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PURPOSE AND FORMAT

The purpose of this Environmental Analysis for Pipeline Gas Demomstration Plants is to assess

the potential environmental and social impacts of pipeline gas production. Evaluation of one
principal technology makes possible a thorough analysis of that technology and allows probable
impacts of the process to be detailed. A surrogate site approach was used in evaluating pipeline
gas demonstration plants to provide specific quantitative details about associated impacts as
opposed to a more general qualitative approach. Three surrogate sites, representing three coal
provinces, were selected for assessment.

Brief descriptions of construction activities, plant processes, and plant operation are contained
in Sect. 1. Section 2 provides environmental descriptions of the three surrogate sites including
georaphy, geology, hydrology, water use, land use, meteorology, air quality, noise, socioeconomics,
and ecology. Section 3 addresses the potential impacts and risks associated with construction

and operation of a pipeline gas demonstration plant. Impacts that are common to the three
surrogate sites are discusséd, and impacts unique to specific sites are identified.

The analysis contains unique, detailed descriptions of high-Btu gasification processes and unit
operations in relation to their associated effluents. The surrogate site approach has allowed
a detailed evaluation of impacts caused by construction and operation of a pibe]ine gas demon-
stration plant. This analysis does not circumvent the need for site-specific environmental
statements but does provide a basis and reference document for site-specific statements.
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SUMMARY

The Department of Energy (DOE) has implemented programs for encouraging the development and com-
mercialization of coal-related technologies, which include coal gasification demonstration-scale
activities. In support of these activities the Envirommental Analysis for Pipeline Gas Demomstra-
tion Plants has been prepared as a reference document to be used in evaluating potential environ-
mental and socioeconomic effects from construction and operation of site- and process-specific
projects. Effluents and associated impacts are identified for six coal gasification processes at
three contrasting settings.

The processes selected for study were: CO, Acceptor, Hygas, Bi-Gas, Synthane, COGAS, and Slagging
Lurgi. Based on existing siting studies in the major coal provinces, geographic distribution,
site contrasts, and the availability of site information, Mason County, West Virginia (in the
Eastern Province), St. Clair County, I1linois (in the Interior Province), and Campbell County,
Wyoming (in the Northern Great Plains Province), were selected as three surrogate sites. These
sites were chosen to provide both variation and range of environmental settings.

Specific descriptions of the three surrogate sites were used as a basis for environmental and
socioeconomic analyses. This approach provided specific quantitative details on the impacts from
pipeline gas demonstration plants but maintained their applicability to a wide range of sites.
Siting was identified on a township level, although most data 'available were on a county level.
The selected sites provided contrasting ecological and socioeconomic characteristics to allow
analysis over a wide range of settings. For example, land use varied from primarily agricultural
to woodlands and farmlands to croplands and ranges. Water availability varied from deficient in
Wyoming to plentiful in West Virginia. Socioeconomic conditions ranged from proximity to a highly
populated area with large diversified economic structures to a sparsely populated rural agricul-
tural area. Terrestrial fauna ranged from diverse in West Virginia and I1linois to primarily
short- and mid-grass prairie in Wyoming, whereas aquatic Tife varied from diverse and abundant to
sparse or nonexistent in Wyoming. Site characteristics summarized in the report include site
location, geology, hydrology. water quality, land use, meteorology and air quality, noise, socio-
economic structure, and ecology.

Effluents from the gasification processes were identified according to unit operations such as
coal preparation and storage, gasification, acid-gas treatment and sulfur recovery, utility pro-
duction, water and wastewater treatment, and dissipation of waste heat. Where appropriate,
effluents from unit operations were bracketed into effluent ranges representative of the six
processes. Effluents unique to a particular gasification process were identified as well as unit
operation alternativés that affect effluent discharges. Gaseous effluents expected from normal
plant operations include drift from cooling towers, particulates, coal ddst, and flue gas. Solid
wastes include coal refuse, gasifier and utility ash, elemental sulfur, spent chemicals, and
various sludges.
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Liquid effluents consist of process wastewater and leachates from coal storage and solids disposal
areas. An overview of the gaseous, solid, and 1iquid effluent ranges is presented in Sect. 1. In
the disposal of all effluents, the occurrence and disposition of trace elements is of particular
concern. Analyses of trace elements in coal and gasifier ashes are presented in Sect. 1.

Potential env{ronmenta1 effects from a pipeline gas demonstration plant are divided into con-
struction and operation. Project and site descriptions are intimately associated in environmental
and socioeconomic impact analyses. Impacts common to all three surrogate sites are addressed,
and those impacts unique to a particular site are identified. A wide range of impacts is
analyzed because of the contrasts of the three sites in ecological and socioeconomic settings.
Availability of water is an important consideration during both plant construction and operation.

In general, impacts from construction of a high-Btu gas demonstration plant are similar tn those
caused by the construction of any chemical plant of similar size. The operation of a high-Btu gas
demonstration plant, however, has several unique aspects that differentiate it from other. chemical
plants. Offsite development (surface mining) and disposal of large quantities of waste solids
constitute important sources of potential impact. In addition, air emissions require monitoring
for trace metals, polycyclic aromatic hydrocarbons, phenols, and other emissions. Potential
biological impacts from long-term exposure to these emissions are unknown, and additional research
and data analysis may be necessary to determine such effects. Possible effects of pollutants on
vegetation and human populations are discussed in Sect. 3. The owcurrence of chemical contaminants
in liquid effluents and the bioaccumulation of these contaminants in aquatic organisms may lead to
adverse ecological impact. Soﬁioeconomic impacts are similar to those from a chemical plant of
“equivalent size and are summarized and contrasted for the three surrogate sites. -
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1. PROJECT DESCRIPTION
1.1 INTRODUCTION

Coal is the most abundant energy resource currently accessible within the continental United
States. The National Petroleum Council estimates that approximately 136 billion metric tons
(150 billion tons) of recoverable coal exists in formations of comparable thickness and depth
to those currently being mined. Thus in view of our current national policy to (1) reduce
foreign oil imports, (2) store sufficient oil to prevent future disruptions, and (3) develop
U.S. technology and resources to ensure energy independence beyond 1985, increased exploitation
of domestic coal resources is a necessity.

More recently, these goals have been specifically enunciated in the national energy plan of
President Jimmy Carter's administration. The goals for 1985 are:

— vreduce the annual growth of total energy demand to below 2 percent;
— reduce gasoline consumption 10 percent below its current level;

— vreduce oil imports from a potential level of 16 million barrels per day
to 6 million, roughly one-eighth of total energy consumption;

— establish a Strategic Petroleum Reserve of 1 billion barrels;
— increase coal production by two-thirds, to more than 1 billion tons per year;

— bring 90 percent of existing American homes and all new buildings up to minimum
energy efficiency standards; and

— use solar energy in more than 2-1/2 million homes.

(Executive Office of the President, Energy Policy and Planning 1977.)

About 95 billion metric tons (105 billion tons) of coal are underground, and 41 billion metric
tons (45 billion tons) are near the surface. The geographic distribution of the major coal
fields of the United States is shown in Fig. 1.1. Tables 1.1 and 1.2 show reserve figures (1970
production) and estimated 1ife of recoverable reserves at three different rates of consumption
growth. Even if coal production expands al what is considered to be the maximum feasible rate

of 5% per year for the conventional domestic market (or 6.7% with exports and synthetic fuel
production included), only 10% of this resource base will be depleted by 1985. Further, because
this base represents less than 5% of the 2.9 trillion metric tons (3.21 trillion tons) of coal
estimated to exist in the United States (including unmapped and unexplored resources), coal price
increases and/or mining technology advances are Tikely to result in significant additions to the
resources that are economically recoverable. Thus the U.S. coal resource base is sufficiently
large to meet the growing demands that will develop from an attempt to achieve energy independence.
Adequate quantities will be available for use by both conventional and emerging technologies dur-
ing the next 15 years and throughout the rest of the century, with a wide margin of safety
(National Petroleum Council 1973).
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Fig. 1.1. Major coal fields of the United States: (a) underground mining regions;
(») surface mining regions. Source: National Petroleum Council. 1973. U.S. energy
outlook: coal availability. A report by the Coal Task Group of the Other Energy Resources

Subcommittee of the National Petroleum Council's Committee on U.S. Energy Outlook.
Washington, D.C.
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Table 1.1. Underground coal reserves and production

Minable by underground mining methods

Remaining .
measured and Econo':nll)(':ally Recoverable 1970 Life of recoverable
) indicated avariable reserves , Production  rocerves at % growth
Region reserves . R [millions of metric
reserves - . [billions of metric ; rate {years}
- . [billions of metric ¢ (short) tons] TP ——
[billions of metric b (short) tons] -0% 3% 5%
o (short) tons]
(short) tons]
1 84.1 (92.7) 60.9 {67.1) 30.4 (33.5) 132.2 {145.8) 230 _69 50
2 . 83 (9.1} 83 (9.1) 4.2 (4.6} - NA '
3 75.4 (83.1) 54.0 (59.5) 26.9 (29.7) 47.4 (52.3) 568 96 68
4 31.3 (34.5) - 221 (24.4) 1.1 (12.2) 86.2 (95.0) 129 52 40
5 19.9 {21.9) 121 (13.3) 6.1 (6.7) 7.8 (8.6) 774 106 . 74
6 1.5 (1.6) 05 (0.6) 0.3 (0.3) 8.3 (9.1) 35 23 20
Other 96.4 (106.3) 31.9 (35.2) 16.0 (17.6) NA .
Total? 316.6 (349.1) 189.7 (209.2) 94.9 (104.6) 307.3 (338.8) 309 80 58
#Bituminous, subbituminous, and lignite in seams of “intermediate” or greater thickness with less than 305 m (1000 ft)
overburden.

2 Excludes lignite and “intermediate” thickness seams of bituminous and subbituminous coal.
€Based on 50% recovery of economically available reserves.

dMay not add correctly because of rounding.

Source: National Petroleum Council. 1973. U.S. energy outlook: coal availability. A report by the Coal Task Group of
the Other Energy Resources Subcommittee of the National Petroleum Council’s Committee on U.S. Energy Outlook.

Washington, D.C.

Table 1.2. Surface coal reserves and production

Minable by surface mining methods

Recoverable 1970 .
Redion | reserves _production Life of reserves
egio [billions of metric [millions of metric. at % growth rate (years)
(short) tons] (short) tons) 0% © 3% 5%
1 3.8 (4.2) 91.8(101.2) 42 27 23
2 R1 (R.A) R2.6 (91.0) A2 36 29
3 .7 (0.8) 22.8 (25.1) 32 23 19
4 21.6 (23.8) 17.3 (19.1) 1246 122 85
5 1.5 (1.6) 7.6 (8.3) 193 65 48
6 1.9 (2.1) 51 (5.6) 375 85 62
Other 6.3 (6.9) 12.5 (13.8) 500 95 67
240.0 (264.1) 170 61 46

Total 40.8 (45.0)

Source: National Petroleum Council. 1973. U.S. energy outlook: coal availability. A
report by the Uoal Vask Group of the Uther knergy Resources Subcorr;muttee of the
National Petroleum Council’s Committee on U.S. Energy Outlook. Washington, D.C. -

Increased coal use necessitates an examination of the technologies that enhance coal use. To

encourage efforts in this direction, the Department of Energy (DOE) has implemented a Fossil

Energy Research, Development, and Demonstration Program that is designed to provide incentives

for the private sector to invest in coal-related technology development and commercialization.

The overall objective of this program is

to develop technical options to enhance the availability of fossil sources'and
to ensure the development of national fossil energy resources on a technically sound,
economically feasible, and environmentally acceptable basis (ERDA 1976b).

The strategy designed to achieve this objective exhibits three important features. First, the

risk of complete failure will be minimized by diversifying investments among alternative tech-

nologies. A variety of technological options will be kept open until a clear dominance by one

or more alternatives is established. Second,

investment in technology development will be phased
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according to the maturity of the various options. Those that appear to be relatively close to
successful commercialization will receive attention first. Third, a cost-sharing approach will
be adopted to preserve private incentives for commercial success of research, development, and
demonstration projects, with the degree of industry participation increasing as the given tech-
nology approaches such commercialization. By reducing the costs and the risks of investing in

technologies that enhance coal use, this strategy provides the incentives necessary for increased
efforts by the private sector.

. As part of this effort to encourage a more intensive and efficient use of U.S coal resources,

the Fossil Energy Program directs considerable attention to the research, development, and
demonstration of high-Btu coal gasification technologies. The objectives of this endeavor are
categorized by the projected time frame for achievement. Important near-term objectives include
demonstration and evaluation of alternative first-generation technologies, development and demon-
stration of emerging second-generation technologies, application of advances made in second-
generation technology development to those first-generation processes that are capable of accom-
modating such advances, and initiation of research on third-generation gasification technology.

The longer-term objectives of the high-Btu gasification program include assisting the private
séctor in the commercialization of second-generation processes (about 1985), continuing develop-
ment and demonstration of promising third-generation processes (by 1990), and assisting private
industry in the commercialization of multiproduct facilities (by the year 2000).

As in the overall Fossil Energy Program, the strategy applied in the high-Btu gasification effort
emphasizes diversification among alternative processes and a phased sharing of costs with private
industry. The importance of the demonstration phase in the total movement from research to com-
mercialization is réadi]y apparent. Given the large capital investment required to begin
commercial-scale production (estimated at approximately $1 billion) and- the economic uncertainties
created by both technological unknowns and rapidly changing market conditions, the information
provided by demonstration-scale activities appears necessary to encourage actual commercial appli-
cation of emerging gasification processes. As this demonstration phase is initiated, it is impor-
tant to analyze the environmental implications of facility construction and operation so that
policy decisions can incorporate all the relevant costs of given technological alternatives.

This report describes and analyzes the potential environmental effects of demonstration-scale
high-Btu gasification faqi]ities in a generic manner to consolidate the unlikely consequences

of implementing this particular phase of the program.
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1.2 CONVERSION PLANT DESCRIPTION

1.2.1 Plant requirements and construction effluents

1.2.1.1 Requirements for facilities

A typical high-Btu gasification demonstration piant is assumed to produce 1.4 x 10% m3/day
[standard temperature and pressure {STP)] (50 x 106 scfd) of pipeline gas [heat content about
3.54 x 107 J/m3 (STP) (950 Btu/scf}]. Facility requirements include coal, water, land, trans-
portation, operating personnel, and construction labor. The amount of coal required depends
on the Btu content of the feed coal and the efficiency of the particular gasification process.
Coal feed requirements vary from about 1800 to 2700 metric tons (2000 to 3000 tons) per day.
Water requirements for a plant of this capacity are shown in Table 1.3.

Tuble 1.9. Yearly water requircments for 6 1.4 X 10° m®/day (STP) (80 ¥ 10° sefd) high-Btu coal easification blant

In cubic meters {acre-feet)

Ash, slay,

. . Average
Process? Process Cooling or sludge Boiler fe%ed Other Totals per 108
water water? control (or waler
Btu/day output
slurry water)
CO, Acceptor 789,100 0-1,479,600 98,690— 147,960 123,300-369,900 172,620 1,183,700-2,959,200 1.9-48
(640) (0—1200) (80-120) (100-300) (140) (960—-2400)
Hygas 616,500 0-1,972,800 98,640— 147,960 123,300-369,900 172,620 1,011,100-3,279,800 1.6-5.3
(500} (0—1600) (80-120) . {100-300} (140) (820-2600)
Bi-Gas 813,800 0-2,219,400 493,200-2,219,400 123,300-369,900 172,620 1,602,900-5,795,100 26-94 .
(660) {0—1800) (400—1800) {100-300) (140} (1300—4700)
Synthane 739,800 0-1,972,800 98,640—147 960 123,300-36Y,800 1 /2,620 1,183-700-3,403,100 1.0-5.5
(600} (0—1600) (80—120} (100-300} (140) (920-2760)
Lurgi 887,800 0-1,972,800 98,040~ 147,960 123,300 360,000 172,620 1,282,300--3,551,00N 21-58 B
(720) {0—-1600) {R0—120} {(100-300V) (140) (1040—2880)

9Depends on ash and Btu content of coal. Values presented are for use of 10—20% ash, 13,000 Btu/Ib coal.
bThe range varies between entirely dry cooled and entirely wet cooled.

Source: Adapted from S. G. Miller. 1974. P. 23 in Environmental Impacts of Alternative Conversion Processes for Western Coal
Development. Prepared for Old West Regional Commission. Washington, D.C.: Thomas E. Carroll Associates.

The amount of land required for a plant varies from 60 to 160 ha (150 to 400 acres), depending on
plant design, buffer area requirements, and future expansion plans. Less than 40 ha (100 acres)
is generally disturbed for demonstration plant facilities.

Transportation facilities are required to move coal to a plant site and to remove products and
by-products. Roads, railroads, pipelines, and coal conveyors are among the transportation systems
that may be required.

Estimates of total plant investment for a high-Btu gasification demonstration plant range from
$450 million to $750 million (1977 dollars).

. The number of personnel required to operate a 1.4 x 106 m3/day (STP) (50 x 106 scfd) plant ranges
from 400 to 500. Construction of the plant is estimated to require 1500 to 3000 man-years over a
3-year period. Peak construction manpower ranges from 1500 to 2000 workers.



1.2.1.2 Effluents from plant construction

Coal gasification plant construction can be divided into preconstruction, site work, construction
of permanent facilities, and project closeout phases. Construction emissions and discharges are
listed in Table 1.4. Preconstruction may involve site inventory; environmental monitoring; and
temporary controls for storm water, erosion, and dust. Primary pollutants during the precon-
struction stage consist of visual impacts: dust, noise, and vehicular-traffic and test-pit
sediment as well as sediment, nutrients, and solid wastes from the temporary controls. '

Clearing and demolition result in dust, sediment, noise, and solid and wood wastes during the,'l
site preparation phase. Construction of temporary facilities including shops‘and storage sheds,
access roads and parking lots, sanitary facilities, and construction utilities may result in
emissions of gases, odors, fumes, particulates, dust, deicing chemicals, noise, petro]euh prod-
ucts, wastewater, solid wastes, aerosols, pesticides, herbicides, and sediment.

Necessary éonstruction utilities include a water source for drinking, sanitation, soil compaction,
and concrete mixing; a septic tank and leach field or chemical toilets; and an electric power
source that may consist of portable diesel-powered equipment at the site. Excavation grading,
trenching, and soil treatment during the site work phase may result in emissions of dust, noise,
sediment, debris’, wood wastes, solid wastes, pesticides, particulates, bituminous prodhcté, and
"soil conditioner chemicals. Site drainage, including foundation drainage, dewatefing, and stream
channel re]ocation, may result in the release of nutrients and pesticides.

Following the site work, permanent facilities may be constructed. Construction of transportation
and distribution systems create sediment, dust, noise, and particulate emissions. Construction
of railroads, roads, and pipelines involves purchasing the right-of-way and clearing it of all
vegetative material and litter. After installation of culverts and bridges for roads and rail- .
roads and shaping of the road beds, granular material is placed on the bed surface. Roads may
then be surfaced with graded aggregate, bituminous, or concrete material. Water trucks control
dust by spraying the road surface and adjacent berm. Construction of pipelines requires the
building of construction access roads to the right-of-way, which are not intended for public use
and are generally built to low standards. Trenches may then be dug, pipe laid along the right-
of -way, and thc trench backfilled.

The construction of buildings and related facilities results in emission of sediment, trace
elements, noise, caustic chemical waste, sediment spoil, particulates, fumes, and solid waste.
Major facilities to be constructed include coal gasification and associated process equipment, -
warehouses, water supply and water treatment facilities, water intake and discharge structures,
storm drainage, wastewater treatment, dams and impoundments, an oxygen plant, a steam and power
plant, ash handling and storage facilities, by-product handling facilities, an evaporation pond,
coal handling and processing equipment (including coal conveyors), and waste handling equipmenf.
Construction of security fencing around the plant may result in sediment and wood wastes. )

The last phase of construction is project closeout. Noise, dust, and solid waste are crgated
when temporary offices and shops are demolished or relocated. Sediment and dust therefore result
from site restoration inciuding finish grading, topsoiling, fertilizing, and sediment controls.
Nutrients and petroleum products result from cleaning and flushing during preliminary startup.
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Table 1.4. Construction discharges and emissions

Emissions and
discharges

Source

Control

Increased runoff

Inereased sillation. turbidity,
and nutrieat concentrations

Depression of water tabte
Gronndwatee intrusion and
groundwater contamination

Jauilary waste

Dewatering

Chemicals

Dust, dirt, particle matter

Pesticides

Yehicular emissions

Emissions from burning

Sediment

Wood wastes

Aquatic emissions

Vegetation removal
tand crosion

Runoff and erosion

Dewatering

Sanitary waste
Chemical toilets

Aggregale washing

Cuncrete lift operations

Washing concrete wrucks
and batch plants

Pesticides
Soil conditioners
Deicing chemicals

Air emissions

Excavation, movement
of vehicles, wind,
erosion, concrete
plant, crushing
operations, material
storage piles

Applied at the site

Construction equipment
Sunnly deliverics
Worlkor trancportatien

Buming of cleared trees
and brush, garbage, and
othcer solid wastcs where
permitted *

Solid disposat
Runoff, erosion

Clearing and demolition
work

Keep ground disturbance 1o a minimum

Limit slope steepness
Terrace
Design to direct and dissipate runoff
Provide siltation basin
Provide vegetation buffer strips
along waterways
Save topsoil
Provide proper seeding and mulching
Provide proper surfacing
Monitor and where adverse impacts
develop import water or deepen
the wall -

Treat with partahle facilities ar
dispose at local sanitary waste
treatment plants

Satisfy federal, state, and local
regulations and permit procedures

Collect in sedimentation basin and
treat privr tu discharge

Use only when necessary
Use biodegradable pesticides

Sprinkle or use chemical treatments

Provide early and temporary seeding .

Use good construction practices -
including air filters, water
sprinkling, and covering storage piles

Use only as needed
Use biodegradable pesticides

Follow federal and state tegulations <

Burn only when atmospheric conditions
are favorable

Comply with federal, state, and local
regulations

Landfil) or bum

Qther solid wastes Clearing Landfill
Earthwork
; Permanent fac
construction
Misceilancous
Noise Vehicular trattic RESFIC activities
Clearing and demolition to daylight hours
Construction of temporary Use small charges which are
facilities regulated for noise reduction
Pcrmanent facility while blasting
construction Provide noise control devices
Removal of temporary or mufflers where appropriate
facilities
Source: M. S. Salk and S. G. DeCicco. 1978. Envi tali dbook for coal conversion facilities,

ORNL-5319, Table 3.1.2, p. 3.1.1-4. Oak Ridge, Tenn.: Qak Ri

; g
dge National Laboratory.
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As construction is completed, disturbed areas should be reseeded to prevent erosion and
particulate dispersion. Following demonstration plant operation, the conversion facilities
may: (1) continue to produce 1.4 x 108 m3/day (50 x 108 scfd) of high-Btu gas on a commercial
basis, (2) be expanded to a commercial-size plant (~7.1 x 108 m3/day; ~250 x 106 scfd), or

(3) be retired.

Upon plant retirement, holding ponds are allowed to evaporate and are filled to the natural
grade level. If decommissioning measures include removal of all structures, the land area may
be returned to other productive uses or revegetated with native foliage. The beneficial uses
of the area by future generations should not be significantly affected.

1.2.2 Description of processes

With a few exceptions, second-generation high-Btu coal gasification processes comprise (1) coal
preparation and storage, during which coal is sized, cleaned, dried, and stored prior to use;

(2) gasification, during which coal is devolatilized and reacted in the presence of oxygen and
steam to form a low- to medium-Btu synthesis gas (containing carbon dioxide, carbon monoxide,
hydrogen, methane, and sulfurous compounds) and a solid residue; (3) quenching and scrubbing to
reduce the gas temperature and remove any heavy oils, tars, and particulates; (4) shift conversion,
during which synthesis gas is reacted over a catalyst bed to alter the composition of the gas to
suit the stoichiometric requirements of the methanation reactions; (5) water scrubbing to remove
light oils, ammonia, phenols, and cyanides; (6) acid gas treatment and sulfur recovery, during
which carbon dioxide, hydrogen sulfide, carbonyl sulfide, and carbon disulfide are removed from
the gas, and elemental sulfur is produced by chemical reaction of the sulfur species; (7) sulfur
guards to eliminate trace concentrations of sulfur compounds that are poisonous to downstream
methanation catalysts; (8) methanation, during which the synthesis gas is reacted over a catalyst
hed to produce a high-methane~content gas with a heating value of at least 35.4 x 10% J/m3

(950 Btu/scf); (9) compression and drying to raise the gas pressure to meet pipeline pressure
specifications and remove any condensed water vapor; (10) oxygen production, which produces

the oxygen required for gasification; (11) utility production, which generates both the elec-
tricity needed to operate fans, pumps, blowers, compressors, motors, conveyors, etc., and the
steam used in the gasification and shift reactions; (12) cooling towers, which cool recirculating
process cooling water; and (13) water treatment, which treats raw water and process wastewater
and prepares boiler feedwater. Singular process features are described below. The slagging
Lurgi and the COGAS processes have currently advanced beyond others to the point that DOE has
ini;iated demonstration-scale plants to be constructed and operated.

1.2.2.1 CO, Acceptor process

The €O, Acceptor process produces synthetic natural gas from-lignite or subbituminous coal by
gasifying it with steam at 850°C (1500°F) and 150 psig (Fig. 1.2), a process that requires no
oxygen. Circulating dolomite supplies heat indirectly and absorbs carbon dioxide and sulfur.
The gas ieaving the gasifier does not require shift conversion or CO, removal prior to methana-
tion. Waste-heat recovery supplies all necessary steam and power, which eliminates the need for
auxiliary utility production. By-products are ammonia and sulfur, with minimal accumulation of

tavs and ails. (For a more detailed process description, see Dravo 1976).
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1.2.2.2 Hygas process

Three unique features characterize the Hygas design (Fig. 1.3). First, the coal is pressurized
and fed to the gasifier in a slurry with by-product oil. Second, the solid residue leaving the
gasifier is a char that may contain a 10 to 30% carbon concentration, which represents 2 to 7%
of the original carbon contained in the ;oa] field. The third feature is a U-gas system that
converts feed coal to clean fuel gas for utility production. The Hygas process produces light
0ils [benzene-toluene-xylene (BTX)], ammonia, phenols, and sulfur as by-products. (For a more
detailed process description, see Dravo 1976.)

1.2.2.3 Bi-Gas process

The unique features of the Bi-Gas process (Fig. 1.4) are entrained flow gasification, gasifier
operation under slag-forming conditions, the use of sand filters for particulate removal, and the
recycle of all sour water for gas quenching. The Bi-Gas process produces by-product ammonia and
sulfur, with minimal accumulation of tars and oils. (For a more detailed process description,
see Dravo 1976.)

1.2.2.4" Synthane process

A singular feature of the Synthane process (Fig. 1.5) is the combustion of gasifier char to.
generate the required utilities. The extent of gasification is limited to produce a relatively
high carbon char and to balance the overall energy requirements of the plant. The present design
features a char Tetdown system and tar scrubber. The Synthane process produces by-product tar,
BTX, phenols, ammonia, and sulfur. (For a more detailed process description, see Dravo 1976.)

1.2.2.5 COGAS process

The COGAS process (Fig. 1.6) converts coal to gas and oil products through multistage fluidized-
bed pyro]yéis of coal and gasification of reactive char from this pyrolysis. The raw o0il and
synthesis gas products are produced in a low-pressure system without the use of an oxygen plant.
The COGAS concept for coal gasification consists of three subunits: multistage fluid-bed pyro-
lyzers, a fluid-bed gasifier,‘and a slagging-type char fines combustor. (For a more detailed
process description, see Dravo 1976.)

1.2.2.6 Slagging Lurgi process

CONOCO Coal Development Company's Slagging Lurgi process is similar to the commercially proven
fixed-bed Lurgi process. Because of the proprietary nature of its development, few process
details are available. It appears safe to assume that the overall process differs from the
standard Lurgi process most noticeably in the gasification step. The slagging gasifier has

less than one-fifth the steam consumption, produces a gas liquor of twice the strength but one-
fifth the volume, and has a thermal output per unit cross-sectional area of at least three times
that of a Lurgi gasifier. It handles coals with a wide range of ash-fusion temperature if dolo-
mite is used to flux the more refractory ashes. Caking coals can also be gasified. Oxygen con-
sumption is 10 to 12% greater than a conventional Lurgi. The heating value of the synthesis gas
is higher (Hebden 1975). By-products are naptha, oils, ammonia, and sulfur. The Slagging Lurgi
gasifier is shown in Fig. 1.7 (Sudburg, Bowden, and Watson 1976).
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1.2.2.7 Summary of effluents

As in virtually all chemical plants, coal gasification plants have a number of very small point
sources such as vents on machinery and vessels, small pump and piping leaks, and by-product
storage vents. Though these sources are not to be discounted or ignored during plant operation,
they are not detailed in this report because they cannot be specifically identified or quanti-
fied and are discharged at rates that are several times less than the known effluent streams
throughout the plant. In some plants, such leaks and fugitive emissions constitute the single
largest source of airborne polynuclear aromatic hydrocarbons (PAH). These PAHs pose a potential
health and environmental threat both as airboriie mists, fumes, and droplets and as a leachable
contaminant to groundwater. Pumps of several designs and other high-pressure moving equipment
have been identified as sources (Sexton 1960).

Contaminated gaseous effluents may be discharged to the atmosphere from the following sources:
1. coal storage — particulates and odors carried by wind;

2. coal preparation — particulates, sulfur dioxide, and nitrogen dioxide from thermal
dryers; particulates from crushing, grinding, and conveying; organics and fumes
from spontaneous combustion;

3. wastewater treatment — odors from retention ponds and Tagoons;

4. by-product storage — vents on storage tanks containing ammonia, phenols, o0ils,
tars, and BTX;

5. wutility boilers — particulates, sulfur dioxide, nitrogen oxides, and trace elements;

6. sulfur recovery — final tail gas containing sulfur compounds, hydrocarbons, and
possibly fuel gas constituents such as CO and H, 5 and

7. cooling towers — air and drift may carry zinc and chromium compounds, chlurine,
sulfuric acid, phosphates, phenols, cyanides, and/or trace elements.

Most of the primary processing steps such as gasification, gas quenching and scrubbing, shift
conversion, and methanation produce no gaseous effluents. With the exception of wind, all
gaseous effluents receive treatment necessary to comply with current Federal and local emission
standards. Many of the estimated cmission rates are based on these current legislated standards.
Control equipment includes baghouses, electrostatic precipitators, cyclones, wet venturi
scrubbers, acid gas removal and sulfur recovery systems, incinerators, and flue gas desulfuriza-
tion units.

Close examination of process waste streams reveals the close association between solid and liquid
effluents. Solid and Tiquid wastes may leave the process from the following sources:

1. coal storage — excess leachate runoff not collected by storm drainage system,
containing pyrites, particulates, acids, minerals, and trace metals;

2. storm pond — wet sludge of deposited solids;

w

coal preparation — refuse from primary size reduction and washing containing rock,
gangue, debris, coal, and leachates;

4. raw water treatment — sludge resulting from treating incoming water for hardness and
suspended solids containing lime, alum, salts, minerals, and ion exchange resins;
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5. gasification — slurry from ash or slag quenching containing ash, minerals, salts, and
trace elements subject to leaching;

6. wastewater treatment — biological oxidation sludge from aeration basins, trace metal
sludge, filter cake, and leachates from holding or biological oxidation ponds, which
can infiltrate groundwater if uncontrolled;

7. cooling tower — wet sludge from evaporation of blowdown (other alternatives exist for
disposal of this blowdown);

8. utility production — ash slurry containing minerals, leachates, and trace metals;

9. sludge from flue gas desulfurization — aqueous slurry of spent Time, Timestone, or
dolomite, which can infiltrate groundwater if uncontrolled; and

10. catalysts and chemicals — from shift conversion, methanation, acid gas trcatment,
Claus and Stretford sulfur recovery, tail gas cleanup, and sulfur yuards.

