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A PRELIMINARY ASSESSMENT OF THE HEALTH AND ENVIRONMENTAL
EFFECTS OF COAL UTILIZATION IN THE MIDWEST

ABSTRACT

This report presents an initial evaluation of the major health and en-
vironmental 1ssues associated with increased coal use in the six midwestern
states of Illinois, Indiana, Michigan, Miunesota, Jhio, and Wisconsin. Using
an integrated assessment approach, the evaluation proceeds from a base-line
scenario of energy demand and facility siting for ‘he period 1975-2020. Empha-
sis is placed on impacts from coal extraction, lamd reclamation, coal combus-
tion for electrical generation, and coal gasification. The range of potential
impacts and constraints is illustrated by a second scenario that represents an
expected upper limit for coal utilization in Illinois.

Volume I of the report includes (1) a characterization of the energy
demand and siting scenarios, coal related technologies, and ccal resources,
and (2) the related impacts on air quality, water availability, water quality,
and human health. Volume II includes (1) background information on the native
ecosystems, climate, scils, and agricultural land use for the six midwestern
states and (2) a description of the ecological impacts expected from coal utili-
zation in Southern Illinois, which has ecosystems representative of a large
segment of the six-state area.



v

EXECUTIVE SUMMARY

This report prereuts an initial identificatlon of the region specific
impacts and constrgints associated with coal utilization in the Midwest from
the present to the year 2020. The report is part of a series of iterative
analyses leading to final assessments within the National Coal Utilization
Assessment program sponsored by the Assistant Administrator for Environment
and Safety of ERDA. This initial assessment was limited to the.six states of
Iilinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin. The following
is a brief summary of a limited number of the more significant issues

identified and evaluated in this study.

If envirorvmental and related is
a major source of ensrgy for the Midvest.

Even with a transition of dependence to »ther energy forms, coal can be
expected to play an important rol; in the Midwest for electrical generation
and as a substitute for dwindling supplies of oil and natural gas. A projected
moderate Increase in total electrical generation of 57 per year over the
1975-2020 period implies a 3-4% annual increase in.coal consumption
for the region, even though the fraction of generation frém coal decreases
from 80% t; 50% during that period. This projection also nssumes that
industrial coal demand will continue and that more thaﬁ 1/3 of the régignal
methane demand may be supplied by coal gasification by 2020. Recent
historical patterns by comparison indicate a 6-7Z annual increase in

electrical demand and a more modest 1.5% annual increase In coal demand.



Sulfur emission constraints will increase use of tmported wéstern coal,

Without significantly improved sulfur removal technology, Western
low-sulfur coals will capture an increasing portion of the midwestern
coal market. A more than 10-fold increase in Western coal demand for
utilities in the six-state Midwest study area is possible for the 1975-2020
period. Potential problems with coal transportation system capacity must be
determined. The acceptance of the extraction and other related impacts in
the West will also be an important factor in determining level éf coal use

in the Midwest.

The resource requirements and envirommental impacts of coal utilizaticn
facilities will require making environmental and economic tradeoffs in
site selection,

Available sites for large energy facilities that are near load
centers, and also coal resources and water resources, are nearly exhausted.
Total regional water supplies are adequate, bhut water resource management
may increasingly require construction of reservoirs, use of dry cooling
towers, or other water conservation technology in selected subareas. Much
of the six-state area is prime agricultural land, which emphasizes land
use issues related to construction of large reservoirs. These energy
demands will also result in increasing pressure to use the Great Lake
water resources, which are constrained by heavy competition for shoreli;e
sites. Also approximately one-half of the counties in the region with coal
resources were projected to potentially be faced in the next 40 - 50 years

with some level of constraint to further siting of coal facilities because

of background azir pollutant concentrations.



Short-term (24-hour maximum) staendards for sulfur dicwide will limil coal
facility size or require advanced control techrologies.

With sulfur dioxide (50,) cmissions at the rate allowable by New

2
Source Performance Standards (NSPS), 3000 MWe is approximately maximum facility
size possible without violation of National Ambient Air Guality Standards,.

The designation of Class I areas under the proposed Prevention of Signiticant
Deterioration Regulations would present a grecater restraint to facility size,

or equivalently require a reduction in rmissions through advanced control
technology or a combination of low sulfur coal and flue gas desulfurization.
Even with a limitation in emissions equivalent to 300 M{e with NSPS, new
generation farilities may be excluded from buffer zones of 30 miles or more
surrounding the Class I areas. Particulate emissions also present a constraint,
but less severe than S0, constraints. Current standardes for annual average

2

air quality will not be a major constraint to coal utilization.

A public health impact may result from long-range transport of coal
related sulfur emissions in the lidwest.

There is increasing evidence that sulfur emissions which have been
transformed to a sulfate aerosol can have an adverse effect on the exposed
population. Furthermore, the sulfur in its sulfate form may have widespread
impact because of its long residence time in the atmosphere. From an initial
model, it is estimated that the sulfur emissions from an accelerated coal
use rate in Illinois could increase annual sulfate concentrations by
1.0 pg/m?® as far away as the Northcasterr. U.S. Models for quantifying the
health impacts associated with this increase are currently under active
reevaluation. Preliminary indications are that with the current pollutant
levels now existing in the populous Northeast and other areas, an increment

of 1.0 ug/ma in sulfates may have a significant health impact.
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Efflucnta from coal gasijication may cause water quality standards violaticns.

In sample study areas, a significant water quality effect was found
due in part to the low flow volume of the river, and in part the assumed
high effluent loading from the gasification plants. Although the actual impact
levels are uncertain because of lack of data for effluents, the results
indicate the importance of further studies. Drainage from mining areas and
seepage from waste disposal sites and holding ponds could also cause pollution
problems for both surface and groundwater. Coal-burning power plants will
probably not have a serious water quality impact if (1) the discharges
comply with the New Source Performance Standards (NSPS), and (2) receiving

waters have a relatively high streamflow.

The major ecological implications of coal extraction are related to pre-
mining and post-reclamation land use.

Because of the larger acreages disturbed, the ecological implicaticns
of surface mining are more extensive than those of deep mining. Wildlife
species associated with deciduous forests are expected to be more permanently
impacted by future surface mining than are spzcies which inhabit prairies and
agricultural land, partly because of the much longer time (50-100 years)
required to reestablish these forests; also, under current reclamation practices
in Illinois, most of the reciaimed land is returned to agricultural use. The

reclamation of strip-mined land to use in row crop agriculture may require 10 years.

If done properly, the creation of impoundments and final cut reservoirs on

surface-mined land provides new habitat for fish and wildlife.
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Gelfue diozide <o the major polential conleibulor to vegetatlion tepacts from
eoal-prelaled alrospheric cntssions.

For a 3000 MWe plant meeting HNSPS emissiona, acute vicible injury
to sensitive ve¢getation nzy occur to an area of over 600 z2cres under
extreme conditions of 24~hour maximum coneentrations coinciding with
critical plant growth stages of the vcegetation, Regiloaal apricultural
species sensitive to 502 include alfalfa, barley, oats, rye, wheat, and
soybeans. Impacts to vegetation from trace eclements is uncertain;
however, potential impacts have been indicated for arseanic, {luoride, and

cadmium.
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1.0 OVERVIEW OF THE ASSESSMENT

1.1 OBJECTIVES AND SCOPE

As part of the Regional Studies Program being sponsored by the Assistant
Administrator for Environment and Safety of the U.S. Energy Research and Develop-
ment Administration, Argonne National Laboratory is contributing to a National
Coal Utilization Assessment (NCUA). The NCUA, a two year program, is to provide

(1) an identification of the region-specific impacts and constraints
assoclated with coal utilization from the present to the year 2020,
(The results of this analysis are to be published in draft form in
in July 1977), and

(2) an analysis of mitigation strategies (i.e. options for siting, en-
vironmental controls, research and development programs, etc.) (A
draft report of this analysis is to be completed by July 1978.).

Argonne's role in this study is to conduct the above analyses in the Midwest
and to integraie the regional results of the several participating national
laboratories into a national perspective.

This report, which is an integral part of the NCUA, presents an initial
assessment of the potential health and envirommental impacts related to coal
utilization in th2 six Midwestern states of Illinois, Indiana, Michigan, Min-
nesota, Ohio, and Wisconsin. A primary objective of this study was to identify
the major region-specific impacts and constraints associated with the deploy-
ment of coal technologies at a level which would be required to satisfy a sig-
nificant fraction of the future energy demands of the region.

This report 1s part of a series of iterative analyses leading to the
final assessments. A second related objective of the study was thus to ident-
ify topics to be emphasized and to develop a framework and analytical tools for
subsequent analyses. Subsequent analysis will also extend the geographic scope
to other Midwestern states, quantify in more detail certain aspects such as
health effects, and include additional categories such as local sccioeconomic
effects. Because the assessment process is iterative (with the next report to
be provided in July 1977) and because of the desire to obtain the input of a
wide audience, the reader is invited tc comment on the report and the need for
additional analysis.

This study focuses primarily on the extraction, electrical generation, and
gasification coal processes and their impact on air quality, public health, water
availability, water quality, and terrestrial and aquatic ecosystems. The evalu-
ation in Volume I proceeds from a baseline scenario of energy demand for the
period 1975-2020 derived from an evaluation of current problems and trends. A
second scenario that represents an expected upper limit for coal utilization in
I11inois 1s included to illustrate the range of potential impacts and constraints.
In order to establish a reference point for future studies, the impacts cf the
coal-electric and gasification facilities were based on effluent levels and
resource requirements for existing or demonstrated technologies, which are
characterized in the repcrt. A county-level siting patrern is developed for



use in the area-specific evaluation of the air and water quality impacts and
water and coal censumption attributable to the roal scenarios.

In Volume 11 of this report the native ecosystems, climate, soils, and
agricultural land use within the six-state area are described. An initial
assessment of the impacts to these ecosystems from coal utilization is present-
ed based on a case study in Southern Illinois, which has ecosystems representa-
tive of a large segment of the six-state area and a projected intense coal
development.

The major trends, impacts, and constraints identified by the study are
summarized in the remainder of this section, along with sugpested directions
for future studies.

1.2 ENERGY SUPPLY AND DEMAND

An energy supply and demand characterization for the six-state study
region was used in conjunction with an econometric analysis to develop scenarios
for the years 1985, 2000, and 2020. The regional electricity demand in these
scenarios increases from 0.37 x 10° mWh in 1975 to 1.3 x 10” mWh for 2000, and
3.2 x 10° oWh for 2020. (The growth of electricity demand for each of the six
states is shown in Fig. 1.1). A base-case scenario derived from recent trends
and projections of energy patterns assumes that 60% of this regional demand is
generated from coal in 2000, and 50% in 2020. A second scenario for Illinois,
assuming a higher level of use of the abundant high sulfur Illinois coals in
lieu of increased nuclear generation, is based on 60% and 79% of the Illinois
demand being generated from coal in 2000 and 2020, respectively. The latter
scenario represents a reasonable upper bound for coal-based energy generation
in Illinois, and thus an upper bound on coal related impacts.

It was projected additionally that in the Interior Coal Province states
of Illinois and Indiana, there would be located high Btu gasification plants
with a capacity totaling 1750 x 10° scf/day in 2000, and 4750 x 10° scf/day
in 2020.

The salient features of current problems and future trends in energy
supply for the region are summarized below.

* While Illinois, Indiana, and Chio are relatively rich in coal re-
sources, the Midwest region depends heavily on fossil fuels imported from out-
side the region. This position of net importation of fuels is particularly
acute in Minnesota and Wisconsin.

