater contamination, 
because of the generation of leachate caused by water percol
ating through the refuse. Precipitation falling on a site 
either becomes runoff, returns to the atmosphere via evapora
tion and transpiration (water use by plants), or infiltrates 
the refuse. This infiltrating water ultimately will form 
leachate containing soluble and suspended contaminants. 

The process of leachate formation and subsequent 
groundwater contamination is dependent upon the amount of 
water which passes through the refuse. Water which infil
trates the surface of the cover will first be subject to 
evaporation and plant transpiration. Any water in excess of 
field capacity will percolate through the layers of solid 
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waste. Additional surface runoff from the surrounding land, 
moisture contained in the solid or liquid waste placed in 

the fill, moisture from solid-waste decomposition, and water 
entering through the bottom or sides of the site also con
tribute to the generation of leachate. 

Figure 118 illustrates the flow of contaminants from a 
surface source such as a disposal pit, lagoon, or basin. 
Note that the contaminated water flows downward to form a 
recharge mound at the water table and then moves laterally 
outward below the water table. 

~~=--4 . 
ZONE OF AERATION Il.Wimni\/t 

&·.tt':··>:: .......-RECHARGE MOUND 

·- t - a=" 

----------------~~~~~-------------=-----~--~-===-=--::::::~-::::-~CONFINING 1BED:----_-_-_-_-_-_--------~ =--- - - - - - - - - - - - - - - - -- -~~-_-:_-_-_-_-_-_~~~-~ 

Figure 118. Diagram showing percolation of contaminants 
from a disposal pit to a water-table aquifer (43) 
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Figure 119 indicates contaminant movement from a surface 
stream or lake to a nearby pumping well. The drawdown of 
the water table induces recharge of surface water to ground
water. Thus, continuous pumping from municipal water supply 
wells located adjacent to a polluted stream may lead to the 
contamination of the water supply. 

E-7.4.3 Mechanism of Contamination 

Contaminants in groundwater tend to be removed or 
lowered in concentration with time and with distance traveled. 
Mechanisms involved include adsorption, dispersion, dilution, 
and decay. The rate of attenuation is a function of the 
type of contaminant and of the local hydrogeologic framework. 
Attenuation in an aquifer is extremely slow as is the movement 
of groundwater (typically less than 0.6 m/day). Therefore, 
contaminants within the groundwater system do not mix readily 
with native water and move as: (1) individual bodies or 
slugs (e.g., caused by intermittent filling of and seepage 
from wastewater impoundments); (2) local plumes (e.g., 
caused by continual flow of leachate from beneath a landfill 
toward a pumping well); and (3) masses of degraded water 
(e.g., caused by a large number of septic tanks discharging 
nitrate-enriched water which travels with the regional 
groundwater flow pattern). 

Specific statements cannot be made about the distances 
that contaminants will travel because of the wide varia
bility of aquifer conditions and types of contaminants. 
Also, each constituent from a source of contamination may 
have a different attenuation rate, and the distance over 
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Figure 119. Diagram showing how contaminated water can be 
induced to flow from a surface stream to a well (43) 
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which contamination is present will vary with each com
ponent. Yet, certain generalizations can be made. For 
fine-grained alluvial aquifers, contaminants such as bac
teria, viruses, organic materials, pesticides, and most 
radioactive materials, are usually removed by adsorption 
within distances of less than 100 m. However, most conunon 
ions in solution move unimpeded through these aquifers, 
subject only to the slow processes of attenuation. 

A hypothetical example of a waste disposal site is 
shown in Figure 120. Here groundwater flows toward a 

river. Zones A, B, C, D, and E represent essentially stable 
limits for different contaminants resulting from the steady 
release of liquid wastes of unchanging composition. Con
taminarrts form a plume of contaminated water extending 
downgradient from the contamination source until they 
attenuate to acceptable quality levels. 

The shape and size of a plume depend upon the local 
geology, the groundwater flow, the type and concentration of 
contaminants, the continuity of waste disposal, and any 
modifications of the groundwater system by man, such as well 
pumping. Where groundwater is moving relatively rapidly, a 
plume from a point source will tend to be long and thin; but 
where the flow rate is low, the contaminant will tend to 
spread more laterally to form a somewhat wider plume. 
Irregular plumes can be created by local influences such as 
pumping wells and variations in permeability. 