Fiqure 1.8 presents an overview of the effluent streams that are discussed in the main body of
this report. Kanges of values on emissiun rates reflect the various grades of cudl aml yasifli=
cation schemes chosen for these analyses. To achieve some degree of specificity in estimating
discharge rates, choices of coal type, gasifier type, and ancillary processing steps were made.
The ranges shown in Fig. 1.8 thus divide into individual estimates in the body of the report.

It is important that the size and depth of the current data base is small. The quantities given
in this report are specifically intended as estimates based on the most current information avail-

able; they are not intended for use as design values.

1.2.3 Coal preparation — description and effluents

In some cases coal may be received after primary breaking and washing have occurred at the mine
site, but it has been assumed here that the coal preparation facilities are cumplete. This
assumption is supported by the idea Lhat a successful demonstration plant could become a modular
component of a commercial plant.

Figure 1.9 shows schematically the Tayout of a typical coal preparation plant. The purpose of
coal preparation is to remove impurities such as rock, gangue, tramp iron, pyritic sulfur, and
moisture and to reduce the particle size of the coal to meet gasifier requirements. Four pri-
mary operations are performed in this area: primdary size reduction, washing, drying, and final
sizing. Other facilities may include a storm runoff pond, a tailing pond for wash water, flue
gas desulfurization for the thermal dryer, a slurry preparation syslem, particulate collection
equipment for machinery generating dust and coal fines, and exlensive conveying cquipment includ-
ing belt and pneumatic devices. The major effluent in coal preparation is refuse from the pri-
mary size reduction and washing operations. The next effluent in order of importance is the vent
gas from the thermal dryers.

1.2.3.1 Primary size reduction

The primary breaker receives the raw coal and reduces it to a maximum of 10 to 20 cm (4'to 8 in.)
for washing and other preparation. Secondary crushers reduce the size of the products received
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from the primary breakers to about 3.8 to 0 ¢cm (1.5 to 0 in.). Screening crushers reduce the -
products from the secondary crushers to relatively uniform sizes of 2.5 to 0.95 cm (1 to 3/8 in.).

During size reduction, a large quantity of rock, debris, gangue, and some of the coal are
rejected, usually at the primary breaker. This quantity can often be 20% of the run-of-mine
(ROM) coal received at the preparation plant. This represents a significant solid waste stream.
For a demonstration plant, refuse production'could amount to 580 to 1252 metric tons (640 to
1380 tons) per day. The exact quantity depends almost entirely on the source of the coal and
prior treatment. This refuse might be returned to the mine or used as landfill, provided the
potential problems of secondary pollution are evaluated and controlled.

Airborne dust and coal fines are generated by the size-reduction operations. The technology to
control these emissions is well established; consequently, size reduction should not constitute
a significant emission source. Applicable particulate collection equipment includes baghouses,
high-pressure drop cyclones, electrostatic precipitators, and wet venturi scrubbers. Selection
and use of a control device depends on the temperature, moisture content, dust loading, and
particulate characteristics (specific gravity, shape, particle size, abrasiveness, resistivity,
viscidity, flammability, and solubility). Recovered solids usually follow the same disposal
path as the rejected debris.

The entire size-reduction process can be housed in a building constructed of sound-absorbent
materials (where practical) to reduce the inherently high noise levels. Whenever possible,
operating equipment is designed with noise-suppression features. It should be feasible to
reduce the noise level at the plant boundary to 50 dB (Ayer 1974).

1.2.3.2 Washing

The washing operation separates raw coal into two categories: clean product and refuse. In the
washing operation, wash water is usually sent to a settling pond where fines are removed so that
the water can be reused. A clarifier may be used as well. The Interagency Task Force on Syn-
thetic Fuels from Coal (1974) estimates that the solid wastes from coal washing can amount to
between 203 and 762 metric tons (224 and 840 tons) of refuse per day based on 1800 to 2700 metric
tons (2000 to 3000 tons) of moisture and ash-free coal fed to the gasifier of a demonstration
plant. Disposal of tailings must be carried out in such a way as to avoid spills that would dry
out and become subject to wind and truck movement. The system should be designed for complete
recycle of the wash water so that there is no water effluent from the operation. Leaching or
seepage through the bottom of the tailing pond should also be controlled. A barrier of clay or
plastic may be required but should not be considered to be permanent or forever free of leaks.

1.2.3.3 Drying

A1l industrial coal dryers in use are the continuous contact type with convection as the major
mechanism of heat transfer. Thus hot gases and wet coal are brought into intimate contact
with each other on a continuous gas flow—coal feed basis. The six basic dryer types are:

(1) fluidized bed, (2) suspension or flash, (3) multilouvre, (4} vertical tray and cascade,
(5) continuous carrier, and (6) drum (Leonard and Mitchell 1968).
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The estimated emission rate for particulates, sulfur dioxide, and nitrogen dioxide are shown in
Table 1.5 for thermal dryers in Bi-Gas, Hygas, and CO, Acceptor demonstration plants. Compared
with the estimates and measurements by the EPA (USEPA 1972), particulate collection efficiencies
of greater than 99% may be required.

Table 1.5. Allowable emission rates for thermal dryers for demonstration-size gasification plants

Based on USEPA new source performance standards

Coal feed rate  Manisture (%) Heat ioad Emission rate

Process to dryer EEE—— on dryer Particulate SO, . NO,
MTpd (tpd)]? N} {out)  ync 5 1070 Brushr X 10°) [ka/hr (lothr]  [ka/hr (ib/hed] . Tkg/hr (b/hr)]

Bi-Gas 2226 (2454) 8.4 1.3 3.3 (31.2) 1.4 (3.1} 16.9 (374) 9.9 (21.8)

CO, Acceptor 4415 (4868)  33.67 Nié 31 (294) 13.3 (294) 160 (353) 934 (206)
Hygas 2387 (2610) 6.5 N8 3.2 (30.4) 1.4 (3.0 28 (6.1)

2Metric tons per day (tons per day).
bl — that is, virtually nothing, but not zero.
Source: Fed. Regist. 36(247); 40 CFR Part 60, Dec. 23, 1971.

-

Control of particulates is well within the realm of existing technology. Baghouses, high-
pressure drop cyclones, electrostatic precipitators, and wet venturi scrubbers are capable of
high-efficiency removal of particles in the submicron particle size range. (Because one source
of particulates js dust carried off the coal, operating the dryer on relatively large chunks of
coal would reduce the particulate loading.) Careful regulation of the combustion parameters
controls nitrogen dioxide. Low flame temperature and low excess air are the conventional means
of 1imiting NO, production. If the emission of sulfur dioxide cannot be limited to comply with
‘Federal regulations through fuel selection, flue gas desulfurization becomes necessary.

1234 Grinding

Grinding is usually the final stage in size reduction. The coal leaving the grinding step has
been cleaned, washed, dried, and sized to gasifier specifications. Grinding sometimes precedes
thermal drying. Because the ground coal is fine, often resembling powder, the potential exists
for dust to become airborne. Additionally, because the dust is "pure" coal dust, it can form
explosive concentrations in air. Ball-mills and other grinding devices generate heat while
operating, making the concentration of coal dust in the air critical.

The coal/air mixture passes through cyclones in which separation occurs, and the air stream is
discharged to the atmosphere through bag filters or an electrostatic precipitator. Such an
arrangement is commercially proven, although the load on the collection device may amount to
about 11 metric tons (12 tons) per day in the case of a demonstration plant. Particulate loading
in the vent stream is about 0.05 kg per metric ton (0.1 1b per ton) of coal fed to the grinder
and 90 to 140 kg (200 to 300 1b) of coal dust per day (assuming 99% collection efficiency). Only
trace quantities of hydrocarbons have been detected in such commercial streams; odor is not a
problem. Collected fines from the tilters are recycled to the mill product.

In two pilot plant operations, other solids are ground in addition to coal. The CO, Acceptor
operation crushes and screens dolomite or limestone to a 2.38 mm (6 to 8 mesh) particle size.
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At the Bi-Gas plant, finely crushed silica is prepared for addition to the feed to alter the coal
ash slagging properties. In both cases the problem areas are the same as those previousiy dis-
cussed except that fires and explosions are not anticipated.

A1l grinding and screening operations are inherently noisy. It is anticipated that the design
of such machinery will use sound-absorbing materials and that this area of the plant will be
isolated and enclosed within a structure.

1.2.3.5 Storage

Coal storage is necessary and desirable for both production and use. Several undesirable aspects
are related to the storage of coal, however, most important of which are oxidation and spontaneous
combustion resulting in the evolution of odors, fumes, and volatiles; rain drainage and runoff;
windblown dust; changes in properties which may affect the use of the coal; degradation of coal
from rehandling; and the added cost of handling and storage facilities.

It is difficult to estimate the quantity or composition of effluents from the storage area
because they may often be considered fugitive emissions. When processing 2700 to 6300 metric
tons (3000 to 7000 tons) of run-of-mine coal per day, it should be conservatively assumed that
conveying and transferring equipment (even with well-designed control equipment) emit fugitive
coal and rock dust. This dust is deposited on the ground and is subject to wind and rain efosion.

It has been suggested (Shaw and Magee 1974) that effluent limitation guidé]ines published by EPA
for the coal mining industry under the Refuse Act Permit Program apply to gasification plant
storage facilities. Because the volume of the storage pile is large, the residence time of rain
is long, allowing the rain to react and form acids; extract organics, sulfur, and soluble metals;
and carry away suspended matter. Table 1.6 is an analysis of drainage from two industrial coal
pites (Chu, Ruane, and Steiner 1976). A conservative approach would assume some 1eakage'thkough
the storage basin floor in spite of the fact that a design criteria for the basin is prevention.
of leakage.

One method of storage operates on the principle that coal from "dead storage” is used only in an
emergency when the normal supply of coal is interrupted. Under this arrangement, the daily
delivery and use-transfer requirements take place in totally enclosed equipment. The term '"dead
storage" means that this quantity of coal is held in a compacted and sealed pile that is not
susceptible to dusting during wind activity. The coal storage pile is prepared by layering coal
in 30-cm (12-in) depths and by compacting each layer to a bulk density of about 1120 kg/m3 .

(70 1b/ft3). The height of the pile is set at about 7.6 m (25 ft), and the length and width are
fixed by the tonnage to be stored. To monitor spontaneous combustion, thermocouples are inserted
throughout the pile. The outer surface of the pile is sprayed with an organic polymer crusting
agent to prevent dusting or rain erosion. Crusting also reduces rainwater penetration of coal
particies; water runoff therefdre has far less concentration of contaminants than found in mine
waters. In addition, the coal pile is located on a waterproof base designed to prevent water
seepage into the ground. Thus all runoff water should be contained and used in the process
(Ayer 1974).
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Table 1.6. Analysis of drainage from
two industrial coal piles

Concentration (mg/liter)

Constituents

Plant J Plant L
Acidity (total), as CaCO3 1700 270
Calcium 240 350
Chemical oxygen demand 9
Chloride 0
Conductance. mho/cm 2400 - 2100
Dissolved solids (total) 3200 1500
Hardness, as CaCO; 600 980
Magnesium 1.2 0.023
pH, unit 29 29
Potassium 05
Silicon (dissolved) 91
sodium 4.1
Sulfate ' 2600 >
Suspended solids {total) 55U 810
Turbidity, Jtu 300
Aluminum 190
Arsenic 0.01 ' 0.009
Barium 0.1
Beryllium <0.01
Cadmium ) <0.001 <0.006
Chromiutn <0.005 <0.005
Copper 0.56 0.18
Iron . 510 830
Lead <0.01 0.023
Manganese . 27 110
Mercury <0.0002 0.027
Nickel 1.7 0.32
Selenium 0.03 0.003
Titanium <1
Zinc 3.7 1.0

gouroot T: Ji Chu; R. J, Ruang, and G. R. Steiner, 1074
Characteristics of waste water discharges from coal-fired power plants.
31st annual Nurdue industrial waste conference, May 4—6, 1976, West
Lafayette, Ind.: Purdue University.

The application of "best practicable control technology" requires installation of impounding and
settling facilities to be of sufficient size to handle run-off from a once-in-ten-years storm.
The operator must provide suitable recording analytical equipment to guarantee compliance with
concentration schedules for discharges into waterways (Kalfadelis and Magee 1974). Runoff from
the 8- to 10-ha (2U- to ¢Zb-acre) drea required to hold a 3U-day supply ot teed coal for a com-
mercial plant could easily amount to 0.32 m3/sec {5000 gpm) during a major storm common to
almost all sections of the United States. Residence time for water in the retention pond should
be sufficient to permit solids to settle out. Seepage througﬁ the base of the pond should be
controlled with layers of clay, concrete, or plastic.

Seepage through the process area can be a problem during rainstorms or during leaks, spills, or
process upsets. Even though storm sewers collect the runoff in a chemical plant or refinery,
leaks and 0i1 spills can release enough material to cause seepage into the groundwater supply.
Liquids collected in storm sewers from the processing area can be sent to the storm retention
pond, except where spills of 0ils or phenols can occur. Because of the concentrated nature of
such a spill, these drainage sewers should be sent to a separate holding pond. It is anticipated
that water from the retention pond serving the coal storage area can find several avenues of
process reuse after minor treatment (Sect. 1.2.7).



1-25

Although not necessarily considered a part of the gasification facility, the coal mining

operation, if located adjacent to the gasification complex, would probably share treatment
facilities provided for the plant proper. Hence typical acid mine drainage of perhaps 0.019 to

0.025 m3/sec (300 to 400 gpm) might be treated continuously by accepted techniques to produce
water suitable for discharge or for plant use. Except for 5 separate initial holding pond and a
small Time-addition facility, all other components of the treatment facility would amount to
incremental increases on facilities that must be provided for the parent plant (Kalfadelis and

Magee 1974).

1.2.4 Gasification — effluents

The principal waste products leaving the gasifier unit are solid ash, char, or slag. The solid

is usually slurried with water and the resultant slurry ultimately dewatered to some extent in

a retention pond and then disposed of.

The slurry water should not be allowed to become a plant

effluent because of contamination by solids and leachates from the ash. A partial 1ist of major
components in ash slurry water is shown in Table 1.7. Recycle back to the quench tank should be

possible, although water treatment and reuse is also a possibility, as is solar evaporation.

Table 1.7. Example of water analysis

from gasifier ash sturry tank?

Component Amount (mg/liter)
pH 8.8
Conductivity, S 1.8
0.01
Ca0 101
MqO 161
Ma 17.5
K 8.5
Zn 0.03
Fe 0.22
NH, 157
NO, 0.13
NQO5 3.32
PO, (total) 0.81
Cl 85
SO, 216
CN 0.52
H.$ 9
KMnOa, consumed 18
Chemical oxygen demand 16.0
Si0, ’ 4612
Suspended solids 3918
Stripped resicue 550

?Data taken from the Koppers-Totzek plant,
Kutahya, Turkey.

Suurce: H. M. Braunstein, E. A. Copenhaver, and H.
A. Pfuderer. 1976. Environmental, health, and con-

trol aspects of coal conversion: an information

overview. (Draft). Vol. 1, Table 4.37, pp. 4—88. Oak
Ridge, Tenn.: Oak Ridge National Laboratory.
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Special cases exist for the CO, Acceptor process in which spent rejector is produced and for

the Synthane process in which the gasifier ash and char are fired as fuel in the utility boiler;
virtually all ash entering the process in the coal feed leaves through the utility boiler.

Table 1.8 summarizes estimates of ash and char generation in the four demonstration-size gasi-
fiers. Tables 1.9 and l.]O Tist major components in ashes and slags from representative U.S.
coals. Ash disposal options include return to the coal mine, ponding, use as landfill, or resale
to industries. When burial, ponding, or landfill is chosen, either the ash or the site must be
treated so that no trace metals can leach from the ash into groundwater systems. Little 1s known
about the environmental density of ash leachates (e.g., calcium chloride, magnesium sulfate, and
fluorides). In particular, ash Teachates may constitute a significant source of trace metal
environmental pollution (Braunstein 1977). A discussion of trace elements is presented in Sect.
1.2.4.5.

1.7.4.1 (0a Acceptor gasifier and regenerator

The only discharge stream from the gasitier itself is the reject acceptor, which is typically
replaced at a rate of 360 metric tons (400 tons) per day to maintain activity (Jahnig and Magee
1974). Associated with the reject acceptor is the potential for dusting. Careful handling and
controlled use of water sprays should abate this problem if it arises. Based on pilot plant
experience, the reject acceptor is stated to be low in sulfur content, 0.084%, which is suffi-
ciently low that there should be no secondary pollution problem upon disposal as landfill.

Regenerator fuel is supplied by feeding the gasifier char to a fluidized bed and burning all
carbonaceous material completely. The flue gas is removed Lhrough cycione separators to take
out most of the dust, which consists of ash residue from the lignite fed to the gasifier. This
ash is removed from the system by way of a fluid bed cooler and is subsequently sent to the ash
desulfurization unit (Jahniq and Magee 1974).

Gas from the cyclones passes through heat exchangers wherein steam is superheated to 650°C
(1200°F). Additional steam is then generated in a waste-heat boiler. At an appropriate point
in this system (e.g., before the waste-heat boiler), additional air can be introduced to burn
up residual carbon monoxide. This action is necessary to avoid releasing the carbon monoxide
to the atmosphere and at the same time provide a convenient way to recover high-level heat by
burning the carbon monoxide.

If the flue gas is sent to an expansion turbine to recover power, noise control for this area
requires careful attention in the final plant design. The flue gas contains 470 ppm of total
sulfur. Whether or not this stream may be dischdryed to the atmosphere depends on future Federal
EPA standards for coal conversion plants. These standards for sulfur oxides, nitrogen oxides,
and particulate matter may be more stringent than standards for direct combustion facilities.
Further information is needed on these critical items. The NO, content is expected to be Tow

as a result of the relatively low combustion temperature in the regenerator, but specific data
should be obtained in the pilot operations (Jahnig and Magee 1974).

Bottom ash from the regenerator has a high sulfur content in forms such as calcium sulfide,
which could result in secondary pollution problems because of the release of hydrogen sulfide.



Table 1.8. Ash and char generation in demonstration gasification plants

quench/slurry
water

Plant size - Coal feed rate Char production Ash production
Process [m® x 108 Coal Composition (%) [metric tons/day (tons/day)]  [metric tans/day [metric tons/day (tons/day)]
type H,0 Utility plant {tons/day}] Gasifier
W. Kentucky 1.3 390(431) None 150(164) slag plus
No. 11 (8.4% H,0) 150(164) quench/
slurry water
Pittsburgh 25 None 790{870) gasifier None
Seam char to utility
production
Lignite 0 None 1030(1135) to 480(532) carbonated
regenerator ash plus
480(532) water;
from regenerator
Ilinois 0 640(708) to 290(321) from Ash is contained
Mo. 6 U-Gas gasifier plus in char
plant to make 78(86) from
fuel gas U-Gas
plant, plus
1110{1221)

Le-1
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Table 1.9. Elemental composition of ash from representative U.S. coals

Type of coal Analysis of ash (%)

State Bed or mine SiO2 Al,‘,O3 Fezoa TiO2 ons Ca0 MgO Na20 K20 SO3 Rank  Source
Illinois No. 6 35.8 19.9 24.2 5.8 25 5.9 Bit 3
Pennsylvania Pittsburgh 51.7 36.4 5.5 1.7 - 18 0.8 Bit 3
Ohio No. 5 436 223 28.5 1.2 0.19 1.8 0.7 0.2 1.0 1.9 1
West Virginia Eagle 54 4 31.8 7.7 2.3 0.14 24 0.5 0.6 1.8 1.1 1
Kentucky No. 9 49.3 194 27.4 1.0 0.03 1.8 0.7 0.2 1.9 0.2 1
Missouri Bevier 37.9 16.3 41.0 0.6 0.02 1.7 0.4 0.1 1.3 11 1
North Dakota  Dakota Star 13.7 8.6 14.8 19.3 72 28.9 Lig 3
Montana Colstrip 35.4 19.3 5.6 0.8 0.3 17.8 44 0.3 0.1 16.3 Sub 2
Wyoming No 15 38.3 323 171 7.2 0.7 25 Bit 3
New Mexico Yankee 657.4 30.0 6.7 1.2 0.07 1.7 2.0 0.1 1.0 0.5 1

Sources: 1GT. 1967, Compiled trom: (1} R. F. Abernathy, M. J. Peterson and F. H. Gibson. 196Y. Major ash constituents in U.S. coals.
U.S. Bureau of Mines R1240. Washington, D.C.: U.S. Bureau of Mines. {2) G. H. Gronhord, A. E. Harak, and P. H. Tufte. 1970. Ash fouling
and air pollution studies using a pilot plant test furnace. In Technology and use of lignites, eds. J. L. Elder and W. R. Kube. U.S. Bureau of
Mines 1C8471, pp. 69—77. Washington, D.C.: U.S. Bureau of Mines. {3) W. A. Selvig and F. H. Gibson. 1956. Analysis of ash from United
States coals. U.S. Bureau of Mines bull. 567. Washington, D.C.: U.S. Bureau of Mines.

Table 1.10. Major components of coal combustion slags

(wt %)
Sio, Al,O, Fe,0, FeQ MgO Ca0 Na,0 K,0 Tio, P,04
653.8 13.9 26 9.3 41 79 3.0 1.5 20 04
48.4 15.2 6.6 6.7 6.1 8.4 23 0.6 1.9 0.2
54.54 22.97 5.91 1.24 6.35 1.62 0.55 3.36 0.85
51.71 21.93 5.54 1.21 5.87 5.87 717 3.19 0.78

Source: H. M. Braunstein. 1977. Environmental and health aspects of disposal of solid wastes from coal
conversion: an information asscssment.(Draft), vol, 1. Oak Ridge, Tenn.: Oak Ridge National Laboratory.

Therefore, ash produced from the coal is processed to remove 98% of its sulfur by allowing it to
react with CO, at 88°C (190°F) in a water slurry. Uff-gas containing a calculated 27% H,S, 7%
C0,, and 66% H,0 is sent to a sulfur recovery plant. A1l of the gas streams in this system are
contained and should not cause environmental problems. The carbonated ash is withdrawn at a rate
of 483 metric tons (532 tons) per day (dry) as a 50% slurry in water and is not expected to

create odors, although this possibility should be examined further. The water contained in the
ash slurry should constitute the predominant water effluent from the plant during normal operation.

1.2.4.2 Hygas gasifier

N

The major effluent from this area of the plant is spent char, which serves to reject ash brought
in with the coal feed. Residual char rejected from the steam-oxygen gasification stage at an
estimated rate of 291 metric tons (321 tons) per day (dry) contains 10 to 30% carbon, correspond-
ing to 2 to 7% of the original carbon contained in the coal feed. (An estimated 78 metric tons,
or 86 tons of char per day, dry, is also rejected from the U-Gas plant, which supplies fuel gas
to the utility plant. The two char streams are probably handled and disposed of together.) The
char is quenched and slurried in water (25% solids), depressurized, and discharged through lock
hoppers. Steam formed in the char-quenching operation contains particulates and other contami-
nants and should therefore be returned to the process or collected for treatment and disposal.

(A baghouse operated above the dew point of the gas may provide sufficient cleanup to aliow
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the steam to be vented to the atmosphere if only particulate pollution is the overall concern.)
The amount of steam produced should be about'425 metric tons per hour (10,000 1b/hr).

Ash in the water slurry is recovered in a settling pond, which is drained so that semidry ash
can be removed for burial. Water from the settling pond is recycled to the quench system.
Although wet ash is not dusty, parts of the settling basin or spills on the ground can dry out
and become a dust nuisance, as has happened in the past (Jahnig 1975b). Consequently, no water
effluent from the ash system should remain other than that retained by the ash. However, this
may contain soluble salts or trace elements; further information should therefore be obtained on
leachables from the wet ash. Exposure to air may be a factor, and tests are needed to determine
the extent of problems caused by leaching by rain or groundwater when the char is disposed of by
burial or as fill. Potential leaching of calcium chloride, magnesium sulfate, compounds of
iron, manganese, fluorine, etc., are a concern (Jahnig 1975b).

The nature of this ash or char warrants further discussion. If the original coal particles
maintain their size during gasification, their density decreases as the carbonaceous content
falls to 10.3% carbon. The particles are not only light but are friable as well. Severe
turbulence associated with char-quenching and depressurizing of the slurry may create very
fine particles. If the char particles break up, then very fine dust may result, with compli-
cations in ash handling and disposal. Alternative approaches to this problem have used sinter-
ing of fly ash, an agglomerating fluid-bed system, or a slagging gasifier (Jahnig 1975b).
Additional information should be obtained on the depressurizing, handling, and disposal opera-
tions to ensure that potential problems are satisfactorily resolved.

It has been indicated that the char resembles activated carbon in that it has adsorptive proper-
ties and removes phenol from wastewater. If used in this manner, the char could be regenerated,
for example, by returning it to the gasifier.

1.2.4.3 Bi-Gas gasifier

In normal operation there are no effluents to the air from the gasification section because all
of the gas streams are contained and processed in downstream equipment. The major effluent from
this section is the slag formed from ash in the coal. Essentially all of the ash in the feed is
rejected here after having been fused in the lower'zone of the gasifier. Production of dry slag
in a demonstration-size gasifier is 150 metric tons (165 tons) per day, corresponding to about
2.2 x 10* m3 (18 acre-ft) per year; consequently, adequate provision for dispcsal is needed.

The slag leaves the gasifier as a 50 wt % solid slurry. The slag should be relatively sulfur
free and unreactive, having been fused at high temperature. Also, it contains little or no
carbon and can therefore be discarded from a process point of view. The water-used for quenching
and slurrying picks up dust from the slag and leaches out soluble salts and metals; therefore,
it should be collected and reused to prevent becoming an effluent from the plant. The ash
slurry might be dewatered for mine disposal and the water sent to a holding pond for reuse
(Jahnig 1975a). Depending on the final disposition of the slag slurry, dust may or may not be

a consideration. For example, if the slurry is used as land-fill or if it is relegated to a
storage pile, a dust problem could arise when the slurry dries. The possibility of odors also
needs to be defined for the handling and disposal system (Jahnig 1975a).
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The other major stream leaving the gasifier is the raw gas product. It contains a Tlarge amount
of char that is blown out of the gasifier and recovered in cyclones for recycling to the lower
zone of the gasifier. No other streams are normally released to the environment from the gasi-
fication section.

1.2.4.4 Synthane gasifier

There should be no major solid or liquid discharge from the gasification section except the
gasifier char stream. It has been assumed that a dry char let-down system can be developed
such that char may be ducted to the power plant using stream or inert gas as the transport
medium. Char is generated at an estimated rate of 790 metric tons (870 tons) per day (dry)
(Kalfadelis and Magee 1974). The ash carried in the char is rejected at the power plant at
an estimated rate of 191 metric tons (211 tons) per day (dry).

Facilities used to store and compress lock hopper vent gas may generate small solid and liquid
effluent streams that would require treatment or disposition. Hence coal fines fillered from
such vent gas are recycled to feed. Similarly, water present in such gas may be condensed in
a compression process and would be directed to treatment facilities. Water, which may be used

"as sealing fluid in gas holders, may likewise require periodic treatment and replacement
(Ka'lfadelis and Magee 1974).

1.2.4.5 Discussion of trace elements

The concentration of trace elements in coal is given in Table 1.11, which shows the mean analyt-
ical values for 101 coals and the extent to which trace elements are removed through volatiliza-
tion from coal during gasification in a Hygas gasifier. On this basis, the quantity of trace
elements found in the gasifier ash can be estimated. [able 1.12 1ists the estimated composition
of ash from a gasifier with a capability of 9000 metric tons (10,000 tons) per day. Other types
of gasifiers may have significant effects on the compositions of the solid residue and gaseous
streams. (When estimating actual plant emission, the concentrations of trace elements in the
specific coal feed must be known. In many cases a specific coal may have unusually high or Tow
concentrations of a particular element.)

The forms of trace elements leaving the conversion facility in bottum ash vr slay are uindoubtedly
important. Of equal or more importance is identification of those elements and the forms that
are associated with the ultrafine gas-entrained ash, which may be not only leachable but also
transportable in drainage from a landfill. Those elemental forms that volatilize during gasi-
fication are most 1ikely to condense on and be collected with gas-borne ash (Braunstein 1977).

The possibility of deposition on other surfaces should not be overlooked. Section 1.2.7 describes
several other pathways for trace elements.

Typical modes of the occurrence of elements in coal are given in Table 1.13. Most trace and
minor elements appear as sulfides (or sulfates in weathered coals), oxides, and carbonates.

Using the information in Table 1.13, Attari and Meninger (1976) performed free energy calcula-
tions to determine the most stable form of the feed species in the pretreater, the hydrogasifier,
and the CO-shift reactor in a Hygas plant.



Table 1.11. Trace elements in coal

Mean Mean analytical values for 101 coals? Lost during
Constituent concentration Std. deviation Minimum Maximum gasification®
(ppm) (%)
As . 14.02 ppm 17.70 0.50 93.00 65
B 102.21 ppm 54.65 5.00 224.00 (10)°
Be 1.61 ppm 0.82 0.20 . 4.00 18
Cd 2.52 ppm 7.60 0.10 65.00 62
Cr 13.75 ppm 7.26 4.00 54.00 Neg.
F 60.94 ppm 20.99 25.00 143.00 (10)¢
Hg 0.20 ppm 0.20 0.02 1.60 g6
Mo 7.54 ppm 5.96 1.00 30.00 (10)¢
Ni 21.07 ppm 12.35 3.00 80.00 24
Ph 34.78 ppm 43.60 4.00 218.00 63
Se 2.08 ppm 1.10 0.45 7.70 74
\% 32.71 ppm 12.03 11.00 78.00 30
Zn 272.29 ppm 694.23 6.00 53.50 (10)°
cl 0.14% 0.14 0.01 0.54 >80
Ti 0.07% 0.02 0.02 0.15 (10)°
Sb 1.26 ppm 1.32 0.20 8.90 33
Co 9.57 ppm 7.26 1.0 43.00 Neg.

?R. R. Ruch, H. J. Gluskoter, and N. F. Shimp. 1974. Symposium proceedings: environmental aspects
of fuel conversion technology, May 1974. EPA 650/2-74-118, p. 52.-St. Louis, Mo.: U.S. Environmental
Protection Agency.

b A J. Attari. 1973. Fate of trace constituents of coal during gasification. PB 223-001, p. 21. Chicago,
I1l.: Institute of Gas Technology.

®Volatalization has not yet been determined. in the absence of data, 10% is used. Some are expected to
be considerably more volatile.

Table 1.12. Disposition of trace elements

Leaving gasifier.