* Natural gas shortages will force a considerable amount of fuel switch-
ing to electricity and to coal. Installations of electric space hearing are
growing at record rates in Ohio. Even with increasing numbers of electric space
and water heating customers switching from gas, electriclty demand is forecast
to decline from its historic growth rates of 6.0-7.5% tc about 4.0 or 5% by
1985 and even lower thereafter. This general decrease :in demand growth for
the states in the region will be somewhat greater for Ohio and Michigan which
are forecast to have relatively slower increasas in populaticn and ezcnomiz
activity.
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* Some states in the region may slow down capacity growth by implement-
ing load management programs. The state of Wisconsin is a leader in this area.
Electric generating capacity is forecast to grew at about the same rate as
electrical energy demand, at least until the turn of the century. The growth
in capacity by type is shown 1n Fig. 1.2.

* (oal is now the dominant source of fuel for electrical generation in
Minnesota, Wisconsin, and Indiana, other states (Illinois, Ohio, and Michigan)
have made heavy commitments to the development of nuclear power. Illinois is
the leading state in the use of nuclear power with about one-fourth of its
electricity gemerated from nuclear plants. This percentage may rise to nearly
one-half by 1985. Depletion of coal resources and potential air pollution
problems are likely to cause significant deciines in the use of coal generated
electricity after the year 2000. Figure 1.3 (b) shows a projected mix of utility
fuels for power generation in the year 2020. Nuclear power captures about
half of the generation mix in every state.

* The sources of this coal for the year 2020 are shown in Fig. 1.4.
Illinois is the only state with the majority of its ccal requirements produced
in state. Ohio and Indiana are the only other states with a significant frac-
tion of their utility coal needs produced locally. A large porticn of the
coal will come from low sulfur Western fields. Imports of high sulfur coal
are minimal in all states but Ohio, which is close to significant deposits of
high sulfur coal in Appalachia.

* Coal gasification may provide a significant source of substitute
natural gas (SNG) production. Although gas (methane) demand is expected to
grow very little, declining domestic production may create significant markets
for SNG by the year 2000. Figure 1.5 projects the total demand for methane
gas in the Midwest and the proportion of this demand supplied by coal gas.

It shows coal gas growing from 2% of the market in 1985 to over one-~third by
2020.

1.3 SITING

Siting patterns for the required facilities were based on a county-
level screening which considered proximity to water, coal resources, and load
centers, and exclusion of areas with high population density, conservation
preserves, and existing moderate to high air pollution levels.

Electrical generation facilities of 3000 MWe capacity and high Btu gas-
ification plants of 250 million scf/day capacity, (which are nearly equal in
energy output at the plant) were used as standard capacities for new sites.
The assumed 3000 MWe capacity for electrical generation is consistent with
current trends in projected baseload capacity additions. The assumed sizes
for the gasification facilities conforms to the majority of engineering design
and environmental impact studies of coal gasification. Constraints on site
availability may in fact reverse this trend toward large facilities; however,
the uniform assumption of large plants in this initial study was used to de-
termine importance of those potential constraints.
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The principal constraints and issues related to siting can be sum-
marized as follows:

* Choice sites for large energy facilities that are near load centers,
coal resources, and water resources are nearly exhausted and future siting
will require a trade-off between these factors.

* The aggregate water supplies of the Mississippi and Ohio Rivers and
the Great Lakes are sufficient to supply energy needs. However, use of these
water resources is constrained by heavy competition for shoreline sites and
by the distance of these major rivers from many of the large load centers.

* Separation of the available coal and water resources from the
load centers will result in increased transmission requirements.

* The constraints to use of the water resourcss in the major rivers
and Great Lakes will make the construction of reservoirs on smaller streams
more attractive. The advantages of energy facilities in the vicinity of coal
resources that are in many cases distant from water supplies also encourages
development of reservoirs. Much of the six-state area is prim. agricultural
land, which emphasizes land use issues related to construction of the large
reservoirs required.

* The coal resources in the study region are in gensral logated in
areas of good air quality and thus increments in pollutant concentration are
possible without violation of standards. Exceptions are portions of eastern
Ohio and the Springfield-Peoria areas in central Illinois in which more active
air quality management is required.

* Comparison of the 1985 utility projections and the 2020 siting pat-
terns indicates that the trends in siting implied by the above issues and
constraints are to some extent already occurring.

It is emphasized that the results of this analysis are partially de-
pendent on the siting criteria and procedures used. The 7-day/10-year low
flow constraints were the most restrictive because of the assumption that new
plants were 3000 MWe and would primarily use wet cooling towers, which ar.
intensive water consumers.

The analysis did not deal with site-specific issues at tne subcounty
level of analysis. The occurrence of sensitive acosystems such as aquatic
spawning grounds is one such issue. Others are the amenability ¢f the sub-
surface soil conditions to facility construction, or the existence of flood
plains along river shorelines. Nor were the socicoeconomic impacts of facilities
considered. State-to-state energy transfers may also have a significant role
in determining siting patterns.

1.4 AIR QUALITY STANDARDS

An evaluation of potential constraints to coal utilization imposed by
air quality standards includes first of all a consideration of current and
projected ambient background concentrations, and secondly, an analysis of
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air pollutant concerncration increments attributezhle to the coal-related
processes.

Arilant background concentrations were . acterized oualitatively by
designating each county in the region as belong . to one or the following
categories. (The categories are listed in order . ¢ decreasing constraint to

coal-related energy developments. If more than one category applies to a county,
the most severe constraint is assvued):

- Air quality Maintenance Areas (AQMAs)

- Monitored Ambient Standard Violation

High Project.:d Emission Density

Moderatel+ High Projected Emission Density.

Being designated to one of the above constraint categories does not
necessarily eliminate that county as a site for coal conversion or electrical
generation facility, but acceptable sites would be increasingly more difficult
to locate within the higher levels of constraint categories.

Of the 111 counties in Illinois, Indiana and Ohio with coal resources,
12 have been designated as AQMAs by the U.S. Environmental Protection Agency,
indicating that these counties have either present problems in attaining
National Ambient Air Quality Standards (NAAQS) or expect problems in maintain-
ing them due to projected growth or development.

An additional 12 counties not designated as AQMAs have had monitored
violations of NAAQS and were thus placed in the second category. Each of
these counties had violations of the total suspended particulate (TSP) stand-
ards. Some S0; violations did occur but only at sites where TSP standards
had also been violated.

Using a sinmplifying assumption that background emissions will increase
in proportion to population, an additional 32 counties in the coal resource
regions were projected by 2020 to be in the third and fourth category with
moderate to high emission densities (defined as approximately equal to or
greater than emission densities in AQMA counties or counties having standards
viclations).

In summary 56, or 50%, of the counties in the region with coal re-
sourr 2s were projected tc be faced in the next 40 - 50 years with some level
of constraint to further siting of coal facilitles because c¢f background air
pollutant concentrztions.

The evaluation of increments in air pollulant concentration from coal
gasification and elect: lcal generation included an analysis of (1) impacts
from single facilities, (2) impacts from a cluster of electrical generation
facilities, and (3) cumulative impacts Irom all facilities in the region.
All electrical generation facilities were assumed to emit poliutants at the
rate allowed by current New Source Performance Standards (NSPS). The re-
sults for TSP and SO; relative to standards is given in Tables 1.1 and 1.2.
These results indicate that even with the upper emission level represented
by the Illinois high coal use scenario, the estimated increments in ambient
pollutant levels from the coal-based energy generation will not cause viola-
tions of the annual average NAAQS 1if areas with existing high concentrations
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Table 1.1 Comparison of SOz Air Quality Standards
and Impact from Coal Utilization

Maximum Concentration

Annual
24-hr Max  3-hr Max Average

NAAQS 365 1300 80.0
PSD Class I Increment 5 25 2.0
PSD Class II Increment 100 700 15.0
3000 MWe at NSPS 250-490 380-760 2.4?
12 x 3000 MWe Cluster at NSPS 450-900 690-1360 19.0%
250 x 106 scf/day Gasification 21-25 32-38 0.2
Illinois High Coal Use

Scenario (2020) 5.9

a60% Load Factor

Table 1.2 Comparison of Particiiate Air Quality Standards
. and Impact from Coal Utilization

Maximum Concentration (ug/m?)

Annual
24=hr Max Average
a a
NAAQS 260 (1507) 75 (607)
PSD Class I Increment 10 5
PSD Class II Increment 30 10
3000 MWe at NSPS 21-41 0.2p
12 x 3000 MWe Cluster at NSPS 37-74 1.6b
250 x 10° scf/day HYGAS 1.8-2.1 0.02
Illinois High Coal Use Scenario (2020) - 0.5

aSecondary Standard
bGOZ Load Factor
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are avoided in siting. Similarly, areas designated as Class II under proposed
regulations for the Prevention of Significant Deterioration (PSD)%* do not
constrain coal use based on annual average increments with the possible ex-
ception of large clusters. However, the 3000 MWe facilities may produce an

50, annual average increment violation in areas designated as Class I according
to proposed PSD regulations.

More constraining than the annual average standards are the short-term
(3-hour, 24-hour) maximum standards. The 24-hour maximum NAAQS four SO, (not to
be exceeded more than once per year) 1s within the range of uncertainty for
the impact from the single 3000 MWe coal facility.

The most severe constraints result from designation of Class I areas
for the proposed PSD regulations. Even with a factor of 10 reduction in em-
issions {(and maximum concentration), electrical generation faciiities may be
excluded from buffer zones of 30 miles or more surrounding the Class I areas.
This constraint implies the use of reduced facility size, or development of
more advanced control technologies.

In comparison to S0;, the contribution of coal facilities to TSP and
possible violation of TSP standards is lower. However, as indicated above,
the existing background levels are generally nearer to standards for TSP, and
thus careful site evaluation is also required with respect to impacts of this
pollutant. There is currently no short-term standard for NOx and the annual
standard for this pollutant poses only minimal constraints. A possible effect
of NOx and nther power plant plumes on generation of photochemical oxidants
has been indicated, but results are too inconclusive to allow an assessment
of future constraints. The contribution of coal facilities to carbon monoxide
levels is inconsequential when compared to standards. Because of lower emission
rates for the currently regulated pollutants, gasification plants are less
constrained in siting options as the result of air quality regulations. Further
evaluation of other potentially hazardous emissions is required to fully assess
air quality impacts of this technology.

1.5 HEALIH EFFECTS

There is increasing toxicological and epidemiological evidence that
sulfur emissions which have been transformed from sulfur dioxide to a sulfate
aerosol can have an adverse effect on the mortality and morbidity risk of the
exposed population. Furthermore, the sulfur in its sulfate form may have wide-
spread impact because of its long residence time in the atmosphere of up to
five days or more before removal by natural processes. For example, Fig. 1.6
illustrates an estimate of the regional increment in sulfates which results
from sulfur emissions associlated with the Illinois high coal use scenaric in
2020. Although the dose response relations for human exposure to sulfates
has not been firmly established; a preliminary model estimates that the ap-
proximately 1.0 ug/m3 concentration increment in Fig. 1.6 for the populous
Northeastern U.S. would cause an increased mortality rate of 0.25%Z for that
area.

*
The EPA regulations for PSD are currently undergoing Congressional review.
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Emissions from coal conversion facilities contain a large spectrum of
other pollutant species in addition to sulfur, which, at sufficiently high
concentrations, are known to cause adverse health effects either individually
or in combination with other environmental conditions. However, there is a
general lack of information to evaluate the impact of these pollutants at the
low concentrations produced as coal utilization residues. A brief qualitative
discussion of these potential health impacts is presented in this study re-
port.

1.6 WATER CONSUMPTION IMPACTS

For each major river basin ir the six-state area, an evaluation of water
availability for future energy development was conducted. The evaluation in-
cluded a calculation of direct water consumptive requirements for the project-
ed steam power generation and coal gasification facilities, and a comparison
of requirements with natural availability. Wet cooling towers and moderate
water conservation practices for coal gasification were assumed. For the pur-
poses of initial analysis, the 7-day/l0-year low flow at the mouth of each basin
was used to represent the natural availability. The results of the analysis
are summarized in Table 1.3 for the major regional hydrological basins. These
results illustrate that the aggragate water resources of the Great Lakes and
Ohio and Mississippi Rivers are adequate to supply the overall energy produc-
tion requirements.