In marked contrast to surface-water pollution, ground
water contamination may persist for years, decades, or even 
centuries. The average residence time of groundwater is on 
the order of 200 years; consequently, a contaminant which is 
not readily decayed or sorbed underground can remain as a 
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DOWNSTREAM LIMIT 
OF CONTAMlNANTS 

Figure 120. Plan view of a water-table aquifer 
showing the hypothetical areal extent to which specific 

containmants (represented by the Letters A, B. C, D and E) 
of mixed wastes at a disposal site disperse and move) (43) 
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degrading influence on the resource for indefinitie periods. 
Comparable residence time for water in a stream or river is 
on the order of 10 days. Controlling groundwater contamina
tion, therefore, is more difficult than controlling surface 
water contamination. Underground contamination control is 
best achieved by regulating the source of contamination. A 
seconary control is physical entrapment and, when feasible, 
removing the contaminated water from the underground. 

E-7.4.4 Geology (Abiotic) 

The U.S. Soil Conservation Service and most state 
geological surveys provide various criteria for large-scale 
site screening and impact assessments. One of these is the 
slope from which estimates can be made of the amount of soil 
and rock materials to be moved. Some states require that 
routine estimates of the area and volume of cuts and fills 
shall be included in the erosion and sediment control plan 
as a contingency to the granting of a construction permit. 
Included with the latter is an estimate of the location and 
extent of borrow pit areas. As a matter of fact, the regula
tory process incurs many costs, referred to as transaction 
costs (115). These include the costs of hearings and public 
meetings, costs of time losses resulting from unresolved 
issues of various kinds, and costs incurred for environmental 
monitoring and baseline surveys at specific sites (115). 

E-7.4.5 Soil Factors 

Soil organic matter is capable of reacting with, or 
chelating a number of elements, possibly by the carboxyl or 
phenolic hydroxyls, especially in chelation. There appears 
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to be at least three different sites for the absorption of 
zinc. Copper, tin (II), and lead are especially strongly 
bonded by humus, so much so that many peaty soils contain 
too little soluble copper to support the growth of crops. 
Zinc is less strongly bonded and can be leached from certain 
organic soils by solutions of pH less than 5. Manganese 
(II), calcium, magnesium, and the alkali metals are readily 
leached out (174). 

The amount of phosphate organically bound in soils can 
vary from 25 to 85 percent. Germanium, molybdenum, selenium, 
uranium and vanadium may be retained by alkaline peat while 
borate, sulphate and nitrate are not retained. Bromine and 
iodine may be strongly absorbed by humus from the atmosphere 
and from solution (174). 

The small organic molecules present in soils include 
the common amino acids, acetic, butyric, citric, formic, 2-
ketogluconic, malic, oxalic, tartaric and a variety of 
lichen acids. The main effects of these acids are to lower 
the pH of the soil solution, to increase the rate of dis
solution of primary minerals, and to chelate and so render 
more soluble many elements such as aluminum, copper, iron, 
nickel, phosphorous and zinc (174). 

Oxidation and reduction of arsenic, iodine, molybdenum, 
selenium, tellurium, uranium and vanadium are known to occur 
in soils. In well-drained soils which are rich in nitrates, 
As (III) is transformed to As(IV), Se(IV) is changed to 
Se(VI), Te(IV) gives Te(VI) and even I(l) can be changed to 
I(V). On the other hand in more or less reducing conditions 
As(Ill), Se(IV), and Te(IV) may be changed to the elemental 
form or to volatile di- or trimethyl forms. The soil fungus, 
Scopulariopsis brevicaulis, can reduce arsenite to trimethyl-
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arsenic and the soil bacteria, Micrococcus lactilyticus, 
reduces the higher oxidation states of many elements including 
As, Fe, Mn, Mo, N, S, Se, and Te (174). 

The most important surface soil properties affecting 
the potential distribution, and/or ecotoxicological effects 
of inorganic and organic contaminants, relate to the effec
tiveness of the organic and inorganic (clay) colloids in 
sorbing or trapping potentially toxic substances, soil pH, 
percolation rate, level of organic matter, and the activity 
of microorganisms. 