. 2
Constituents Mean c(o;::r;tratlon [ng(?(:)j :;ae:eday] In gas stream In ash
[kg (1h) per day] {kg (Ib) per day)
As 14 ‘ 127(280) 83(182) 44(98)
B 100 907(2,000) 91(200) 816(1,800)
Be 16 15(32) 3(6) 12(26)
cd 25 23(50) 14(31) 9(19)
Cr 14 127(280) Meg. 127(280)
F 61 553(1,220) 55(122) 498(1,098)
Hg 0.20 1.8(4) 1.8(4) Neg.
Mo 75 68 (150) 7(15) 61(135)
Ni 21 190(420) 46(101) 144(319)
Pb 35 317(700) 200(441) 117(259)
Se 21 19(42) 14(31) 5(11)
v 33 299(660) 90(198) 209(462)
Zn ©o270 2460(6,400) 245(540) 2205(4,860)
cl 0.14% 12700(28,000) >11430(>25,200) 1270(2,800)
Ti 0.07% -6350(14,000) 635(1,400) '5715(12.600)
Sb 13 . 12(26) a(9) 8(17)
Co 9.6 87(192) Neg. 87{192)

®Feed rate based on 9000 metric tons (10,000 tons) per day of cleaned coal (after removal of rock,
debris, and yangue).
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Table 1.13. Typical modes of occurrence of trace and minor elements in coals

Element Mode Element Mode

St Sulfide Mo Sulfide
As Oxide, sulfide Ni Sulfide
Ba Carbonate, sulfate with Ca N ocC
Be oc? K KCI, carbonate
Bi Sulfide . Sm sQ
B OC, borate Sc Oxide
Cd Sulfide Se POC, sulfide, iron selenides
Ca Oxide, carbonate, sulfate Si Oxide, SQ
Cl POC?sodium chioride Ag Element, sulfide, SQ
Cr POC, oxide . Na’ POC, carbonate
Co POC, sulfide Sr POC, with Ca
Cu CuFeSz sulfide S POC, sulfides, sulfates
F Can Te Iron tellurides

Ge POIC, carnanate - Th sa
Fe Carbonate, sulfide, oxide Sn Carbonate, sulfide
Ph Sulfide " POC, 30
Lwo saf v ac
Mg POC, carbonate. SQ Yb Su
Mn Carbonate in CaCO,. sQ. Zn Sulfide

Hg POL, element, suiflde Zr Oxide, SQ

?0C — organic contribution.

5pQOC — partial organic contribution.

€S0 — silicates, clay. quartz.

Source: A. J. Attari and J. P. Meninger. 1976. /nitial environmental test plan
for source assessment of coal justification. EPA-600/2-76-259, Table 5, p. 22.
Research Triangle Park, N.C.: U.S. Environmental Protection Agency.

Attari and Meninger (1976) made some generalizations based on their results, which are presented
in Tables 1.14'and 1.15. In the hydrogasifier, the alkali metals (sodium, potassium, and Tithium)
and the heavier alkaline earth metals (barium and strontium) favor carbonate formation, whereas
beryllium is most stable as the oxide and magnesium as the sulfide. Many heavy metals, such as
mercury, bismuth, silver, and tin, tend to remain in the elemental form. The authors caution
that the study does not take into account the kinetics and reaction rates of the components;

thus it may be that the actual form of an element may be quite different from the calculated

form (Braunstein 1977).

In a study of the loss of minor and trace elements from coal under various simuiated coal gasi-
fication environments, it was found that of 18 elements surveyed, 10 were stable and relatively
nonvolatile: aluminum, silicon, potassium, calcium, titanium, iron, copper, rubidium, strontium,
and yttrium. These elements would be expected to remain in the bottom ash or slag. Two elements
studied, arsenic and zinc, were highly volatile, and the remaining six — phosphorus, sulfur,
chramium. manganese, nickel, and’zirconium — are appreciably volatilized in oxygen or hydrogen
atmospheres but appear to remain as solid residue under low-pressure gasification using steam

or carbon dioxide. The obviously volatile elements, such as cadmium, mercury, and lead, were
apparently not studied (Braunstein 1977). Many of these trace elements do not exist in elemental
form; rather, they exist in compound forms that may exhibit quite different volatility curves
than do the elemental forms.
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Table 1.14. Thermodynamically stable forms
of elements in the process units

Etement Pretreater® Hygas? CO-Shift?
Sh SA S S
As SA E,H E.H
Ba SA C C
Be o] 0 0
gi SA ES E.S
B (o] F F
Cd SA S S
Ca SA -8 (o
Cl HCt HCI
Cr SA S S
Co SA S S
Cu SA S S
F E HF HF
Ge o} H H
Fe SA S S
Pt SA S S
Li 0 o [
Mg SA S v C
Mn SA S S
Hg E E.S E
Mo SA S S
Ni SA S S
N E,O H H
K 0 . C C
Sm [0} (0] (o]
Se [0} H H
Si o] 0 o
Ag SA S. E E
Na (¢] e} C
Sr SA C c
S (e} H H
Te [v] H H E
Sn (o] E,Ci Ci
Ti (o] (o] (o]

Y (o] (o] (o]
Yb [o] (o] (o]
Zn SA S S
Zr Q (e] o]

ZC = carbonate; E = element; H = hydride; O = ox-
ide; S = sulfide; and SA = sulfate.

Source: A. J. Attari and J. P. Meninger. 1976.
Initial environmental test plan for source assessment
of gasification. EPA-600/2-76-259, Table E-3, p.
E-35. Research Triangle Park, N.C.: U.S. Environ-
mental Protection Agency.



1-34

Table 1.15. Calculated flow rates of trace and minor elements in a Hygas-based commercial coal
gasification plant using lllinois No. 6 seam bituminous coal

Coal feed to pretreater Flow rates (kg/s X 10°%)

Element Composition  Flow rate  pretreater Oxygasifier Hot oil Water Acid-gas Sulfur  Methanation Product
3
{ppm) (kg/s X 10%)  |ogses? char quench scrub® effluent® guard  condensate? gas
Stream C Stream D Stream G Stream K Streams 12, 13 Streams 11, 14 Stream P Stream 6 Stream 9

Sb 1.1 0.15 0.043 0.096 0.008 0.003 0.0 0.0 0.0 0.0
As 24 3.2 0.35 2.1 0.3 0.2 0.25 0.0 0.0 0.0
Ba 31 4.1 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0
Be 1 0.13 0.02 0.10 0.01 0.0 0.0 0.0 0.0 0.0

Bi 1.1 0.15 0.022 0.072 0.050 © 0.006 0.0 0.0 0.0 0.0 .
B 200 27.0 0.73 24.0 20 0.27 0.0 0.0 0.0 0.0
Cd n.’9 ni? N N4a4 0.028 0.040 0.008 0.0 0.0 0.0 0.0
Ca 3500 470.0 100.0 310.0 60.0 0.0 0.0 0.0 0.0 [$X1]
(o] 2300 310.0 110.0 80.0 5.0 110.0 4.0 1.0 0.0 0.0
Cr 1R 2.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0
Co 3.b u.48 0.0 0.48 0.0 0.0 0.0 0.0 0.0 0.0
Cu 19 2.5 0.0 25 0.0 0.0 0.0 0.0 0.0 0.0
F 61 8.1 0.29 6.0 0.5 0.81 0.5 0.0 0.0 0.0
Ge 4.3 0.57 0.033 0.52 0.015 0.002 0.0 0.0 0.0 0.0
Fe 14,000 1870.0 73.0 17300 65.0 2.0 0.0 0.0 0.0 0.0
Ph 1 1.5 0.73 0.77 0.0 0.0 0.0 0.0 0.0 0.0
‘LI 33 4.4 0.0 44 0.0 0.0 0.0 0.0 0.0 0.0
Mgy 570 76.0 0.0 76.0 0.0 0.0 0.0 0.0 0.0 0.0
Mn 48 6.4 0.60 5.2 1.1 0.1 0.0 0.0 0.0 0.0
Hg 0.12 0.016 0.013 0.0006 0.0013 0.0006 0.0004 0.0001 0.0 0.0
Mo .70 0.933 0.02 0.906 u.007 0.0 0.0 0.0 0.0 0.0
Ni 15 2.0 0.09 1.9 0.01 0.0 0.0 0.0 0.0 0.0
N 10,400 1390.0 0.0 320.0 70.0 950.0 40.0 9.0 1.0 0.0
K 1,700 227.0 0.0 227.0 0.0 0.0 0.0 0.0 0.0 0.0
Sm 0.74 0.098 0.0 0.098 0.0 0.0 0.0 0.0 0.0 0.0
Se 13 1.7 0.24 1.0 na 0.20 0.16 Q.0 0.0 0.0
Si 20,000 2670.0 0.0 2670.0 0.0 0.0 0.0 0.0 0.0 0.0
Ag 0.1 0.013 0.0042 0.0048 0.003 0.001 0.0 U0 . u.u u.u
Na 1400 187.0 0.0 187.0 0.0 0.0 0.0 0.0 0.0 0.0
Sr 37 a9 nn 4.9 0.0 0.0 0.0 0.0 0.0 0.0
S 38,000 5100 1150.0 1040.0° 120.0 200.0 2670.0. 20.0 0.0 0.0
Te A1 1 nR s .64 {1.uY VRV (VAU L] LAY (AY] 0.0
Sn 2.0 0.27 0.07 0.13 0.06 0.01 0.0 0.0 0.0 0.0
Ti 770 103.0 0.0 100.0 3.0 0.0 0.0 0.0 0.0 0.0
A" 17 2.3 0.21 1.9 0.16 0.03 0.0 0.0 0.0 0.0
Yb 0.56 0.075 0.0027 0.069 0.003 0.0003 0.0 0.0 0.0 0.0
Zn 49 6.5 0.99 4.8 0.60 0.1 0.0 0.0 0.0 0.0
Zr 35 4.7 0.0 4.7 0.0 0.0 0.0 0.0 0.0 0.0

-

3pretreater losses arise from the volatilization of elements at lower temperature (700°K), and are in the form of tars, oils, fines, and off-gases.
All of this material is burfed in the steam plant. Volatile compounds may be lost to the stack unless cleaned by scrubbing or some other
method.

brwo streams are split here: The oil stream is recycled to the slurry preparation and may accumulate trace elements. The water stream
contains phenols, NH4TF, Cl} to be separated, and the treated water to be recycled. It is important to note that the by-products may show
enrichment of some trace elements. .

“The sour gas from the acid-gas treatment umit is sent to the Claus plant. It contains miich of the aridic compounds of CO5, H,S, As;O4
B,0j3, etc., and fine particulates. Oil is separated during regeneration and is recycled. CO, is released to the atmosphere with trace sulfur
compounds. Some gaseous, acidic elements, i.e., Hy Se and H, Te, will most likely end up in the Claus plant sulfur product.

9Water is condensed during methanation and may carry away other trace elements. Almost total sulfur removal is accomplished during
methanation by adsorption onto the catalyst particles. The product gas will be analyzed for the more volatile, toxic elements, but not for the
innocuous ones. :

Source: A. J. Attari, and J. P. Meninger, 1976. /nitial environmental test plan for source assessment of coal gasification. EPA-600/2-76-259,
Table 4, pp. 17 and 18. Research Triangle Park, N.C.: U.S. Environmental Protection Agency.
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1.2.5 Acid-gas treatment,and sulfur recovery — description and effluents

After the raw gas has been water-scrubbed to remove water soluble compounds such as ammonia,
cyanide, and phenols and perhaps oil-scrubbed to remove o0ily vapors from the gas, it undergoes
acid-gas scrubbing to remove sulfurous compounds and carbon dioxide from the gas stream. In the
case of gasifying coal to produce a high-Btu gas, the sulfur content must be reduced to low
levels to minimize poisoning of sensitive downstream methanation catalysts. Carbon dioxide must
also be removed because it would dilute the product gas and compete with the carbon monoxide in
the methanation reaction, resulting in higher hydrogen consumption (Glazer, Hershaft, and Shaw'
1974). Table 1.16 describes the capability of each process to remove reduced sulfur compounds
other than H,S.

1.2.5.1 Acid-gas treatment

The four general types of acid-gas treatment processes are:
1. physical solvent processes that dissolve an acid gas in a solvent without undergoing
chemical transformation,

2. alkaline salt solution, in which C0, and H,S combine with K,CO3 (potassium carbonate)
at temperatures of 80 to 120°C (180 to 250°F), '

3. amine processing, which employs amines for the complexing of H,S or CO, from the gas
stream, and

4. indirect oxidation process, in which the hydrogen sulfide in the gas reacts selectively
with some constituents in the scrubbing 1iquor and is removed from the gas stream.

Effluents from acid-gas treatment

In the treatment of acid gases and the subsequent recovery of sulfur, the primary point of atmo-
spheric emission is the vent stack on ‘the tail gas treatment unit for the sulfur recovery plant.
Estimates of off-gas discharge rates for 1.4 x 10% m3/day (STP) (50 x 106 scfd) demonstration
plants range between 14 and 140 metric tons (15 and 150 tons) per hour. The order-of-magnitude
difference in off-gas rates is due in part to the gasification process and in part to the method
of acid-gas treatment. The (0, Acceptor process, for example, produces less carbon dioxide in
its product gas stream than do other gasification schemes. Carbon dioxide is removed by the

dolomite acceptor.

Because the acid-gas and the final off-gas streams are composed principally of carbon dioxide
(and nitrogen to a lesser extent), the off-gas discharge rate for the sulfur recovery unit in a
CO, Acceptor plant is small relative to other processes. Some acid-gas treatment systems such
as Lurgi's Rectisol produce twn streams — a COp-rich stream and an HpS-rich stream. In some
designs (e.g., the Hygas design; Glazer, Hershaft, and Shaw 1974), only the H,S-rich stream is
sent to the sulfur recovery unit. The CO,-rich stream is sufficiently Tow in sulfur compounds
to be vented to the atmosphere directly. Under such circumstances the off-gas rate from the
sulfur recovery unit is relatively small. The undesirable contaminants in the.off-gas are
sulfur compounds (H,S, COS, and CS,). Manufacturers of several systems'areAcurrent1y claiming

that the ettluent is equivalent to less than 250 ppm of S0,.
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Table 1.16. Summary of selected acid-gas treatment and sulfur recovery processes

Type of pollutant or
product stream treatment

Control process

Remarks

Acid-gas treatment

Sulfur recovery

Claus tall gas treatment

Hot potassium carbonate

Rectisol

Selexol

Sulfinol

MEA (monoethanofamine)

DIPA (diisopropanol amine)

MDEA
{methyldiethanolamine)

Claus

Stretfurd

Incingration

Beavon

Scot

Wellman-Lord

An alkaline salt process that removes )
H,S and CO, as weli as CS, and COS.
Sulfur compounds can be reduced to
about 10 ppin

A solvent-based process that removes
CO,, HyS (down to 0.1 ppm), and
the COS present

A solvent-based process that can remove
H,S, COS, and CO,

A solvent-amine-based system that
romgves TNy down ta 10 ppm and Ha 8
to 1 ppin. C8, and marcaptant ars glio
removed

An amine 'scrubbing scheme that
rernuves COs and can reduce sulfur
content to 1 ppm. COS, CS, and
mercaptans are removed from the

feed stream hut degrade the MEA

An amine system that removes
H, and CO,

A tertiary amine system that is partially
selective in removal of H,S

Recovers elemental sulfur from
acid-gas streams containing as little

as 2% H,S. For economical use,

the untreated stream shouid contain
over 15% H,S. COS and CS; can

be removed by special treatment.

Tail gases usually require further treatment
A inditecl vaidativin proccss that is
up to 99% efficient in recovering
elemental sulfur from low Hy6 eontent
streams, It is not effective in reducing
COS content in the feed stream. The
treated stream can contain as little as

1 ppm H,S. CO, is not removed

Converts H3S to SO, .\which may be
further treated

Can Lunven Limost sulfur forms to H, S,
which is eliminated in a Stretford unit.
Mediees sulfur vantent to below 260 ppm

Similar v Beavon piucess biut recovers
H,S in DIPA for recycle to a Claus unit
A sodium-based scrubbing process;
that caii remove 50U, down to

less than 250 ppm. Can also be used
for Claus tail gas treatment following
incineration

Source: F. Glazer, A. Hershaft, and R. Shaw. 1974. Modified from Table I-1 in Emissions from
processes producing civan fuefs. EPA:450/3-75:028. Belhesda, Md.: Buoz-Allzn and Hamilton, Ine.
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1.2.5.2 Sulfur recovery

The hydrogen sulfide stream from the acid-gas treatment processes is typically disposed of in
either a Claus or Stretford sulfur recovery plant. General rules governing the selection of
sulfur recovery plants are (USEPA 1976):

1. Stretford plants remove only H,S;
2. Claus plants remove H,S, S0,, and (to a lesser degree) COS;

3. Claus plants are not generally used on acid-gas streams containing less than
15 vol % of H,S;

4. Stretford plants are used on all acid-gas streams containing less than 15 vol % of
HzS unless significant amounts of other oxidants (such as SO, or HCN) are also present;
and

5. tail-gas treating currently favors oxidation-based systems because of the high C0,
partial pressures in tail gases.

Claus process

Two of the basic forms of the Claus process are (1) the partial combustion process and (2) the
split stream process. The partial combustion process is used for gas streams of high (~50%)
H,S content, and the split stream process is used for gas streams with less H,S (Dravo 1976).

In the partial combustion process, the entire acid-gas stream is mixed with a stoichiometric
amount of air to burn one-third of the H,S to S0,. In the split stream process, one-third of
the acid gas is fed to the reaction burner, and all of the contained H,S is burned to SO, with
stoichiometric air. The split stream process can effectively handle gases with H,S content as
Tow as about 20%. A combination of partial combustion and split stream processes 1s also being
considered for processing acid-gas streams cohtaining H,S in concentrations of 35 to 50% (Dravo
1976).

Stretford process

The purpose of the Stretford process is to remove H,S from gas streams and to recover the sulfur
in elemental form. Theoretically, if H,S were the only acid gas present and no side reactions
occurred, the Stretford process could operate without producing any waste chemical streams that
require disposal or special treatment. However, gas streams from coal processing generaily con-
tain HCN and small amounts of other sulfur and nitrogen compounds. These compounds and HCN
react in an irreversible manner with the Stretford chemicals (Dravo 1976).

Effluents from sulfur recovery

An important consideration in sulfur recovery is the ability of the sulfur market to accommodate
the large quantities of by-product sulfur that are produced from the combustion and/or conversion
of coal projected for the future. For a single 1.4 x 108 m3/day (STP) (50 x 106 scfd) coal-
to-SNF (synthetic natural gas) demonstration plant, 27 to 270 metric tons (30 to 300 tons) of
99.5% pure sulfur are produced daily. If this by-product cannot find a market, it prasents a
significant but not insolvable waste disposal problem.
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Other solid effluent streams produced in this area of the plant are the infrequent replacement
of iron oxide or buaxite catalyst from the Claus unit (every 5 to 10 years), Stretford chemical
purge (containing sodium thiocyanate, sodium thiosulfate, sodium sulfite, sodium citrate, and
vanadium salts), and chemical purges from tail gas treatment units.

1.2.5.3 Tail gas cleanup v

Claus technology units themselves must have tail gas treatment units to reduce sulfur emissibn.
Unrecovered sulfur in Claus plant tail gas includes primarily hydrogen sulfide, elemental sul-
fur, sulfur dioxide, and lesser amounts of other sulfur compounds (carbonyl sulfide and carbon
disulfide)}. Stretford units (using Claus technology) are not capable of recovering sulfur from
carbonyl sulfide or carbon disulfide. Without tail gas treatment, these compounds would be
vented to the atmosphere along with fugitive hydrogen sulfide.

Options for Claus tail gas disposal include venting, incineration (which converts sulfur com-
pounds to sulfur dioxide), or cleanup. Incineration of the tail gas is the method most often
used in U.S. Claus plants treating the tail gas.

The two types of Claus plant tai1'gas cleanup processes are low-temperature Claus and conversion-

concentration. The first type promotes sulfur formation by operating a catalytic system at a

temperature favoring thermodynamic equilibrium; Topsoe-SNPA and Sulfreen are two such processes.

The second type converts sulfur compounds to hydrogen sulfide or sulfur dioxide, which is then

converted to elemental sulfur, sulfuric acid, or gypsum. The SCOT, Aquaclaus, Chiyoda Thorough-

bred, Cleanair, IFP, Beavon, and Wellman-Lord processes are of the second types (Braunstein, M
Copenhaver, and Pfuderer 1976).

A summary of selected acid-gas treatment and sulfur recovery processes is given in Table 1.16.

"~

1.2.6 Sleam and power production

Coal gasification plants are designed to be energy self-sufficient. Utility plants, fired by
some combination of raw coal, carbonaceous residue, and/or product gas, provide steam for hydro-
gen production, process heating, and electricity generation. Estimates for electricity require-
ments for commercial-size synthetic natural gas (SNG) plants (7.1 x 106 m3/day; 250 x 105 scfd)
have generally ranged between 40 and 60 MWe; high-pressure steam requirements, between 1.1 x 108
and 1.9 x 10% kg (2.5 and 4.2 million pounds) per hour (Glazer, Hershaft, and Shaw 1974). At
several locations throughout the process, high-temperature cooling is necessary, for exampie,
upstream of gas purification, during or after exothermic CO shift and methanation, regenerator
off-gas for the CO, Acceptor process, and upstream of sour gas scrubbing. Steam generation from
waste-heat recovery is used whenever possible. Waste-heat recovery can be very substantial; for
the case of the CO, Acceptor process, all steam and electric needs may be satisfied in this
manner. Onsite utility plants take advantage of higher efficiency power production schemes,
using combined cycle generators and economizers.

1.2.6.1 Effluents from steam and power production

The primary air pollutants from power plants are sulfur dioxide (SO,), sulfur trioxide (SO3),
nitrogen oxide (NOy), fly ash, and various trace metals that may vaporize and become gaseous
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pollutants — for example, mercury, beryllium, arsenic compounds, or fluorides. Other trace
metals such as nickel, zinc, cadmium, and molybdenum exist in fly ash particles. If gas is the
fuel for combustion, only nitrogen oxides are expected as a major pollutant. Table 1.17 shows
typical air emissions in pounds per million Btu heat input for coal- and gas-fired boilers, but
a conservative approach has been taken here (Hittman 1974). Sulfur dioxide, nitrogen dioxide,
and particulate emission rates have been estimated by assuming that the plant emits the largest
legal quantity of these effluents. This is a worst-case assumption based on compliance with
the EPA New Source Performance Standards (NSPS) for large stationary, direct-combustion, coal-
fired power plants. Federal standards for coal conversﬁon facilities have not yet been promul-
gated (Table 1.18).

Table 1.17. Air emissions {with pollution control) for a 1000-MW power plant®

Pounds per million Btu heat input

SO, NO, Particulates

Conventional coal-fired plant

Appalachia 0.27 0.30 . 0.002
Eastern Interior 0.62 0.30 0.003
Powder River - 012 0.30 0.002
Fort Union 0.18 0.30 0.003
Four Corners 0.14 0.30 0.004 _

Combined cycle low-Btu gas-fired plant

Appalachia 0.13° 0.05 Nil
Eastern Interior 0.30° 0.05 Nil
Powder River 0.06° 0.05 Nil
Fort Union 0.09° 0.05 Nil
Four Corners 0.07° 0.05 Nil

EPA new source performance standards

Fur cual 1. n7 0.1
For gas 0.2 0.1

ro

41000 MW output is approximately equivalent to 8750 X 10° Btu per hour of heat input (39%
conversion efficiency).

bErom Claus Plant desulfurizing fuel gas.

Source: Hittman Associates, Inc. 1974. Baseline data environmental assessment of a large coal
conversion complex. Vols. | and 1. ERDA contract no. 14-32-0001-1508. Interim report no. 1. Washington, -
D.C.

Table 1.18. Emission limitations for fossil-fuel-fired steam boilers
Pounds per million Btu heat input

EPA New Source Performance Standards

Gaseous fuel Liquid fuel Solid fuel Comments

Partlculaie 0.1 0.1 0.1 M% npanity

SO, 08 1.2 2-hr average
NO, 0.2 0.3 0.7

Source: Fed Regist. 36(247); 40 CFR Part 60, Dec. 23, 1971.
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A11 new coal- and gas-fired power plants are subject to the NSPS for SO,, NO,, and partitu1ate
emissions. The NSPS are minimum Federal standards and may be superseded by more stringent state
standards to achieve compliance with desired local ambient pollutant concentrations. They may
also be superseded by new Federal standards for coal conversion facilities. New Mexico limits
emissions on gas-fired boilers to 0.07 kg (0.16 1b) of SO,, 0.01 kg {0.03 1b) of particulates,
and 0.09 kg (0.20 1b) of NO, per million Btus of heat input (LHV basis).

Using a scale-down factor of 0.3, the quantities of effluent stream listed below are derived
by reducing the estimates for commercial-size plants to those anticipated from demonstration
plants. Although many aspects of a commercial plant (7.1 x 10® m3/day; 250 x 10® scfd) may be
scaled down by a 0.2 factor for estimating demonstration plant (1.4 x 10% m3/day; 50 x 108 scfd)
parameters, it may be inaccurate to scale down the power and steam consumptibn linearly. An
added 50% (above a linear scale-down) has been assumed to account for lower pump and compressor
efficiency in small sizes, more overdesign in demonstration plants, and the fact that energy
consumption for the motor drives on many pieces of equipment does not increase linearly as
equipment capacity increases. Quantities for the Hygas process were originally calculated by
Jahnig (1975b); for Synthane by Kalfadelis and Magee (1974); and for Bi-Gas by Jahniy (1975a).
Emission rates of solid and gaseous residuals have been estimated and are summarized in Table
1.19.

Table 1.19. Summary of power plant parameters for synthetic natural gas demonstration plant (1.4 X 10° m®/day; 50 X 10° scfd)

Heat input Solid residuals? Air emission {controlled)?-¢
Process Fuel Feed rate (Btu/hr X 10?5 Ashrate FGD? sludgerate  Flue gas rate 502 NO» Particutates”
Synthane Gasifier 16567 1500 400 57-76 17,790 216 12.6 1.80
char .
Bi-Gas Coal 820° 843 55 203 10,060 211 7.08 1.01
Hvoas Fuel gas  160° 1030 0 0 19,104 2.797 280 i

3Fle gas desulfurization.

5Tons per day.

€Control to the extent necessary to meet the EPA New Source Performance Standards.
YFrom Claus Plant desulfurizing fuel gas from lllinois No. 6 coal. '
€Standard cubsic feet per day X 10°.

The primary Tiquid effluent is boiler blowdown, which may be recycled for use as cooling tower
makeup water (Sect. 1.2.7). Water is also contained in solid residual sludges from ash or slag
quenching and flue gas desulfurization (FGD). Therefore, no water leaves the power plant directly,
but wet siudges require disposal externally.

fhe power plant in the Hygas process is fired by fuel gas (5.6 x 108 J/hr; 151 Btu/scf) sup-
plied by an auxiliary IGT U-Gas system.. Because of the clean nature of this fuel, no ash, slag,
nor FGD sludge is produced. The estimated heat input for a demonstration gasification plant
(1.4 x 108 m3/day; 50 x 10® scfd SNG) is 1.096 x 10% J/hr (1.039 x 10° Btu/hr), producing
11,940 metric tons (13,164 tons) per day of flue gas.

The power plant for this Bi-Gas demonstration plant is fired by approximately 740 metric tons
(820 tons) per day (889 x 106 J/hr; 843 x 108 Btu heat input per hour) of West Kentucky No. 11
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coal. The plant would produce an estimated 50 metric tons (55 tons) per day of slag, 184 metric
tons (203 tons) per day of sulfated limestone from FGD, and 9115 metric tons (10,050 tons) per
day of flue gas. Tables 1.20 and 1.21 give typical analyses of FGD sludges.

The power plant in a demonstration Synthane gasification complex is fired by gasification char.
Process developers have found it optimal to balance overall process energy requirements by
incomplete coal gasification, producing a relatively high-carbon-content gasifier char thought
to be suitable for firing in a conventional coal-fired furnace to fullfill process utility
requirements. Such a power plant would be charged with about 63 metric tons (69 tons) per hour
of char (1583 x 106 J; 1500 x 10% Btu of heat input per hour). Estimated ash production is

360 metric tons (400 tons) per day. Flue gas desulfurization generates between 52 and 69 metric
tons (57 and 76 tons) of sulfated 1ime per day (see Tables 1.20 and 1.21 for analyses). Both
solid residuals require external disposal. Flue gas is discharged from the stack at a rate of
15,140 metric tons (17,790 tons) per day.

Current technology exists for 80 to 95% sulfur dioxide reduction through scrubbing systems using
1ime/1imestone, magnesium oxide, or the Bureau of Mines citrate system. The quantity of sulfur
dioxide Teaving the stack is a function of the sulfur concentration in the coal and the means

of abatement used, if any.

If a wet lime/limestone scrubber is used to remove SO, from the flue gas, the dry weight of the
solid sludge could be four times the weight of the sulfur being scrubbed. Because the actual
sTudge is wet (water to calcium sulfate/sulfite ratio of unity), the total solid waste problem
can be eight times the original weight of sulfur scrubbed (Miller 1974).

If an Mg0 scrubber is used, a daily sludge production similar to the lime/limestone system would
be obtained. In this case the sludge would be regenerated, yielding a commercially salable sul-
furic acid by-product and regenerated Mg0 for reuse. The only solid waste disposal problem for
MgO scrubbing would be the purge of spent Mg0 to maintain activity in the scrubber.

A citrate scrubber yields elemental sulfur as a final product. This sulfur can be stored for
future sale but may represent a solid waste problem if the market for by-product sulfur does
not exist, albeit a much more minor problem than FGD $ludge disposal.

When a 1ime/1imestone or Mg0 scrubber is used, the final sludge product contains calcium or
magnesium sulfite and sulfate as well as entrained fly ash. The sludge is dewatered in succes-
sive stages, with water from the first stage being recycled. Water bleedoff from the last stage
may contain as much as 15% dissolved solids (calcium, magnesium, sodium, potassium, sulfate,
sulfite, chloride, and bicarbonate jons). The quantity of such wastewater is dependent on the
sulfur and ash content of the coal, the power plant capacity, and the efficiency of the electro-
static precipitator upstream of the sulfur scrubber. 7he treatment for this wastewater stream
has not been specified but should not constitute a problem.

The particulate emission rate is a function of the percentage of ash in the coal, the method
of combustion, the nature of the coal, and the means of abatement used. Electrostatic precipi-
tators and wet scrubbers are currently capable of reducing particulate loadings with as high as
99.9% efficiency; usual operating ranges are 98 to 99%.
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Table 1,20, Chemical analysis of lime process sludges
on dry solid basis

Sample® (%)

Component

A B [ D E F
Ca0 18.1 43.2 40.7 434 25.6 43.8
MgO 24 0.2 b 0.001 1.2 b
Total sulfur 7.2 18.9 18.1 20.0 10.9 229
SO, 121 33.0 329 29.2 10.8 45.8
SO; 29 5.9 4.8 13.6 13.6 c
CO, 3.2 6.7 2.3 74 2.2 1.0
Free carbon b b . b 28 0.14 c
Si0, 31.6 49 3.76 0.58 21.3 0.18
Al;04 18.3 34 1.7 1.21 1.3 0.39
Fey 03 4.3 0.6 0.86 0.39 5.6 0.29
iNa,0 b b b u.3b u.76 vy
K.0 b b b 0.03 - 098 0.01
Free base as CaO 03 13 79 0.08 0.08 ¢

A — power station prior to fly ash collections; B — power station after fly ash
collection; C — Chemico using carbide lime; D — power plant using proprietary scrubbing;
E — wet limestone pilot plant scrubber; F — molybdenum sulfide pilot plant scrubbing
effluent.

bNot determined.

¢Not detected.

Source: H. M. Braunstein, E. D. Copenhaver, and H. A. Pfuderer. 1976. Tahle 4.7 in
Environmental, health. and control aspects of coal conversion: an information overview.
({Draft) vol. 1. Qak Ridge, Tenn.: Oak Ridge National Laboratory.