Although aggregate supplies of water are adequate, a more detailed ev-
aluation of subareas reveals potential conflicts with other water users and,



Takle 1.3 Energy Facilities and Related wWater Consumption for Major Regional Basins

Total Electrical Coal Related Water
WRC Generating 5 Gasification Consumption, 2020
Aggregated Capacity (MWe) Capacity, 20z0 % 7day/10yr 7day/10yr
Subareas Basin 198 2020 (10% scf/dav) cfs low flow low flowb
401 Lake Superior 2,522 14,136 - 178 - -
402-404 Lake Michigan 22,520 73,006 - 919 - -
405 Lake Huron 3,682 25,696 - 324 - -
406-407 Lake Erie 19,574 92,209 - 1,162 - -
502,503
506,507 Ohic River 43,594 207.398 2500 2,625 5.8% 45,000
7901-705 Upper Miss. 50,114 167,693 2250 2;29%1 4.6% 48,500

4l

%poes not include portions of basins outside six state study area.

bRepresents low flows of cumulative basin discharge, i.e., the low flow of the Ohio and Mississippi Rivers at
their confluence near Cairo, Illinois.
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as discussed in Section 1.3, natural flows are deficient in regions which
are attractive for siting energy facilities on the basis of proximity to
coal resources or load centers.

To illustrate the potential area specific water use conflicts, more
detailed evaluations were conducted for the Rock, Illinois and Kaskaskia River
Basins in Illinois. (These analysis were conducted for the Illinois high coal
use scenario to emphasize the relationships to coal use.) The results of this
analysis are shown in Table 1.4.

Water supply will be sufficient to support the projected 2020 energy
developments on the Illinois and Rock Rivers due mainly to abundant surface
and groundwater resources in these basins and development of potential resecr-
voirs. However, increasing energy and non-energy uses could reduce stream-
flow to the extent of causing conflicts.

The Kaskaskia River Basin has a relatively small water resource and
high water demand. If the water demand of the energy scemario for the year
2020 is to be met, serious water use conflicts could arise. Thus, alternative
technologies, siting restrictions and/or water resource e¢nhancement (e.g.,
importation from other basins or streamflow regulation by reservoirs) should
be sought.

In summary it is concluded that, for the siting requirements of che
energy scenarios beyond the year 2000 total water supplies are adequate but
water resource management in the reginn may increasingly require construction
of reservoirs, use of dry cooling towers, or other water conservation tech-
nology in selected subareas. These energy demands will also result in in-
creasing pressure to use the Great Lake water resources, thus requiring more
emphasis on sound coastal zone management. The impacts and constraints as-
socisted with the use of the Great Lake water resources were not considered in
detail in the study.

1.7 WATER QUALITY IMPACTS

In coal related energy facilities, waste streams are generated from
cleaning of stack gases; softening, neutralization and demineralization of
boiler water; blowdown from various plant processes; cooling and cleaning of
raw gases; quenching of gasifier ash and removal of slurry; runoff from coal
storage piles, and other sources. Estimates of effluent concentrations were
established for these waste streams and as an initial indicator of potential
problems the cumulative loadings for significant pollutants were calculated
for each major river basin in the study area on the basis of the projected
siting patterns. As with water use effects, the nature and extent of water
quality impacts from these lcadings is area specific, depending on the exist-
ing water quality and the hydrologic characteristics of the receiving water.

To illustrate the water quality impacts of these pollutant loadings,
analyses were conducted on the Illinois and Kaskaskia Rivers in Illinois.
These rivers both flow through the Illirois coal resource areas and represent
a range of high and low flow rates. The results are summarized in Table 1.5.
The standards indicated are based on use of the river for aquatic life,



Table 1.4. Water Requirements and Availability in Selected River Basing

for Illinois High Coal Use Scenario (2020)

Illinois Rock Kaskaskla

Consumptive Uses (cfs)
Municipal & Industrial 1308 178 20z
Agricultural 420 1056 436
Mining 23 3 &
Electrical Generaticn &
Coal Gasification BlS .202 _45
TOTAL 3177 1439 690
Instream Uses(cfs)
Hydropower 9366 14210 4]
Commercial Navigation 3140 0 237
Recreation, Fish and
Wilflife 10680 3452 542
Water Quality Management 510 1594 25
Water Availability (cfs)
Stream Flow

7-day/10-yr Low Flow 3600 1440 120

Median Flow 21870 4300 1460
Lakes - Reservoirs 3232 0 195
Ground Water 5750 3495 428




17

Table 1.5 Impacts of Coal Conversion on Water Quality in Selected

Rivers for High Coal Use Scenario (2020)

Concentration

Illinois R:L\.'rerél

Kaskaskia Riverb

Background Increment Background Increment Standard

NH; (mg/1) 0.7-5.0° 0.001-0.004 0.15-3.3 1.0-2.6 1é5

Cl i 30-60 0.90-0.38 33-70 3.4-9.0 250

S0, 37-100 0.21-0.81 - 1.7-4.4 250
Cyanides " = - - 0.014--0.135 .01
Ss " - 0.04-0.17 - 2.7-7.2 15

cd (ug/l) 0.01-2.3 0.009-0.035 4.72 0.8-2.0 10

Cr - 0.01-130 0.5-1.9 - 0.8-4.2 50

Cu 4 30-160 0.29-1.13 49 2.7-7.2 20

Fe i 630-1800 0.29-1.13 - 410-1078 300

Zn 5 48-160 0.37-1.43 - 8.2-21.6 1000

Pb = = 0.009-0.035 - 423-1118 50
Phenols 4 = - 1.4-6.0 50-130 1

aS?,ZSS Mwe capacity from coal at NSPS (where applicable); 70% Load factor.

b1858 Mwe capacity from coal at NSPS (where applicable); 70% Load factor 500 x 10° scf/d gasification.

cUnderlined values exceed standards.

Data not available.
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agriculture, industry, food processing, public water supply, and primary
contact uses.

It is concluded from the study of the Illinois River and a similar study
of the smaller Rock River in Illinois that coal-burning power plants will
probably not have a serious water quality impact if (1) the discharges comply
with the New Source Performance Standards (NSPS), and (2) receiving waters
have a relatively high streamflow. These results are strengthened by the
fact that the analysis was based or the upper limit of coal use in Illinois
represented by the high coal use scenario.

The NSPS for the coal conversion facilities have not been established.
¥or the purpose of this analysis, approximate pollutant loadings were used
in the analysis for the Kaskaskia River where two gasirication plants and one
power plant are sited based on the 2020 scenario. A significant water quality
effect was found as shown in Table 1.5, due in part to the low flow volume of
the river, and in part the high effluent loading, particularly from the gas-
ification plants. These assumed effluents from gasification plants contribut-
ed to violation of standards of phenols, cyanide, ammonia, copper, and lead,
especially during the periods of low flow. Although the actual impact levels
are uncertain because of lack of data for effluents from gasification facili-
ties, the results indicate the importance of further studies to remove those
uncertainties.

Drainage from mining areas and seepage from waste disposal sites and
helding ponds could cause serious pollution problems for both surface and
groundwater. Further assessments are required to determine their possible
impacts.

1.8 TERRESTRIAL ECOSYSTEM IMPACTS FROM COAL EXTRACTION

Coal extraction impacts were analyzed for both surface and deep mines.
The ecological impacts of deep mining in Southern Illinois are not as exten-
sive as the impacts of surface mining. Impacts from deep mines primarily
result from the gob and slurry areas created during the coal preparation
process. The use of land for the deposition of gob and slurry materials will
preclude its use for other pruposes. Acidic runoff from gob piles adversely
impacts the local vegetation and watershed.

Strip mining, in contrast to deep mines, disrupts large acreages of
land. During the period from 1975 to 1985, strip-mining to supply a 3000 MWe
coal-fired power plant were projected to require an average of 440 acres of
land per year in seven Illinois counties. Surface acreage mined to supply a
3000 MWe plant will increase from the year 1985 to 2020 as more of the coal
seam is mined.

In general, wildlife species associated with deciduous forests are
expected to be more permanently impacted by future surface mining than are
species which inhabit prairies and agricultural pasture lands. Since most
current reclamation amendments return mine spoils to a grassland or a mix-
ture of agricultural pasture and grain crops, wildlife species typical of
prairies are expected to re-colonize the mined area once reclamation is
complete. Vegetation and wildlife typical of mature, deciduous forests
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are not expected to become established on mine spoils for 50-100 years if
secondary succession is allowed to take its course. A reduction in the acreage
of upland deciduous forest and forest-edge will eliminate habitat available

for common game species such as the fox squirrel, gray squirrel, eastern cot-
tontail and white-tailed deer. Songbiids such as thrushes, wood-peckers, the
red-eyed vireo and ovenbird will be displaced from forested areas being mined.

The impacts to agricultural land from strip-mining are considered tem-
porary in comparison to the mining impacts on forests. In the year 2020 the
following disturbances of agricultural land are projected based on the Illinois
high coal use scenario.

Total Acres Total Acres
County in Row Crops Disturbed % Disturbed
Gallatin 133,559 668 0.5
Jackson 128,124 128 0.1
Madison 254,821 255 0.1
Perry 89,262 179 0.2
Randolph 156,987 314 0.2
St. Clair 244,670 245 0.1
Williamson 29,975 60 0.2

Under current Illinois reclamation laws most of this land will be returned to
some form of agricultural use. The rapid establishment of high income crops
such as corn, soybeans, and oate will require extensive fertilization. The
return of strip-mined land to use in row crop agriculture may require 10 years
from the time of initial disturbance. Initial reclamation will be mostly to
grasslands. The changes in land use and the associated ecological and economic
impacts from increased strip-mining are the major issues to be considered prior
to future mine development. Land use changes will result in the greatest
ecological impact to terrestrial ecosystems from increased coal mining in
Southern Illinois. The entire land use issue warrants extensive study in order
to accurately predict the long term impacts of future surface mining.

1.9 AQUATIC ECOSYSTEM IMPACTS FROM COAL EXTRACTION

Impacts to specific aquatic scosystems from coal mine and preparation
plant development depends upon the location of coal reserves and types of
mining. The impacts of pre-mining activities (e.g. vegetation removal, haul
road construction, pit excavation) are expected to be negligible if appropriate
measures are taken to control erosion. Operational impacts to aquatic ecosystems,
historically, have resulted from the offsite disposal of mineral laden effluent
pumped to local waterways from sumps located in low areas of the pit. Certain
portions of Southern Illinois such as Saline County have experienced an acid
mine drainage problem. Currently these discharges are exposed to chemical
treatement, acid neutralizing facilities, and passed through settling basins
to insure that impacts do not occur to the local water quality and aquatic
biota. Consequently, acidic mine drainage from individual future surface
mining should not pose a hazard to the biota of waterways.
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The number of new surface mines in certain portions of the three river
basins studied may be limited, however, since the availability of dilution
water in some headwater streams is not sufficient to insure that water quality
standards are maintained. Based on typical mine assumptions regarding stream
flow rates, discharge effluent standards, and mine effluents discharged into
local waterways, the following number of new surface mines with 1000 gpm dis-
charge are considered feasible within the next 50 years; Kaskaskia River
Drainage Basin - 10, Big Muddy River Drainage Basin - 5-1G, Saline River
Drainage Basin - none.

The creation of impcundments and final cut reservoirs on surface-mined
land provides new habitat for fish and wildlife. 1In the Kaskaskia and Saline
River Drainage Basins the amount of aquatic habitat has increased by more than
300% as a result of strip-mining. The creation of final cut reservoirs is not
expected to greatly alter the distributional patterns of winter resident water-
fowl. The biological productivity and water quality of these reservoirs is
one aspect of reclamation which warrants further study. The potential long
range uses of these reservoirs can be determined only after considerable
social, economic, and environmental data are obtained and analy:zed.