The greater adsorptive capacities of the fine particles 
of clay and silt (i.e., particle diameters of one micron or 
less) compared to sand particles is widely recognized. Soil 
colloids are described as complex aluminosilicates coated 
with organic substances, broadly referred to as humic com
plexes; these organoaluminosilicate complexes exhibit 
selective ion adsorption. Many mineral colloid surfaces are 
covered with a coating of hydrous oxides of iron and man
ganese. These exist in amorphous or microcrystalline forms 
and in themselves exhibit a high specific surface area; up 
to 300 square meters per gram. The oxygen and hydroxyl 
groups of the hydrous oxides exert electrical charges which 
are pH dependent. Therefore, their capacity for sorption is 
pH dependent. 

The dissolution and deposition of the coatings are also 
dependent upon the oxidation-reduction (redox) potential in 
the system. This parameter then becomes indirectly impor
tant in the adsorption or desorption of heavy metals. Sorp
tion and desorption of metals further depends upon their 
concentrations in the percolate and upon the ones present. 
As with clays, there is an order of selectivity in adsorp-
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tion. It is quite possible, however, that some heavy metals 
may move into the groundwater system prior to the exhaustion 
of exchange capacity. 

for the 
type. 

In general, the amount of negative charge and surface 
clays is dependent on the clay type, being lowest 
kaolinite type and highest for the montmorillonite 

The negatively charged points of the clay surface 

area of 

hold cations (which carry a positive charge) by electro-
. static and van der Waals forces. Usually the attraction is 
proportional to the positive charge on the ~ation. The 
upper limit for fixation of cations is referred to as the 
cation exchange capacity (CEC), and that of anions is known 
as the anion exchange capacity (AEC) (175). When the cation 
saturation point is reached, the percolate composition will 
remain stable. Factors affecting CEC and AEC include soil 
solute concentration, pH, and percolation rate. Thus, no 
quantitative predictions of the sorption characteristics can 
be made short of a site~specific analysis. 

Recent work by Johnson and Cole (181) indicates that 
anion production (HC03) and leaching (N and P) can be used 
effectively as an index of total ionic leaching through 
soils. In general, the order of affinities of major anions 
is P043-, so42-, Cl-= N0 3-. Highly weathered iron and 
aluminum-rich soils have higher adsorption capacities than 
the younger iron and aluminum-poor soils. 

E-7.4.6 Microclimatic Changes Resulting from the 
Construction and Operation of SRC Plants 

As much as 160 x 1012 joules of heat. could be lost to 
the environment during each day that a commercial-sized SRC 
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plant is in regular operation (43). In an effort to estab
lish once for all whether the release of heat from power 
plants and moisture from natural draft cooling towers and 
cooling ponds can affect local climates, the U.S. Department 
of Energy launched the so-called METER program in.1976 at 
four coal-fired power plants in the U.S. These results, 
though useful, cannot be expected to produce an accurate 
assessment of localized climatic effects of the heat release 
from an operating SRC plant. In the second place, the 
precise location of the operating SRC plant will be critical. 
For example, if located near large metropolitan areas, such 
plants would not likely exert any measurable impacts on 
local climates since they would form but a fraction of the 
total heat island. If located in remote areas the impacts 
of heat release would be controlled largely by the air 
dispersion characteristics of a specific site. According to 
the AFDP report (138), the introduction of inadvertent 
changes in local or regional weather patterns through the 
construction and operation of synthetic fuel plants, inten
sive surface mining, and other conjunctive developments 
warrants careful consideration. Even slight changes in 
rainfall could be significant in areas where agriculture 
relies on marginally adequate rainfall or snowmelt. 