Table 1.21. Chemical analysis of flue gas
desulfurization sludges

Paramcter Sludge Elutriate/leachate

Total organic carbon (elutriate only) X
Total solids X
Dissolved solids
Suspended sullds (leachawe only)
nH
Hardness (elutriate only)
Conductivity
Arsenic
Beryllium
Cadium
Chraminm
Coppor
Lead
Magnesium
Manganese
Mercury
Nickel
Seleninm
Zinc
Chleride
Cyanide
Fluoride
{ calcium fluoride sludge only)
Nitrate
Nitrite
Sulfate
Sulfite

> X

x XHKXXXXXXXXXX
HIMX KX XX XX XXX XXXX

X X XX
X X X X

Source: H. M. Braunstein, E. D. Copenhaver, and H. A. Pfuderer.
1976. Table 4.8 in Environmental, health, and control aspects of coal
conversion: an information overview. (Draft), vol. 1. Oak Ridge,
Tenn.: Oak Ridge National Laboratory.
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1.2.6.2 Disposition of trace elements in coal-fired boilers

In power plants the elements entering the boiler in the coal stream are partitioned between a
bottom ash (or slag) stream and a flue gas stream containing suspended fly ash and the vapors

of volatile elements or compounds. A further.partitioning of the flue gas stream takes place

in the particulate emission control devices (electrostatic precipitators or scrubbers) that
efficiently remove larger fly ash particles but are less efficient for vapors and finer par-
ticles. Ash from the boiler and ash removed by the precipitators are flushed with water to ash
ponds, in which elements may be leached from the ash and enter the aquatic environment in runoff
leakage through the pond floor. Small particles and vapors are discharged to the atmosphere and
enter the terrestrial and aquatic environments by wet or dry deposition (Klein et al. 1975).

Table 1.22 gives the element flows for the Allen plant. Serious negative imbalances occur for
bromine and chlorine; serious positive imbalances are present for chromium and vanadium. Per-
haps some excess of these elements in the fly ash is due to corrosion of the boiler tubes. Very
little of the arsenic occurs in the vapor phase. Thus the imbalance is probably caused by
sampling or analytical difficulties. Except for these five elements, no bias in the mass balances
was observed, and the standard deviation from balance was 15% (Klein et al. 1975). Concentration
of the trace elements in the feed coal, slag, and inlet and outlet fly ash streams are listed in
Table 1.23 along with concentration ratios between slag and coal, inlet fly ash and slag, and
outlet vs inlet fly ash. These concentration ratios reflect element partitioning. Klein et al.
(1975) observed three general classes of partitioning behavior.

Class I consisted of the elements:

A1, Ba, Ca, Ce, Co, Eu, Fe, Hf, K, La, Mg, Mn, Rb, Sc, Si, Sr, Sm, Ta, Th, and Ti.
For these elements the concentration ratio of slag to coal was greater than or equal
to 6.6, which indicated that the elements were readily incorporated into the slag.
These elements were partitioned about equally between the inlet fly ash and slag
(concentration ratio equal to 1.2, standard deviation 0.3) but showed no apparent
tendency to concentrate on outlet fiy ash (outlet to inlet fly ash concentrations

equal to 1.3, standard deviation 0.5).

Class II consisted of the elements:

As, Cd, Cu, Ga, Pb, Sb, Se, and Zn. These elements are poorly incorporated into the
slag, as evidenced by the ratio of concentrations between slag and coal equal to or
less than 3.6. These e1eménts concentrated in the inlet fly ash relative to the
slag (concentration ratio equal to or greater than 6) and in the outlet fly ash
relative to the inlet fly ash (concentration ratio equal to or greater than 3.5).

Class ITI consisted of the elements:

Hg, C1, and Br. These elements essentially remained -only in the gaseous phase.

The remaining elements (Cr, Cs, Na, Ni, U, and V) do not clearly fall into one of these three
observed categories based on data by Klein et al. (1975) but fall intermediate between Classes I
and II.
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Table 1.22. Trace element flows through a coal-fired power plant

Run Coal (g/min) Slag {g/min) Inlet fly ash {g/min} OQutlet fly ash {g/min) Flue gas (scf/min)

8/73 1.47 X 105 8.43 X 10° 7.39 X 10° 370 6.21 X 10°

Element Coal Slag Inlet fIY ash  Inlet gas Imbalance Atmospheric discharge :

(g/min) {g/min) {g/min} {g/min) (%) {g/min) {ib/ton of coal fired)
Al 15,340 8,620 67.20 0 30 4% 1072
As 6.5 15 8.1 <0.1 +48 0.2 3x107%
Ba 96 a2 55 +1 0.3 4x107°
Br 5.4 0.2 0.3 —90 ~6 8x10°2
Co 6,300 3,800 2,360 -2 10 11072
cd 0.69 0.09 059 <0.05 -1 0.02 3x10°%
Ce 12.1 7.1 6.2 +10 v.ua 5% 10”5
o1 1,340 8 16 —-98  =1300 2
Co 4.3 1.8 29 +9 0.02 3x10°°
Cr 26 13 22 +33 0.3 4x10"4
Cs 1.6 06 1.0 0 0.01 1x10-8
Cu 12.2 1.7 10.3 -2
Eu 0.15 0.09 0.09 +20 0.0005 7x10°7
Fe 15,950 9,440 8,940 +16 60 8 X 10™2
Ga 6.6 0.4 6.0 -3
Hf 0.59 0.39 0.30 +17 0.002 3x10°°
Hg 0.i8 0.002 0.004 017 0 0.1? 1X10°%
K 2,260 1,330 1,480 +24 9 1X1072
La 5.6 35 30 +16 3x 1073
Mg 1,780 1,040 780 +2 0.02
Mn 49.7 24.9 22.0 -6 0.02 3x10°%
Na 1,020 420 750 +15 4 5X10°3
Ni 23 7 16 0
Pb 7.2 0.5 5.9 0.1 -1 0.2 3x10°4
Rb 22.8 8.6 11.5 -12 0.07 1%107°
5L 0.74 0.05 089 0.} +27 0.2 3xw ?
Sc 3.2 1.8 1.9 +16 0.01 1X10"°
Se 3.2 0.0 1.8 0.53 -22 0.4 5X 104
Si 33,960 19,300 14,480 -1
Sm 1.47 0.69 0.78 0 0.003 4x 108
Sr 34 14 18 -6
Ta 0.16 0.08 0.10 +12 0.0007 1x10°8
Th 3.1 1.3 1.5 —-10 0.01 1X10-5
Ti 740 340 440 +5 4 65X 1073
u 3.20 1.26 2.22 +R
v any 21.9 32,5 +30 0.4 5X107°
Zn 68 8.4 55 <1.0 -7 2 3x10°°
3Gag only,

Source: D. H. Klein et al. 1975. Modified from Tables | and Ill in Pathways of 37 trace elements through

coal-fired power plants. Environ. Sci. Tech. 9(10): 973—9.
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Table 1.23. Concentrations and concentration ratios

Concentration ratins

Element concentration® (ppm)

Coal Slag Inlet fly ash  Outlet fly ash  Slag/coal ;::}tslfal; oi::l;tfaly:;h/

Al 10,440 102,300 90,800 76,000 9.3 0.9 0.8
As 4.45 18 10 T 440 3.6 6.1 4.0
Ba 65 500 465 750 7.7 09 1.6
Br 3.7 2 ~4 0.5 20

Ca 4,340 46,000 25,200 32,000 10.6 0.5 1.3
Cd 0.47 1.1 8.0 51 2.3 . 7.3 6.4
Ce 8.2 84 84 120 10.2 1.0 14
[of] 914 <100 <200 <0.1 ~1

Co 2.9 20.8 39 65 7.2 1.9 1.7
Cr 18 152 300 900 8.4 2.0 3.0
Cs 1.1 7.7 13 27 7.0 1.7 2.1
Cu 8.3 20 140 24 70

Eu 0.1 1.1 1.3 1.3 11.0 1.2 1.0
Fe 10,850 112,000 121,000 150,000 10.3 1.1 1.2
Ga 4.5 5 81 1.1 16.2

Hf 0.4 4.6 41 5.0 11.5 0.9 1.2
Hg 0.122 0.028 0.050 0.2 1.8

K 1,540 15,800 20,000 24,000 10.3 1.3 1.2
La 3.8 42 40 42 1.0 1.0 1.0
Mg 1,210 12,400 10,600 10.2 0.9

Mn 338 295 298 430 8.7 1.0 1.4
Na 696 5,000 10,100 11,300 7.2 2.0 1.1
Ni 16 85 207 5.3 2.5

Pb 4.9 6.2 80 650 1.3 . 129 8.1
Rb 15.5 102 155 190 6.6 1.5 1.2
Sb 0.5 0.64 12 55 1.3 18.8 4.6
Sc 2.2 20.8 26 36 9.5 1.2 1.4
Se 22 0.080 25 88 0.0 310 3.5
Si 23,100 229,000 196,000 9.9 0.9

Sm 1.0 8.2 10.5 9 8.2 1.3 0.9
Sro . 23 170 260 7.4 1.6

Ta 0.11 0.95 1.4 1.8 8.6 1.5 1.3
Th 2.1 15 20 26 8.6 1.3 1.3
Ti 506 4,100 5,980 10,000 8.1 1.5 1.7
V] 2.18 14.9 - 30.1 i 6.8 2.0

\ 28.5 260 440 1,180 9.1 1.7 2.7
Zn 46 100 740 5,900 2.2 74 8.0

2All analytical data by NAA except Cu, Ga, Ni, and Sr by XRF; Hg by AA; Se by GCMES and Cd, Pb, and Zn by
IDSSMS; vatues for As (73) and for Rb are averages of NAA and XRF.

Source: D. H. Klein et al. 1975. Table |V in Pathways of 37 trace elements through coal-fired power plants.
Environ. Sci. Tech. 9(10): 973-79.
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Natusch, Wallace, and Evans (1974) studied the relationship between trace element concentration
and fly ash particle size. They report that, of the elements studied at the Allen Steam Plant,
As, Cd, Cr, Ni, Pb, Sb, Se, and Zn show a clear inverse relationship between element concentra-
tion and particle size. Except for chromium and nickel (which fall between Classes I and II),
all of these elements may be found in Class II. Natusch, Wallace, and Evans (1974) also report
no trend or poorly defined trends for Al, Ca, Co, Cu, Fe, K, Mg, Mn, Si, Ti, and V — all of which
are Class I members except Cu (Class II) and V (intermediate group).

In the August 1973 runs shown in Tables 1.22 and 1.23, only about 0.5% of the incoming fly ash
left the precipitator in the outlet flue gas (99.5% collection efficiency). Mercury and selenium
were discharged both as vapor and in fly ash particles, but, because no other metals were detected,
Klein concluded that other metals were apparently dischdaryed only in the fly ash. The quantities
of elements discharged to the atmosphere are given in the last two columns of Table 1.22 as

grams per minute and pounds per ton of coal fired.

These results and those of Natusch, Wallace, and tvans (1974) show that the abilily uf the pre=
cipitator to remove trace elements from the flue gas stream depends on the specific element as

. well as on precipitator design and operating conditions, with Class I elements removed more effi-
ciently than Class II elements. Measurements made at Allen for the No. 2 Unit electrostatic

- precipitator during the 1973 sampling trip by Southern Research Institute showed a minimum in
precipitator efficiency of about 80 to 85% for particles 0.15 to 0.5 um in diameter. Mercury
and selenium are special cases because they were observed to enter the precipitator partly in
the vapor phase. About 20% of the selenium passes through the precipitator, primarily as the
elemental vapor (Klein, Andren, and Bolton 1975). Selenium in both the vapor %tate and the fly
ash phase appeared to be in the'zero oxidation state. Not less than 60%, and probably about
90%, of the mercury entering in the coal stream was discharged to the atmosphere as the vapor.
It is unlikely that a change in the precipitator efficiency could have an effect on the relative
quantity of these elements discharged as the vapor (Klein et al. 1975).

Thué it appears that electrostatic precipitators can be made efficient for the removal of most
elements, are less efficient for the removal of those elements that concentrate on very fine
particulates, and are essentially w%thout effect on such volatiles as mercury. Because.most of
the Class I and Class II elements are in the collected ashes from which they may be removed by
weathering or biological processes, the fate of the potentially toxic metals in c¢oal depends
largely upon how the ashes are stored or disposed of. The stability of the ash under environ-
mental conditions requires further study (Klein et al. 1975).

1.2.7 Wastewater treatment — description and effluents

The design goal for water use in coal gasification plants has been to approach’zero discharge.
The 1972 Water Pollution Control Act has mandated this goal to tdke effect in 1985. The philos-
ophy in designing a treating facility for liquid wastes has been to purify liquid streams only
to the extent necessary for reuse -in specific areas of the plant. Examples of contaminated
water reuse are shown in Fig. 1.10.

After sedimentation, water from the storm retention pond should be suitable for use as cooling
tower makeup. Alternately, this stream can be further treated in a biological oxidation unit,
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Fig. 1.10. Disposition of additional liquid wastes.

in a hydrated Time neutralization unit, or in the boiler feedwater preparation unit for uses
requiring a less contaminated aqueous feed. Boiler blowdown should be acceptable for use as
cooling tower makeup without requiring further treatment. Blowdown from the cooling tower has
a hiyh level of contamination but is available to quench and slurry ash dropping out of the
gasifier. Solar evaporation is an alternative disposition for this stream in arid Western
regions. Water generated by chemical reaction during methane production must be removed from
the product gas to produce pipeline-quality SNG. This water is very pure {virtually all con-
taminants have been removed in previous process steps) and should be suitabie for boiler feed-

water without additional treatment.

As a special case for Bi-Gas plants, all sour water is continuously recycled for quenching
gasifier char and product gas, reducing the need for sophisticated wastewater:treatment.
Caustic or acidic water used to backwash contaminated ion exchange resins in the boiler feed-
water preparation area can be neutralized and used to quench and slurry gasifier ash.

The largest sink for recycled water is the wet cooling tower. Because of the large gas-liquid
interfacial area present in wet cooling towers, mass transfer of materials from the 11'qu1'd_to
the gas stream has the pntential for creating serious environmental emissions, which warrants
special care in removing undesifable components from the water before it enters the tower.

Contaminated water is therefore subjected to extensive treatment before being recycled to this

area.

The largest source of wastewater in the plant i3 3sour water (gas ligquur), which is withdrawn
prior to methanation. Depending on process operating conditions, this stream contains- greater
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or lesser quantities of tar, oil, BTX, naphtha, phenols, ammonia, hydrogen sulfide, carbony]
sulfide, carbon dioxide, hydrogen, cyanide, trace metals, suspended and dissolved solids, and
small quantities of other organic and inorganic compounds.

Figure 1.11 shows the flow of process liquid waste streams through an extensive wastewater
treatment facility that may become typical in coal gasification plants. Although facilities
are shown for the removal of all valuable by-products and undesirable contaminants, this type
of design must be modified to suit a particular plant design. Variable parameters include by-
product formation, generation of specific organic and inorganic compounds, the need for process
makeup water, the production rate of sour water, alternative uses for waste liquid streams not
requiring extensive treatment (e.g., all sour water is used for gquenching gas and slag in the
Bi-Gas design), alternative treatment methodsA(e.g., substituting biological oxidation treatment
or carbon absorbents with Synthane char for removal of trace phenols, ammonia, and organics),
and the potential of the environment to provide solar evaporatioh and acceptable burial sites.

Contaminated aqueous streams are generated in coal conversion processes because product or
effluent gases either are water-washed to remove contaminants or are quenched for temperature
control. A third potential source of an aqueous stream is from simple condensation of excess
steam that might have been used in a gasification process. The type and quantity of contami-
nants found in the wash water are functions of (1) the chemical characteristics of the inipia]
coal feedstock to the process and (2) the type of subsidiary treatment upstream of the water-
wash, quench, or cooling-condensation steps (Glazer, Hershaft, and Shaw 1974).

Processing steps for foul water streams include the following in most cases:

1. pressure reduction by flashing, which releases dissolved sulfur, dissolved carbon
dioxide, and desirable gas constituents,

2. solids removal or removal of tars, oils, and BTX, using typical solids-liquids
separation equipment such as thickeners, c¢larifiers, ovr filtlers,

3. 1liquid-liquid extraction to recover phenols, creosols, and xylenols,
4. steam stripping to remove ammonia, and

5. binlogical oxidation to remove trace quantities ufl lMixed and free ammonia; phenols,
and BOD.

The presence and removal of trace elements deserve special attention. Trace elements that enter
the process through the coal feed can leave the process through a variety of pathways such as:

® depnsition on cauipment surfaces;

® deposition on shift conversion catalyst;

® inclusion in tar and oil (including naphtha and BTX);
® inclusion in 0il quench bleed stream (Hygas);

e inclusion in by-product streams {phenols and ammonia) if by-products are withdrawn
before trace element removal;

@ fugitive emissions;

® sand filtering bleed stream (Bi-Gas);

-
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® trace elements generated from equipment corrosion and wear (Cr, Cu, Mg, and Ni); and

® ash quench water below gasifier (if evolved stream is returned to the gasifier, a
closed loop is formed requiring a purge).

The size and composition of these streams has not been empirically determined, nor can it be
analytically derived with great certainty. Therefore, it is assumed that trace elements ulti-
mately have two pathways by which to leave the process: (1) gasifier char and (2) treatment
sludges from the wastewater treatment plant. Data in Table 1.15 corroborate this assumption,
showing that the concentration of trace elements declines drastically during the water scrub.
Based on a coal feed rate of 9070 metric tons (10,000 tons) per ‘day (cleaned) having trace
element concentrations equal to the mean value for 101 coals, Table 1.12 shows the estimated
quantity of 17 trace elements leaving the gasifier in the ash stream and the product gas stream.
Downstream gas quenching and scrubbing should transfer these elements from the gas to the liquid

strcam.

Removal of trace elements from wastewater streams has been demonstrated, using lime precipitation-
activated, ferric chloride-activated, and alum-activated carbons and biological oxidation. Com-
parative removal efficiencies for 14 of the trace elements are shown in Table 1.24. Using the
basis of 9070 metric tons (10,000 tons) of cleaned coal charged per day, which has a trace
element composition equal to the average of 101 U.S. coals, and using removal processes that
demonstrate the highest removal efficiency for each element, Table 1.25 shows the. estimated
emission rate of 14 trace elements and their rate of accumulation in the treatment sludge.

These are only estimates based on simplified pathways. Also, these removal processes are only
contaminant concentrators, and ultimate disposition of the treatment sludge is not clear. Treat-
ment of the entire effluent stream for removai of trace elements may be prohibitively expensive.
In this event, some calculated portion of the stream is bled off and purged of contaminants at

a rate that prevents the accumulation of trace elements in the water recycle loop.

In addition to treating process-generated liquid wastes, incoming raw water is treated in two
separate areas: (1) makeup water preparation and (2) boiler feedwater preparation (Fig. 1.12).
Makeup water preparation treats raw or recycled water with various chemicals such as lime and
alum to precipitate hardness and cause flocculation. An innocuous mineral sludge is produced
from this unit, which is expected to be suitable for burial or landfill.

Requirements for boiler feedwater are more stringent. Raw or recycled water is demineralized -
with ion exchange resins that are periodically backwashed with sulfuric acid or caustic. The
wash is neutralized and may be used to quench and slurry gasifier ash.

Associated with raw coal is such a vast range of chemical compounds that even the action of
rainwater may pose an environmental threat. Coal storage piles should be held in basins that
are lined with an impermeable barrier. Rain drainage from these basins normally is retained
in a separate storm pond, then treated (Fig. 1.11). Coal dust finds its way out of the coal-
handling and preparation areas and covers the ground. It is estimated that 8.2 x 10 m3/day
(1.5 x 10* gpm) of rain-(maximum, 1 hr) may fall on paved areas of the plant and 32.7 x 10%
m3/day (6.0 x 10 gpm) ‘may fall on unpaved areas (Kalfadelis and Magee 1974). In contact with

"



Table 1.24. Wastewater removal efficiencies of trace elements

! Limg precipitation— Ferric chloride— Alum~—activated Biglogical
Constituent activated carbon A carbon oxidation
(%) activated carbon (%) (%)

As 84 97.1 N/A

B N/A N/A N/A

Be 99.67 98.9 98.9

Cd 99.6° 98.6 55.5 20-45

97.4 Cr%*

Cr 98.2 99.3° 99.3 Cr3* 40-80
F N/A N/A N/A

Hg 92. 98. 08.3% 20-75
Mo 5. 80.° 10.

Ni 99.57 37. 37. 15-40
Ph 99.47 99.1 96.6 '50-90
Se 95.° 80. 56.

Y 91. 97.8° 95.4

Zn 76. 942 28. 35-80
cl N/A N/A N/A

Ti 95.3 98.57 95.8

Sb 52. 728 71.

Co 957 30. 56.

?Highest demonstrated removal.
Source: Technology Transfer, USEPA, January 1977, pp. 2—7. Washington, D.C.: U.S. Environmental
Protection Agency.

Table 1.25. Estimate of trace element effluents from wastewater treatment facility (WWT)

Baseq on 10,000 tons per day of cleaned coal feed having a trace element composition

equal to the average of 101 U.S. coals and the use of removal processes

demonstrating the highest rémoval efficiency for each element.

. ) : Emission rate? Rate of
Quantity entering Best removal L L .
. . -~ .. in final liquid accumulation
Constituent WWT Tlacility efficiency .
(1b/day) (%) effluent in WWT sludge
(Ib/day) (\b/day)
As 182 97.1 5 177
B 200 Unknown Unknown Unknown
Be 6 98.5 Negative [}
(o] 31 996 Negative ki
Cr Negative’ 99.3 Negative Negative
F 122 Unknown Unknown Linknown
Hg 4 98.3 Negative 4
Mo 15 80 3 12
Ni 101 99.5 1 100
Pb 441 99.4 3 438
Se ki 95, 2 29
A 198 97.8 4 194
Zn 540 94, 32 508
Ci 25,200 Unknown Unknown Unknown
Ti 1400 98.5 21 1379
Sb 9 72. 3 6
" Negative 95, Negative Negative

4This does not constitute an effluent stream from the plant.
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fugitive dust on the ground, rain may leach many materials out of the coal. Leakage through the
storage basin barrier or basin overflow could also release contaminated rainwater to the environ-

ment. Table 1.6 lists the analysis of rain drainage from two industrial coal piles.

1.2.8 Cooling towers — descriptions and effluents

Coal gasification plants recirculate large quantities of water thr0ugh heat exchangers to
moderate temperatures in processing equipment such as gas quenchers, reactors, steam condensers,
and inter- and after-coolers on gas compressors. Cooling towers are an integrdl part of the
plant's cooling network. Cooling tower designs fall into two principal categories — wet cooling
towers and dry cooling towers.

The sources of effluents in wet cooling towers are the discharge plume and the blowdown stream.
In addition to water from evaporation and entrainment, the plume may contain various contaminant
substances extracted from the cooling water. The cooling water receives these substances from
corrosion of heat exchange surfaces; from chemical additives in the water to inhibit fouling,
bacterial growth, and corrosion; from residual contaminants in the makeup water [the makeup
water requirement is supplied by treated sour water, boiler blowdown, and other process sources
(Sect. 1.2.7)j; and from leaks in the heat exchange equipment which allow contaminated gases,
usually under high pressure (1.03 x 10% to 8.27 x 105 Pa; 150 to 1200 psig), to enter the liquid
side of the heat exchangers. Once in the tower, the water is in intimate contact with the air,
which allows mass transfer to occur across the liquid-gas interface. The air stream may conse- .
quently extract contaminants, especially volatile contaminants, from the water. This mechanism
of contaminant extraction is often counteracted by the effects of microbial populations in the
water. The concentration of certain substances such as phenols and ammonia is often reduced in
cooling water through the action of bjologica] oxidation.

Another transport mechanism for contaminants is the entrained water droplets (mist) leaving the
tower. These droplets contain dissolved and suspended solids (and virtually any other foreign
substance that exists in the water) in concentrations equal to or greater than in the water it-
self. In contrast to the entrained mist, the water vapor leaving the tower is essentially pure
- water. The visible fog plumes can produce some significant atmospheric effects such as reduction
of visibility to air,'ground, and navigational water transportation; ice formation on surfaces; .
cloud initiation; and augmentation of precipitation. It is important that, while water vapor is
innocuous as a chemical substance, it can play an important role in atmospheric chemistry when
combined with oxides of sulfur and nitrogen found in the combustion stack gases generated from
thermal dryers and utility plants. Drift (which is depqsited in the form of droplets of solid
particles, depending on atmospheric conditions) may leave precipitants of salts and various
chemicals on surfaces downwind from the cooling system. These precipitants may cause damage to’
the biota, accelerate corrosion of nearby structures, or even contaminate water bodies. Water
droplets with diameters less than 20 um are generally considered fog; larger droplets (greater
than 20-um particle diameter) are referred to as drift.

As a general rule, drift Tosses in wet cooling towers are about 0.2% of the water circulation
rate. Ecodyne has developed a mist eliminator system that is able to reduce this entrainment
loss to 0.008% of the circulation rate. With a design estimate of drift loss and knowing the
cuncenlration of substances in Lhe water withln Lhe tower, g mass emission rate For each



1-54

contaminant may be calculated by use of the assumption that the concentration within the 1iquid
droplets is equal to that in the tower. Because of the large array of sources for makeup water
and the cooling water contamination, reliable estimates of contaminant concentrations and sub-
sequent emission rates are impossible. In addition, estimating the degree of stripping by the
air stream and the counteracting microbial reduction of contaminant substances is equally specu-
lative. Table 1.26 gives estimates for wet cooling tower parameters for commercial-size plant
designs found in the literature. An important parameter is the gquantity of air flow relative

to the plant product capacity. The quantity of air discharged from the cooling towers is 55 to
340 times the quantity of SNG produced. The magnitude of this ratioc varies with the process
heat load, the use of dry cooling towers, and the quantity of waste heat used to generate steam.
On a qualitative basis, possible contaminant substances are’'zinc and chromium compounds, chlorine,
sulfuric acid, phosphates, phenols, copper complexes, ammonia, carbon monoxide, cyanide, thio-
cyanates, and trace elements.

Tahle 1.26. Estimated wet cooling tower parameters for 7.1 X 10% m>/day (250 X 10° scfd) SNG plants
]

.1n some plant designs, a portion of the heat load is dissipated in dry cooling towers.

Process Air flow Water flow Vapor loss Drift loss Biowdown
(scfh X 10°)  {Ib/hr) (gpm) {Ib/hr) {Ib/hr) (%) (Ib/hr) (%) {Ib/hr) (%)

CO, Acceptor’ 620 47.6 X 10° 42,900 2.15 X107 457,000 213 43,000 0.20 233,000 1.08
Synthane
Synthane? 833 64.0 X 10 280,000 1.3 X 10® 1,302,600 1.00 150,300 0.12 260,500 0.19
Bi-Gas® 3542 272 X 10° 262,580 1.32 X 10% 2,626,000 1.99 263,000 0.20 6UU,UUU V.45
Hygasd 3067 234 X 10° 200,000 1.00 X 10® 2,260,000 2.26 200,500 0.20 453,000 045
Lurgi€ 576 44,2 X 10° 130,000 651X 107 1,170,000 1.80 130,000 0.20 105,100 0.16

Sources: (a) C. E. Jahnig and E. M. Magee. 1974. Evaluation of pollution control in fossil fuel conversion processes.
Gasification: Section I, CO, Acceptor process. EPA-650/2-74-009-d; (b) C. D. Kalfadelis and E. M. Magee. 1974. Evaluation
of pollution control in fossil fuel conversion processes. Gasification: Section |, Synthane process. EPA-650/2-74-001-b; (¢) C.
E.- Jahnig. 1975. Evaluation of pollution control in fossil fuel conversion processes. Gasification: Section 5, Bi-Gas process.
EPA-650/2-74-009-g; (d) — 1975. Evaluation of pollution control in fossil fuel conversion processes. Gas/ti¢ation: section 6,
Hygas process. EPA-850/2-74-009-h, (e} K. Shaw and E. M. Magee. 1974, Cvaluation of pollution control in fossil fuel
conversion processes. Gasification: Section I: Lurgi process. EPA-650/2-74-001-c. Work performed for U.S. Environmental
Protection Agency. Linden, N.J.: Exxon Research and Engineering Co.

The other major effluent stream in wet cooling towers is the blowdown. Like the entrained mist
leaving the tower, the blowdown may contain all contaminant substances found in the tower but is
a concentrator of solids that precipitate from the water through gravitational settling and the
- action of chemical additives to the system. This blowdown stream may be recycled for uses else-
where in the plant such as for gasifier or boiler ash quenching or in the ash desulfurization
circuit of the CO, Acceptor process. Alternatively, bluwduwn way Le sent to & holding pond and
evaporated to dryness (where it may reside for the life of the plant or be hauled away for dis-
posal) or tréated in the wastewater treatment facility. IL should not be a direct effluent from
the plant.

In dry cooling towers, the primary source of contamination to the air stream is leakage across
the heat exchanger surface in the tower. Water released from the high pressure side (inside)

of the tubes into the air stream introduces substances that have entered the water through heat
exchanger leaks in process areas, equipment corrosion, and residuals in the makeup water used to
replace the cooling system purge or bleed stream.

w
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1.3 COAL MINING, BENEFICIATION, AND TRANSPORTATION

This brief description is intended to point out that coal mining activities associated with
energy development and coal conversion projects can result in major short- and long-term impacts
to the affected areas rather than to provide a detailed analysis and evaluation of activities
and potential impacts associated with coal mining.

In addition to coal mining in the Eastern United States, development of the large coal deposits
in the Western United States can be expected. About 63.3% of the identified and estimated U.S.
coal resources occur in the Northern Great Plains and Rocky Mountain Provinces (Fig. 1.13).
Although much of the Western coal is Tignite with a Tow heating value, these resources represent

the majority of the nation's Tow-sulfur coal deposits.

ES-3848

ROCKY MOUNTAIN PROVINCE NORTHERN GREAT PLAINS INTERIOR PROVINCE
PROVINCE

COAST PROVINCE

GULF PROVINCF

COAL RESOURCES
(Billions of tons)

PROVINCE IDENTIFIED | UNDISCOVERED | TOTAL | %
EASTERN 276 45 321 | 10.0
INTERIOR 211 259 53 | 16.6
NORTHERN GREAI PLAINS 695 763 1,458 | 45.2
ROCKY MOUNTAINS 187 395 58 | 18.1
OTHER 146 181 327 | 10.1

TOTAL 1,581 1.643 3,224 | 100.0

Because available estimates are by state and USGS Provinces cross
state boundaries, the figures for these provinces are only approximate.

Fig. 1.13. Location of coal resources in the United States.
Source: U.S. Fish and Wildlife Service. 1976. Coal project —
background information (plannming and management). FWS/OBS, p. 5.
Washington, D.C.: :Department of the Interior, U.S. Fish and
Wildlife Service.
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Projected coal production estimates (Fig. 1.14) predict that by 1985 about 50% will come from
surface mining. However, the importance of surface mining may be reduced somewhat because of
the enactment of stringent legislation. I11inois, West Virginia, and Wyoming (the three states
considered in this analysis of a demonstration pipeline gas facility) appear to have good recla-
mation programs already. (For detailed information on the surface-mined area reclamation programs
of these three states, see Imhoff, Friz, and La Fevers 1976, Table 1.) However, the enactment of
the Surface Mining Control and Reclamation Act of 1977 and subsequent provisions have defined
numerous minimum regulations and environmental performance standards for mining and reclamation
(U.S. Congress 1977; U.S. Department of the Interior 1977, 1978a, 1978b; U.S. Department of
Agriculture 1978). In general, if a state is to manage its own regulatory program, it must have
the program approved by the Federal regulatory authority (i.e., Office of Surface Mining Reclama-
tion and Enforcement within the U.S. Department of the Interior), which was created by the act to
implement, regulate, and enforce the various programs of Lhe act. Any part of a4 slate law that
is more stringent than the Federal requirements can supersede Federal requirements if the state
so desires, but a state law must achleve da11 minimum Federal requirements specified in the act
and subsequent provisions.

Anticipating development of the nation's coal resources, the U.S. Department of Energy, U.S.
Department of the Interior, and many other Federal, state, and private groups are currently
involved in the analysis and evaluation of this resource. The Western Lnergy and Land Use Team
(WELUT) and the Eastern Energy and Land Use Group (EELUG) of the U.S. Fish and Wildlife Service
(FWS) have established a cooperative program for studying the impacts of coal development (Fig.
1.15 and Table 1.27). Within the framework of an overall coal development cycle (Fig. 1.16),
they have identified some potential effects of mining activity which may occur during the explo-
ration, development and production, and postmining phases of development (Tables 1.28, 1.29, and
1.30).