1.10 IMPACTS OF COAL COMBUSTION

Analysis indicated that SO, is the only primary gaseous pollutant
resulting from operation of a 3000 MW plant sited singly or in the clustered
configuration that may have measurable ecological impacts. For a single
model plant, based on 24-hour maximum emission values, the total area in
which acute visible injury to sensitive vegetation may occur is approximately
608 acres. For the clustered configuration including twelve 3000 MWe plants
injury to sensitive vegetation could occur in an area in excess of 22,000
acres. The area in which threshold to severe injury to sensitive vegetation
may occur would approach 6400 acres. In each of the impacted areas visible
injury would be in the form of leaf necrosis or chlorosis. The severity of
the impact would be directly related to the percentage of area of a particular
plant that is injured. Regional agricultural species sensitive to S0; include
alfalfa, barley, oats, rye, wheat and soybeans. On the basis of S0; damage to
agricultural crops a cluster of 12 plants would be environmentally unacceptable.

The impact analysis of atmospheric particulate concentration and
depositions dealt only with arsenic, beryllium, cadmium, fluoride, lead, and
selenium. For the clustered siting arrangement, arsenic should be considered
an element which potentially may have adverse effects on vegetation of low
tolerance (e.g., soybeans). Impacts to vegetation are quite uncertain, how-
ever, because of the conservative assumptions and other uncertainties of the
analysis. Beryllium deposition is not expected to adversely affect vegetation.
Cadmium emissions are not expected to have impacts on the vegetation unless
endogenous soil levels are just below toxic levels or other sources of cadmium
pollution are entering the region. Since cadmium is not readily excreted from
mammals, possible adverse effects to the food chain should not be ruled out.
Fluoride emissions are expected to result in some detectable impact to vegeta-
tion. Foliar damage to species such as sorghum, fruit trees and conifers may
result from clustered siting. Impacts to these species is not expected to
result in a major economic loss since they are relatively uncommon. No adverse
impacts to biota are anticipated from lead deposition or selenium oxides.
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The analysis of impacts on aquatic ecosystems considered the possibility
of gaseous and particulate atmospheric emissions from combustion being deposited
and entering the surface waters through run-off or leaching. The likelihood of
significant increase in surface water acidity from this mechanism is considered
low. A conservative (worst case) estimate of deposition of the atmospheric
pollutants indicates a possible measurable increase in trace elements, however.

No adverse impacts to aquatic biota are anticipated from the electrical
generation cooling water systems. In all locations the volume of makeup water
required and the size of the intake structure considered with respect to the
size of the water body present indicate that impacts from impingement and
entrainment should be negligible. Construction of the blowdown discharge
structure may cause a temporary adverse affect to some benthic invertebrates.
Localized thermal gradients will be established in the vicinity of the dis-
charge structure but are not expected to result in adverse impacts to fish
populations and most other aquatic biota. No far field impacts to aquatic
biota from aqueous trace element effluents, impingement or entrainment, or
thermal additions are anticipated from a single electrical generation plant.
For power plants sited on reservoirs these impacts are expected to be limited
only to the reservoir.

1.11 DIRECTIONS FOR FUTURE STUDIES

Because of the broad range of complex issues related to future utiliza-
tion of coal resources, this study has been limited to an initial analysis of
selected health and environmental issues thought to be of primary significance.
Further analysis is required for a more in-depth understanding of certain
aspects of those issues and an evaluation of strategies or alternatives for
mitigating problems which have been identified. Also, various other issues which
may be significant have been considered only marginally, or not at all. The foi-
lowing is a partial list of the topics related to health and environmental effects
which require additional evaluations in future studies ir the Midwest region.

1. Although the projected coal requirement only depletes a
small fraction of the coal reserve base, additional eval-
vations are required to identify local, area-specific
impacts associated with increasing rates of extraction.
To be included are additional evaluations of the impacts
of land use requirements, possible pollutant effluents
into surface and ground waters, and probable success of
reclamation practices.

2. On the basis of results in this study, short-term ambient
air quality standards, in particular, regulations for
Prevention of Significant Deterioration, may constrain
future coal utilization options. Further studies are
required to assess the relationships between state and
Federal policles for designating Class I areas, timing
of new technologies for reducing emissions, and avail-
ability of sites not in the vicinity of Class I areas.
Improved models for evaluating short-term concentrations
are also required.
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Strategies for mitigating potential long-range impacts of
sulfates should be considered, including siting and tech-
nology alternatives.

The potential regional health and environmental problems
associated with atmospheric and water effluents of trace
elements and other hazardous substances must be more
fully identified so that appropriate research and control
technology development programs may be initiated.

Although the overall regional water quality will apparently
not be significantly affected by coal utilization processes,
if appropriate control technologies which are available are
utilized, further evaluation is required of possible local
effects from intense development in limited areas, reduced
capacity to assimilate municipal and industrial wastes
because of energy related water consumption, and run-off
from waste disposal sites.

The limitation on water availability in the regional river
basins indicate the need for consideration of alternative
water resource development or implementation of water
conservation measures. "his would include consideration
of the possible role of cice-through cooling, dry towers,
reservoirs, and increased use of the Creat Lakes water
resources.

Not considered in this st:dy are the possible impacts in
the Midwest of the increased coal transportation required
via rail, barge, and possibly slurry pipelines. Evalua-
tion of impacts from development of right-of-ways for
electrical transmission lines and gas pipelines were also
not included.

Further consideration of the regional terrestrial and
aquatic ecosystem impacts from synfuels technologies is
required prior to widespread deployment. However, the
current incomplete knowledge of the effluent characteristics
and their health and environmental impacts would limit these
studies.

Groundwater pollution by solid waste disposal (fly ash and
bottom ash, etc¢.), and the impact of contaminated ground-
water on surface water should be considered also.

Studies on the ecology, sociology and economics of final
cut reservoir should be conducted to evaluate the impacts
of these reservoirs prior to their development from new
strip-mining.

Studies on the immediate and ultimate land use of strip-
mined lands should consider the economic and ecological

costs and benefits of the various potential reclamation

amendments for the region.
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Industrial uses are a significant fraction of the total
coal consumption in several industrial states such as
Ohio and Illinois. Further evaluation is required of
the potential future extent of this consumption and the
environmental acceptability of coal technologies avail-
able, or under development, for industrial application.
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2,0 PRESENT PROBLEMS AND FUTURE TRENDS FOR ENERGY

2.1 INTRODUCTION

This section analyzes present problems and future trends in energy
supply for the Midwestern states of Illinois, Indiana, Michigan, Minnesota,
Ohio and Wisconsin. These states represent a relatively cchesive region
having many economic and social characteristics in common. They also share
environmental concerns associated with energy development, such as pollution
of the Great Lakes and of the air by power plants and the disruption of prime
agricultural land through coal extractionm.

Contained in this section are the forecasts of electrical energy
supply and coal utilization used to provide the facility siting patterns and
background for the impact assessments. The section begins with an examina-
tion of the courses and impacts of abrupt shifts in the region's supply pat-
terns. In the discussion particular emphasis is placed on those factors
that cause an expanded role for electrical energy and coal. Forecasts are
developed for electrical energy demand, generating capacity requirements, and
the role of various fuels in power generation. These data provide the basis
for power plant siting as well as establishing levels of air emission and
water requirements. The potential for the production of high-Btu gas from
coal is examined and candidate sites are selected. Finally, information is
provided on the sources of coal input to electrical generation, along with
the relative contribution of high-sulfur and low-sulfur coal.

A key feature that unites the region is a shared need to develop new
energy sources to replace dwindling cil and natural gas supplies. Although
at one time a substantial volume of o0il and gas production existed within the
states of Illinois, Ohlio, and Michigan, it has been re duced to a small frac-
tion of the region's needs.* The steady decline in the intraregional pro-
duction of these fuels has been followed by declining rates of production
in key supply areas outside the region. Moreover, the Canadian government
has begun a gradual phase out of oil shiiments to the U.S. This policy is
especially troublesome to the border states of Minnesota and Michigan, which
have several refineries relying on Canadian crude.

Shortfalls in natural gas supplies have resulted in varying degrees
of disruption within all consuming sectors in each of the Midwestern statec.
Table 2.1 shows that only Michigan escaped the need to curtail "firm" cus-
tomers during the last heating season. Yet this does not mean that even in
Michigan gas was available to meet all potential demand.

Thus far, the hardest hit sectors have been industrial and utility
users of gas, particularly in the eastern parts of the region. Residential
and firm commercial users are just beginning to feel the effects of the

*Total oil and gas production for 1975 within the region was equivalent to
approximately 98.4 million barrels of oil compared to a total 1975 demand
of 1,678 million barrels.
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Table 2.1. End Use Gas Requirements for Winger Periods
November 1975 through March 1976
(billion cf)

Change in Shortage

State Requirement Shortage vs. Previous Winter
Illinois 741.7 14.7 8.7
Indiana 280.2 13.2 3.9
Michigan 532.9 - -
Minnesota 166.9 15.8 .6
Ohio 679.5 94.9 37.1
Wisconsin 239.6 25.8 21.9

#American Gas Association, Gas Supply Review, (Oct., 1975)

shortage. In many parts of the region, gas utilities are prohibited by
regulatory agencles from adding new residential or commercial accounts.

Where new gas is available, it is being reserved for use by small residential
and commercial users. This curtailment has resulted in record numbers of
new electrically heated buildings, adding to the growth in electricity de-
mand. The above supply restrictions are likely to spread in the foreseeable
future.

These problems with traditional sources of primary energy will pro-
foundly affect energy patterns within the region in three ways. First, elec-
tricity will constitute a larger share of tcial energy consumed. Even though
electricity demand growth is expected to drop off from its historic growth
rate of 6-7% per year (see Table 2.2), electricity's share of total energy
will grow mainly because of the decrease in its prices relative to other
fuels* and the worsening of ‘natural gas shortages. Second, the direct com-
bustion of coal for process hexii may reverse its recent decline and begin to
grow modestly. The growth of industrial demand is largely dependent on the
availability of low-sulfur coal or small scale control technologies, such
as fluidized bed combustion. Third, in the intermediate to long term, coal
conversion to synthetic fuels may help to replace decling supplies of natural
gas.

*Annual growth rates for real energy prices in the East North Central census
region (1974-1985) as projected by the U.S. Federal Energy Administration
(National Energy Outlook) February 1976 were:

Residential Commercial Industrial
Electricity -.5% -.8% 1.7%
Natural Gas 4.5% 5.4% 4 ,5%

0il 1.0% 1.0% 0
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Table 2.2. Electricity Sales 196C-1972

Millions of kWh Annual Rate
of Growth
State 1960 1972 (%)
Illinois Total 33,140 76,572 7.23
Residential 9,368 22,686 7.65
Commercial 7,027 19,588 8.92
Industrial 14,829 29,178 5.80
Indiana Total 17,000 41,726 7.77
Residential 5,674 13,335 7.38
Commercial 2,275 7,333 10.24
Industrial 8,339 20,550 7.82
Ohio Total 57,268 96,881 4,48
Residential 10,405 23,932 7.19
Commercial 5,258 16,550 10.03
Industrial 39,654 53,238 2.49
Minnesota Total 9,033 23,044 8.12
Residential 3,841 8,743 6.87
Commercial 1,289 3,751 9.31
Industrial 3,487 9,826 9.02
Michigan Total 27,222 61,166 6.98
Residential 8,963 19,054 6.49
Commercial 5,136 11,907 7.26
Industrial 12,595 28,567 7.06
Wisconsin Total 12,458 27,952 6.97
Residential 5,031 10,729 6.34
Commercial 2,371 5,652 7.51
Industrial 4,558 10,705 737

Source: Edison Electrical Institute, Statistical Yearbook.