The most frequently cited factor associated with inad
vertent climate modification is the increasing carbon dioxide 
(co2) content of the atmosphere (182). The observed steady 
growth in carbon dioxide concentration is attributed to the 
rapidly increasing use of fossil fuels since the turn of the 
century. Although the potential effects of atmospheric 
carbon dioxide on global temperature and climate have serious 
implications (the greenhouse effect through which the tempera
ture could increase), no significant localized or regional 
weather effects from carbon dioxide emissions are anticipated 
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from synthetic fuels development, due to the relatively 
small quantity of carbon dioxide expected to be produced 
from synthetic fuels production in relation to production 
from other sources. However, the co2 emission from several 
point sources within the standard SRC plant and auxiliaries 
is estimated to be about 13,000 Mg/day (43). 

The precise role of airborne particulates and other 
aerosols emanating from synthetic fuels facilities with 
regard to weather modifications cannot be determined com
pletely. Their influence on the amount of short-wave solar 
radiation is well established and has imp9rtant implications 
both on a global (182) and regional scale. In principle, 
aerosol particles could also act as condensation nuclei and 
either enhance or inhibit rainfall. A considerable body of 
knowledge regarding cloud seeding has been built up over the 
past 25 to 30 years (182) and numerous precipitation manage
ment programs are in progress, notably in the U.S., Australia, 
Israel and the Soviet Union. While certain aspects of 
intentional weather modification are still regarded as 
controversial, it is generally recognized that artifical 
nucleation can be effective in producing increases or redis
tributions of precipitation under very specific meteorological 
conditions and through the use of appropriate techniques. A 
definitive answer as to whether or not a local increase in 
the concentration of atmospheric aerosols resulting from 
dust or industrial emissions would cause a significant 
change in precipitation patterns cannot be given (176). A 
few instances of anomalous snowfalls have been recorded; 
industrial and urban emissions are thought to be instrumental 
in producing generally light snowfalls in these cases (176). 
An increase in cloudiness due partly to the aerosol condensa
tion nuclei and partly to the heating effect of cleared 
surface areas appears to be a more likely regional phenomenon 
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than persistent alterations in precipitation characteristics. 
This could affect the enjoyment of scenic views by the 
recreational sightseers. Differences in climatic conditions 
and the nature of the airborne particulates could make this 
a more severe problem in the Four Corners, Powder River and 
Fort Union Regions than in the Eastern Interior or Appalachian 
Regions ( 43). 

Many studies (176) have indicated that precipitation is 
increased downwind of power generating facilities and other 
industrial complexes. Usually, this increase takes the form 
of increased severe storms; this may be due to a thermal 
effect caused by heat losses to the atmosphere or to an in
creased particulate count. Such an effect is possible in 
remote areas downwind of a commercial-sized SRC facility. 
If an increased pr.ecipitation occurs on a local basis, two 
detrimental effects are possible. First, since most rainfall 
of greater than 1.25 to 2.5 cm does not increase crop yield 
but rather 1eads to erosion (176), the.area receiving an in
creased rainfall could be damaged due to increased erosion, 
hail, lightning damage, etc. Second, the weather modifica
tion induced by the industrial facility may lead to a deple
tion in the moisture content of the air due to the increased 
precipitation immediately downwind of the facility. This 
latter effect could lead in some regions to partial drought 
conditions further downwind of the plant. 

Drift of the vapor plume from the cooling tower could 
promote fogging and icing conditions. If this drift occurs 
near highways, hazardous driving conditions could result. 
As a rule, this action is limited to a 610 to 910 meter 
radius from the tower (43). 
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E-7.4.7 Biotic Considerations 

Biotic features become increasingly important starting 
about midway through Stage 2 and into Stage 3 where detailed 
information on aquatic and terrestrial ecosystems is collected 
via baseline inventories at specific sites. Biotic considera
tions of greatest concern usually relate to threatened and 
endangered species, sensitive ecosystems, value of habitats 
for fish and wildlife, and the plant and animal species 
making up the agroecosystems. 

The activities of soil microorganisms must be recog
nized in predicting the movement and composition of leachates. 
For example, under anaerobic soil conditions, microbes may 
convert trace elements to the less mobile sulfides. On the 
other hand, these activities under aerobic soil conditions 
may facilitate leaching of trace elements with subsequent 
passage into lower layers. The downward movement of trace 
elements in the soil column is a function of cation exchange, 
Eh, pH, and organic colloids. Trace elements with vacant d
orbitals, such as Cu, Zn, Fe, Mn, and Mo tend to be bound to 
soil organic matter. On the other hand, acidic soils tend 
to have high trace element availabilities (e.g., Mn and Ni) 

to the roots of crop plants. For selenium, the availability 

to plant roots in neutral to alkaline soils is reported to 

be greater than that in acidic soils, directly opposite to 

Mn and Ni. 