That coal mining impacts related to the development of coal cunversion facilities must be an
important consideration in dany Environmental Impact Statement is an accepled fact.
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Fig. 1.14. Coal production in the United States. Source: U.S. Fish and Wildlife

Service. 1976. Coal project — background information (planning and management).
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FEDERAL GOVERNMENT INTERFACES

® Land Use and Management

@ DOI — Office of Surface Mining Reclamation and
Enforcement, Bureau of Land Management,
Bureau of Outdoor Recreation, National Park
Service, Geological Survey, Bureau of Indian
Affairs

e USDA — Forest Service, Soil Conservation Service

® DUD — Corps of Engineens

e TVA

® Research and Development

@ DOI — Office of Surface Mining Reclamation and
Enforcement, Bureau of Land Management,
Bureau of Reclamation, Bureau of Mines, Office
of Coal Research, Office of Water Resources

® USDA — Agricultural Research Service, Forest
Service, Economic Research Service

e DOE, FEA (inventory), EPA

® Regulatory
® DOI — Office of Surface Mining Reclamation and

Enforcement, Bureau of Mines, Mining Enforcement

and Safety Administration
e EPA

OTIICR INTCRIAGES

® State and Local Government Agencies
® |ndustry
® Public Groups

COAL PROJECT

ES-3851A

FUNCTIONAL INTERFACFS

DEPARTMENTAL COAL DECISIONS
EMARS
® Site Specific Information Exchange
e EIS Inputs and Review

EMRIA

@ Field Evaluation for Mining and
Rehabilitation Potential

Fig. 1-15.

COAL DEVELOPMENI RELATED EFFORTS

Old West Regional Commission
Four Corners Regional Commission
Appalachian Regional Commission

Western Governors Regional Energy
Py llil;y Office

Northern Great Plains Resource
Program

® Federation of Rocky Mountain States

U.S. Fish and Wildlife Service cooperative program for studying the

impacts of coal development. Source: Modified from U.S. Fish and Wildlife Service.
1976. Coal project — background information (planning and management). FWS/OBS,
p. 31. Washington, D.C.: Department of the Interior, U.S. Fish and Wildlife Service.
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Table 1.27. Planned goals and activities of the U. S. Fish and Wildlife Service coal project

Goals

Basic activities

Appropriately involve the Fish and Wildlife
Service in coal development actions and
make participating groups aware of the
Service's activities, concerns, and products

Ecologically characterize the status of fish
and wildlife and their habitats in regions
and ecosystems currently/potentially
under stress from coal development

Assess, predict, and minimize coal-related
impacts to fish and wildlife and their
habitats

National and regional problem analyses

Involvement in departmental coal activities
(i. e., EMARS, regional EI1Ss, etc.)

Coordination with other Federal, state, and
private organizations

Implementation of user-oriented information
systems

Identification and analysis of information
requirements and standards

Identification, analysis, and synthesis of
existing physical, biotic, ecological, and
socioeconomic baseline information

Collection, analysis, and synthesis of new
physical, biotic, ecological, and
socioeconomic baseline information

Development of new or improved methods
for assessing fish and wildlife population
parameters

Development of new or improved methods
for classifying, inventorying, and evaluating
habitat

Development of new or improved methods in
determining socioeconomic values of fish and
wildlife

Development of computerized data bases and
software.

Coal extraction impacts

Coal conversion and processing impacts (i. e.,
synfuel and power plants)

Coal transportation impacts

Mine reclamation/rehahilitatinn studies

Mitigation/enhancement studies

Socioeconomic, legal, and institutional studies

System evaluation and dvelopment of general
purpose predictive models, concepts, and
approaches

Source: U.S. Fish and Wildlife Service. 1976. Coal project — five year framework (FY

1976 through FY 1980).
Interior, U.S. Fish and Wildlife Service.

FWS/OBS-76/17, p. 31. Washington, D.C.: Department of the
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Table 1.28. Potential environmental effects resulting from the exploration phase of coal development

Mining phases?

i Field Temporar
Environmental . porapy, Exploratory Exploratory
factors reconnaissance roads il xcayation
(off-road) construction
Soil Compact and disturb  Erosion of soil Erosion from Compaction by heavy
organisms site preparation equipment
Vegetation Damage to Removal of Removal for site Removal or destruction
sensitive vegetation vegetation preparation (including trees)

Surface water

Underground water

Wildlife

Fish

Potential erosion

Minimal

Disturb nesting,
wintering, etc.

Minimal

Change drainage and
stream pollution

Minimal

Disturb soil-dwelling
animals, organic
soils and foliage

Stream pollution,
sediment production

Erosion, flooding, and
stream pollution

Penetration of groundwater

aquifers

Disturb wildlife

Stream pollution,
sediment production

Erosion and stream
pollution

Penetration of ground-
water aquifers

Disturb wildlife, destroy
foliage

Stream pollution,
sediment pro-
duction

?Human activity in each phase affects the habitat.
Source: U.S. Fish and Wildlife Service. 1976a. Coal project— background information (planning and management).

FWS/ORS, p. 10. Washington, D.C.: Department of the Interior. U.S. Fish and Wildlife Service.

Table 1.29. Potential environmental effects resulting from the development and production
phases of coal development

Environmental

factors

M

ining phases’

Underground mining

Surface mining

Development and
construction

Production

Development and
construction

Production

Soil

Vegetation

Surfare water

Underground water

Wildlife

Fish

Disturbance from
construction of
1oad, shafts,
slopes, or drifts

Removal in site
preparation
(including trees)

Frosinn, stream
pollution, and
stream change

Drainage or

contamination of

aquifers

Disturb wildlife,
destroy foliage

Stream pollution

Subsidence creates
or destroys lakes,
springs, ponds,
marshes

Acid drainage kills
or inhibits growth

Collapse of stream
beds; acid
drainage

Change hydrology
(acid and trace
elements)

Disturb wildlife,
destroy foliage

Loss or pollution
of streams and
wetlands

Large-scale
stripping of
surface soils and
compaction

Large-scale
stripping of vegetation

Stream diversion,
erosion, and sediment
production

Extensive development
drilling can result
in aquifer changes

Destruction or
dispersion of some
species

Stream pollution
and sediment

Disrupts soil structure
extensively

Eliminates existing
vegetation

Acid mine drainage
and stream pollution

Extensive changes
possible in all
provinces

Loss of foliage
and-food for fowl

Acid in lakes
and streams

2Human activity in each phase affects the habitat.
Source: U.S. Fish and Wildlife Service. 1976. Coal project—background information (planning and management).
FWS/OBS, p. 10. Washington, D.C.: Department of the Interior. U.S. Fish and Wildlife Service.
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Table 1.30. Potential environmental effects resulting from the postmining
phase of coal development

Mining Phases?

Environmental Conversion

<A Transportation ke ¢ 5
factors Beneficiation : Fo (gasification, liquefaction,
(rail, off-road, slurry conveyor) -
mine mouth power)
Soil Deposit of waste Compaction and potential Site preparation and disposal
material on surface erosion of waste
Vegetation Waste effects on Removal or effects of Removal and effects of waste
vegetation drainage and pollution
Surface water Water from separation Rechannel streams or disposal Thermal and chemical pollution
process can pollute of slurry water
sliedrns
Underground water Leach process water Minimal Sludge pond seepage
intn anuifers
Wildlife Water use may affect Noise of transporation can Noise and pollution
habitat in arid areas drive some wildlife from
died
Fish Stream pollution Stream pollution Stream pollution

?Human activity in each phase affects the habitat.
Source: U.S. Fish and Wildlife Service. 1976. Coal project — background information (planning and
management). FWS/OBS, p. 11. Washington, D.C.: Department of the Interior, U.S. Fish and Wildlife Service.
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1.4 SITE SELECTION

As indicated in Fig. 1.13, Sect. 1.3, the four provinces with the largest coal resources are

the Eastern Province, the Interior Province, the Northern Great Plains Province, and the Rocky
Mountains Province. Based on coal reserves and geographic distribution, the first three prov-
inces were selected for locating surrogate sites. The Rocky Mountains Province was not selected
because of its proximity to the Northern Great Plains Province and because two environmental
impact statements already exist for commercial coal gasification plants in the province.

Existing siting studies in each of the three provinces were used in selecting the surrogate
sites. In addition, the availability of information in the surrogate site areas was considered.
A study by Battelle entitled Technology Facility Siting Characteristics and Infrastructure Needs
was the basis for surrogate site selection in the Eastern Province (Battelle 1976). The site
selection matrix ranked Mason County, West Virginia, highly as a potential site for a coal gasi-
fication plant. Siting criteria used included coal quantity and quality, water availability,
land availability, transportation, pollution potential, and labor. Lewis Township in Mason
County was selected as the surrogate site.

Selection of an Interior Province surrogate site was based on a study by the State of Il1linois
Institute for Environmental Quality entitled Potential Sites for Coal Conversion Facilities in
Illinois (Hoglund 1974). Six areas were identified as potential sites for coal gasification
plants after considering requirements for coal, water, transportation, labor, waste disposal,
and land use. One of these sites was in the vicinity of New Athens Township, the proposed site
for the Coalcon Plant. This vicinity was therefore selected as the surrogate site for the
Interior Province.

The Northern Great Plains Resources Program (Northern Great Plains Resources Program 1975) con-
ducted extensive studies in the Northern Great Plains Province. Several potential sites for coal
gasification plants were identified. The vicinity of T50N, R71W was selected as a surrogate site
for this study.

The Oak Ridge National Laboratory (ORNL) is currently working on the National Coal Utilization
Analysis. As part of the analysis, the most likely areas of high-sulfur coal use in the Eastern
and Central United States have been identified (Fig. 1.17). In addition, the Resource Analysis
Group has developed regional siting criteria for a coal conversion facility as presented in
Table 1.31 (Dobson 1977).
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Fig. 1.17. High-sulfur coal accessibility in the United States.
Source: J. E. Dobson. 1977. Regional implications of national energy
gcenarios: energy capacities and water resource requirements for aggre-
gated subareas in the eastern United States. (Draft). Oak Ridge. lenn.:
Oak Ridge National Laboratory.
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Table 1.31. Regional siting criteria for a coal conversion facility

ibili
Variable Importance Category or value Com.patlbl L
weight index
Water availability 10 Adjacent to stream with 7-day, 10
10-year low flow = 194 Mgd
Adjacent to stream which could have 4
7-day, 10-year low flow = 194 Mgd
if additional regulation were imposed
Adjacent to Great Lakes 8
Adjacent to Atlantic Ocean or Gulf of 5
Mexico
Other counties 8
Air quality maintenance 10 Not an AQMA 10
AQMA
e ! Partially an AQMA 5
Entirely an AQMA a
Accessibility of high- Values represent calculations from gravity
sulfur coal (>1.9% S) 10 model using tonnage of high-sulfur coal
highest value 10
lowest value

>100 miles from sulfur coal reserve  a

Barge accessibility 74 Adjacent to channel of = 2.7-m (9-ft) b
depth
Seismic activity 6 Activity Level | (lowest risk) 10
Activity Level 11 5
Activity Level |11 (highest risk) 0
Rail accessibility 6 Adjacent to medium or heavy-duty railroad 10
Not adjacent to medium or heavy-duty
railroad
Accessibility of low-sulfur 5 Values represent calculations from gravity
coal (£1.9% S) model using tonnage of low-sulfur coal
highest value 10
lowest value
>100 miles from low-sulfur coal
reserve a
Population density 3 90—100% of county has =500 inhabitants/mi2 0
80-90% 2
70—80% 3
60—-70% 4
50—-60% L3
40-50% 6
30—-40% b
20-30% 3
10—-20% 9
0—-10% 10

4Excluded from consideration as potential candidate counties.

b5core equals number of kilometers (miles) of channel (maximum is 151 km, or 94.5 mi).

Source: J. E. Dobson. 1977. Regional implications of national energy scenarios: energy capacities and
water resource requirements for aggregated subareas in the eastern United States. (Draft). Oak Ridge,
Tenn.: Oak Ridge National Laboratory.
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2. DESCRIPTION OF THE ENVIRONMENT

2.1 DESCRIPTION OF NEW ATHENS TOWNSHIP TN ST. CLAIR COUNTY, ILLINOIS

2.1.1 Site location

New Athens Township (Township 2S, Range 7W) is located in south-central St. Clair County in
central IT1inois (Fig. 2.1). The center of the township is located at about 38°21'N latitude,
89°52'30"W longitude, or 4,248,500 m N, 250,800 m E in the UTM (Universal Transverse Mercator)
grid system. The closest major metropolitan area is St. Louis, Missouri, about 40 km (25 miles)
to the northwest. New Athens, the largest city within the township with a population of about
2000, is located in the south-central part of the township (Fig. 2.1). Major highways crossing
the township include U.S. 460 and state highway 15 across the northeast corner; state highway 13,
which runs across the southern part before turning due north; and state highway 156, which runs
west from the point where state highway 13 turns north (Fig. 2.1). The I1linois Central Gulf
Railroad enters the township in the south-central portion and crosses to the northwest (Fig. 2.1).

The Kaskaskia River flows through the township from east to southwest. In general, the topography
of the area is flat to gently rolling, with a few small hills; much of the land in the township
has been strip-mined. The highest elevation in the township is 160 m (520 ft) above sea level.

2.1.2 Geology

2.1.2.1 Coal reserves

Coal is abundant in a six-county region adjacent to the New Athens Township of St. Clair County.
Coal reserves are moderate in nearby Randolph County and large in nearby Washington County as
well as in eastern St. Clair County. Although Madison, Clinton, and Perry counties are more
remote from New Athens, they may be considered as potential suppliers of coal.

From the standpoint of the economics of coal production, New Athens Township is a leasible
location for a pipeline gas demonstration plant. The Herrin (No. 6) coal outcrops along a
northwest-southeast trend through the middle of St. Clair County (Smith and Stall 1975). To
the west of its outcrop, the coal is eroded outcrop; to the east, it becomes progressively more
deeply buried. Coal is available to the east in Clinton and Washington counties, but either
excessive amounts of overburden must be removed (creating large spoil banks) or underground
mines must be develoned.

As of 1975, 794 km? (306.4 sq miles) of coal remain to be mined in St. Clair County. On the

other hand, 233 km? (89.9 sq miles) have been mined out, including approximately 52 km?
(20 sq miles) of strip-mined coal (Jacobs 1971).
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Fig. 2.1. (a) New Atrens Township, located in St. Clair County, I11inois; (b) State of ITlincis with St. Clair County darkened.

Source: Compiled from érez map by U.S.

Geological Strvey. Washington, D.C.
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A greater percentage of coal can be recovered by strip mining than by underground mining
(Jacobs 1971), primarily because in underground mines, coal pillars must be left in place to
support the roof. Statistics from St. Clair County show that 22% of the mined-out area was
strip-mined, accounting for 69% of the county's total coal production.

In recent years strip mining has become more prevalent in St. Clair County. Table 2.1 illus-
trates this trend. During 1969 strip-mined coal accounted for 91% of the county's total pro-

duction (Jacobs 1971).

Table 2.1. Coal production, St. Clair County, lllinois, 1950—1969

Mined Strip-mined Total mined Strip-mined
Year un_derground [metric tons (tons)] [metric tons (tons)] (%)
[metric tons (tons)]

1950 1,980,284 (2,183,334} 1,412,110 {1,556,902) 3,392,394 (3,740,236) 42
1951 2,013,098 (2,219,513) 1,415,085 (1,560,182) 3,428,183 (3,779,695) 41
1952 1,784,198 (1,912,015) 1,418,124 (1,563,533) 3,152,322 (3,475,548) 45
1953 1,795,126 (1,979,191) 1,386,209 (1,528,345) 3,181,335 (3,507,536) 44
1954 1,407,897 (1,552,257) 1,171,669 (1,291,807} 2,579,566 (2,844,064) 45
1955 1,708,968 (1,884,198) 1,237,064 (1,363,905) 2,946,029 (3,248,103) 42
1956 2,136,853 (2,355,957) 1,465,767 (1,616,061) 3,602,620 (3,972,018) 41
1957 1,848,864 (2,038,439) 1,787,987 (1,971,320} 3,636,851 (4,009,759) 49
1958 1,983,312 (2,186,673) 2,858,549 (3,151,653) 4,841,862 (5,338,326) 59
1959 1,942,407 (2,141,573) 2,844,920 (3,136,626) 4,787,326 (5,278,199) 59
1960 1,381,812 (1,523,607) 3,012,373 (3,321,250} 4,394,285 (4,844,857) 69
1961 810,201 (893,276) 3,197,718 (3,525,599} 4,007,920 (4,418,875) 80
1962 1,036,068 (1,142,302) 3,348,444 (3,691,779) 4,384,511 (4,834,081) 76
1963 1,147,168 (1,264,794) 4,033,414 (4,446,984) 5,180,583 (5,711,778) 78
1964 1,359,895 {1,499,333) 3,903,967 (4,304,263) 5,263,862 (5,803,596) 74
1965 1,173,115 {1,293,401) 4,001,776 (4,412,101) 5,174,890 (5,705,502) 77
1966 351,492 (387,532) 5,193,937 (5,726,502) 5,545,429 (6,114,034) 94
1967 353,841 (330,122) 5,842,098 (6,441,122) 6,195,938 (6,831,244) 94
1968 579,258 (638,653) 5,857,825 (6,458,462) 6,437,083 (7,097,115) 91
1969 468,461 (516,495) 4,784,725 (5,275,331) 5,263,186 (5,791,826) o1

Total 27,212,417 {30,002,665) 60,173,760 (66,343,727) 87,386,177 (96,346,392) 69

Source: A. M. Jacobs, compiler. 1971. Geology for planning in St. Clair County, llinais. Circular 465, Urbana:

INinois State Geological Survey. {Data are from the annual coal reports for the years 1950—1969 in Coal, Oil, and

Gas Reports, State of lllinois Dept. of Mines and Minerals, 1951—-1970.}
In 1975 estimated reserves of coal in seams over 107 cm (42 in.) thick in St. Clair County were
2.1 billion metric tons (2.32 hillion tons) (Smith and Stall 1975). The U.S. Bureau of Mines
considers a cual seam to be a reserve if it is greater than 46 cm (18 in.) thick at depths of
less than 46 m (150 ft) or if it is greater than 71 cm (28 in.) thick at depths greater than
46 m (151 ft) (Keystone Coal Industry Manual 1976). According to the latter criteria, St. Clair
County has 2.6 billion metric tons (2.90 billion tons) of reserves, of which 0.95 billion metric
tons (1.05 billion tons) or 36% is considered strippable (Smith and Stall 1975). It is evident
from the recent trend in mining practice (Table 2.1) that strippable coal reserves in St. Clair
County will become depleted much more rapidly than will underground coal.

In the area immediately adjacent to New Athens, there is an estimated 1.1 billion metric tons
(1.2 billion tons) of coal. Table 2.2 1lists the reserves of the six-county region adjacent to
New Athens (Smith and Stall 1975). "These counties contain 6.5% of the strippable and 11% of
the total coal reserves in the United States. These figures compare with 33% strippable and
10% total coal reserves for.Campbell County, Wyoming (Sect. 2.3.2).
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Table 2.2. Remaining (1975} coal reserves in the six-county region adjacent to New Athens

Reserves? Strippable

County [billions of metric [billions of metric Per.centage

tons {billions of tons}] tons (billions of tons)] strippable
Clinton 3.44 (3.79) 0o 0 0
Madison 2.35(2.59) 0.56 (0.62) 24
Perry 2.28(2.61) 0.81 (0.89) 35
Randolph 0.54 {0.60}) 0.34 (0.38) 64
St. Clair 2.63(2.90) 0.95 (1.05) 36
Washington 3.73(4.11) 0 0 0
Total 14.97 (16.50° 2.66 (2.94) 18

3Coal reserves total 1.1 billian metric tons (1.2 billion tons) in a six-township region
adjacent to and including New Athens. '

BTotals include seams more than 71 ¢cm (28 in.) thick at depths greater than 60 m
{150 ft} and strippahle coal more than 46 cm (18 in.) thick at depths less than 50 m.

Sourca: W. H. Smith and.J. B. Stall. 1975. Coal and water resources for coal
aonversion in lllinnis. ||linols State Water Survoy Cooperative Resourcas report no. 4.
Urbana: Nllinois State Geological Survey.

I11inois coal has a competitive advantage over Western coal because of its proximity to indus-
trial markets and an advantage over other Eastern coal because of its thickness. The average
thickness of coal seams mined during 1965 in I1linois was 1.8 m (6 ft), and 95% of mined seams
were thicker than 1.2 m (4 ft). West Virginia (I1linois' nearest Eastern competitor) coal seams
are, on the average, about 0.3 m (1 ft) thinner than I1linois coal seams (Risser 1968).

The Herrin (No. 6) coal is the major economically exploitable deposit of St. Clair and adjacent
counties (Smith and Stall 1975; Jacobs 1971). Table 2.3 lists the currently operating coal mines
near New Athens. The coal ranges in thickness between 1.2 and 2.7 m (4 and 9 ft) with an average
of 2m (6.5 ft). It is classified as a high-volatile C bituminous rank with a calorific value
ranging between 10,700 and 11,100 Btu/1b (compared with 8950 Btu/1b for the subbituminous Wyodak-
Andersnn rnal of the Powder River Basin, Wyoming). 1ts principal drawback is its high sulfur
content {3 to 5% over most of St. Clair Cuunty compared with U.5%% for Wyuming coal). MNorth=
eastern St. Clair County has estimated reserves of 0.36 billion metric tons (0.4 billion tqns)

of coal, with moderate concentrations (1 to 2.5%) of sulfur (Jacobs 1971). Most of this coal,
however, is allocated for use as metallurgical coke (Jacobs 1971).

Tahle 2,3. Active mines near New Athens

Approximaoto 1974

Mine distance production
{miles) [metric tons {tons)]

Paabady Coal Co. River King Tipple ©7-8, NW
Strip mine 4,172,000 (4,600,887)
Underground mine - 1,747,571 (1,926,760}
Peabody Coal Co. Baldwin underground 10,S 1,560,822 (1,720,862)
Zeigler Coal Company Spartan underground 13, SE 661,091 (728,877)
Consolidatian Coal Co. Burning Star No. 3 strip 15, SSE 1,118,196 (1,233,954)
Southwestern |ll. Coal Corp. streamline strip 21, SE 1,102,353 (1,215,384)
Cunisulidation Coal Co. Rirning Star No. 4 strip 23, SE 1,471,246 (1,622,101)
Southwestern [ll. Coal Corp. Captain strip 24, SE 3,940,888 (4,344,970}
Amax Coal Co. Leahy strip 26, SE 2,570,660 (2,834,134)
Consolidation Coal Company Burning Star No. 2 strip 29, SE 1,004,713 (1,107,733)
Freeman United Coal Co. Fidelity strip 30, SE 1,094,675 (1,206,918)
Total 20,445,213 (22,541,580}
Source: lllinois Department of Business and Economic Development. 1976. An /llinois site for coalcon

clean boiler fuels project. Urbana.
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The Harrisburg-Springfield (No. 5) coal is obtained from strip mines in Randolph and Perry
counties. It is slightly lower in the section than Herrin coal, so that Harrisburg-Springfield
strip mines are located farther to the west. It is somewhat thinner and less abundant than
Herrin coal, but other characteristics are similar (Jacobs 1971).

2.1.2.2 Regional geology of the Illinois Basin

St. Clair County is located on the southwest boundary of the Eastern Interior Coal Field

(Fig. 2.2). Strip mines of Herrin (No. 6) coal are located immediately inside this boundary
(Smith and Stall 1975).

ES-3624
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Fig. 2.2. The eastern interior coal field of the I1linois Basin. Source: W. H. Smith
and J. B. Stall. 1975. Coal and water resources for coal conversion in Illinois. Illinois
State Water Survey Cooperative Resources report no. 4. Urbana: I111nois State Geological
Survey.
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The I11inois Basin roughly coincides with the Eastern Interior Coal Field. The Paleozoic section

of the IT1inois Basin is thickest in southeastern I11inois where the base of the Mississippian
shales lies about 1500 m (4800 ft) below sea level. Beneath the Mississippian lie 1100 m

(3700 ft) of Ordovician to Devonian age carbonate rocks with some shale and about 600 m (2000 ft)
of Cambrian sandstone, shale, and carbonate rocks. Depth to the pre-Cambrian basement is about
4300 m {14,000 ft) in White and Wayne counties in the center of the I1linois Basin (Eardley 1951;
Heigold 1968).

In St. Clair County, the basement lies between 900 andA1800 m (3000 and 6000 ft) deep; it is
more nearly 1500 m (5000 ft) deep in the New Athens region. The Herrin coal is about 300 m
(1000 ft) higher structurally in St. Clair County, and the combined thickness of the Ordovician
to Devonian section is 600 m (2000 ft) less than it is in the center of the Basin. Paleozoic
strata become thinner toward the west, pinching out or eroding out against the Ozark Dome in
southeastern Missouri where preé-Lambrian basement rocks are expused (Swilh and SLall 1975;
Jacobs 1971).

The general structure of the I11inois Basin is illustrated by depth contours on the Herrin coal
(Fig. 2.3), which is easily identified in the subsurface. Although the center of the basin may
be farther south in Wayne, Hamilton, and White counties (Eardley 1951), more recent data suggest
that the Pennsylvanian section is thickest in Jasper County (Smith and Stall 1975; Eardley 1951).

The Herrin coal seam is minable virtually throughout thé I11inois Basin (Smith and Stall 1975).

It is considered to be economically exploitable to a depth of about 300 m (1000 ft). The Herrin
coal is shallower than 300 m (1000 ft) except in the deepest part of the I1linois Basin. I1linois
coal seams dip about 2 m per kilometer (10 ft per mile); they therefore remain close to the sur-
face for many miles beyond their area of outcrop. In contrast, the Wyodak-Anderson coal bed of
the eastern Powder River Basin (Sect. 2.3.2) dips at a rate of 2 to 20 w per kilometer (10 to

100 ft per mile) and is deeply buried within 16 km (10 miles) of its area of outcrop.

The most prominent geologic structure is the La Salle anticline along the eastern margin of
the I119nois Basin. Structural relief on the La Salle anticline ranges between 270 to 430 m
(900 and 1400 ft) above the adjacent basins. Most of the deformation (which was mild) took
place from late Mississippian through Pennsylvanian time. Pennsylvanian strata are slightly
folded over the axis ot the anticline, suggesting that some defurmation miyght have been post=
Pennsylvanian in age (Smith and Stall 1975; Eardley 1951).

Other structures worthy of note are the Lincoln and Dupo-Waterloo anticlines, the Cap au Gres
faulted flexure, the Ste. Genevieve fault zone, and the Du Quoin monocline. A1l of these
structures lie within 31 km (50 miles) of St. Clair County. They were deformed at various
times between Devonian and Pennsylvanian time (Smith and Stall 1975; Eardley 1951).

A number of oil and gas fields and potential gas storage areas are located along the Dupo-
Waterloo anticline in St. Clair County. Coal can neither be mined within 46 m {150 ft) of an
0i1 well nor above a gas storage area. Gas storage areas might eventually provide convenient
depositories for the products of coal-gas conversion, being stored in the summer for peak use
in the winter (Smith and Stall 1975; Jacobs 1971).
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Fig. 2.3. Geologic column of I1linois. The position of the major aguifers and oil and
gas production are indicated. Sources: (1) W. H. Smith and J. B. Stall. 1975. Coal and
water resources for coal conversion in Illinois. I11inois State Water Survey Cooperative
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The Rough Creek fault zone and Mississippi embayment are notable structures because of their
historical records of seismicity. The Mississippi embayment is a particularly active seismic
zone. Earthquake risk will be discussed in more detail in a later section (Nuttli 1974).

2.1.2.3 Stratigraphy

Figure 2.3 Tists the stratigraphic units of IT1linois. Major occurrences of oil, gas, and
groundwater are also indicated (Smith and Stall 1975; Jacobs 1971).

In New Athens Township, St. Clair County, the section between the Des Moinesian and Pleistocene
series is absent. These post-Pennsylvanian strata are eroded out in St. Clair County, and the
younger Pennsylvanian strata are progressively exposed toward the center of the I1linois Basin.
Cretaceous and younger strata overlap the eroded southern margin of the basin in the Mississippi
embayment region of extreme southern I11ipois (Smith and Stall 1975: Jacabs 1971)

0i1 and gas have been produced in St. Clair County from several rock units. From the bottom to
the top of the section these units are:

System Formation or unit
Mississippian Cypress sandstone (gas)
Mississippian Aux Vases sandstone {gas)
Silurina Niagaran reefs {oil and gas)
Ordovician Galena limestone (0il)

None of these reservoirs are prolific producers, and most of the wells are either abandoned or
shut in at the present time (Jacobs 1971).

A number of units throughout the section are water bearing (Fig. 2.3). Howevef, except for the
alluvium of major stream valleys, production is small and the water quality is generally poor.
Groundwater is discussed in greater detail in Sect. 2.1.3.

A detailed stratigraphy of the Des Moineésian series (Pennsylvanian system) follows. Most of
the coal of the I11inois Basin is derived from the Carbondale formation of the Des Moinesian
series. Each coal bed is part of what geologists from the coal fields nf Pennsylvania have
popularized as a "cyclothem." Each cyclothem hegins with a marine environment (characterized
by the deposition of limestone), which gives way to tidal flat-swamp and deltaic environments.
The latter environments shift back and forth as the delta shifts its position. Strata that are
characteristic of these environments are lacustrine clays and shales, coal heds, channel sands,
and (during a period of subaerial erosion) palesols, ancient soils that are often referred to '
as fireclays or underclays (Smith and Stall 1975).

A new cyclothem begins with the return of a marine environment. Marine conditions may result
from rising sea level or a subsiding landmass.

The stratigraphy of the Des Moinesian section has practical importance because of its effect
on coal mining operations. Most of the strata (except limestone) are not completely 1lithified.
Although they are not as poorly consolidated as similar but younger strata (such as in the
Powder River Basin of Wyoming; Sect. 2.3.2), they are subject to rapid erosion in strip mines
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and to roof collapse in underground mines. If a coal seam is overlain by limestone, the roof
is Tess likely to collapse. Furthermore, a 1imestone unit that lies beneath the base of a coal
seam in a strip mine is more erosion resistant than other rock types. In some places, part or
all of a coal seam was eroded out before deposition of a channel sand.

Two serious consequences are produced by channel sands. Their presence results in a reduction
in coal production and the threat of roof collapse. Many mine injuries and deaths are caused
by roof collapse, which is not as spectacular as methane-dust explosions but dangerous never-
theless. For unknown reasons, low-sulfur coal is usually found near channel sands. Except in
the northeast corner of St. Clair County, channel sands do not crosscut the coal seams, and
Timestone often forms the roof of underground mines. Roof conditions are general satisfactory
in St. Clair County, at least by comparison with other coal mining districts (Smith and Stall
1975; Jacobs 1971).

2.1.2.4 Tectonic history and seismicity

During Tower Paleozoic pre-Devonian time (greater than 345 million years ago), the I1linois

Basin was part of a much larger basin that included the Michigan Basin. Gentle subsidence took
place during Tower Paleozoic time, and up to 1500 m (5000 ft) of shallow marine (mainly carbonate)
sediments were deposited in the center of the basin. The Kankakee Arch of northern I11inois and
Indiana began to rise during Devonian time, and the I11inois and Michigan basins continued to
subside separately. An additional 1800 m (6000 ft) of Devonian, Mississippian, and Pennsylvanian
strata accumulated as the region was transformed from a shallow submergent environment to a
slightly emergent landmass (Eardley 1951).

Earthquakes have occurred in historical time, especially in southern I1linois. No historical
earthquakes are known to be correlated with any structures except perhaps the Rough Creek fault
zone and the Mississippi embayment (Nuttli 1974).