These general observations on the energy situatinn in the Midwest
suggest an increasingly important future for electricity and coal. Follow-
ing is a discussion of the probable growth in electricity demand and generat-
ing capacity. Estimates are made of the electric utility fuel mix for the
years 1985,2000, and 2020, including a discussion of the coal production
and interstate imports required to meet utility fuel needs. Finally, a dis-
cussion of the potential for use of coal for conversion to high-Btu gas is
presented. Synthetic liquid fuels from coal are not considered.

2.2 ELECTRICAL ENERGY DEMAND AND GENERATING CAPACITY

Studies of electricity demand have ranged from naive historical trends
to more theoretically sophisticated models.! Until the early 1970s, the
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trend models performed extremely well. However, the impacts of recent events
such as the oil embargo and the imposition of stringent anti-pollution regu-
lations cannot be captured by the trend approach. As a result the predictive
power of these models, particularly with respect to twrning point errors,

has been quite poor. An attempt has been made to formulate a simple economet-
ric model that explicitly takes some of these institutional and economic
changes into account.

The factors employed in the model are electricity and natural gas
prices, population, and a measure of economic activity. Separate models
were estimated for each of the three end-use sectors: industrial, commercial
and residential. Ideally for estimation purposes, one would like each sector
to be relatively h.uogeneous. Unfortunately, classifications of individual
users are generally made oun the basis of the quantity of electricity they
demand and not by the characteristics of the user. As a result, the residen-
tial sector is probably the most homogeneous and the commercial sector, the
least.

The model specification used in this study is similar to a widely
used class of econometric models.? Tt has three analytical features that
have come to characterize postembargo electricity demand models: (1) a
dynamic stock adjustment term, (2) exr post average electricity and gas prices,
and (3) pooled cross-sectional state and annual time series data.

Each consuming sector requi:es a slightly different specification of
independent variables to account for the particular factors influencing the
sectoral demand. In the residential model, the independent variables are
the average price of electricity and per capita disposable income, and con-
sumption is estimated with total disposable income and with average prices
of electricity plus natural gas. In the industrial model, total consumption
is again expressed as a function of average prices of electricity and natural
gas, but with value added for manufacturing. Disposable industrial prices
are deflated by using the Wholesale Price Index for manufacturing, and in-
come and all prices are expressed in real terms. Conversion to real terms
in the residential and commercial sectors is achieved by using the Consumer
Price Index (CPI).

In generating forecasts, the assumptions made regarding future values
of the independent variables have a major impact on the grow/th rates. Stan-
dard data sources were used In formulating these future values. The OBERS
(Series E)’ forecasts of population and personal income were used. Tie price
foreca:ts for electricity and natural gas are based largely on the FEA fore-
casts.

Overall, the main driving forces associated with electricity demand
are forecasted to decline from their historic rates of growth. Demographic
analysis suggest that lower birth rates and net outmigration from the Midwest
will markedly lower population growth in the region. Related to the above
is the fact that commercial and industrial activity will be considerably
slower than in the past. The forecasted values for electricity demand by
state are given in Table 2.3.* Overall the growth in demand is significantly
slower (especially after 1985) than the historic growth rates shown earlier.

*A more detailed discussion of model and parametric values are given in the
*Appendix to this section.
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Table 2.3 Forecasted Total Demand for Electricity

(Millions of kWh)

Annual Rate Annual Rate Annual Rate
of Growth of Growth of Growth
State 1975 (%) 1985 (%) 2000 (%) 2020
I1linois 86,960 5.4 147,597 [ 292,672 4.5 708,675
Indiana 50,764 6.6 95,922 5.0 199,588 4.8 511,426
Michigan 67,032 5.1 109,815 4.8 220,515 4.5 527,553
Minnesota 28,251 7.4 587,851 5.0 119,784 4.8 304,217
Ohio 108,002 5.7 188,244 L, 392,439 4.7 986,227
Wisconsin 28,365 3.4 39,535 4.5 76,843 4.4 182,681

Future electrical emergy requirements were translated into the capacity
additions necessary to satisfy this demand. Three general requirements arose
in attempting to characterize the number and type of generating facilities
to be constructed within a state. First, an estimate had to be made of the
overall annual load factors within each area. Second, an appreciation cf the
net annual transfers of power from state to state had to be obtained, and
finally, a projected mix of fuels used to generate power had to be developed.

Forecasting system load factors was a largely judgemental undertaking.
For the last few decades the rate of increase in generating capacity has
outstripped the growth of electrical energy demand. For a variety of reasoms
the annual peak demand (PD) has grown very rapidly relative to average demand
(AD), If the ratio AD/PD (i.e., load factor) were to continue to dec:ine,
the growth of capacity wculd continue to outpace energy demand. However,
utilities are experiencing significant problems with financing and siting
new baseload power plants. The marginal cost of installing incremental ca-
pacity to the utility (and society at large) is rising rapidly. It is, there-
fore, unlikely that this historic deterioration in system load factors will
continue. Regulatory forces are likely to be set in motion to have users

pay more of the true social cost of electrical power consumed during peak
hours.*

The problem of controlling the growth of peak demand is economic, not
technological. Techrological means now exist for controlling peak utilization
of power. England, Wasles, and West Germany have used storage techniques
with appropriate tariffs to flatten system load curves within an amazingly
short number of years** Several U.S. utilities are experirenting at present

* The Wisconsin Public Utilities Commission has been a leading agency in the
introduction of "marginal cost" pricing to utility rate setting.

**J. Asbury and A. Kovalls have described recent experiences in load leveling
in "Flectric Storage Heating: The Experience in England, Wales and in the
Federal Republic of Germany,'" (unpublished manuscript), Energy and Environ=-
mental Systems Division, Argonne National Laboratory, April 28, 1976.



30

with similar peak-load pricing schemes and storage devices. Both Madison
Gas and Electric and Detroit Edison now offer special rates for customers
with hot water heaters that are designed to cease operations during peak
periods. It is assumed that before 2000, Midwestern utilities generally
will be successful in raising the ratio AD/PD. For this reason the growth
in generating capacity is somewhat less than the growth in energy demand
given in Table 2.3.%*

A general improvement in system load factors will also be reflected
in improved plant factors (fraction of potential output actually attained)
for coal-fired plants and in a declining number of peaking units. The plant
factors assumed for this study are given in Table 2.4. They were based upon
an examination of historical operating trends for steam electric plants in
each state. The relatively high nuclear plant factors are greater than re-
cent experience suggusts, but are generally considered to be the minimal
levels necessary for the economic operaticm of these plants.

For purposes of locating the above capacity, an attempt was made to
classify states as to whether they were net importers or exporters of elec-
tricity. This classification was made by consulting the Electric Reliability
Council Reports of MAIN, MARCA, and ECAR.?. These sources indicated that,
on balance, Ohio, Minnesota, and Illinois import electricity, while Michigan
and Wisconsin are in the net exporters. Indiana showed no significant trans-
fers in either direction. Because these transfers appeared to be small (less
than 3 percent of any given state's total demand) no adjustments were made
to capacity needs to reflect transfers.

Table 2.4, Projected Plant Factors for 2000 and 2020

Plant Factor

Fuel State 2000 2020
Coal Illinois 0.53 0.55
Indiana 057 0.59

Michigan 0.57 0.59

Minnesota 0.55 0.57

Ohio 0.56 0.59

Wisconsin 0.52 0.54

011 All 0.40 0.40
Nuclear All 0.63 0.70
Other All 0.15 0.15

*Improvements in plant veliability and utility interties would reduce the
capacity reserve margins held by utilities. This reduction would also tend
to slow the rate of growth in generating capacity slightly.



31

The present mix of fuels consumed in the generation of electrical
power is described in Table 2.6. The Reliability Council Reports of MAIN,
MARCA, and ECAR were used to formulate capacity mixes (Table 2.7) for each
state in 1985. The capacity mix for 1985 was then used, in conjunction with
the above assumed plant factors for each plant type, to arrive at the fuel
mix for that year. The resulting fuel mix for 1985 is given contained in
Table 2.5.

A detailed breakdown of capacity needs by state is given in Table 2.5.
It shows Illinois leading all other states in total capacity in the near term.
However, by 2020 Ohio's capacity requirement leads Illinois by a sizable mar-
gin. In fact, the generating capacity for Ohio is nearly twice the combined
needs for the states of Minnesota and Wisconsin. It should be cautioned that
this wide variation is based upon a continuation of historical demand relation-
ships, both for average and peak demand. Problems with siting, resources,
or the environment could easily trigger institutional changes in electricity
supply and demand relationships.

The fuel mix projections for 2000 and 2020, also contained in Table 2.6,
were based on a number of judgemental considerations. In the long run, the
percentage of coal used in the generation of electrical power is likely to
diminish in all states, due to depletion of coal resource and environmental
problems associated with the mining and combustion of coal. For example,
the above factors will result in sharply rising prices for coal.

Wisconsin, Michigan and Minnesota are almost without fossil energy
resources and may have to turn to relatively expensive fossil energy imports
or nuclear power. This problem is not quite as difficult in Minnesota due
to its relatively easy access to the Northern Great Plains rcoal, which has
strong long-term supply potential. Since Illinois has the largest coal re-
serves of any single state, utilities in Illinnis and Southern Indiana will
have ready access to long-term supplies and are assumed to maintain a high
level of coal usage.

Natural gas, hydroelectric power, and oil are not competitive fuels in
the Midwest and should decrease in relative importance. Shortages of natural
gas have already occurred. These shortages have placed institutional and
economic impediments in the way of further use of natural gas by utilities.
The Federal Power Commission and many states have effectively prohibited ex-
pansion of natural gas usage for steam boilers. In the future, natural gas
will be used almost exclusively for fueling turbine generators.

The relatively high price of o0il makes it economically unsuited for
extensive use in the Midwest. O0il wi’l continue to be used as a fuel for

peaking plants and as a backup for ceal, but not as a primary fuel for base
load power plants.

Hydroelectric power is an economically attractive alternative, but the
potential of this power source 1s physically limited in the Midwest (see
Table 2.8). Environmental and recreational interests can be expected to muster
significant opposition to the further development of hydroelectric projects.
Hydroelectric capacity is expected to be developed to its maximum extent by
1985, and will diminish in relative importance.
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Table 2.,5. Capacity (MW) by Fuel Type

State Coal Natgiié Gas Nuclear Other Total
1985
Illinois 21,103 4,226 16,451 - 41,780
Indiana 23,180 - 2,356 - 25,356
Michigan 12,229 4,677 4,387 1,872 23,165
Minnesota 10,159 - 1,755 - 11,914
Ohio 27,672 1,120 7,085 - 35,877
Wisconsin 6,278 - 4,248 512 11,038
2000
Illinois 27,106 6,681 25,451 2,228 61,466
Indiana 29,180 569 9,041 1,519 40,309
Michigan 23,406 6,293 12,786 8,391 50,876
Minnesota 16,160 342 6,294 4,558 27,354
Ohio 54,399 1,120 21,333 2,986 79,838
Wisconsin 9,278 - 5,570 2,924 175192
2020
Illinois 51,481 10,112 68,186 5,393 135,172
Indiana 57,392 1,459 33,361 3,829 96,041
Michigan 44,163 10,539 38,715 16,059 109,476
Minnesota 33,509 868 19,845 9,261 63,483
Ohio 110,675 2,814 64,333 15505 185,327

Wisconsin 16,992 - 15,491 5,561 38,044
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Table 2.6, Electric Utility Fuel Generation Mix
(Percent of Total kWh Generated by Type)
0il/

State Coal Natural Gas Nuclear Other Total %
Fuel Mix 1975

I1linois 60.2 11,5 28,2 0.1 100.0
Indiana 93,9 5.3 0.0 0.8 100.0
Michigan 15,7 21.6 1.0 1.7 100.0
Minnesota 54.6 18.2 24,4 2.8 100.0
Ohio 94.0 5.5 0.0 0.0 100.0
Wisconsin 53.8 10.2 31.5 4,5 100.0
Fuel Mix 1985