Table 170 shows some of the abiotic and biotic factors 
influencing the environmental transport of trace elements in 
soils. Key factors are the availability of trace elements 
for uptake and potential bioaccumulation by plants, ability 
of trace metals to travel through soil to groundwater, and 
the immobilization of trace metals in surface layers of soil 
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TABLE 170. INTERACTIONS OF SELECTED ELEMENTS IN SOILS (43) 

Solubilized by Poor soil 
Microbes capable of Bound by soil acid production drainage increases 

Element changing chemical form organic matter or chelation availability 

Aluminum + 
Antimony + 
Arsenic + + 
Barium + 
Beryllium + 
Boron - {b) + 

"' Bromine + 
'° co Cadmium + + 

Calcium + {a) 
Chromium + + 
Cobalt + + + 
Copper + + + 
Gallium + (e) 
Germanium + 
Iodine + + 
Iron + + + 
Lead + + + 
Magnesium + (a) 
Manganese + + (a) + + 

(continued) 
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TABLE 170. (continued) 

Microbes capable of Bound by soil 
Element ; changing chemical form organic matter 

Mercury + 
Molybdenum + + 
Nickel + 
Nitrogen + - (c) 
Phosphorous + 
Plutonium + 
Selenium + + 
Silicon + 
Sulfur + - (d) 
Tellurium + 
Thallium 
Tin + + 
Titanium + 
Uranium + + 
Vanadium + 
Zinc + + (a) 
Zirconium + 

(a) Relatively easy to leach from soil organic matter. 
(b) As borate. 
(c) As nitrate. 
(d) As sulfate. 
(e) Not in all cases. 

Solubilized by 
acid production 
or chelation 

+ 

+ 

+ 

+ 

+ 

Poor soil 
drainage increases 
availability 

+ 
+ 

+ (e) 

+ 



from which it can be transported to nearby ecosystems by 
surface runoff, erosion, or wind blown dust. Most nonpoint 
pollution sources can be attributed to the transport of 
contaminated sediments. Most cationic trace metals are 
immobilized in soil and are present in concentrations which 
could not pose a threat of groundwater contamination unless 
they are metylated (e.g., Hg), but anionic groups may pose a 
potential hazard. A thoretical study of the potential 
impact of coal gasification plant on the trace element 
levels in soils surrounding the plant after 40 years of 
operation identified copper, mercury, molybdenum, and tin as 
elements whose endangerous soil levels would be greatly 
exceeded (177). 

E-7 .5 Socioeconomic and Sociocultural Considerations 

As pointed out elsewhere (138), a series of effects on 
the human environment can be expected to result directly 
from the construction and operation of a synethtic fuels 
facility; these include economic, demographic, geographic, 
social, cultural, land use, and water use effects on target 
community (138). Table 171 (column two) shows the total im
pact scores derived for six different candidate sites by use 
of a formalized numerical rating and weighting system (144). 
Thirteen different types of specific impacts constituted this 
analysis, as shown in the footnote section of Table 171. The 
application of formalized numerical rating techniques requires 
the use of the following (144): 

• Development of a hierarchical structure or matrix 
for assessing impacts on the human and natural 
environments 
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TABLE 171. ENVIRONMENTAL IMPACT ANALYSIS - MOST SIGNIFICANT SPECIFIC 
IMPACTS OF POWER PLANT CONSTRUCTION (144) 

HIGHEST INTERMEDIATE LOW LOWEST 
Sites-In Order of Total Type Percent- Type Percent- Type Percent- Type Percent-
Increasing Total Impact of age of of age of of age of of age of 

Impact Scores Impact Site Total Impact Site Total Impact Site Total Impact Site Total 

1 - Cooling tower 264 A* 16. G* 14. H* 11. I* 9. 

3 - Cooling pond 522 B* 19. H* 14. C* 12. G* 7. 