According to Algermissen (1968), St. Clair County is part of a zone of moderate earthquake
activity that surrounds a major earthquake zone near the northern edge of the Mississippi embay-
ment (Fig. 2.4). The major earthquake zone, referred to as the New Madrid fault zone by some
geologists, is more appropriately called the central Mississippi Valley seismic region by Nuttli
in order to include the Ruuyh Creek tault zone (Nuttli 1974; Algermissen 1968).

The only major historic earthquakes were the New Madrid earthquakes of 1811-1812, located about
160 km (100 miles) south of New Athens. According to Nuttli (1974), the intensity of the New
Madrid earthquake of December 16, 1811, was between X and XI on the modified Mercalli intensjty
scale (Table 2.4). This earthquake had an intensity of between VIII and IX in the Cape Girardeau,
Missouri, region and between VII and VIII in the St. Louis region. New Athens lies about midway
between St. Louis and Cape Girardeau. The earthquake intensity experienced at New Athens was
probably very close Lu VIII (Table 2.4), strong enough to cause moderate damage (Nuttli 1974).

The most recent damaging earthquake occurred in southern I1linois on November 9, 1968. Its epi-
center was in White County (the deepest part of the I11inois Basin) about 24 km (15 miles) north-
west of the intersection of the Rough Creek, Wabash Valley, and Cottage Grove fault systems.
Minor damage occurred in St. Clair County, ahout 160 km (100 miles) to the norlhwest. In the
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Fig. 2.4. Seismic risk map of the United States. Source: S. T. Algermissen. 1968.
Imited States earthquakes. Washington, D.C.: U.S. Government Printing Office.

epicentral region some chimneys fell, tacings on a number of buildings were damaged, plaster

and foundations cracked, and plate glass windows were shattered. A maximum intensity of VII

was assigned to the earthquake. Roof falls occurred in a number of underground coal mines in
a three-county region of southern I11inois (Heigold 1968).

Nuttli calculated the recurrence rate tor earthquakes in Lhe central Mississippi Valley seismic
region as a whole. His calculations show that within this 250,000 ki (96,000 sq miles) (includ-
ing New Athens), the recurrence finterval lor an earthquake of between 6.2 and 6.6 magnitude

(VIII < I < IX) is 100 and 130 years by the maximum likelihood and weighted least-squares methods
respectively (Nuttli 1974).

Algermissen and Perkins (1976) provide recurrence-rate data for the most active part of the
central Mississippi Valley seismic region, thHe New Madrid fault zone. According to their calcu-
lations, there is a 90% probability that horizontal acceleration will not exceed 0.19 g (an
earthquake of intensity VIIT is roughly equivalent to 0.20 g) over a time interval of 50 years
(Algermissen and Perkins 1976).

New Athens, IT1inois, is not located in the most active part of the central Mississippi Valley
seismic region (Nuttli 1974; Algermissen 1968). Therefore, Algermissen's estimate may be re-
garded as conservative. Even Nuttli's predictions are probably conservative for New Athens.
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Table 2.4. Modified Mercalli Intensity Scale of 1931 (abridged)

Intensity rating Description of severity

| Not felt except by a very few under especially favorable circumstances.

n. Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended
objects may swing.

. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not
- recognize it as an earthquake. Standing motorcars may rock slightly. Vibration like passing of
’ truck. Duration estimated. ’

V. During the day, felt indoors by many, outdoors by few. At night, some awakened. Dishes, win-
dows, doors disturbed; walls make creaking sound. Sensation like heavy truck striking building.
Standing motorcars rocked noticeably.

A" Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few instances
of cracked plaster; unstable objects overturned. Disturbances of trees, poles, and other tall ob-
jects sometimes noticed. Pendulum clocks may stop.

\UR Felt by all, many frightened and run outdoors. Some heavy furniture moved; a few instances
of fallen plaster or damaged chimneys. Damage slight.

Vil Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight
to moderate in well-built ordinary structures; considerable in poorly built or badly designed
structures; some chimneys broken. Noticed by persons driving motorcars.

Vil Damage slight in especially designed structures; considerable in ordinary, substantial buildings,
with partial collapse; great in poorly built structures. Panel walls thrown out of frame structures.
Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand
and mud ejected in small amounts. Changes in well water. Persons driving motarcars disturbed.

X Damage considerable in especially designed structures; well-designed frame structures thrown out
of plumb; great in substantial buildings, with partial collapse. Buildings shifted off foundations.
Ground cracked conspicuously. Underground pipes broken.

X Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
their foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and
- steep slopes. Shifted sand and mud. Water splashed (slopped) over banks.
X1, Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissures in ground.

Underground pipelines completely out of service. Earth slumps and 1and slips in soft ground.
Rails bent greatly.

Xt Namage 1otal, Wavos scen on ground suifaces. LInes ot sight and level distorted. Objects thrown
- upward into air. .

Source: 8. T. Algermissen .1968. United States Earthquakes. Washington, D.C.: U.S. Government Printing Office.

Seismologists are currently unable to predict recurrence rates for destructive earthquakes such

as those of 1811-1812 because of their infrequent occurrence. Nevertheless, expérience indicates
that major eafthquakés originating along the New Madrid fault zone are capable of causing moderate
to extensive damage in the New Athens region (Nuttli 1974).

2.1.3 Hydrology -

2.1.3.1 Surface water
“ Drainaye area

The surface waters of the New Athens site area are drained by the Kaskaskia River and its tribu-
taries. The Kaskaskia River drainage basin, which has an area of approximately 13,000 km?

? (5000 sq miles), has ; very low density of permanent tributaries. The principal drainage is
provided hy a vast network of wetlands and intermitient streams. Surface runoff supplies the
wetlands and numerous ponds, many of which are the résult of extensive strip mining.
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The major tributaries that feed the Kaskaskia River upstream of New Athens are Mud Creek

and Shoal Creek. Downstream of the site area, the Kaskaskia is fed by Silver and Richland
creeks. Along the Kaskaskia the USGS has placed numerous gaging stations providing extensive
historical data on the behavior of the river. Two large reservoirs (Carlyle Reservoir and

Lake Shelbyville) are Tocated on the river upstream of the site area. Carlyle Reservoir has

a capacity of 3.5 x 108 m3 (280,000 acre-ft) and is fed by Lake Shelbyville, which has a
capacity of 2.6 x 108 m3 (210,752 acre-ft). Carlyle Reservoir is operated to legally maintain

a minimum flow on the Kaskaskia of 1.4 m3/sec (49.5 cfs). Since the construction of the reser-
voir, the average flow has been 74 m3/sec (2612 cfs). Both reservoirs are used for water supply
(industrial and municipal), recreation, and low-flow augmentation.

The Kaskaskia River has been altered to permit navigation to Fayetteville, which is upstream
of New Athens. The channel has a depth of 2.7 m (9 ft) at normal flows, a bed width of 69 m
(225 ft), and a surface width of 91 m (297 ft). The construction of the channel has resulted
in the normal water surtace being maintained at 112 m (388 L) M3L, levees also have been con
structed along the river to prevent flooding.

Surface water availability

The Kaskaskia River is monitored by the USGS upstream and downstream of the proposed pipeline

gas demonstration plant site. Station records exist downstream at New Athens and upstream at
Venedy Station to provide a river flow history. River events on the Mississippi cause backwater
effects on the Kaskaskia which cause shifts in the stage-discharge relation. Also prevalent are
shifts caused by a rapidly changing stage from flood waves. The recent modification to the river
by the Kaskaskia Navigation Channel has resulted in changes that must be considercd in making
forecasts.

The historical records for the Kaskaskia indicate a seven-day, once-ﬁn-ten-years (7Q19) Tow flow
of 2.6 m3/sec (93 cfs) at New Athens since the construction of the Carlyle Reservoir in 1967.
Prior to the reservoir, the ;Q;, was 1.8 m3/sec (62.5 cfs) at New Athens. Prior to the low-flow
augmentation of the Carlyle Reservoir, the one-day low flow was 0.99 m3/sec (35 cfs) at New
Athens. Based on figures obtained since 1967 at New Athens, the maximum mean average discharge
is 695 m3/sec (24,554 cfs), the minimum mean average discharge is 4.4 m3/sec (157 cfs), and the
mean average discharge is 91 m3/sec (3209 cfs). The flood of record for New Athens (121.6 m;
398.8 ft MSL) was established prior to the reservoir's construction. Since the reservoir's
completion, the flood of record was 119 m (390.4 ft) MSL. The Curps of Engineers and the State
of I11inois have agreed to maintain the normal water surface elevation at 112 m (368 ft) MSL

and the minimum flow rate of the river, controlled by Carlyle Reservoir, at 1.4 m3/sec (49.5 cfs).
As a result of the navigation project, the river channel 15 stable and maintained by the Corps
of Engineers for navigational use.

A low-flow augmentation agreement exists to maintain aquatic 1ife and to provide for the down-
stream demand. Forecasts for downstream industrial and municipal demand are set at 5.86 m3/sec
(207 cfs) for 1980. Upstream of the site, an ekcess of 1.8 m3/sec (62 cfs) is indicated for
use according to the State of I1linois. Additional surface water availability could be gener-
ated by the construction of more reservoirs. Sites exist on which these additional reservoirs
could be located. Recent studies, based on 40-year drought calculations, indicate that within
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the Kaskaskia River basin additional reservoir capacity could supply flows of about 14 m3/sec
(500 cfs). Such a flow would require a large number of reservoirs to be built (Kaskaskia River
Watershed Act 1972).

The State of Il1linois has established riparian water rights but has not established restrictions
on consumptive use. The Ohio River Basin Commission has established consumptive water use for
power production at 10% of the ;Q¢ low flow. This is generally adhered to along the Ohio River.
If this legislative concept is adopted by I1linois, a supply of 0.3 m3/sec (9.3 cfs) will be
available for consumptive use for pipeline gas at the New Athens site. With an efficient use

of water, an adequate supply of surface water will be available for the New Athens site.

2.1.3.2 Groundwater hydrology

Groundwater in the New Athens-Fayetteville area is a subdued replica of regional topography.
Groundwater levels are at a higher elevation in upland areas than in lowland areas adjacent to
the Kaskaskia River and other perennial streams. Shallow wells dug in the area indicate that
groundwater on the nearby upland is commonly encountered 4.6 to 7.6 m (15 to 25 ft) below the
surface but usually stabilizes at shallower levels. Groundwater levels in the region are in-
fluenced by the combined pumping of 1.5 to 3 Mgd- from the active strip pit and the long pond,
which is necessary to prevent flooding of the mining pits. Dewatering the active strip pit
results in groundwater flow into the pit, thereby altering the natural direction of the ground-
water flow toward the Kaskaskia River.

Groundwater in the New Athens township is available from both unconsolidated and consolidated
formations. Deposits of sand and gravel [up to 12 m (40 ft) thick] belonging to the Henry and
Pearl formations are present in the Kaskaskia River floodplain and adjacent terraces and sand '
hills. Large quantities of water are available from relatively shallow wells, drilled to depths
of less than 91 m (300 ft) (Smith and Stall 1975). According to the I1linois State Geological
Survey, these deposits of sand and gravel are capable of well yields of up to 0.006 m3/sec

(100 gpm), although smaller yields such as 0.0003 m3/sec (5 gpm) are more likely. Nevertheless,
many shallow, large-diameter domestic wells that rely on storage within the well are present in
these low-yield areas. Wells in Solver Creek Valley near Lebanon and Mascoutah have produced
0.006 m3/sec (100 gpm), although yields of more than 0.001 m3/sec (20 gpm) are relatively rare
(Jacobs 1971).

Sandstone and limestone beds yield small quantities of groundwater. Although individual wells
in these rocks yield less than 0.002 m3/sec (25 gpm), they are the source of water for rural,
domestic, and industrial and small municipalities. The average depth of wells in Pennsylvanian
rocks is about 52 m (170 ft), and that in Mississippian rock is about 76 m (250 ft). Many wells
in these formations are about 15 to 30 cm (6 to 12 in.) in diameter and produce less than

0.001 m3/sec (20 gpm). The upland surficial deposits are generally unproductive and produce
less than 0.0003 m3/sec (5 gpm) (Jacobs 1971).

Groundwater is a relatively scarce commodity throughout most of St. Clair County. Only in the
Mississippi River floodplain are large quantities of both surface and groundwater readily avail-
able; therefore, maximum use of both surface and groundwater must be made. Groundwater develop-
ment in thé area is often restricted by the presence of highly mineralized water at relatively
shallow depths.



2.1.4 Water quality

2.1.4.1 Surface water

The Kaskaskia River has been monitored regularly for water quality between Fayetteville and
New Athens by the USGS, Il1linois EPA, and others. The results of two major water quality
studies are included in Table 2.5. The river reach does not contain any major point-source
discharges. At the ;Q;¢ low flow of the river, about 8% of the water is wastewater. The
majority of the surface drainage is due to agricultural use upstream of New Athens.

Table 2.5. Kaskaskia River water quality data

Number of Hlimsia
RParamutur Linits Average Range tests standard
(ot wanter)

Temperature °C(°F) 14.4 (57.9) 34-82 70 63-93
pH 7.8 7.3-83 72 6.5-9
Dissolved solids mg/liter 255 78-460 65 500
Dissolved oxygen mg/liter 8.7 3.0-148 89 5
Ammonia-nitrogen  mg/liter 0.09 0.01-0.5 68 1.5
Phosphorous mgl/liter 0.30 0.02-1.2 70 0.05
Phenol ug/liter 5.5 0-20 46 100
Cyanide ug/liter 0 0-0 13 10
lron mg/liter 2.7 0.7-12 13 0.3
Manganese mg/liter 0.42 0.8-14 13 0.05
Boron mg/liter 0.1 0-0.2 9 1 -
Fecal coliform Number per 100 ml 300 10—2500 57 200
Chloride ma/liter 24 8-33 21 250
Sulfate . ma/liter 75 42-150 21 250
Flouride mg/liter 0.17 0.2-0.9 i 14 .
Nitrate nitrogen mg/liter 0.98 0.0-3.2 73 10 )
Cadmium mg/liter 0 0-001 15 0.05
Chromium mg/liter 0 0-0 15 0.05
Copper ma/liter 0.01 0.002-0.05 16 0.02
Lead mg/liter 0.02 0.0-04 16 0.05
Mercury mg/liter [¥] 0-0 18 0.5
Selenium uglliter 0 0-0 16 10
Zinc mg/liter 0.01 0-01 16 1

Sources: (1) llinois State Department of Business and Economic Development Division of Eneryy.
1876. An lllinois site for Coalcon clean boiler fuels project. New Athens, Ill.; (2} Coalcon: environmental
analysis neport for the olsan boiler fuel domonctrotion plant program at Maw Athans, llinais 1977
Prepared for the Energy Research and Development Administration, Division of Fossil Demonstration
Plants. West Chieswer, Pa.. Ruy F. Westui, L,

The water quality standards established by the state are satisfied with some exceptions: phos-
phorous, iron, manganese, and fecal coliform average values are above the established standards
of the State of I1linois, ahd the standards are occasionally exceeded for dissolved oxygen.
Although the water quality standards are exceeded on several counts, no major water quality
problems are indicated by state authorities.
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2.1.4.2 Groundwater quality

The shaliow subsurface glacial aquifer in the New Athens area supplies many residents with
potable water. The water quality of groundwater varies considerably (Jacobs 1971). Generally,
water is saline (>250 ppm chloride) below a depth of 150 m (500 ft). Total dissolved solids
also increase with depth and attain a value of 50,000 to 80,000 ppm in rock units found about
300 to 600 m (1000 to 2000 ft) below the surface.

Groundwater from shallow unconfined formations ‘is genefa]ly less mineralized than groundwater
from bedrock formations and provides rural residents with drinking water. A summary of ground-
water quality in unconfined aquifers within 24 km (15 miles) of New Athens is given in Table 2.6.
These values were based on 12 samples (Jacobs 1971). Generally, the groundwater in the East St.
Louis area is of fairly good quality, as shown in Table 2.6. '

Table 2.6. Groundwater quality in St. Clair County, tllinois: within 24 km (15 miles)
of New Athens and along the Mississippi River in the East St. Louis area.

Parameter Range Median

New Athens area

Total dissolved solids, ppm 364-2608 506
Hardness, ppm 58-1280 363
Chloride, ppm 5475 26
Iron, ppm 0-37 35
East St. Louis area”
Total dissolved solids, ppm 515
Hardness, ppm 429
Alkalinity, ppm : 307
tron, mg/liter ‘ 134
Manaanese, mg/liter A 1.0
Chloride, mg/liter 43
Fluarine, mg/liter 0.3
Nitrate, ma/liter 79
Sulfate, mg/liter 72
Temperature, °F 56.4

8W. H. Smith and J. B. Stall. 1975. Coal and water resources for coal conversion
in llinois. |llinois State Watér Siurvey Cooperative Resourtes repurl nu. 4. Uibana:
Illinois State Geological Survey.

The values of selected parameters of groundwater quality from eight wells at the Coalcon site
in the New Athens area indicate that the total dissolved solids vary (in ppm) from 364 to 2376,
hardness from 3 to 1040, chloride from 5 to 970, iron content from 0 to 2.2, and fluorine from
1.8 to 3.8 (Coalcon 1977). The USPHS drinking standards for total dissolved solids (in ppm) is
500; for chlaride, 250; for iron, 0.3; and for fluorine, 3.4. lhe depths of these elyhl. wells.
range from 9 to 335 m (30 to 1100 ft).

2.1.5 Land use

This surrogate site area has a generally rolling terrain characterized by four natural topo-
graphic regions: (1) floodplain, (2) terraces, (3) sand areas, and {4) upland tiil plain.
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Because of the extensive coal extraction activities in the area, reclaimed strip-mined land
constitutes a fifth topographic category.

Land in the area is used primarily for general agriculture and strip mining, and may include an
active strip mine, reclaimed strip-mine land, agricultural fields, several small woodlots of
varying composition, and floodplain.

The most widespread agricultural uses of the land in this part of 111inois are general farming,
dairy, livestock, and poultry. The general vicinity is currently zoned by the St. Clair County
zoqing ordinance as "A" — agricultural. Coal mining and related activities are the major indus-
trial uses.

The Tland use in St. Clair County (Table 2.7) is predominantly agricultural. Cropland comprises
61.2% of the total area, with woodland and similar land totaling 11.7%. When farmsteads, feed-
lots, and roads are added, the total land in farms comprises 74.2% (129,664 ha; 320,271 acres)
of the total acreage. : ‘

Table 2.7. Land use in St. Clair County, lllinois

Hectares (acres) Percent
Land in farms
Harvested cropland 86,943 (214,750) 49.8
Cropland for pasture/grazing 5,840 (14,424) 33
Nonharvested cropland 14,197 (35,067) 8.1
Toutal crupland 106,980 {264,241) (61.2)
Woodland, pastured or not 9,494 (23,451) 5.4
Other land, pastured or not 10,963 {27,079} 6.3
Total woodland and other land 20.457 (50,530 (11.7)
Farmsteads, feedlots, roads 2,227°(5,500) 1.3
Total land in tarms 129,664 (320.271) (74.2)
Land not in farms
Federally owned land 891 (2,200) 0.5
Urban areas 24,382 (60,225) 13.9
Small lakes (<40 acres) and rivers 826 (2,040) 0.5
Large lakes (>40 acres) 570 (1,408) 0.3
Remaining land (by difference) 18,565 (45,856} 10.6
(Includes commercial and non-
commercial forests, huuses, swamps,
railroads, unused wastelands, and others
Tutal land not In farms 45,234 (111,729) (25.8)
Grand total surface area 174,899 (432,000) 100.0

Source: ORNL geoecology data base. 1977. Qak Ridge, Tenn.:
Oak Ridge National Lahoratary

The remaining land is devoted partially to urban areas [24,395 ha (60,255 acres or 13.9%)] and

to miscellaneous purposes (10.6%). Principal crops include 181,979 m3 (5,199,398 hu) of corn
from 27,223 ha (67,240 acres), 89,736 m3 (2,563,887 bu) of soybeans from 35,530 ha {87,760 acres),
and 58,875 m? (1,682,152 bu) of wheat from 18,616 ha (45,981 acres). Cattle, hogs, and chickens
are also raised. A few potatoes but no cotton, peanuts, nor tobacco are grown {(ORNL Geoecology
Data Base 1977). ’



2.1.6 Meteorology and air quality

St. Clair County has an annual average precipitation of 102 cm (40 in.). The monthly rate is
higher during the winter and early spring than during the remainder of the year. The average
annual snowfall is about 30 cm (12 in.). The mean temperatures for January are a minimum of
-4°C (25°F) and a maximum of 5°C (41°F). The mean temperatures for July are a minimum of 19°C
(67°F) and a maximum of 32°C (90°F).

The wind patterns for St. Clair County would be expected to be similar to those for St. Louis,
Missouri, shown in Fig. 2.5. The predominant wind directions are south, west, and west-northwest.
The wind velocity is generally moderate, in the range of 2 to 8 m/sec (5 to 18 mph).
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Fig., 2.5. Annual wind rose for St. Louis, Missouri.
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Heavy fog occurs on an average of 17 days annually. Illinois experiences an average of
22 tornadoes annually.

In an average year, the number of forecast days of high meteorological potential for air pollu-
tion (inversions) would not exceed two (Holtzworth 1972). In 1974 the average annual concentra-
tion (USEPA 1976) of total suspended particulates at Belleville in St. Clair County was 72 ug/m3,
and the 24-hr maximum was 169 npg/m3. At nearby East St. Louis, the annual average SO, concen-
tration in 1974 was 38 ug/m3, and the 24-hr maximum was 157 ug/m3.

2.1.7 Noise

Because noise is a local phenomenon (with some exceptions such as aircraft noise and thunder)
and the surrogate site has been located only approximately, noise will be dealt with on a
largely hypothetical basis. Except for local and state laws and factors of terrain and natural
barriers, noise statements could be valid for all three surrogate sites.

Noise generation within plant boundaries is an occupational matter generally handled by indus-

trial hygienists, is subject to criteria of the National Institute for Occupational Safety and

Health, and is enforced by the Occupational Safety and Health Administration. Noise emanating

beyond plant boundaries is generally considered a form of air pollution and becomes the concern
of local, state, and Federal environmental authorities.

The Noise Control Act of 1972 provides for a division of powers between the Federal, state, and
Tocal governments. Although the primary Federal responsibility is for noise source emission
control, the states and other political subdivisions retain rights and authority to control the
use of noise sources and the levels of noise to be permitted in their environments (USEPA 1974).
Section 5(a)(2) of this law provides in part that the Administrator of the Environmental Protec-
tion Agency "shall publish information on the levels of environmental noise, the attainment and
maintenance of which in defined areas under various conditions are requisite to protect the
pubiic health and welfare with an adequate margin of safety" (Noise Contral Act of 1972).

Table 2.8 gives the equivalent sound levels that EPA believes are required to "protect the
public health and welfare.”

Residential areas are defined as areas in which human beings live in year-round or seasonal
residences, including apartments and mobile homes. Although there is a separate category for
commercial areas, commercial living accommodations such as hotels, motels, cottages, and inns
should be included in the residential category because these are places where people sleep and
sometimes spend extended periods of time. Hospitals and educational institutions require the
same sound levels as residences. A quiet environment in urban and rural residential areas
prevents activity interference and annoyance and permits the hearing mechanisms to recuperate
if it is exposed to higher levels of noise during other periods of the day.

An indoor Ldn (day-night average) of 45 dB will permit speech communication in the home, and
an outdoor Ldn not exceeding 55 dB will permit normal speech communication at about 3 m.
Maintenance of this identified outdoor level will provide an indoor Ldn of approximately 40 dB
with windows partly open for ventilation. The nighttime portion of this Ldn should be about
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Table 2.8. Yearly average equivalent sound levels identified as requisite to protect
the public health and welfare with an adequate margin of safety

Indoor Qutdoor
Activity Hearing loss To p(otect Activity Hearing loss to pr.otect
2 ) . against . . against
Measure inter- considera- inter- considera-
ference tion both ef- ference tion both ef-
° fects? fects®
Residential with out- Lgn® 45 45 58 55
side space and farm
residences Leq(24)d 70 70
Residential with no Lgn® 45 45
outside space
Leq(24)d 70
Commercial Leqi24)? e 70 70" e 70 707
Inside transportation Leq(u)d e 70 e
Industrial Leqiza)?? € 70 70 e 70 709
Hospitals Lgn® 45 45 55 56
d
Lea(24) 70 70
Educational Legi24)? 45 45 55 55
Leq(24)%¢ 70 70
Recreational areas Leq(24)® e 70 70 e 70 709
Farm land and Leqt2a)? e 70 709
general unpopulated
land

9 Equivalent Sound Level Leg is the equivalent steady noise level that in a stated period of time (here, one year) would
contain the same noise energy as the time-varying noise during the same time period. The mathematical definition of Leq for
an interval defined as occupying the period between two points in time tq and t3 is

[ t2 p2(t)
~/Hp ﬁ a |,
ta -1 t Po

1

Leq = 1010g

where pft) is the time-varying sound pressure and py is a reference pressure taken as 20 uPa.

BBased on lowest level.

“The day-night average sound level; the 24-hour A-weighted equivalent sound level with a 10-dB penalty applied o
nighttime (10 p.m. to 7 a.m.) levels. (NOTE: A-weighted equivalent sound pressure level is the simulated human-ear response
to sounds at three levels [Hirschorn, 1970] calculated from sound-meter response. )

IThe equivalent A-weighted sound level over 24 hours.

€Since different types of activities are associated with different sound levels, identification of maximum sound levels to
prevent activity interference is difficult except when speech communication is critical.

"Based only on hearing loss.

9An Leq(g) of 75 dB may be identified in these situations as long as the exposure {over the remaining 16 hr/day} is luw
enough to make a negligible contribution to the 24-hr average, that is, no greater than Leq = 60 dB.

Source: USEPA (U.S. Environmental Protection Agency), Office of Noise Abatement and Control. 1974. Information o
levels of environmental noise requisite to protect public health and welfare with an adequate margin of safety. Document
$50/9-74-004, Washington, D.C.: U.5. Government Printing Office.

32 dB, which should, in most cases, protect against sleep interference. An Leq(24)(24-hr,
A-weighted sound level average) of 70 dB is identified as protecting against damage to hearing
(USEPA 1974). Sound levels produced by certain devices and activities which exist in certain
situations are given in Fig. 2.6 (USEPA 1974) and Table 2.9 (U.S. Department of Health, Educa-
tion, and Welfare 1972). ’
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OUTDOOR LOCATIONS

LOS ANGELES — 3rd FLOOR APARTMENT NEXT TO

FREEWAY
LOS ANGELES — 3/4 MILE FROM TOUCH DOWN AT

CITY NOISE

MAJUR AIRPORT

LOS ANGELES — DOWNTOWN WITH SOME CON-

(DOWNTOWN MAJOR
METROPOLIS)

STRUCTION ACTIVITY
HARLEM — 2nd FLOOR APARTMENT

VERY NOISY 55 _

BOSTON — ROW HOUSING ON MAJOR AVENUE

WATTS — 8 MILES FROM TOUCH DOWN AT
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Fig. 2.6. Outdoor day-night sound level in dB (re 20 uPa) at various locations. Source:

1974. Information

on levels of envirommental noise requisite to protect public health and welfare with an adequate

margin of safety.

Document 550/9-74-004.

Washington, D.C.: U.S. Government Printing Office.
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Table 2.9. Measured noise levels for selected industrial operations

Source Sound level® [dB(A)]

Textile mill

Loom 106

Cotton spinning 83
Luinber and wood products

Planer 106

Molder 100

Router 93

Shaper 104

Boring machine 94

Furniture products

Cut-off saw 112
Sander 97
Radial-arm saw 98

Paper products

Paper cutter 96
Bag and handle former 89
Printing and publishing
Newspaper press 97
Monacasting 91
Postcard press 91
Keyboard monotype 84
Offset press 88
Small offset press 82
Folding machines 85
Binder 86
Petroleum refining
Can seaming 96
Furnace heating distilling columns 100
Steam letdown 130
Furnace high speed rotating equipment 100
Furnace pumps ) 103

Transoortation

One-ton truck 70
Five-ton truck 73
Twenty-lun Lruck 92

Glass products
Inflation of containers 106
Corrugated band saw 99

Steel products

Coke oven 83
Blast furnace 100
Basic oxygen furnace a1
Electric furnace, 150 tons 112
One hundred sixty-in. mill 98
Various metal products
Milling machine . 90
Turret lathe 90
Four-in, hand grinder 85
Riveting machine 110
Forge drop hammer 105
Automatic punch press a5
Pneumatic chisel 101

Canning food products
Canning punch press 97
Can-making budy operation ‘95
Can-filling machine 100
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Table 2.9 {continued)

Source Sound level {dB{A)]
Mining, underground
Axial vane fan 107
Stoper drill 115
Jackhammer drill 113
Roof bolter 103
Loader, gathering arm . 96
Conveyor belt : 93
Continuous miner 99

Mining, open pit

Jumbo drill 107
Rotary drill a3
Crusher 96
Locomotive 85
Oxygen torches 120
Heavy equipment, earth moving
Double scraper 92
Sorapor 117
Bull dozer . 10
Road grader 95
Farm équipment
Tractor 98
Grain roller mill 85
Pneumatic conveyor 100
One-row beet puller 94
Two-row corn picker 106

?Ngise measurcments for the specified operations were
taken from assorted Public Health surveys and references
in acoustical and industrial hygienists literature.

Source: U.S. Department of Health, Education, and Wel-
fare: National Institute for Occupational Safety and
Health. 1972. Occupational exposure to nofse. Washington,
D.C.: 1J.S. Government Printing Office.

Distance produces a significant attenuating effect on sound. In a free field such as the
outdoors, sound levels decrease approximately 6 dB for each doubling of distance (Peterson
and Gross 1972). Thus if a hammermill emits 96 dB{A) of noise measured at 3 m (10 ft), the
sound would be reduced to the recommended level of 55 dB(A) at 390 m (1280 ft) or about
1/4 mile. The value of a buffer zone in reducing ambient noise becomes obvious.

In siting a plant, it is important to consider distances to residences, schools, hospitals,
churches, and other noise sources. Noise Assessment Guidelines, sponsored by the II.S. DNepart-
ment of Housing and Urban Development (Schultz and McMahon, 1971), gives "clearly acceptab]e,“
"normally acceptable," "normally unacceptable." and "clearly unacceptahle" zones adjacent to
highways, based on hourly car and truck traffic rates.

The I11inois Environmental Protection Act, as amended through January 1, 1976, designates in
Sect. 4(m), the State Environmental Protection Agency as noise control agency for the state
for all purposes of the Noise Control Act of 1972, PL 92-574. This agency is charged with
investigating complaints and enforcing environmental noise regulations. The act also created

a Pollution Control Board to "determine, define, and implement environmental control standards"
and the I11inois Institute for Environmental Quality "to investigate practical problems and
implement studies and programs relating to the technology and administration of environmental
protection . . . ."
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Chapter 8, "Noise Regulations of the Rules and Regulations of the I11inois Pollution Control
Board," became effective August 9, 1973. This chapter lists sound pressure levels of several
categories of properties as follows: Sound Emitted to Class A Land During Daytime Hours
(Rule 202), Sound Emitted to Class A Land During Nighttime Hours (Rule 203), Sound Emitted to
Class B Land (Rule 204), and Sound Emitted to Class C Land (Rule 205).

The classes of land are defined by numerical'designations listed in the Standard Land Use Coding
Manual (Federal Highway Administration 1969), which correspond to Standard Industrial Classifi-
cations (U.S. Office of Management and Budget 1972).

Class A land is defined as land used for residences, hotels, motels, hospitals, sanitariums,
rest homes, churches, synagogues, libraries, museums, schools, and colleges.

Class B land includes certain types of commercial property such as telephone exchanges; radio
broadcasting studios, wholesale and retail trading centers of many kinds such as foods, banking
and real estate, personal and business services; and recreational facilities.