Illinois 45.3 6.2 48.4 0.1 100.0
Indiana 83.9 1.6 13.7 0.8 100.0
Michigan 48.1 24,9 25.4 1.6 100.9
Minnesota 63.3 147 26,2 2.8 100.0
Ohio 67.4 1Y 30.8 0.1 100.0
Wiscons:’ a 52.0 6.8 36.7 4,5 100.0
Fuel Mix 2000

Illinois 43,0 (60.0)* 8.0 (B,0) 48,0 (31.0) 1.0 (1.0) 100.0
Indiana 73.0 1.0 25.0 1.0 100.0
Michigan 53.0 10.0 32.0 5.0 100.0
Minnesota 65.0 1.0 29.0 5.0 100.0
Ohio 68.0 1.0 30.0 1.0 100.0
Wisconsin 55.0 0.0 40,0 5.0 100.0
Fuel Mix 2020

Illinois 35.0 (79.0)a 5:8 (3.5) 59,0 (15.0) 1.0 (2.5 100,0
Indiana 58.0 1.0 40.0 1.0 100.0
Michigan 44,0 7.0 45.0 4.0 100.0
Minnesota 55.0 1.0 40.0 4.0 100.0
Ohio 58.0 1.0 40,0 1.0 100.0
Wisconsin 44,0 0.0 52.0 4.0 100.0

aNumbers in parentheses indicate fuel mix for Illinois under high-coal use

scenario
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Electric Utility Generation Capacity Mixes

(Percent of Totai Installed Capacity)

Capacity Mix - 1975

Fossil Fuels

State Coal 0il Gas Nuclear Hydro Othera Total
Illinois 61.19 8.46 0.38 20,97 0.02 8.98 100.00
Indiana 91.42 2,43 1.53 0 0.61 4,01 1.00.00
Michigan 51.32 18.65 0.12 9,33 12,32 8.26 100.00
Minnesota 48.38 1.81 1.70 28.43 2,11 17.57 100.00
Ohio 88.60 2.13 0.83 0 0 7.84 100,00
Wisconsin 58.21 0.79 3.61 17.56 4,76 15.07 100.00
Capacity Mix - 1985
I1linois 46,44 11,25 0 36.90 0.01 5.40 100.00
Indiana 84,82 1.39 0.87 10.28 0.35 2.29 100.00
Michigan 48,91 15.38 0.09 19.16 9.55 6.91 100.00
Minnesota 60.85 1.19 0.50 18.69 1.39 17.38 100,00
Ohio 69.93 1,66 0 23.02 0.11 3.12 100.00
Wisconsin 54,73 0.30 0.24 28,72 3.12 12.89 100.00

aTurbine, Diesel and Combined Cycle

Source:

National Electric Reliability Council Reports, 1974
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All of these factors suggest that nuclear powe r will become, almost
by default, an iIncreasingly important source of electricity in the future*
Table 2.9 contains recent information on existing and planned nuclear power
plants for each state in the Midwest. Although Illinois has been a leading
state in the use of nuclear power, other Midwestern states may have to equal
or exceed Illinois in terms of nuclear dependence in the future. This will
occur because of Illinois' ability to maintain a high level of coal use con-
current with the depletion of coal reserves in the other states.

Fuel mix projections for the years 2000 and 2020 (shown in Table 2.6)
were obtained by judgementally assessing the above trends in power generation
and the relative costs of various fuels. However, the widely different growth
patterns for nuclear power cannot be explained by economic factors alone.

For example, nuclear power additions in Ohio greatly exceed those of Indiana,
two states which have relatively equal fossil energy costs. Presumably cap-
ital and construction costs would also be similar in both states. Why then,
have plant utilities in Cincinatti, Toledo, and Cleveland so rapidly expanded
their use of nuclear ponwer? Apparently intangible political and social
factors strongly affect a utility's choice of plant type as well as the
relative economics. The degree of reliability of these projections is great-
est for 1985 (which use known industry plans) and become more conjectural as
they are extended from the industry planning horizon.

Also shown in Table 2.6 is an alternative scenario for Illinois for
2000 and 2020 in which a significantly high percerntage of Interior Province
coal is used for electrical generation in lieu of increased generation ca-
pacity from nuclear or low-sulfur Western coal. This scenario represents a
maximum credible upper bound in the possible use of instate produced coal
for I1linois. The limited growth in nuclear power could be interpreted as
the result of a nuclear moratorium after 1985.

The scenario has vavious environmental implications, resulting from
higher sulfur levels of the Illinois coal, which are discussed in subsequent
sections of this report. The two Illinois scenarios represent sharply con-
trasting situaticns that highlight some of the impacts of coal conversion for
electrical generation.

2.3 UTILICY COAL DEMAND AND COAL SOURCE

The previous sections have discussed expected electricity demand growth
and utility fuel mixes. These variables are the primary determinants of the
electric utility demand for coal. It is expected that even though the per-
centage share of coal used in the fuel mix should decline over time, the ex-
ponential growth in demand for electricity will overwhelm this cdecline and
prompt substantial absolute growth in demand for coal by electric utilities.

*In the long term technologies based on renewable resources, such as solar
energy, or untapped sources of energy, such as peat or solid waste, may
begin to add an alternative to the nuclear-coal tradeoff. However, utility
resistance to unproven technologies and the somewhat uncertain economics of
these energy sources will 1limit their growth during the rest of this century.
Moreover, since this study focuses on the impacts of increased coal develop-
ment, the exclusion of other "advanced" technologies was not inappropriate.



Table 2.8. Hydroelectric Generation Capacity

Developed Developed Percent of
State MWe capacity MWe capacity Potential developed
Illinois 35 206 14.6%
Indiana 9¢, 315 22.9
Michigan 387 278 58.1
Minnesota 169 136 55.4
Ohio 3 317 0.8
Wisconsin 426 188 69.4

Source: Yederal Power Commission, Hydroelectric Powen (Jan., 1972).

This growth is illustrated by contrasting the historical levels of utility
coal consumption in Table 2.10 with the projected coal consumption patterns
in Table 2.11.

Recently enacted air pollution standards have strongly affected the
electric utility demand for ccal. The choice of coal type has a strong in-
fluence on the environmental, economic, and land use impacts of coal use in
the generation of electricity. Newly constructed 1,000-MW power plants must
meet Federal sulfur combustion limits of 1.2 1b SO per ;MBtu of fuel burned.
They can do this in most cases by utilizing either low sulfur coal alone or
by employing high sulfur coal along with control devices.

However, some state standards are sufficiently stringent that utilities
will have to either scrub or wash even western coal tc obtain compliance.
Furthermore, low sulfur lignite must be scrubbed to meet even Federal stan-
dards because of 1its very low Btu coutent.

In general, the most important factors affecting the use of low sulfur
coal are the compliance strategy of electric utilities and the relative trans-
portation costs to high- and low-sulfur coal sources. Presently, utilities
in the Midwest generally are choosing to burn low gylfur coal rather than
applying control technologies to high sulfur coal.'? It is expected that in
the future the proportion out of compliance will diminish and that over time
the ratio of control usage to low sulfur coal will increase due to techno-
logical improvements. Coal consumption projections contained in Table 2.10
are based on an overall regional usage for 1985 or about 357 low sulfur and
65% high sulfur.*

These percentages have been established with the aid of a formal model
of coal markets. The model minimized the delivered cost of obtaining coal at
various demand centers. Each demand center is allocated low sulfur coal,
intermediate sulfur coal with washing, or high sulfur coal with scrubbers.

*This ratio has been retained generally for 2000 and 2020 because of uncertainty
about the values to be assigned to the relevant variables. For instance,
environmental policy is uncertain, and the degree to which the cost of con-
trol technology will decrease 1s also in doubt.
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Table 2.9 Existing and Planned Nuclear Power
Plants in Midwest
Capacity Commercial
State/Site (Net Kilowatts) Operation
ILLINOIS
Morris 200,000 1960
Morris 809,000 1970
Morris 809,000 1971
Zion 1,050,000 14973
Zion 1,050,000 1974
Cordova 800,000 1972
Cordova 800,000 1972
Seneca 1,078,000 1978
Seneca 1,078,000 1979
Byron 1,120,000 1980
Byron 1,120,000 1982
Braidwood 1,120,000 1981
Braidwood 1,120,000 1982
Clinton 933,400 1981
Clinton 933,400 1984
INDIANA
Westchester 645,300 -
Madison 1,130,000 1982
Madison 1,130,000 1984
MICHIGAN
Big Rock Point 75,000 1965
South Haven 700,000 1971
Lagonna Beach 1,093,000 1980
Bridgman 1,060,000 1975
Bridgman 1,060,000 1978
Midland 458,000 1982
Midland 808,000 1981
St. Clair Co. 1,200,000 1984
St. Clair Co. 1,200,000 1986
MINNESOTA
Monticello 545,000 1971
Red Wing 530,000 1973
Red Wing 530,000 1974
OHIO
Oak Harbor 906,000 1977
Oak Harbor 906,000 1983
Oak Harbor 906,000 1985
Perry 1,205,000 1980
Perry 1,205,000 1982
Moscow 810,000 1979
Moscow 1,170,000 1986
WISCONSIN
Genoa 50,000 1971
Two Creeks 497,000 1970
Two Creeks 497,000 1972
Carlton 541,000 1974
Ft. Atklnson 900,000 1983
Ft. Atkinson 900,000 1984
hurand 1,150,000 1685

Source:

Energy Research and Development Administration,
June 30, 1976
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Table 2.10. 1975 Interregional Coal Flows for Electric Utilities®
(10% tons per year)

Northern Rocky
State Appalachian Interior Gulf  Great Plains Mountains

Ohio 44,1 2.1 0 .6 A
Indiana A4 25.0 0 3.2 R |
Illinois a2 21.2 0 9.0 ol
Michigan 21.8 2.5 0 1.0 2
Wisconsin .8 6.8 0 3.0 0
Minnesota 0 1.6 0 7.9 .1

8These flows have been modified from U.S. Bureau of Mines, Bituminous Coal
and Lignite Distribution for 1975, Washington D.C. pp. 14-20 and p. 49
(April 12, 1976). They are approximate in nature since in many cases end
use was not specified precisely for coal from a given supply region.

Within the Midwest, the utility sulfur control strategy varies from
company to company. No systematic pattern seems to be emerging by state.
As sulfur control technologies receive more industry acceptance, transporta-
tion cost differences in acquiring western low sulfur coal will be the pri-
mary determinant of the share of low sulfur versus high sulfur coal.!! For
this reason, Ohio and Michigan will use the most high sulfur coal and Minne-
sota will burn low sulfur coal almost exclusively due to the proximity of the
lignite fields of the Dakotas and the subbituminous coal of the Powder River
Basin. Annual Coal consumption for electric generation by source is given
in Table 2.11.

Although the proportion of low sulfur coal utilized in each state is
held approximately constant from 1985 to 2020, these percentages represented
a substantial increase over those present in 1975, especially in Ohio, Indiana,
and Michigan. This can be seen by contrasting Tables 2.10 and 2.11. The other.
significant change is that high sulfur coal consumption 1s conceptualized
as being slightly more localized. Therefore, Chio and Indiana for example
are projected to cease shipping coal to each other. It was decided that since
their coal reserves were of approximately equal sulfur content littie justifica-
tion existed for importing each other's coal. This rationale was also applied
to the other states in the region so that they obtain their Liigh sulfur coal
entirely from the closest coal source.

The coal production estimates in Table 2.11 show that all significant
regional prcduction will occur in Ohio, Indiana, and Illinois and will be
relatively high in sulfur.!? Intrastate production for industrial consumption
(in direct combustion) should decline, given that industrial boilers will re-
quire low sulfur coal as the only practical control technology and that neg-
ligible low sulfur reserves exist in these states. The low sulfur coal that
is extracted 1s expected to be bid away from the electric utilities by the
industrial sector, which can be assumed to hava a more inelastic demand for
low sulfur coal. Yet, electric utility consumption of intrastate high sulfur
coal is not expected to increase greatly from present amounts in Indiana and



Table 2.11.