5 - Cooling tower 526 C* 16. A* 14. K* 12. B* 9. 

2 - Cooling pond 596 D* 20. F* 19. L* 11. E* 6. 

6 - Cooling pond 715 E* 13. I* 10. A* 10. B* 7. 

4 - Cooling tower 1000 F* 12. J* 12. E* 12". M* 9. 

*Specific Impact Types (Partial Listing) 

A - Transmission Line Construction H - Visual Exposure 
B - Loss of Recreational Land I - Construction Activity 
c - Surf ace Water J - Damming and Ponding 
D - Uniqueness of Habitats K - Dissolved Solids Release 
E - Loss of Natural Habitats L - Irreversible Loss of Land Area 
F - Displaced Homes M- Increased Turbidity Surf ace Water 
G - Icing of Flora 



• Assignment of values to the perceived impacts 

• Application of specific impact models for combining 
specific impacts into a composite value for total 
impact, usually by use of a computer (144). 

Two examples will illustrate the use of a specific impact 
models, with reference to impact types "D" (uniqueness of 
habitat) and "F" (displacement of homes) shown in Table 171, 
as follows (144): 

• "Uniqueness of habitat" is described as the per
centage of such habitat occuring at the site as 
compared to similar unique habit~ts within a 
15-mile radius of the site. 

• "Displacement of homes" is described by the number 
of dwellings impacted by the site acquisition. 

In Table 171 impact types A through H made the greatest 
contribution to total impacts at the six candidate sites. 

An important contribution to the methodology for assess
ing adverse and beneficial impacts resulting from the con
struction and operation of synthetic fuels (i.e., coal con
version) technologies, relates to the Site Evaluation for 
Energy Conversion Systems methodology (SELECS) developed for 
the U.S. Department of Energy (DOE) by the Center for the 
Environment and Man (CEM) (178). After reviewing more than 
30 impact methodologies, and three major environmental impact 
statements related to energy resource development, CEM 
established eight criteria that an impact methodology should 
meet, developed an underlying rationale, and prepared a 
User's Guide for organizing and presenting the numerical 
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results in the so-called Level 1 SELECS methodology (184). 
In the forthcoming report, CEM will outline two additional, 
more complex levels suggested for future development. Level 
2 would be computer-automated and would provide numerical 
ratings for the four categories of a project: construction, 
operation, shutdown, and post-shutdown. The Level 3 SELECS 
methodology would address air and water quality, water 
supply, and community services at potential sites (178). 

Impacts resulting from the interplay between the primary 
industry development impacts and the multitude of community 
variables are referred to as end impacts and include the 
following items: 

• Changes in traditional local life styles 

• Changes in local economic functions 

• Job opportunities and wage scales for qualified 
local residents relative to those for the local, 
long established core activities 

Changes in local government finances 

• Changes in local crime rate 

• Changes in local markets and prices for essential 
goods and services 

• Indian land ownership relative to coal 

• Local water rights and water allocation conflicts. 

803 



During Stage 2 of the process, it is essential that a 
broad array of socioeconomic and sociocultural factors be 
included in the considerations to be screened. For example, 
public attitudes about the compatibility of a synfuels plant 
with the local infrastructure, and the public perception of 
the environmental and economic benefits of a synfuels plant 
ought to be identified as early as possible in Stage 2 at 
the local level. The necessary intergovernmental and in
dustrial cooperation/coordination required to assist local 
groups to cope with some of the key issues, both in the 
short- and long-terms would be essential in Stage 2. As the 
number of potential sites is narrowed, sufficient lead time 
would be available to launch the programs necessary to 
resolve conflicts so that Stage 3 would result in more clear 
cut selection of the most suitable sites (138,144). 

Existing state land use programs that may be useful in 
coordinating the planning of synfuels development are shown 
in Table 169, there are no extant federal statutes for this 
purpose (138,144). At the local level, zoning ordinances 
and master plans are often available to coordinate various 
land uses. 