Class C land includes areas used for agriculture, fishing, forest, mining, manufacturing, and
transportation activities.

Class U or unclassified land includes airports, freeways, and unused and water areas.

In the I11inois regulations, sound level limits are ngt set at the boundaries of.the emitter
but at the receiving property, whether Class A, B, or C. Also, I1linois limits differ with
frequency and with the land use of the emitter. An example of Rule 202 is shown in Table 2.10
(I11inois Pollution Control Board 1973).

Table 2.10. Sound emitted to class A, B, and U land
during daytime hours

Octave band Allowable octave band sound pressbre levels of
center frequency sound emitted to receiving land {dB)
(Hz) Class C land Class B land Class A land

315 75 72 7?

63 74 71 71
125 69 65 65
250 64 57 57
500 58 51 51

1000 : 52 45 45
2000 47 39 39
4000 43 34 34
8000 40 32 32

Source: Illinois Pollution Control Board. 1973. Noise Follution Control
Regulations. Rule 202. Springfield, lll.: llinois Environmental Protection
Agency.
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2.1.8 Socioeconomic structure {St. Clair County, I1linois)

2.1.8.1 Local and regional population

Population size and density

In 1970 the population of St. Clair County, I1linois, was 285,199. Based on a land area of
1743 km2 (673 sq miles), the population density for the county is 1098 persons per km2

(424 persons per sq mile) (U.S. Bureau of the Census 1973b). The proportion of the population
1iving in urban areas was 83% (U.S. Bureau of the Census 1973b). For the United States as a
whole, in 1971 the population per km? was 149 (57.5 per sq mile), and the proportion 1iving

in urban areas was 73.5% (U.S. Bureau of the Census 1971b). Thus St. Clair Countv had a higher
population density and a higher percentage of its population living in urban areas than the
nation as a whole. It was also much more densely settled than Western states, which had
population densities ranging from 12.4 persons per km2 (4.8 persons per sq mile} in Montana

to 33.4 persons per km?2 {12.9 persons per sq mile) in Utah (U.S. Bureau of the Census 1971b).

St. Clair County is one of the eight constituent counties of the St. Louis Standard Metropolitan
Statistical Area (SMSA). In 1970 the total population of the SMSA was 2,410,186, making it
the 11th most populous area in the country (Coalcon 1977).

New Athens is about 50 km (30 miles) southeast of St. Louis. Residents of New Athens depend on
St. Louis for much of their employment and retail services (Coalcon 1977). Many plant workers

would likely commute to and from St. Louis and other nearby towns and cities as well.

Many villages, towns, and cities surround the New Athens area. The 1970 populations of town-
ships in St. Clair County, including New Athens, are given in Table 2.11.

Popliation trends

Between 1960 and 1970 the population of St. Clair County increased at a rate of 8.6% (U.S.
Bureau of the Census 1973b). During the same period, the national increase was 13.3% (U.S.
Bureau of the Census 1971b). St. Clair County grew less rapidly because about 6000 people
moved out of the county during this period. As Table 2.12 shows, this outmigration tnok
place primarily among young men of ages 15-24,

As is shown in Table 2.13, St. Clair County's population is expected to increase by about
81,000 people or 29% by the year 2000. New Athens can be expected to share in this future
yrowth.

Between 1960 and 1970 the population of New Athens increased less rapidly than that of St.
Clair County. In 1960 New Athens township had a population of 2479 and in 1970 one of 2570.
The 1960-1970 growth rate for the township was 3.7%. Most of the other townships in St. Clair
County grew more rapidly than New Athens. In the future New Athens will probably have a
slightly higher growth rate than it did between 1960 and 1970 (Koehler 1976).
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Table 2.11. Population distribution by townships
in St. Clair County, lllinois, 1970

Township Population
Belleville 41,699
Canteen 20,414
Caseyville 25,931
Centreville 40,500
Fast St. _onis 69,996
Englemann 499
Fayetteville 1,607
Freeburg 3,678
Lebanon 4,244
Lenzburg 654
Marissa 2,818
Mascaulgh 5,067
Millstadt 4,016
New Athens 2,570
O’'Fallon 9,662
Prairie du Long 838
St. Clair 18,436
Shitoh Valley 10,767
Smithton 1,925
Stites 1,826
Stookey 9,955
Sugar Loaf 7174

Total 285,199

Source: Coalcon: Environmental analysis report
for the clean boiler fuel demonstration plant program
at New Athens, Illinois. 1977. Pp. 3-222 to 3-223.
Prepared for the Energy Research and Development
Administration, Division of Fossil Demonstration
Plants. West Chester, Pa.: Roy F. Weston, Inc.

Table 2.12, Age-sex distribution in St. Clair County, lllinois, 1970

Age
Year 5-14 15-24 25-34
. Male
1950 15,000 18,500 16,500
1960 27,500 15,200 16,500
1970 ] 32,500 22,000 16,000
Female
1950 13,000 14,500 17,000
1960 25,000 16,000 18,100
1970 31,000 24,200 16,000

Source: Coalcon: Environmental analysis report for the clean
boiler fuel demonstration plant program at New Athens, lllinois.
1977. Prepared for the Energy Research and Develuprment
Administration, Division of Fossil Demonstration Plants. West
Chester, Pa.: Roy F. Weston, Inc.

Population characteristics

Examination of the composition of the population of St. Clair County by age, race, education,
and income reveals that its population structure is similar to that of the nation as a whole.
The median age in St. Clair County is 26.8 (vs 28.3 nationally), 9% (vs 9.9% nationally) of
the population is over 65 years of age, and 31.2% is under 15 (Coalcon 1977; U.S. Bureau of
the Census 1971L).  Thus Lhe prapovtion of the population of $t. Clair County in the working
ages of 15-65 is about the same as the United States as a whole. St. Clair County has a

~
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Table 2.13 Projected population increases for S$t. Clair County, lllinois, 1975 and 2000

Percent
Year Population of change
1975 297,235 4.2
1980 309,000 4.0
1985 325,545 5.4
1990 342,990 . 6.5
1995 ' 360,435 5.1
2000 378,780 5.1

Total change ’ 81,545 - 28.7

Source: Coalcon: Enviranmental analysis report for the clean boiler fuel demon-
stration plant program at New Athens, lllinois. 1977. Prepared for the Energy Research
and Development Administration, Division of Fossil Demonstration Plants. West Chester,
Pa,: Rov F, Weston. Inc.

higher proportion of blacks (22% vs 11.2% for the United States) but a lower proportion of
families below the poverty level (12.4% vs 14.9% for the United States) (Coalcon 1977; U.S.
Bureau of the Census 1971b). In 1969 the median family income was $9540 (vs $9586 nationally),
and the median educational level for persons over 25 in St. Clair County was 11.0 years, which
was slightly lower than the national median of 12.2 years (Coalcon 1977; U.S. Bureau of the
Census 1971b). In 1976 the unemployment rate was 8.2%, 1% lower than the U.S. rate (Koehler
19/6; U.S. Bureau of the Census 1976).

As shown in Table 2.14, over 18,000 people were unemployed in St. Clair County and the two
adjacent counties of Madison and Monroe in 1976. In 1970 5.2% of the employed labor force
in St. Clair County was employed in construction (Coalcon 1977). These figures suggest that
in the eight constituent counties of the St. Louis SMSA, there are probably several thousand
unemployed construction workers at present. In additinn, there are probably uncmploycd

Table 2.14. Unemployment in Madison, Monroe, and St. Clair counti'es, May 15, 1976

County Percent unemployed Number unemployed
Madison 7.7 8850
Monroe 38 300
St. Clair 8.2 9775

Source: George Koehler. 1976. Socioeconomic impact of the Coalcon clean boiler
fuels program. New York: Coalcon.

Stenehjem and Metzger (1976) have developed estimates of county labor pools (new labor force
entrants plus the currently unemployed) for all U.S. counties for each of ten years after the
plant employment begins. Their estimates af the number of local workers who can be expected to
to fill new jobs.in each of ten years are compiled by

1. computing the labor force participation rates for men and women in a given county,
and, if these rates are lower than the corresponding national ratio, adding the
incremental workers to the local labor force in year one;



2-27

2. adding the percentage of surviving school-age persons to each future year's
estimates of workers likely to seek employment; and

3. subtracting from each year's work-force estimate the number of persons reaching
age 65.

Based on this procedure, Stenehjem and Metzger's (1976, p. 75) estimates of St. Clair County's
labor pool are as follows:

Number of
available local workers

~<
®
=1
2

9598
1873
2315
2313
2312
2310
2256
2104
2103
2102

OQWRONOONHWN —

p—

As Stenehjem and Metzger (1976) state, these estimates do not include workers who would commute
from surrounding counties. The labor pool drawn from all counties in the St. Louis SMSA would
undoubtedly be several times larger than the St. Clair County labor pool estimates.

2.1.8.2 Industry structure

The impacts of siting a pipeline gas facility in a given area depend, to a large extent, on
the economic or industrial structure of that area. For a given facility, the greater the size
and diversity of the existing industrial base, the smaller the generated impacts will be.
Larger, more developed economies are more likely to be able to expand production of goods and
services (both public and private) to meet the additional demands imposed by the facility
without experiencing major adjustment problems. Small undiversified economies, however, will
not be equipped to meet these demands, and a situation of disequilibrium will arise in the
various input markets. Some of the excess demand for inputs can be satisfied by importing
needed materials from outside the local economy. Buy many of the goods and services required
by the facility and its employees (particularly those that are derived from the local infra-
structure, e.g., housing, education, and transportation) cannot be readily imported. Conse-
quently, the local economy will experience potentially large adjustment costs as the output
of these goods and services expands to a new equilibrium level.

The industrial structure of St. Clair County is predominantly oriented toward the manufacturing
sector, with durable goods (especially primary metals) accounting for the bulk of the employment
within this sector. As shown in Fig. 2.7, the agricultural sector accounts for.a small and
declining share of the total product of the county (currently about 5%). A similar statement
can be made concerning employment in this sector.
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Fig. 2.7. Percentage distribution of total product in St. Clair County, I1linois,
1879-1969. Source: Coalecon: environmental analysis report for the clean boilar fuel demon-
stration plant program at New Athens, Illinois. 1977. Prepared for the Energy Research and
Development Administration, Division of Fossil Demonstration Plants. West Chester, Pa.:

Roy F. Weston, Inc.

Employment and payroll figures by major industry in 1971 are reported in Table 2.15 (U.S.
Bureau of the Census 1971a). As is evident from this table, St. Clair County is basically
urban, with a large diversified industrial structure. Relative to the other two potential
sites selected for analysis (to be descrihed in Sects. 2.2 and 2.3), the St. Clair County
site represents, by far., the most developed and diversified economic structure. In addition,
total empioyment is projected to increase almost 40% in the county by the year 2000 (Coalcon
1977). Consequently, one would expect that the adjustment problems associated with the
increased demands for goods and services generated by the gasification facility and its
employees would be the Towest for this site.

Because St. Clair County is closely integrated with the surrounding counties (particularly
those that, with St. Clair County, compose the St. Louis SMSA), one must consider the
economic structure of these areas in assessing the pntential impacts of a coal gasification
facility. Expanding our scope to include the three-county area of St. Clair, Madison, and
Monroe, the basic description remains quite similar to that provided above. As shown in

Fig. 2.8, the manufacturing sector also dominates the larger three-county area. Although the
relative importance of the mining sector appears to be less in Madison and Monroe counties,
the overall structure of the larger area remains quite similar to that of St. Clair County.

This consistency of economic structure remains intact when we fur;her expand our scope to include
the entire St. Louis SMSA. Table 2.16 reports 1972 OBERS projections of population; employment,
personal income, and earnings by industry for selected years from 1950 to 2020 for the St. Louis
SMSA (USDC and USDA 1974). Agaih, we observe the domination of the manufacturing sector and the



Tab'e 2.15. First quarter 1977 employment and payroll, St. Clair County, lllinois

Number of Taxable Total Number of reporting units {by employment size class)
Industey oA Jamoany g 1P

pay period® ($1300) units 1103 4to7 81019 201049 501099 100t0o249 25010499  E£00 or more
Total 49,614 80,682 3716 1871 820 625 275 76 54 18 10
Agricultural services, forestrv, and fisheries 169 96 21 13 6 1 1
Mining 735 2,026 9 o1 1 1 3 2 1
Contract construction 2,996 7126 00 149 55 54 31 7
Manufacturing 14,485 29,617 209 38 28 47 44 19 19 8 6
Transportation and other public utilities 4,180 7.912 44 42 31 3t 23 € 7
Wholesale trade 2,317 4,506 =41 89 59 64 23 1
Retail trade 10,678 12,226 1304 627 360 207 83 16 10 1 1
Finance, insurance, and real estate 2,922 4,655 341 208 59 41 20 a
Services 10,924 12,182 1131 676 213 173 43 12 2 3
Unclassified establishments 268 336 46 28 8 6 4

2Excludes, for example. government employess, ralroad employees, arnd self-2mployed persons.

Source: U.S. Bureau of the Census. 1971, County Fusiness Patterns. Vlashington D.C.: U.S. Government Printing Office.
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Table 2.16. 1972 OBERS projections
1050 1962¢ 1969 197% 1w 1980 1985 1990 2000 2020
Population, midyear .... 1,739,719 2,175.508 1,319.832 2,370.219 2,392,569 2,561,600 2.63¢,100 2,716,800 2.825.200 1,020.200
Per capita income (1967 § 2,477 875 3,765 3,77 3,828 TS, £,800 6,500 8.600 11,900
Per capila income relative (U.S.=1.00) 1.20 111 .19 1.09 1.08 1.07 1.07 1.07 1.06 108
Total employment ..... . 715.566 785913 913,859 1,098,700 1,135,600 1,173,700 1,264,600 1.337.100
Employment/popul. ratio .39 43 43 4 .45 44
In Thousands of 1967 Dollars
Total personal income 4,339,449 6,254,419 8,734,621 8,949,239 9,158,383 13,154,100 15,327.800 17.860,600 24,444,700 42,102,000
Total earnings 3625182 5,189,952 5.230,292 7,280,440 7,408,292 10,587,200 12,257 300 14,190,900 19,229,500 32.740,100
Agriculture, forestry and fisheries .......c..ovveeenrecnns 1.387 38.620 33233 35.456 36,778 45,300 45000 46,700 51,000 62.RD0
Agriculture 45,100 45800 46,500 50.800 62,500
Forestry and fishemies ....c..ccoeeveeeioervceniriveneeneen - {S) (S} Sy (R} Sy
Mining 0,579 24333 28,806 31,006 33.143 36,600 40,200 44,200 §3.500 76,300
Metal 2,300 2.500 2.700 3.300 4.600
Coal 18,600 20,300 23,500 29.400 43,90
Crude petroleum and natu-al gas 1,200 1,200 1,200 1.300 1,700
Nonmetallic, except fuels 14,400 15,300 16,500 19.300 25,000
Contract construction 204,639 320,310 446,259 446,420 456,527 657,100 749,300 854,600 1,119,100 1,781,400
Manufacturing 1,306,766 1,899.853 2576913 2,508,650 2,452,851 3,432,800 2,880, :00 4,386,700 5.670,900 8,952,700
Food and kindred products 276,400 2R6.600 297.300 135.500 413,500
Textile mill products....... 8,200 8,200 8,500 9.400 12.000
Apparel and other fabric products 85,000 86,00 £9.000 100,200 130,600
Lumber products and furnsture. 45,600 51,200 58.200 73,900 FI2.t00
Paper and allied products.. ... 80,200 89 «00 100,700 128,700 19,200
Printing and publishing ..... 197,600 228,700 264 600 156,500 595,600
Chemicals and allied products .....vvereecvvceeieniiierens 398,600 480,800 $80.000 R30,000 1,507,500
Petroleum refining 56,500 59,600 62,900 73.000 93,800
Primary metals 232,200 246.800 262,200 301300 395,200
Fabricated metals and ordmance ! 319,00 380,600 489.600 7,800
Machinery, excluding electical 260,500 301,800 349,600 459,400 715,600
Electrical machincry and supplies 206,400 2. 261,400 345,900 570.600
Motor vehicles and equip! t 490,500 585,500 698,900 969,900 1,671,200
Transportation equip., excl. mtr. vehs. 504,500 565.320 633,500 776,100 1,112,300
Other manufacturing 287,900 312,320 338,700 420,700 611,000
Trans., comm. and public utilitics 347799 494,616 5.591 640,306 670,327 A 1L012,0%0 1,156,000 1.539.600 2,561,900
Railroad transportation 112,400 106,780 101,300 93,700 E2.700
Trucking and houst 5,700 343,000 397,800 541,300 914,500
Other transportation and services.........o.ooveeneen. 131,700 150,000 170,800 218,500 312,100
C icalions 195,800 237,90 289,100 424,400 803,100
Utilities (elec., gas, $anitarnyd ......c.cveecvecvennrnnnns ~ 150,200 171,900 196,600 261,500 429,400
Wholesale and retail trade ...... .ooccvcenrveencriieriiennn 782256 943,615 1277271 1,276,546 1.309,747 1,745,400 1959,400 2,199,500 2,847,200 4,414,400
Finance, insurance and real €8 81€ .....c...occeerrceenrcunenns 159.156 265,745 31576 349,138 370,834 584,300 697,700 833,200 1,177,500 2.075.900
Services 383,593 669,443 998,542 1,038,251 1,092,409 1,836,000 2.252,00 2,762,300 4,111,100 8,001,200
Lodging places and personaliservice 126.600 134,500 143,000 165,200 218400
Business and repair services 320,000 402,300 505.900 785,100 1603200
Amusement and recreation services 57,300 65,300 74,400 96,700 151.800
Private h hold 42,900 43,700 44,500 47,600 $2.200
Professional services. 1,289,100 1,503,404 1,994,300 3,016,300 5.96¢.200
Government 352,510 533,420 1R .39 954,667 985,680 1,363,200 1,512,508 1,907,400 2.659.300 479,100
Federnl government . 144,00 192,865 $32,083 343,025 343,445 458,800 a3, 616,600 817.300 1,447,000
State and local gove 125,055 290,423 198,014 5)4.862 571,730 840,300 1,913,708 1,222,900 1,768,900 3.284.700
82,853 50,132 65,302 76,778 70,506 64,000 65,900 67,800 73,000 RA,100

Armed forces

*Employment is for 1960.
a—represents 80.0 to 99.9 percent of the truc value
b—represents 60.0 to 79.9 percent of the rue value

c—represents 40.C to 59.9 perc :nt of the true value
c—reprzsents 20.C to 39.9'percent of the true value

c—represents zeso to 19.9 percent of the true value

Source: U.S. Department of Commere2 and the U.S. Diepartment of AgricLlzure. 1974, Vol. 5, SMSA i94. VWashington, D.C.: U.S. Watzr Resources Council.
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Fig. 2.8. Industry employment in St. Clair, Madison, and Monroe counties, 1970. Source:
Coalcon: environmental analysis report for the clean boiler fuel demonstration plant program
at New Athens, Illinois. 1977. Prepared for the Energy Research and Development Administra-
tion, Division of Fossil Demonstration Plants. West Chester, Pa.: Roy F. Weston, Inc.

diversified development of the other industrial sectors. As a result of this developed economic
structure, the social and economic impacts of siting a pipeline gas facility in the area are

likely to be minimal.

In addition to providing an averall picture of the local community, a description of the indus-

" trial structure of the economy of the region provides information that may be used to derive
estimates of the extent to which Facility construction and operation will lead to additional
secondary employment opportunities within the area. Such secondary effects arise from the
expansion of output from local firms supplying inputs to the facility (indirect effects) and
the increase in general economic activity generated by higher regional income (induced effecls).
These secondary effects must be added to the direct employment effect of the facility itself to
assess the total impact on local employment opportunities. These, in turn, are employed in fore-
casting the population inflows from which many of the important social and economic impacts are

derived.

The technique used here to forecast these secondary employment effects uses the employment multi-
plier that is derived from economic base theory. When applied to the direct facility employment
figures, this multiplier yields an estimate of the total (direct plus secondary) employment
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effects of the given facility in a given region. However, the economic hase employment multi-
plier is an equilibrium concept that applies only after long-run adjustments have occurred.
Consequently, its application should generally be limited to the operation phase of the given
project because the. construction phase is relatively short-lived. Secondary employment generated
during this temporary construction phase must be estimated on a less formal basis.

The employment multiplier selected for use here is that calculated by Stenehjem and Metzger
(1976). The economic structure of the St. Clair County site appears to meet the assumptions
required for use of the simple ratio multiplier in lieu of either the complex ratio multiplier
or the regression multiplier (Stenehjem and Metzger 1976, pp. 46-53). This multiplier is given
as 2.5 for St. Clair County. This implies that for every new job created in the basic (export
oriented) sector of the local economy, 1.5 jobs will be created in the service sector in
equilibrium.

2.1.8.3 Local infrastructure

Governmental jurisdictions

St. Clair County, consisting of 22 townships, is governed by a county board. Each township has
an elected township supervisor who is the chief administrative officer. In addition to the
assessment of property for taking purposes, the townships have twn main functions: maintcnance
of local roads and support of indigents. St. Clair County has 29 school districts and 42 special
districts. The special districts provide services such as police, fire, parks and recreation,

.- libraries, water, and solid waste disposal (U.S. Bureau of the Census 1973a).

Housing

According to the Coalcon Environmental Report (Coalcon 1977), a wide variety of housing units
in a broad price range exists within the eight-county area of the St. Louis SMSA.

For apartment dwellers garden apartments and high-rise suites are located in the suburbs, in
pafk atmospheres, and in downtown St. Louis. In 1976 rentals varied for garden apartments from
$150 to $325 per month, depending on the location, and for high-rise apartments from §175 tn

. $450 per month, depending on the size.

Financing of homes in the metropolitan area is available through more than 90 financial insti-
tutions. Total deposits in these institutions exceed $5.5 billion.

Within $t. Clair County are 4 number of housing developments, particularly in the Belleville
area where housing units are available for sale or rent. As of the week of March 8, 1976,
approximately 180 homes were being marketed by the "multiplc listing realtors” in the Belleville
area.

About half of these houses were priced at $35,000 or more. In addition to those listed by
realtors, it was believed that there were about 90 houses for sale but not listed with realtors.
A local paper had 79 houses advertised for sale on March 4, 1976. The same paper also listed
48 furnished and/or unfurnished apartments and 17 houses for rent (Coalcon 1977).
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Although at New Athens itself there were no listings in the same period, the local industria]
development organization did not believe that this lack would deter industry from moving into
the area because of the amount of available land and the expressed interest in building housing
developments of a number of reputable contractors.

A number of factors have delayed development of new housing in the New Athens area. One factor
has been the lack of employment (Koehler 1976, p. 12). Another reason for limited housing
development is the sewer ban that prohibits any major new sewer hookups to the New Athens waste-
water treatment facility, which was imposed because of the insufficient capacity of the existing
treatment facility. However, new treatment facilities are planned. When this construction is
completed, more new housing will probéb]y.be developed (Coalcon 1977, p. 3-307).

Education

The educational system in the St. C]ai} County area is reasonably well developed, with some
excess capacity. One public school in the New Athens Township serves grades K through 12. In
addition, one parochial grade school exists in this township. The nearby Belleville school dis-
trict has two senior high schools with a total enro]1mgnt of 6000 students, two intermediate
schools, and nine elementary schools. Also this township has one parochial high school with aﬁ
enrollment of 1200 students and nine parochial elementary schools. A1l of these schools are
accredited by the State of I1linois (Coalcon 1977). In the larger area including St. Clair and
Madison counties, 18 school districts have an existing capacity of 30,440 students (see Table
2.17). Current enrollment is about 25,436 students, leaving an excess capacity of 5004 students.

Table 2.17. Capacity of school districts in Madison and St. Clair counties

District 1970 Current Net Total ~ Growth

nuinber emolliment  cnrolimont  change  capacity  capacity

) (all +)

Lebanon (K—12}) 9 1,291 1,097 —-194 1,340 243
O’Falion (K—8) 90 1,766 1,748 —18 2,350 602
O'Fallon {high school) 203 1,099 1,330 +231 1,800 470
Central (O’Fatlon K-8) 104 395 31 -84 500 189
Shilnh (K—R) 85 218 204 —14 300 96
Mascoutah (K—12) 19 3,9G3 3,064 -1 4,250 796
Freeburg {(K—8) 70 718 1 -7 750 39
Freeburg (K—12) 77 417 564 +147 630 66
Belleville (K—8) 118 4,500 3.850 —650 4,700 850
Whiteside (Belleville K—8) 115 282 282 0 330 48
Wolf Branch (Belleville K—8) 113 281 278 -3 470 192
Belle Valley (Relleville {(K—8) 119 753 828 +75 966 138
High Mount (Swansea K—8) 116 409 398 -1 520 122
Pantlac {Fairview K—8) 105 026 934 +12 1,134 200
Grant (Fairview K—8) 110 1,326 1,098 —228 1,350 252
Harmony (Edgemont K—8} 175 1,488 1,245 —-243 1,650 405
Signal Hill {Edgemont (K-8} 181 506 495 -1 600 105
Belleville {high school) 201 5,682 6,109 +427 6,800 691
Total 26,020 25,436 -584 30,440 5,004

Source: Coalcon: environmental analysis report for the clean boller fuel thanunstiation plant program
at New Athens, Illinois. 1977. Prepared for the Energy Research and Development Administration, Division
of Fossil Demonstration Plants. West Chester, Pa.: Roy F. Weston, Inc.
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Transportation

For the St. Louis SMSA, major interstate highways (I-55, I-70, I-64, 1-44) provide connecting
links to major cities in all directions. St. Clair County has good east-west access but inade-
quate narrow two-lane facilities for north-south traffic. Another deficiency of the road network
is the large number of at-grade rail crossings, which causes conflict of train and automobile

. traffic and the consequent delay in traffic flow several times during a typical day.

The existing principal and collector systems within the more densely developed urban areas of

St. Clair County are inadequate. Many of these routes have limited improvements, with narrow,
two-lane pavement carrying the bulk of the traffic. Much of the congestion is a result of the
location of these principal routes and cnllectars. Motorists using these routes must drive
through the central business districts of virtvally all of the cities in the study area. With
uncoordinated traffic control devices, numerous stop signs, parallel parking, and no access
control, the through-city routes are becoming highly congested. Furthermore, many of these
routes are an important part of the total regional highway system. FExtensive commercial develop-
ment along these principal routes and collector streets adds to the congestion and decreases the
capacities of the roadways (Coalcon 1977, p. 3-320).

Traffic on the principal and collector 'urban routes is generally increasing by about 5% per year.
The lack of funds from state and county highway departments prevents improvements to meet the
needs of increasing traffic. The rural principal and collector routes in St. Clair County will
typically be capable of handling increases in traffic if certain narrow pavements, bridges, and
other points of congestion are corrected. Interstate routes are adequate to handle up to three
times the present traffic volume (Coalcon 1977. p. 3-322).

The major highway link between New Athens, I11linois, and the city of St. Louis in U.S. 4A0.
About one-half of the 48 km (30 miles) between St, Louis and New Athens is divided four-lane
highway in éxcellent condition. The improved stretch of U.S. 460 runs between East St. Louis
and a point just northwest of Freeburg. However, in East St. Louis it is currently necessary
to travel on city streets because no improvements have been made on this route. Although
several state and Federal proposals have been made, none have been implemented. At the present
time Lhe s1tuation i being examined and reviewed by the I11inois State Department of Highways
(Coalcon 1977, p. 3-322).

With regard to rail transportation, St. Clair County is served by 16 trunk-line railroads.
Only Chicago is served by a larger railway network (Coalcon 1977, p. 3-334). This area is a
major national rail center.

With regard to water transportation, the Mississippi River connects the St. Louis area to the
Atlantic Ocean (through the I1linois River, the Great Lakes, and the St. Lawrence Seaway) and
directly to the Gulf of Mexico {Coalcon 1977, p. 3-317). The Kaskaskia River Navigation
Project, when cumpleted will allow barge navigation to the New Athens area. Limited navigation
on the Kaskaskia is possible at present, although a part of the channelization work near New
Athens remains to be completed (Coalcon 1977, p. 3-332). A barge facility to be located just
downstream from New Athens will handle 3.6 to 7 million metric tons (4 to 8 million tons) per
year of bulk commodities (Coa]con'1977, p. 3-336).



Health care

According to Coalcon (1977), health care facilities available to the New Athens are are among
the best in the nation. In the metropolitan St. Louis area, there are 13,753 hospital beds
and 2181 doctors, representing a broad range of medical specialties. Among the better-known
hospitals are such prominent names as Barnes, St. Louis Children's, St. Louis University, and
Cardinal Gannon. In Belleville, about 27 km (17 miles) from New Athens, two hospitals —‘St.
Elizabeth and Memorial — offer more than 900 hospital beds and emergency-room facilities. St.
Elizabeth and Memorial function as a medical center for the entire area. Two additional

local hospitals are about 16 km (10 miles) from New Athens; one hospital is also located in
Sparta, about 29 kin (18 miles) distant. Most New Athens residents use the hospital facilities
at Belleville {(Coalcon 1977, p. 3-292).

Ambulance service is provided by the New Athens Volunteer Fire‘Department and by an ambulance
service in Freeburg. The Freeburg-based ambulance service, which is actually owned by the
village of New Athens, charges for its service.

New Athens township currently has three medical doctors, one dentist, and one chiropractor to
serve the medical needs of the immediate New Athens area (Coalcon 1977, p 3-292).

The existing medical facilities are considered by local employers to adequately meet the current
needs of the commdnity. With major facilities 20 to 30 min away at Belleville, the consensus

is that those nearby hospitals sufficiently fulfill the needs of the resident population
(Coalcon 1977, p. 3-292).

Police and fire protection

The New Athens Township Police Department has three full-time police offiers with two
radio-eduipped patrol cars. In addition, the St. Clair County Sheriff's Department has
102 employees, including 34 full-time deputies. Also, the I1linois State Police force
serves the New Athens/St. Clair County area (Coalcon 1977).

The New Alhens Vuluiiteer TNire Department serves the township with five pieces of fire-fighting
equipment (Coalcon 1977). Rural areas within St. Clair County also have volunteer fire depart-
ments, and the major population centers in the surrounding area have full-time firemén working
from well-equipped departments. '

Recreation

Recreational opportunities in the New Athens Township include hunting, fishing, water sports,
golf, tennis, and hikiny. In addition to cxisting high school sports, a puhlin park is
planned. In Belleville, three public golf courses, a public swimming pool, four city parks,
and several private swimming and tennis clubs exist (Coalcon 1977).

The larger St. Louis SMSA offers professional sporting events, horse racing, and a variety of
cultural activities. Table 2.18 describes the existing acreage devoted to recreational
purposes in this area.



Table 2.18. Summary of the existing recreational land in the St. Louis SMBA

In acres®

Regional ~ Metro  District  Meigtborhood  Vest Pocket Tot Lot  Spacial  Conservatica Forest Total
park park park park park park facility area preserve

Franklin Ccm'r;ty 7,155.0 450.0 15.4 1704.0 9,3254
Jefferson County 26.0 60.2 0.7 86.9
Madison County 7,301.0 612.0 408.6 205.4 7.3 78.1 9,2124
Monroe County 105.0 1.0 590.0 2,046.0 2,745.0
St. Charles County €6.0 228.0 53.0 0.5 7040.0 74115
St. Clair County 17650 571.0 206.5 175.5 4.9 24 5.475.0 8.210.3
St. Louis City 1,293.0 9740 260.7 285.¢ 6.4 4.9 1784 3.103.3
St. Louis Cotnty- £4480 3630 15780 €58.4 8.9 15.1 876.5 3,1000 155227

Total 23,572.0 59470 32628 1758.8 28.2 229 2836.0 7630.0 10,621.0 55,6235

FIncludes all publicly owned recreation land (schoo facilities axcluded]. Selected privately owned recreatonal facilities having a major impact on
regional recreation use pasterns are inc uded in the '‘Special facility" acreage.