Annual Coal Consumption for Electrical Generation

(10° tons per year)

Interior Coal Province

Eastern Coal Province

Year Illinois Indiana W. Ky. Ohio Other, High S. Other, Low S. Western Coal
1985

Til. 19.34 - 0.97 - - - 13.54

ind. 6.91 18.76 - - = - 14.81

Mich. - - - - 16.25 - 8.82

Minn. 2.16 - - - - - 18.39

Ohio - - - 29,27 9.76 10.64 7.0¢

Wisc. 5.31 - = - gtizer = 5.31

Total 33.72 18.76 0.97 29.27 26.01 10.64 67.96

2000

711, °® 32.48 (59.14) - 2.00 - - - 20.57 (12.96)
Ind. 18.12 26.37 - - - - 18.22

Mich. - - - - 31.93 - 16.02

Minn. 4.25 - - - - - 33.60

Ohio - - - 48.78 27.15 10.78 16.33

Wisc. 9.32 - = - - - 9.67

Total 64.17 (90.83) 26.37 2.00 48.78 59.08 10.78 116.41 (108.60)
2020

1 60.88 (211.45) - 4.04 - - - 42.25 (15.43)
Ind. 49.46 24.79 - - - - 57.056

Mich. - - - - 62.81 - 24,67

Minn. 7.98 - - - - - 73.62

Ohio - - - 54.11 84.94 13.59 85.23

Wisc. 14.71 - - - - - 22.07

Total 133.03 (283.60) 24,79 4.04 54.11 147.75 13.59 302.90 (276.06)
3Numbers in parentheses indicate coal consumption for Illinois high coal electric scenario

bAssumes 337 thermal efficiency for 1985 and 38% for 2000 and 2020.

Btu/ton for Interior Province, 23.8x10° for Eastern Province, and 18x10° for Western coals.

Coal heat content assumed a 22x10°
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Ohio due to reserve depletion and the high costs of expanding production in
these areas. Cost Increases can be anticipated because of movement toward
thinner seams and deep mining. On the other hand, Illinois has the most
abundant minable reserves of any state. In addition, more coal should be
strippable at competitive prices in Illinois than in Indiana or Ohio.'"
these reasons total production within Illinois for utility markets should
increase considerably in absolute terms.

For

2.4 COAL GASIFICATION

Diminishing supplies of oill and natural gas have not only created a
demand for coal in conventional uses, i.e., electricity generation and direct
combustion, but also have created a potential market for coal conversion to
synthetic fuels. A number of rather well developed technologies exist for
the conversion of coal into substitute gaseous and liquid fuels. Although
these conversion processes are technically feasible, economic environmental
uncertainties complicate the growth of a synthetic fuels industry.

The potential size of a synthetic fuels industry in the U.S. is quite
limited for the next ten years. The lead times necessary for bringing first
generation conversion plants on line is at least five years, even longer for
more advanced processes. Two first generation commercial-scale gasification
plants may come on line by 1985, cne located in North Dakota, and the other
in New Mexico. At present, no commercial plants are scheduled for the Mid-
west. In the longer term, beyond 2000, the range of possible synthetic fuel
outputs is quite large. Several studies have estimated U.S. synfuel produc-
tion to be between 5 and 20 quadrillion Btu's by the year 2020.

The Midwestern coal producing states of Illinois and Indiana are likely
to capture a significant share of the U.S. synthetic fuels industry. 1Illinois,
in particular, is likely to be a leading state in synfuel production. Illinois
has already attracted three major ERDA-sponsored coal conversion demonstration
projects. In the long run, Illinois has significant coal reserves and rela-
tively plentiful water supplies to support a mature jndustry. Many of the
development problems are mitigated by the Illinois tradition of coal extrac-
tion and sizable labor force in and around coal mining areas. Finally, a
well developed transportation network connected to nearby demand cenfers
completes the set of favorable conditions Illinois offers to a potential
synfuels industry.

Most of these factors are also present in eastern Ohic. However, coal
reserves there are fairly depleted. After the turn of the century, there may
not be enough localiy concentrated coal reserves in Ohio to supply the 150
million tons required over the life of a 250 Mcf/day plant. Therefore, this
report focuses on the long-term potential for a gasification industry in the
states of Indiana and Illinois.

The tenuous near-term-future of the synfuels industry leads us to con-
sider a 50-year time frame within which synfuel conversion might reach signifi-
cant levels. Due to the currently unfavorable economics of synfuels no com-
mercial plants were expected to be in operation by 1985, It was assumed that
by the year 2000, Illinois could contain 6 standard size (250 Mcf/day) second
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generation gasification plants, and 14 plants by 2020. It was further as-
sumed that Indiana would contain one and five standard gasification plants in
2000 and 2020 respectively. These plants would all be located near feed-
supplying mines and would supply in turn their synthetic gas products to mar-
%ets in the Midwest. Likely sites for these plants were largely drawn from an
earlier study of gasificat}on potential for Illinois!® as well as recently
announced industry plants.-g The projected number of plants and associated
coal consumption is summarized in Table 2.12.

The impact of the above level of gasification on supplies of gaseous
fuels is shown in Figure 2.4, In it the relative share of coal syngas to all
sources of gaseous fuels, basically methane, is depicted against the projected
total volume of gaseous fuel demand. The total demand numbers display a rather
slow growth, attributable to price increases and population stabilization.
Thus, the assumed level of gasification activity accounts for almost one half
of total gaseous fuel supplies by the year 2020.

Table 2.12. Annual Coal Consumption Scenarios for Coal
Synfuel Conversion in the Midwest

Number of (10° tons/year)
Year Commercial Plants Coal Consumption
1985
I1linois 0 ¢]
Indiana 0 4]
2000
Illinois 6 30
Indiana 1 5
2020
Illinois 14 70
Indiana 5 25

®Based on a standard 250x10° scf/day (950 Btu/scf) facility
with 70% thermal efficiency, 330 days/year, 22x10° Btu/ton
coal, or approximately 5x10° tons/year per facility.
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APPENDIX TO SECTION 2.0

The models were estimated using pooled cross-sectional, time-series
data. Different time spans were used In estimating the models. The in-
dustrial model is based on the years 1962-1973 with the dummy variable for
natural gas (to account for natural gas curtailments) specified from 1966-
1973 in Illinois and 1970-1973 in all other states.* In the residential and
commercial models, the years 1962-1974 are used with the dummy gas variable
specified from 1970-1974 for all states.

The regression results for the residential model with t-statistics in
parentheses are as follows:

log Qe = C - .3174 1log P : + .1896 log Y, + .7409 log Q¢ (t-1)

i it
(6.14) (3.12) (L7 .75)
where:
Pit = average price of electricity
Yit = per caplta disposable income
9y, = Per capita electricity consumption in period t
Constant C = -1.,235, -1.206, -1.254, -1.225, -1.195 and -1.230,
respectively for Illinois, Indiana, Michigan, Minne-
gota, Ohlo and Wisconsin.
The commercial model regression results are:
log Qit = C - .3796 log Pit + .03251 log Byt + .3929 log Zit
(3.24) (0.35) (3.84)
+ .6003 log Q (t-1)
(11.23)
where:
8,, = average price of natural gas
Z, = total disposable income

Qit = total electricity consumption in period t,

Constant C = -.941, -1.024, -1.034, -.998, -1.078 and -.997
regpectively for Illinois, Indiana, Michigan,
Minnesota, Ohio and Wiscousin.

*Data for value added for manufacturing is not available for 1974.
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The industrial model results are:

log Q,, = C ~ .2568 log P, + .02516 log g,

i
(2.01) (0.23)

+ .7732 log vit + .5445 log QL (t-1),
(6.52 (8.31)
where:

Vit = value added for manufacturing

c = -7.223, -6.675, -7.058, -6.879, -6.723 and -6.794,
respectively for Illinois, Indiana, Michigan, Minnesota,
Ohio and Wisconsin.

The data for estimating the model came from several standard sources.
Sales and revenues of electricity came from the Edison Electric Yearbook. "
Sales and revenues of natural gas were taken from 4.G.4. Gas Facts.® Dis-
posable Income and Per Capita Disposable Income came from the Bureau of
Economic Analysis within the Department of Commerce.® The Consumer Price
Indexes and Wholesale Price Indexes were taken from the "Monthly Labor
Review'" of the Bureau of Labor Statistics.® Average prices were calculated
for each sector by dividing electricity or natural gas revenues by their
respective sales and deflating by the appropriate price index. All elec-
tricity prices and quantities are stated in British thermal units with the
conversion of 1 kilowatt hour equaling 3412 Btu. Population data is based
on Bureau of Census estimates.
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3.0 CHARACTERIZATION OF COAL CONVERSION TECHNOLOGIES

3.1 GENERAL

The coal fuel cycle is generally considered to have five distinct
phases —-- extraction, transport of coal, conversion, transmission of conver-
sion products, and end use. Of course, in any given path of energy delivery,
it is not necessary that all phases be distinctly considered. (For example,
conversion may occur at the point of extraction, or end use at the point of
conversion, etc.) This preliminary assessment focuses on the phases of
extraction and ccnversion, since the major health and environmental impacts
result from these activities.

The discussion in this section is limited to a characterization of the
conversion technologies, including electrical generation and synfuel produc-
tion. The extraction technologies as they relate to surface water contamina-
tion are discussed in Sec. 8 and in Vol. 2 in terms of their impact on natural
ecosystems.

Data for the characterizations under discussion here were obtained from
numerous sources, as noted. Although similar in many cases, the values indi-
cated are not identical to those subsequently produced for use in the ERDA~-
sponsored National Coal Utilization Assessment.

Where the technology characterizations required specification of single
coal parameters, it wac assumed that these parametors were representative of
the Central Interior Province coal as indicated in Table 3.1. This table
also includes, for comparison, parameters for Northern Great Plains ceal and
solvent refined coal (SRC) referenced in this section.

Coal conversion technologies can be conveniently grouped for purposes
of description into two categories; combustion technologies usually involving
boilers, and synfuel technologies involving destructive hydrogenation to pro-
duce cleaner fuels. Combustion technologies are considered in this interim
assessment as they are used in electric power production and as auxiliary
energy sources for synfuel technologies. Figure 3.1 shows the general paths
along which synfuel production may proceed. Synfuel technologies will be
considered for the production of SNG (high Btu gas) and, generally, syncrude
products; fuel gas (low Btu) production and solvent refining of coal will be
described briefly as they relate to electric power production.

The technologies assumed to be implemented in this assessment are
generally those that represent the current state of the art, and those
reasonably expected to be commercially available in the next fifteen years.
Many unique synfuel and electric power production technologies are in the
conceptual stage at present, and these are not included in the interim assess-
ment; only processes for which sufficient design and test data are available
are included here. The potential benefits and impacts of more advanced tech-
noiogies will be included in later work.

It is appropriate to make some comparisons amcng conversion technolo-
gies before describing the specific types of processes leading to the end
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Table 3.1 Characteristics of Regional Coals and SRC:
Proximate and Ultimate Analyses in Weight %

(Regional coal data are geometric means of many samples.)

Northern Great

(We. %) Central Interior Plains SRC
Moisture 5.9 26.4 10.8
Volatile Matter 30.9 28.9 63.2
Fixed Carbon 46.3 35.6 25.8
Ash 10.7 9.1 0.2
Hydrogen 4.9 6.4 5.9
Carbon 64.3 49.0 87.9
Nitrogen : I 0.7 2.2
Oxygen 10.7 34.3 3.1
Sulfur 3.0 0.5 0.7
Btu/1lb. 11,440 8,440 16,250
(J/gm) (26,607) (19,630) (37,795)

Data from Ref. 16.

products of gases, liquids, or electricity. Ali the conversion processes
require the input of two key natural resources - coal and water. (In some
processes, the control of sulfur emissions requires, in addition, limestone,
dolomite or lime). The quantity of coal required obviously is related
directly to the volume of output energy required and the overall plant
efficiency. The efficiency of conversion varies significantly among the
conversion processes; generally, the more refined the product energy, the
lower the overall efficiency.