Another aspect of the land use issue refers to the 
prime farmland concept of the U.S. Department of Agriculture. 
Prime farmland is defined as soil associations considered 
best suited to the production of food, forage, fiber and 
oilseed crops, based on soil characteristics that include 
soil fertility, soil moisture and other physical criteria. 
The proper combination of these criteria, when applied to 
specific soils so as to produce sustained high yields of 
crops, can result in such soils being designated as prime 
farmland (43). Agricultural lands and water uses could be 
lost to other uses such as community expansion synfuels 
plants and other uses. 
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Finally, a U.S. Department of Housing and Urban Develop
ment {HUD) program to achieve management of the nation's 
flood plains requires state and/or local assurances that 
efficient land use policies, as established by HUD criteria, 
be adopted and enforced to regulate land use and future 
development in these areas. The program would provide 
insurance at subsidized rates on certain existing structures 
and their contents, but would serve as a deterrent to con
tinued, unregulated construction in designated flood prone 
areas (43). 

E-7.6 Institutional Factors 

Institutional factors exert both direct and indirect 
effects on the overall siting process. More than 17 states 
now require the submittal and approval of plans for mitigat
ing soil erosion and overland flows of surface runoff as a 
prerequisite to granting construction permits. This situa
tion characterizes many environmental approvals and site 
certifications presently required at various levels of 
government. 

As described in a previous report (43) both the owner 
and the constructor of a coal conversion facility must be in 
compliance with more than 14 federal approvals, and obtain 
more than 15 state and local certifications and permits 
before commencing construction operations (43). In addition 
to this are the extant federal land management plans of the 
bureaus of Land Management and Indian Affairs (USDI) and the 
U.S. Forest Service (USDA). Local restrictions exert direct 
effects on the siting of synfuels plants today. In areas 
where earthquake hazards exist (e.g., the state of Indiana) 
uniform building codes are applicable to new building con
struction. With reference to the disposal of various hazard-
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ous wastes in the state of Illinois, the disposal site shall 
be buffered by at least 3.04 meters of soil having a coeffic
ient of permeability not greater than 1 x 10-8 cm/sec, or 
not less than 3.04 meters of soil which can provide a contain
ment life lasting 500 years; for less hazardous substances a 
containment life of 250 years is required (IEPA). Other 
regional aspects of institutional factors are described in a 

previous report (43). 

Indirect effects of institutional factors include the 
1977 amendments (vis-a-vis, PSD and nonattainment areas) to 
the Clean Air Act which will likely cause licensing delays, 
increase the cost of building and operating commercial 
synfuels plants, and limit the number of acceptable sites 
for synfuels plants. Substantive land use and industrial 
growth limitations are found in the Clean Air, Clean Water, 
and Toxic Substances Acts; these factors act indirectly to 
limit the site selection process as well as the potential 
impacts of synfuels plants. 

Other significant indirect effects refer to the energe
tic pursuit of federal and state policies encompassing the 
following areas: 

• Development of criteria for locating synfuels 
plants in remote areas (i.e., generally seven 
miles to outer boundary of the low population 
zone) 

• Adoption of siting statutes by state governments 
that provide streamlined application permit pro
cedures 
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• Incorporation of the costs of environmental damage 
resulting from the construction and operations of 
synfuels facilities into the price of energy via 
regulatory procedures 

• Pursuit and execution of basic and applied research 
programs that, under realistic conditions, permit 
the selection of the proper plant operating condi
tions and equipment design concurrently with the 
assessment of the health and ecologic risks. As 
new technologies are developed to a demonstration 
(or higher) status, private enterprise should be 
encouraged to finance· the commercialization of the 
preferred new design and operating parameters 

E-7.7 

(145) 

• Clarification of water rights and the equitable 
allocation of water to current and future uses 
particularly with reference to the Colorado River 
and other compacts 

• Suitable recognition of the special attributes of 
Indian ownership of coal lands in the Four Corners 
region of New Mexico and Arizona and in the Fort 
Union - Powder River Regions (Wyoming, North 
Dakota, and South Dakota). 

Impact Assessment ~nd Determination of Proposed 
Sites 

The assessment of impacts generally begins on a rather 
qualitative basis in Stage 2 of the site selection process. 
In Stage 3, however, greater emphasis is placed on the 
quantification or ranking of impacts and the combination of 
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an appropriate mix of considerations (i.e., with primary 
emphasis on design engineering, economic costs, and environ
mental factors) to derive impact values and to determine 
several acceptable sites (144). 