Source: Coalcon: enyronmenta. amalysis report for *he =/2an boifer fuel demonstraticn plant orogram at Wew Athens, ilinos. 1977. Prepared for
the Energy Raseaech and Developmeant Administration, Crivis 01 of Fossil Cemonstration Plants, West Chester, Pa.: Roy F. Weston, Inc.
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Water supply and wastewater treatment

The water supply system that currently serves the New Athens Township has a plant capacity of
1855 m3/day (0.49 Mgd). Water for this system is withdrawn from the Kaskaskia River. The ‘
service area consists of 770 connections in New Athens and 220 connections in Lenzburg. Storage
capacity in New Athens is 890 m3 (0.235 million gal), with consumption estimated at 1135 m3/day
(0.30 Mgd), or approximately 60% of the plant design capacity. New Athens, Lenzburg, Marissa,
and Tilden have recently joined to form the Kaskaskia Water District. A new plant to serve
these areas has been completed and was scheduled to go into operation May 1, 1976, at which

time the New Athens water plant was to be closed (Coalcon 1977).

Although a sewer ban has been in existence in the New Athens Township, plans have recently been
completed for a new wastewater treatment facility that is designed to serve a population of
“about 3000 people (Coalcon 1977). It is expected that this 1135 m3/day (0.30 Mgd) plant will
contain excess capacity to that currently demanded.

"Historic and archaeological sites

Historic and archaeological sites in St. Clair County, as listed in the National Register of
Historic Places, are as follows:

1. Eads Bridge — Mississippi River at Washington Street,

2. Lunsford-Pulcher archaeological site — Columbia vicinity,

3. Church of the Holy Family — Cahokia,

4, Jarrot-Nicholas house ~ Cahokia,

5. 01d Cahokia Courthouse (Francois Saucier House) — Cahokia,

6. Cahokia mounds ~ Collinsville vicinity,

7. Mermaid House Hotel — Lebanon, and

8. Emerald mound and village site — Lebanon vicinity.

None of the historical or archaeological sites listed in the National Register of Historic
Places (as of May 1976) are on or in close proximity to the project site. The nearest sites
listed are approximately 32 km {20 miles) from the project site.

According to Coalcon (1977), three buildings in the New Athens area are considered historic
sites by the Southwest I11inois Metropolitan Planning Commission, which are

1. a residence at 409 Market Street, New Athens,

2. a residence on Van Buren, New Athens, and

3. the Geiger Store Company, New Athens.

Recent strip-mining activity on the site and in the surrounding vicinity has left no property
eligible for inclusion in the National Register of Historic Places. According to Coalcon (1977),
the Land and Historic Sites Division of the I11inois Department of Conservation is currently
investigating archaeological resources in the project site area. The site and immediate
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vicinity have been previously strip-mined to depths ranging from about 18 to 30 m (60 to

100 ft). This previous activity precludes the existence of archaeological sites in the strip-
mined areas on and around the site. In addition, the access area from the project site to the
Kaskaskia River has been disturbed by a U.S. Army Corps of Engineers channelization project
and is currently covered by dredged material. Thus the project site and immediate surrounding
area contains no known archaeological sites (Coalcon 1977, pp. 3-167 and 3-168).

2.1.9 Ecology

2.1.9.1 Terrestrial ecology

The area around New Athens, I1linois, in St. Clair County consists primarily of agricultural
1ands and surface-mined areas. Agricultural lands are devoted primarily to corn (Zea mays),
wheat (Triticum aestivum), soybeans (Glyeine max), and hay crops. Most surface-mined areas
have been partially graded and planted in lequmes (mostly alfalfa. Medicngo spp.) and/or
grasses (mostly Festuca spp. and Bromus spp.). Numerous herbaceous species and young cotton-
wood trees (Populus deltoides) have invaded these mined areas (Il S. Army Corps of Enginecers
1974; Haynes and Klimstra 1975). The scattered fallow fields on unmined land within the area
are dominated by annual vegetative cover with some saplings.

The region lies within the Central Hardwood forest zone (Society of American Foresters 1976),
and the Tall Grass Prairie (Coalcon 1977). Patches of both upland and bottomland forests
still remain. Upland forests are composed primarily of various oak-hickory associations.
Bottomland forests along the water sources and low-lying areas are composed primarily of
silver maple (Acer saccharinum), American elm (Ulmus americana), cottonwood, and willows
(Salix spp.) (Coalcon 1977; U.S. Army Corps of Engineers 1974; Society of American Faresters
1967). The prairie grassland type has been mostly eliminated from St. Clair County. Within
the county and in the vicinity of New Athens Township, land use for crops, pastureland, and
surface mining has almost eliminated prairie plants such as big bluestem {(4ndropogon gerardi).
Tittle bluestem (4. scoparius), indian grass (Sorghastrum nutans), and prairie cord grass
(Spartina pectinata). Scattered remnants of the prairie grassland group are now restricted
to roadsides, railroads, and similar unmanaged sites (Coalcon 1977).

The area within the New Athens Township supports a diverse and abundant fauna because it
provides an interspersion ot woodlands, croplands, fields, and reclaimed surface-mined lands.
Hardin et al. (1976) conducted a survey of mammals and hirds nn the proposed Coalcon demonstra
tion site near New Athens. They noted 30 species of mammals and 121 species of birds, repre-
senting 15 and 33 families respectively. Game species of I11inois such as the bobwhite quail
(Colinus virginianus), mourning dove (Zenaida macroura), cottontail rabbit (Syiniiagus
floridanus), gray and fox squirrels (Sciurus carolinensis and S. niger respectively), waterfowl
(family Anatidae), and white-tailed deer (Odocoileus virginianus) were common. Furbearers

such as raccoon {Procyon lotor), mink (Mustela vison), fox (Vulpes fulva and Urocyon
cinereoargenteus), and skunk (Mephitis mephitis) were also numerous.

Hardin et al. (1976) noted that upland and lowland woods were extremely important to the
diversity of animals in the area. As a result of human manipulations (e.g., channelization,
farming practices, and surface mining), woodlands in the region are becoming increasingly
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scarce (Fig. 2.9). Therefore, those that remain are important for wildlife; they provide
cover, food, nesting, and roosting areas for many species. If the remaining woodlands were
removed, animals such as bats (family Vespertilionidae), white-tailed deer, opossums (Didelphis
marsupialis), raccoons, short-tailed shrews (Blarina brevicauda), moles (Scalopus aquaticus) ,
squirrels, and many species of nesting birds might be eliminated from the area. In addition

to the woodland areas, the variety of fields in various stages of succession on both mined and
unmined land provides important habitat (food and/or cover) for many small and large mammals
(e.g., cottontail rabbits) and granivorous and insectivorous birds such as mourning doves,
bobwhite quail, etc. (U.S. Army Corps of Engineers 1974; Hardin et al. 1976).

ES-3630

CLINTON COUNTY N

N

¢

CARLYLE LAKE
@

ST. CLAIR COUNTY !

ST. LOUIS East St Lovis | Carlyle

Mascoutah

A

ul'norou o

!
Foyettevill -
yoite > I

Waterloo '\ / S ihar ! : - Nashville,

H \ ; %
hon:a'; NTY \\: ‘o .i
el e mmr..':aaﬁl"'—\" s ‘
- 7~ LEGEND

£1 WOODLANDS

Scale in Miles

[} 5 10 15 20
U. S. ARMY ENGINEER DISTRICT , ST. LOUIS
CORPS OF ENGINEERS ST. LOUIS, MO,
MARCH, 1974

Fig. 2.9. Remaining woodlands within St. Clair and adjacent counties. Source: U.S.
Army Corps of Engineers. 1974. Draft envirommental statement: Kaskaskia navigation project
(operation and maintenance). St. Louis, Mo.: U.S. Army Corps of Engineers, St. Louis
District.



2-40

The Kaskaskia River, which runs through the township (see Sect. 2.1), is strategically located
in the Mississippi Valley migratory waterfowl flyway (Bellrose 1976). Because of this, the
marshes, oxbows, backwater sloughs, river bottom timber, and lakes on surface-mined land provide
habitat for migrating waterfowl. Waterfowl, particularly mallard (4nas platyrhynchos), feed on
mast in the timbered bottomlands, especially when flooding coincides with spring and fall migra-
tions (U.S. Army Corps of Engineers 1974). Also, these areas provide food, cover, and nesting
sites for a small permanent population of wood ducks (Aix sponsa), mallard, and bluewinged teal
(4nas discors); wading birds such as herons and egrets (family Ardeidae); and various species

of shorebirds.

Section 2.1.9.3 describes the endangered species known or suspected in the township.

2.1.9.2 Aquatic ecology

The source of pracess and cooling water for the plant is the Kaskaskia River. This river
arises in Champaign County, ll1linois, and flows southwest for about 560 km (350 miles),
reaching the Mississippi near Chester, I11inois (Randolph County). It once provided a wide
variety of habitats and supported an exceptionally rich aquatic fauna. Of the 177 fish species
known to occur in ITlinois, Smith (1971) listed 104 as having been found in the Kaskaskia
drainage basin. Although recent human disturbances (e.g., dredging, impoundment, pollution
from coal mine wastes, and agricultural runoff) have had severe adversc impacts on the
Kaskaskia ecosystem, the river still supports many species of sport fish (Table 2.19).

Table 2.19. Sport fish of the Kaskaskia River

Common name

Scientific name

Channel catfish
Flathead catfish
Black bullhead
Whitc bass
Yellow bass
Green sunfish
Warmouth
Orangespot
Bluegill

Longear

Redear
Largemouth bass
White crappie
Black crappie
ﬂ'ﬂugu

Walleye
Freshwater drum

Ictalurus punctatus
Pylodictis olivaris
Ictalurus melas

Mnrone chrysops
Morone mississippiensis
Lepomis cyanellis
Lepomis gulosus
Lepomis humilis
Lepomis macrochirus
Lepomis megalotis
Lepuinis microfophus
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus
Stiznstedinn ranadense
Stizostedion vitreum

Apoldinotus grunniens

Source: Coalcon: environmental analysis report
for the clean boiler tuel demonstration plant program
at New Athens, lllinois. 1977. Table 3-29. Prepared
for the Energy Research and Development Admin-
istration, Division of Fossil Demonstration Plants.
West Chester, Pa.: Roy F. Weston, Inc.

The lower Kaskaskia, including the portion that traverses St. Clair County, has a very gentle
gradient (Fig. 2.10) and once meandered over a broad, marshy floodplain. However, the 80-km
(50-mile) section between the mouth of the river and Fayetteville (St. Clair County) has been
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Fig. 2.10. Gradient profile of the Kaskaskia River. Source: D. L. Thomas. 1970.
An ecological study of four darters of the genus Percina (Percidae) in the Kaskaskia River,
Illinois. Biological note no. 70, Fig. 3, p. 4. Urbana: I1linois Natural History Survey.

dammed and channelized by the Corps of Engineers to facilitate barge traffic. This section
now consists of a long, straight channel of uniform depth, decvoid of vegetation. The former
meanders, which were closed by the Corps at their upstream ends (U.S. Army Corps of Engineers
1974) but are still connected to the channel at their downstream ends, form a series of back-
waters. The following sections contain brief biological descriptions of these two habitat

types.

Kaskaskia River channel

The U.S. Army Corps of Engineers (1974) collected biological data at six sampling stations on

the lower Kaskaskia, including two stations in the channelized section near New Athens (St. Clair
County). Carp (Cyprinus carpio) and gizzard shad (Dorosoma cepediamum) accounted for 60% of

the total fish biomass collected at these two stations (Table 2.20). The abundance of these two
species, which are characteristic dominants in channelized, heavily silted rivers (Starrett 1972),
indicates that this section of the Kaskaskia has been considerably disturbed by human activities.
However, 27 other fish species were collected by the Corps at the two St. Clair County stations,
including 13 sport fish (U.S. Army Corps of Engineers 1974, Tables 2.19 and 2.20). In a similar
survey conducted in 1975 (Coalcon 1977), 31 fish species, including 14 sport fish, were collected
in the channel between New Athens and Fayetteville (Coalcon 1977) (Table 2.21).
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Tabte 2.20. Fish collected by the Corps of Engi s from the Kaskaskia River
near New Athens, Hlinois (St. Clair County)

Total number Total weight (g)
Alosa chrysochloris (skipjack herring) 2 1260.0
Dorosoma cepedianum (gizzard shad) 1425 21014.6
Hiodon alosides (goldeye) 14 451.9
Cyprinus carpio (carp) .39 44635.8
Notropis lutrinsis (red shiner) 1 1.0
Notropis etherinoides (emerald shiner) 12 50.0
Notropis blennius (river shiner) 2 6.0
Pimephales vigilax (bullhead minnow) 1 1.0

Carpiodes carpio {carpsucker) 1 18.0
Ictiobus bubalus (smallmouth buffalo} 8 5063.6
Ictiobus cyprinellus {largemouth buffalo) 12, 24440.0
Moxostoma macrolepidotum (northern redhorse) 1 124.0
Ictalurus punctatus {channel catfish) 4 88.3
letalurus furoatus (blue eatfish) 1 6540.0
Pylodictis olivaris (flathead catfish) 3 248.7
Morone chrysops (white bass} 7 1444.5
Morone mississippicnsis {yeliow bass) 3 6.6
Stizostedion canadense (sauger) 7 764.2
Amia calva (bowfin} 1 87.5
Labidesthes sicculus (brook silverside} 1 27.7
Lepomis cyanellus (green sunfish) 9 200.7
Lepomis macrochirus (bluegill) 85 1222.8
Lepomis megalotis (longear sunfish) 3 216.3
Lepomis humilis (orangespotted sunfish) 7 43.7
Micropterus salmoides (largemouth bass) 7 3248.8
Pomoxis annularis (White ¢rappie) 21 3540.5
Pomoxis nigromaculatus (black crappie) 2 80.5
Aplodinotus grunniens (freshwater drum) 5 661.8
Lepisosteus platostomus (shortnose gar) 1 46.5
Total 109,626

Source: U.S. Army Corps of Engineers. 1974, Draft environmental statement:
Kaskaskia navigation project (operation and maintenance). Modified from Table
1l-g. St. Louig, Me.: U.G5. Army Corps ul Engineers, St. Louls District.

Benthic data collected by the Corps of Engineers (1974) and by Coalcon (1977) indicate a moderate
degree of pollution in the channel. Tubificids and sphaeriid clams were the most abundant inver-
tebrates in the Corps' benthic samples, which were collected approximately 1 to 2 km (0.6 to

1.2 miles) downstream from New Athens. Burrowing mayflies (Ephemeroptera: Ephemeridae) were the
dominant invertebrates in samples collected by Coalcon between New Athens and Fayvetteville
Tubificids are indicators of pollution, but sphaeriids and mayfly nymphs are sensilive to oxygen
depletion and are generally absent from severely polluted rivers (Starrett 1972).

Kaskaskia River backwaters

The backwalers created during the channelization of the lower Kaskaskia differ in many respects
from the main channel and are extremely important components of the river ecosystem. Coalcon
(1977) collected zooplankton, phytoplankton, benthos, and fish from backwaters of the Kaskaskia
(between New Athens and Fayetteville) in September and December 1975. In the September collec-
tions, both phytoplankton densfty and zooplankton density were 4 times higher in the backwaters
than in the channel; in December phytoplankton was 3.5 times more abundant and zooplankton

12 times more.abundant in the backwaters than in the channel. Tubificids and chironomids consti-
tuted more than 95% of the benthic biomass in Coalcon's backwater samples (Coalcon presented bio- -
mass figures for only December). Coalcon collected very few mayfly nymphs and no sphaeriids in
the backwaters.
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Table 2.21. Fish collected in the Kaskaskia River channel
and backwaters during 1975 and 1976

Area of capture

River channel Backwaters

American eel (Anguilla rostrata)
Paddlefish (Polydon spathula)

Longnose gar (Lepisosteus osseus)
Shortnose gar (Lep/sosteus platostomus)
Bowfin (Amia calva)

Gizzard shad (Dorosoma cepedianum)
Threadfin shad {Dorosoma petenense)
Goldeye (Hiodon alosoides)

Carp (Cyprinus carpio)

Ghost shiner (Notropis buchanani)
Emerald shiner (Notropis atherinoides)
Red shiner (Notropis lutrensis)

Bullhead minnow (Pimephales vigilax)
River carpsucker {Carpiodes carpio)
Quillback {Carpiodes cyprinus)

White sucker (Catostomus commersoni)
Smallmouth buffalo (/ctiobus bubalus)
Bigmouth buffalo (/ctiobus cyprinellus)
Flathead catfish (Pylodictus olivaris)
Blue catfish {/ctalurus furcatus)

Btack bullhead (/ctalurus melas)

Yellow bulthead (/ctalurus natalis)
Brown bullhead {/ctalurus nebulosus)
Channel catfish {(/ctalurus punctatus)
Blackstripe topminnow (Fundulus notatus)
Mosquitofish (Gambusia affinis)

Brook silverside {Labidisthes sicculus)
White bass (Morone chrysops)

Yellow bass (Morone mississippiensis)
Longear sunfish (Lepomis megalotis)
Redear sunfish {Lepomis microlophus)
Orangespotted sunfish (Lepomis humilis)
Bluegill sunfish (Lepomis macrochirus)
Largemouth bass (Micropterus salmoides)
White crappie {Pomoxis annularis)

Black crappie {Pomoxis nigromaculatus)
Mud darter (Etheostoma asprigene)
Saugcr (Stizostedion canadense)

Walleye (Stizostedion vitreum)
Freshwater drum (Aplodinotus grunniens)

xX X X

XX XXXXXXXXXXXXXX
XXX XXX XXXX

X X X X = x x
xX X XX X X X X X X X xX X X

X X X X X X

x
X X XX X x

X
X

Source: Coalcon: environmental analysis report for the clean boiler fuel
demonstration plant program at New Athens, {llinois. 1977. Modified from
Tables RAR—RAR Prenared for the Enorgy Roscarch and Developinent Ad:
ministration, Division of Fossil Demonstration Mants. WesL Chester, Pa.: Roy
F. Weston, Inc. .

Coalcon (1977) reported that many sport and commercial fish, including largemouth bass, freshwater
drum, buffalo, catfish, bullhead, sunfish, bluegilil, and white bass, are more abundant in the
backwaters than in the channel. In addition to providing habitat for adult fish, the backwaters
are extremely important as spawning areas because of the aquatic vegetation present. For example,
the nest-building sunfishes (Lepomis spp.), crappies (Pomoxis spp.), largemouth bass (Micropterus
salmoides), and bullheads (Tetalurus spp.) most frequently nest among the roots of aquatic plants
(Lagler et al. 1962). Most other fish species inhabiting still or sluggish waters spawn on rooted
plants (Hynes 1972); few will spawn on silt-covered substrates. The backwaters are also important
as nursery areas for young fish. They provide abundant zooplankton (the primary food source for
most larval fishes), and their vegetation provides concealment from predators.
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According to Hynes (1972), many fish that inhabit the lower reaches of rivers spawn either in
marshes or on the inundated floodplain during spring floods. Prior to channelization of the
river, this was probably true of many of the fish of the lower Kaskaskia. Because the marshes
have been mostly drained and flooding is now extremely rare, the backwaters are among the few
remaining spawning and nursery areas for these fish. The backwaters may also be important for
some fish of the Mississippi, because many of these move up into tributary streams to spawn

(Hynes 1972).

2.1.9.3 Endangered species

Terrestrial

Places where proposed threatened and endangered plant species might be found in the New Athens
Township are limited to the undisturbed banks ot the Raskaskia River and to the woodlands
(Coalcon 1977). Table 2.22 Tists proposed threatened or endangered plant species reported to

exist in I1linois.
St. Clair County.

Of these, only the Tubercled orchid (Habenaria flava) has been reported from.
This orchid has not been reported tfrom New Athens Township (Coalcon 1977).

Table 2,22. |ltinois plants reported as threatened or endangered by the Smithsonian Institution
as published in the July 1, 1975, Federal Register and the occurrence of these plants in lllinois

Family Species Common name Status Occurrence in lllinois
Asteraceae’ Aster chasel Chase aster Endangered  Wooded ravines in Marshall, Peoria, and Tazewell counties
Fabaceae? Lespedeza leptostachya Bush-clover? Endangered  Prairie soil in Cook, McKenry, and Winnebago counties
Fabaceae Petalostemem foliosum Prairie-clover® Endangered River banks and gravelly soil
Maivaceae lliamna remota Mallow® Endangered  On an island in the Kankakee River
Orchidaceae® Isotria medeolcides Little five-leaves Endangered  Acid soil in dry woods
Anacardiaceae Rhus trilobata Sumac® ‘Threatened  Sandy banks and dunes In the wesiein and nurlhivwestein
var. arenaria counties
Asclepiadaceae  Ascleplas meadii Milkweed? Threatened Dry ground; Fulton, Galiatin, Hancock, Henderson, and
Paoria counties
Asteraceae Boltonia asteroides Compositae® ‘Threatened  Alluvial bottoms along the litinuis River in Fulton,
var. decurrens La Salle, Mason, Peoria, Tazewell, and Woodford counties
Cyperaceae” Cyperus grayioides Sedge® Threatened Sand prairies, Mason and Whiteside counties
Fabaceae Apios priceana Groundnut? Thredlened Wolf Lake, Union County
Fabaceae® Astragalus tennesseensis Milk-vetch? Threatened On dry slopes or prairie soil; Grundy, Lake, LaSalle,
Lee, and Qgle counties
Limiaceae? Svnandra hispidila Mint* Threatened Wooded révines, Jackson County
Lauraccac Lindera melissifolia Spice-bushb Threatened Swamps and pond margins
Orghidaceas Platanthera flava Tuhercled orchid  Threatened ~ Wet ground; Cook, Hancock, Kankakee, Lake, Ogle, Peoria,
St. Clair, Tazewell, and Wabash ¢ounties
Orchidaceae Platanthera leucophaea Fringed orchid Threatened Meadows and swamps; Cook, Lake, and Winnebego counties
Orchidaceae Platanthera peramoena Fringeless purple  Threatened  Moist wood, southern 111INGIS
orchid
Paarean Muhlenberaia curtisetosa Grass? Threatened Champaign County; type collected in 1891
Poaceae Poa Paludigena Blue grass® Threatened  Wet ground; northeastern illinois
Polypodiacwae”  Aspdvoinn hendurk lriine Keintiscky Throatonod  Sandstong cliffs; sautharn lllinnis
. spleenwort
Primulaceae Dodecatheon frenchii Shooting-star’ Threatened Rich woods and rocky ledges; southern Illinois
Saxifragaceas® Sullivantia ohionis Saxlfrageb Threatened Cliffs; Carrol, De Kalb, Jo Daviess, Stephenson, and

Winnebago counties

?Not likely to be found on the New Athens site because of lack of suitable habitat.

5 Generic name. '

€Familial name. .

Source: Coalcon: environmental analysis report for the clean boiler fuel demonstration plant program at New Athens, lllinois. 1977.
Modified from Table 1. Prepared for the Energy Research and Development Administration, Division of Fossil Demonstration Plants. West
Chester, Pa.: Roy F. Weston, Inc.
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The Missouri Botanical Garden (cited in Coalcon 1977) listed five species of plants found in
St. Clair County which are considered to be rare and endangered. These plants are as follows:

Peltandra virginica Arrow arum

Ulmus Spp. Elm

Lithospermen latifaliwn Puccoon

Stachys hyssopifolla Hedge nettle
var. ambigua

Chelone obliqua Rose turtlehead

var. speciosa

Four of the species are possible inhabitants of the bottomland wooded areas at the site but
were not found. Inclusion of elm on the list may be a result of the widespread reduction of
elm in the United States because of Dutch elm disease and various other pathogens. Elm trees
were found in the site area (Coalcon 1977).

Five species of terrestrial vertebrates that have been reported from I1linois are listed as
endangered by the U.S. Department of the Interior (1977) and are protected by Federal law as
well as by the Illinois Envirommental Protection Act (1976). Of these species, only the Indiana
bat (Myotis sodulis) has been reported in St. Clair County, and none have been reported in

New Athens Township. However, based on their known distributions and habitat requirements,

all of these species except Bachman's warbler (Vermivora bachmani) could conceivably occur

in the township (Table 2.23).

In addition to the endangered species listed in Table 2.23, vulnerable and rare species, which
are not protected by law, have been reported from New Athens Township and St. Clair County
(Table 2.24).

Aquatic

No nationally listed endangered or threatened aquatic species are known to occur in I1linois
(U.S. Department of the Interior 1976). The Illinois Nature Preserves Commission (1976) has
compiled a list of fish species that are considered to be vulnerable, rare, or of uncertain
status in I1linois. Of these, the bigeye shiner (Notropis boops) and the Western sand darter
(Ammocrypta elura) occur in the Kaskaskia River drainage basin. However, neither species has
been reported in St. Clair County (Acherman 1975).
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Table 2.23. Endangered species of terrestrial vertebrates that occur in
Ilinois and could occur in New Athens Township

Common name Scientific name?  MMinois b Habitat?
. distribution
Indiana bat Myotis sodalis Statewide Hibernates in caves;
bridges, buildings,
and hollow trees prob-
ably used in summer;
abandoned underground
minoc could pruvide
roosting and wintcring
areas
Gray bat Myotis grisescens Pike and Winter colonies prefer
Hardin counties, deep caves with long
but probably vertical shafts; known
ranges throughout to congregate in lime-
southern half of stone caverns in summer;
state abandoned undergound
mines could provide
roosting and wintering
areas
Bald eagle Halialltus leucocephalus Floodplains of Most often observed near
Mississippi, high concentrations of
Illinois, and waterfowl or places where
other large dead fish are common;
rivers usually present as migrant
Perearine falcon Falco peregrinus® Scattered Prefers cliffs along
: Mississippi River;
migrant

3These species are protected by Federal and iliinois law. An endangered species is one in dangéi ot extinction
throughout all or a significant portion of Its range. [U.S. Depuiunent of the Interior. 1976,1977. “Endangcred and
threatened wildlifc and plants,” Fed. Regist. 41(208): 47181-47198 and 42(135): 36421-36431. lllinois Nature Preserves
Commission. 1976, Endangered, vulnerable, and rare vertebrates of /llinois. Interim list of species. (Memeo rept., 7 pp.}]
Carbondale.

bAdapted from the following: D. F. Hoffmeister and C. O. Mohr, 1972. Fieldbook of Illinois mammals. New York:
Dover Publications, Inc. C. S. Robbins, 8. Brum, and H. S. Zim, 1966. Birds of North America: a guide to field
Identification. New Yuik: Golden Press. V. A. Terpening, ct al. 1873. A survey of the fauna and flara accurring in the
Mississippi River floodplain between St. Louis, Missoutl, and Cairo, Illinvis. Carbondale, 111.: Cooperative Wildlife Rescarch
Laboratory, Southern lilinois University. K. Acherman, 1975, Rare and endangered vertebrates of Hlinois. Urbania: Illinois
Department of Transportation. .

®Bath the amariran peregrine falnnn (Falen nerearinus anatum) and the Arctic peregrine falcon (F.p. tundruis) could
conceivably occur in the New Athens area as migrants. The American pereyiine falcon should not be expected within the
township, because it usually does not migrate beyond the eastern front of the Rocky Mountains. However, the Arctic
peregrine falcon is known to migrate south through eastern and middle North America to the Gulf Coast of the United
States. (U.S. Department of the Interior, 1973. Threatened wildlife of the United States. Washington, D.C.: U.S.
Department of the Interior, Fish and Wildiife Service.)
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Table 2.24. Vulnerable and rare vertebrates reported in St. Clair County

Common name Scientific name Habitat Status’
Mammals
Family: Vespertillionidae (plainnose bats)
Keen'’s bat? Mpyotic keenii Caves in winter, unknown in summer R
Family: Geomyidae (gophers)
Plains pockct gophei® Geomys bursarius Open grassy areas, fields, levees - R
Family: Mustelidae (weasels)
Long-tailed weasel?-7 Mustela frenata Brushy or shrubby areas, woods R
River otter Lutra canadensis Permanent water areas bordered by woods \Y
Birds
Family: Ardeidae (herons, hitterns)
Little blue heron Florida caerulea caerulea Flooded fields, roadside ditches; summer v
: resident, post-breeding wanderer
Family: Accipitridae (kites, hawks, eagles)
Sharp-shinned hawk? Accipiter strigtus, Open woodlands, wood margins; permanent v
resident
Marsh hawk? Circus cyaneus - Fields near water; winter resident \
Family: Laniidae (shrikes) ) . ’
Loggerhead shrike? Lanius ludovicianus migrans Fields; permanent resident v
Family: Parulidae (warblers)
Nashville warbter? Vermivora ruficapilla ruficapilla Deciduous woodlands; migrants R
Mourning warbler? Oporornis philadelphis Underbrush; migrants R
Amphibians
Family: Plethodontidae (salamanders}
Dark-sided salamander® Eurycea longicauda melanopleura Rocky, swift streams in dissected, R
forested regions; caves
Family: Ranidae (true frogs) )
Eastern wood frog Rana sylvatica sylvatica Mesic forests with permanent or R
semipermanent pools
Reptiles
Family: Chelydridae {snapping turtles)
Alligator snapping turtle Macroclemys temmincki Bottoms of muddy streams R
Family: Colubridae {(colubrids)
3reat plaing rat snake Elaphe guttata emoryi Terrestrial HV
Northern flat-headed snake Tantilla gracilis hallowelli Fossorial v
Family: Crntalidae (crotalids) .
Eastern massasauga Sistrurus catenatus catenatus Old fields with heavy bluegrass cover, R
bogs, wooded areas
Timber rattiesnake Crotalus horridus horridus Forested bluffs, rock outcrops, uplanc \Y

forests, cultivated fields, abandoned
buildings, old sawmills, brush piles

ATIe Tullowing detinitions are used to describe the status nf lllinois vertcbrotes {Illinvis Nature Preserves Commission 1976):
HV = Highly Vulinerable — Species that are in immediate danger of extirpation as breeding species within lllinois, but not necessarily throughout

their entire range.

V = Vulnerable — |llinois species that are likel

sport hunting, commercial or scientific collecting, or other reasons.
R = Rare, Restricted, or Uncertain Status — Species that are rare or restricted as breeding species in their illinois distribution. Also includes species

y to become highly vulnerable in the future as a result of habitat changes, restricted distributions,

that are present in very low numbers or restricted to very limited portions of llinois or for whom there is not enough information to categorize them at
this time.

b isted as rare in lllinois by Coalcon (1977).

€ Listed as rare in llinols by Ackerman (1975).

9 These species have been recently observed in New Athens Township (Coalcon 1977; Hardin et al. 1976). The remaining species listed in the table have
been reported from St. Clair County at some time in the past. and their present ocourrcnce in the county Is not established.

Sources: K. Acherman, 1975. Rare and endangered vertebrates of lllinois. Urbania: llinois Department of Transportation. Coalcon: Environmental
analysis report for the clean boiler fuel demonstration plant program at New Athens, Illinois. 1977. Prepared for the Energy Research and Development
Administration, Division of Fossil Demonstration Plants. West Chester, Pa.; Roy F. Weston, inc. M. E. Hardin et al. 1976. A field study of selected fauna
for the Coalcon clean liquid boiler fuels demonstration plant site: New Athens. Carbondale, lll.: Illinais Cooperative Wildlife Research Laboratory,
Southern lllinois University. lllinois Nature Preserves Commission. 1976. Endangered, vulnerable, and rare vertebrates of Illinois. Interim list of species.
[Mimeo Rept., 7 pp.] Carbondale, Ill. V. A. Terpening et al. 1973. A survey of the fauna and flora occurring _in the Mississippi River floodplain between St.
Louis, Missouri, and Cairo, Illinois. Carbondale, |lI.: Cooperative Wildlife Research Laboratory, Southern lllinois University.
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