Specific impact models are recommended to deal singly 
with each impact independently of all other impacts. For 
example, the U.S. DOE used a community development program
ming model to generically estimate both the development 
impacts and the end impacts of synthetic fuels plant con
struction and development in the United States (AFDP). 

Ramsay (115) inspired by the approaches to power plant 
siting being used by the State of Maryland and other groups, 
suggested a method of site selection whose goal was the 
identification of the relative suitability of <lifferent 
types of power plants at different geographic locations for 
each reasonable permutation of a set of specific plant 
design technologies, whereupon the environmental impacts and 
dollar costs were determined sequentially in terms of the 
following environmental categories: geology, seismology; 
meteorology, population centers; hydrology; ecosystems, land 
use, and several other factors (115). The rationale of this 
approach was that an attempt be made to measure all economic, 
plant design, and environmental variables in terms of dollar 
values. In fact, this effort is made somewhat easier by the 
existence of federal and state regulatory standards which 
must be met on a site specific basis; these factors establish 
the bottom line for the external costs of compliance (115). 
The attractiveness of the Ramsay concept (115) stems from 
its relevance to the dual need to select suitable site(s) on 
the one hand, and on the other to conduct full-scale assess
ments of expected environmental impacts. However, this 
approach will require solid information on a number of 
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variables, not the least of which is the need for compliance 
with the extant environmental standards, and the cost
effectiveness of the required controls (see also Section 
5) at specific sites. 

Certain rather formalized numerical rating and weighting 
systems in current use (144) require (a) procedures for 
structuring the individual components of total impact, (b) 
methods for modeling, evaluating, and assigning numerical 
ratings to those nontangible siting factors listed earlier 
in Section 5.8, and (c) appropriate models for combining the 
specific impacts into a composite rating of total impact 
(144,180). Thus, the structured nature of this method 
serves to formalize the subjective aspects of the process. 
Delphi and related techniques probably will be increasingly 
used to resolve this problem. The following steps have been 
suggested for use in evaluating site-specific impacts (144): 

1. Establish the objectives of the analysis, involving 
a determination of how impacts are to be measured 
and classified on a relative comparison basis. 

2. Classify impact considerations, involving the 
structuring of an environmental matrix or hierarchi
cal system. 

3. Develop models for each specific impact. A key 
element of the formalized numerical rating methods 
is the way in which each of the individual specific 
impacts is described or modeled. Ideally, each 
impact should be treated independently of all 
other impacts and evaluated by the same ground 
rules at each site. To the greatest extent possible, 
specific impacts should be based on objectively 
measured quantitative data; however, judgmental 
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assessments will inevitably be present to some 
extent. 

Examples of specific impact models are as follows, 
(144): 

Displacement of residences 

The environmental impact of displacing people 
is assumed to be proportional to the number 
of dwellings affected by site acquisition. 

Uniqueness of habitats 

The environmental impact of loss of a particu
lar portion of natural habitat is modeled 
as the percentage which occurs on the site 
with respect to similar types of habitat 
within, say, a 24 km radius on the site. 

4. Develop a list of data requirements. The require
ments for input data will depend upon the particu
lar specific impact models developed. The limiting 
constraint is the quality and quantity of data 
that can be obtained for a reasonable amount of 
effort. 

Examples of sources that can be used include: 

Current 7-1/2 minute or 15 minute series 
U.S.G.S. topographic maps 

Current U.S. Census reports 
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County Plat books 

U.S. Department of Interior Water Supply 
Papers 

Reports for the local State Departments of 
Natural Resources 

Local hunting and fishing guides 

5. Establish weightings and determine site rankings. 
Since all specific impacts are not of equal import
ance, the significance of each relative to the 
others is usually factored into the evaluation 
using an importance weighting for each specific 
impact. Following the application of a particular 
weighting scheme, the order of site ranking is 
determined by using the evaluation structure from 
Step 2, and the models from Step 3. Employing 
different sets of importance weightings can be 
used to investigate the sensitivity of total 
impact to particular considerations. 
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