Electric power production is the least efficient because of the in-
herent (second law) limitations on the efficiency of a condensing steam
(Rankine) power cycle. Thus, although the efficiency of energy conversion
from coal to heated steam is quite high (90% or better), and a steam turbo
generator is very efficient (95%), the overall plant efficiency never exceeds
40%. More advanced, noncondensing power cycles, such as combustion turbines
or MHD, may raise this efficiency as high as 50% in the future. Conversion
of coal to synfuels, on the other hand, is a more efficient process; the less
severe the temperature and pressure processing conditions, the higher in
general the conversion efficiency. Production of Substitute Natural Gas can
be thought of a5 the most extreme or thorough processing of coal into a very
clean synfuel with a high energy density; the efficiency of the various con-
version processes varies with design details, but is usually between 55-65%.
If less hydrogen is added in the synfuel production process, then heavier
liquid or solid products result; but the benefit of making these less refined
products is an overall process efficiency of 65-75% or, possibly, slightly
better. The manufacture of fuel gases of low energy density (low Btu gas)
enjoys similar efficiency advantages. The simplest and most efficient pro-
cessing of coal is a chemical washing process to remove only pyritic sulfur;
the overall conversion efficiency is just over 80%.
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The use of water is a critical environmental factor for all coal con-
version technologies. All of the conversion processes use water in the pro-
cess that makes either electric power or synfuels, and they all require cool-
ing of process streams, which is usually accomplished, at least to some ex-
tent, by an evaporative cooling water circuit. The water used in the process
may be the makeup used in a boiler steam circuit, or it may enter directly
into a synfuel production process. Boiler feedwater must be treated to a
very high purity, and the blowdown from a boiler circuit is relativeiy clean
water, except, perhaps, for corrosion inhibitors and traces of metals erodnd
from tube walls. On the other hand, water that has contacted the coal, ash,
or any coal-derived products is a potentially serious hazard to the environ-
ment. Process cooling circuits may involve evaporative cooling towers, re-
circulating cooling ponds, or once-through cocling systems. Once-~through,
or run—of-the-river, cooling does not consume water by evaporation; ponds
and evaporative cooling towers do, and thus require a continuous blowdown
stream to prevent the buildup of solids.

There is, in every coal conversion process, a hierarchy of water use.
Boiler feed water is the cleanest water in the plant and the blowdown from
a steam circuit is used to supply some of the makeup cooling water. The blow-
down from the cooling circuit is frequently used to sluice ash or sludge to
a disposal pond. Water used in synfuel production processes must be treated
before it 1s suitable for any reuse within the facility; this water 1s sub-
sequently used in the cooling circuit or for ash handling. The amount of
water consumed in coal conversion depends mainly on amount of evaporative
cooling required, since the quantity consumed within the conversion process
or elsewhere in the plant is small by comparison.

Some of the environmental pollution problems associated with conversion
are common to all coal utilization technologies: the results of storing and .
handling coal, treating water, and disposing of various solid wastes. Coal
storage piles must be carefully constructed so as to capture all water runoff
[in order to prevent the many toxic, leachable constituents in raw coal from
reaching ground or surface waters. Synfuel plants should extend the runoff]
control measures to the entire plant site, since leaks and spills of toxic
substances are quite possible. Coal handling causes dust that must be consort.
Such preventive measures are common practice at modern coal conversion facili-
ties. Crushing of the coal to a size suitable for combustion or other conver-
slon is accomplished in grinding machines that are sealed because the crushed
coal is usually conveyed from them pneumatically. Synfuel conversion frequent-
ly requires that the coal be dryed before use; the flue gas from coal drying
must be filtered for particulate removal; and, if coal combustion 1is the
source of heat for drying, sulfur removal may also be necessary.

Many similar problems arise at the facility that pertain to ash dispos-
al. Fly ash recovered from the flue gases of combustion boilers 1is usually
conveyed pneumatically to a pond or taken from the plant site for use 1in var-
ious paving and construction materials. Bottom ash from boilers and gasifica-
tion processes 1s usually quenched with water and sluiced to a storage pond.
In liquefaction processes, most of the coal ash is in the form of a filter
cake or sludge that 1s also sluiced to a storage pond. The ponds of ash rep-
reseut a potential long-term environmental hazard as toxic substances leach
out and seep into ground and surface waters; although the ash contains a
lesser quantity of leachable, harmful elements than raw coal, the ultimate
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hazard is probably far more serious. Conversion facilities located near a
supplying mine will be able to avoid much of this problem by burying the ash.
Problems similar to ash disposal are involved in disposing of sludges from
water treatment facilities. Disposal problems, which are perhaps insurmount-
able, result from the use of limestone flue gas scrubbers for sulfur removal
that generate enormous volumes of thixotropic sludge.

As discussed in connection with water consumption, all coal utiliza-
tion technologies, both present and future, must reject large amounts of heat
to the environment. In the case of steam electric power production, or any
other steam cycle, this heat rejection is thermodynamically essential. In
synfuel production, heat rejection is required not only in the auxiliary steam
power plant but also in the processing of the product gases and liquids. The
key to synfuel process efficiency is, in large part, the minimization of this
latter thermal waste. Heat is not generally considered a pollutant, except
when it is discharged to a body of surface water; thus, it is only in steam
electric power plants using once-through cooling that the heat discharge is
analyzed for environmental effects. But, in all closed-cooling circuits
using towers or ponds, there is the environmental problem of the blowdown
necessary to control solids buildup. This blowdown stream must be disposed
of by return to the environment -- either directly from the cooling circuit
or after other use within the plant and some subsequent treatment. Current
technology does not provide for this stream, with its high solids content,
to he feasibly cleaned and recycled within the plant.

After these generalizations about coal conversion technologies, elec-
tric power production, and synfuel processes are discussed more particularly.

3.2 ELECTRIC GENERATION

For this assessment, electric power production using coal is considered
to be represented by a pulverized coal-burning boiler with an electrostatic
precipitator and, optionally, a flue gas desulfurization {(FGD) unit. The
detailed characteristics of the boiler design are not important in this
assessment; it would be essentially a state-of-the-art, tangentially-fired
boiler with a 1000°F, 2500 psi single reheat steam cycle. The unencumbered
plant efficiency is about 38% (8970 Btu/kWh 2260kcal/kWh) without the FGD unit.
The basic power plant is assumed to have closed cycle cooling using mechanical
or natural draft wet towers; this cooling system will drop the net station
efficiency to about 34% (10,000 Btu/kWh 2520kcal/kWh) in the hottest summer
days. At less than full rated power output, the plant efficiency would dropn
another percentage point or two. With FGD and a closed-cooling system, the
plant would have an annual average overall efficiency of about 35% (9650 Btu/
kWh 2432kcal/kWh) in base load service.

The nominal unit size of a new coal fired power plant could be between
500-1000 MW, depending primarily on the total size of the utility system in
which it is placed; for this assessment we assume the size is 1000 MW per
unit and three units per site for a total site capacity of 3000 MW. The size
and the efficiency together determine the rate of coal and cooling water con-
sumption. The rate at which particulate matter and sulfur oxides enter the
flue gas is directly proportional to the rate of coal feed to the furnace
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since 90% of the ash in the coal and essentially all of the sulfur leaves with
the flue gas in this type of boiler. As mentioned above, the fly ash is col-
lected by the precipitator operating at better than 99% (by weight) efficiency
and then conveyed pneumatically to storage. The smaller amount of bottom ash
is quenched and sluiced to a storage pond; the same pond is used to contain
sludges from process water treatment. The coal sulfur is released as sulfur
dioxide and can be reduced by an FGD or scrubber system as discussed below.
The remaining criteria pollutants, oxides of nitrogen, can be controlled only
by modification to the burners and combustion zone of the boiler; there are

no demonstrated techniques for removing nitrogen oxides from the flue gas of
coal fired boilers. For this assessment, it is assumed that federal new source
standards (NSPS) listed in Table 3.2 are met for nitrogen oxides and that no
more stringent contrcl is feasible.

Sulfur is the pollutant that, for better or worse, has been the focal
point for measuring the environmental damage done by coal-fired power plants.
There are three options available to reduce sulfur emissions and still burn
coal; the flue gas can be cleaned of sulfur dioxide, the coal can be cleaned
of sulfur prior to combustion, or a cecul that is naturally low in sulfur can
be used. The option of burning low sulfur coal is currently, and in the near
future, the approach likely to be preferred. In the geographical area covered
by this assessment, the only source of low sulfur steam coal is the Northern
Great Plains Province. The salient characteristics of this coal are shown in
Table 3.1. The lower energy density of this coal aggravates all the potential
environmental hazards associated with coal handling and solid waste disposal,
since it must be fired at a greater rate to maintain the nominal output. Be-
sides many operational difficulties in burning this low quality, low sulfur
coal, the fly ash has electrical resistive properties that cause conventional
precipitators to function much less efficiently. It is assumed here that any
power plant designed to use this coal will incorporate high temperature pre-
cipitaiors in order to maintain a collection efficiency of 99%, or better
(by weight). As shown in Table 3.2, use of western low sulfur coal allows a
power plant to meet or to improve slightly on NSPS for sulfur emissions.

The second available option for sulfur control is by a scrubher that
washes the flue gas with one of many solutions that chemically combine with
the sulfur. The general division of scrubbers into regemerable and throw-
away types follows from the processing of the scrubbing liquid; regenerable
processes extract sulfur as an acid or a solid and recycle most of the scrub-
bing liquid. Throw-away processes use lime or limestone to combine with the
sulfur and then dispese of a more or less wet sludge. Without going into
all the many problems that beset FGD systems, it is sufficient to note that
they require parasitic energy for their operation, they also cause plant
efficiency to decline, they are at present less reliable than the rest of
the power plant, they are expensive, and they cause solid and liquid waste
disposal problems of their own. They do work, however, in that they remove
85-90% of the sulfur in the flue gas, and they may have a beneficial side
effect of reducing fine particulate emissions, although it has not as yet been
demonstrated. In this assessment it is assumed that a limestone, throw-away
FGD device represents a near-term control technology and a regenerable pro-
cess represents a more advanced option. The effect on sulfur emissions is
the same for both; only the solid waste effluent varies for purposes of this
study. Beyond the scope of this interim assessment, but clearly an environ-
mental impact, is the quarrying of the large quantities of limestone needed;



Table 3.2. Air Pollutant Emissions from Uncontrolled and Controlled
[Emissions (1b/10° Btu)]d

Combustion

Central Interior Northern Great
Province Coal - Plains Coal - e Bt Refinedc
Pollutant NSPS Uncontrolled Controlled Uncontrolled Controlled Coal, Controlled
S0, 1.2 5.2 0.8 1.2 1.2 0.9
NOx 0.7 >1.0 0.7 >1.0 0.7 0.7
Partic-
ulates 0.1 8.4 0.1 9,7 C.1l 0.1

aAssumes FGD with 85% sulfur removal efficiency, ESP with 997 removal efficiency, and state-of-art

furnace for Nox control.

bAssumes high temperature ESP with 997% particulate collection and state-of-art furnace for NOx control.

CAssumes state-of-art furnace for NOx control.

dTo convert 1b/10° Bru to gm/kcal multiply by 1.8 x 10 °

1S
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since about 3.3 1lbs of limestone are needed per 1lb of sulfur removed, a

1000-MW power plant burning the 37 sulfur central interior coal of Table 3.1
will require about 2.3 x 10° tons (2.1 x 10° metric tons) per year of limestone
if that type of scrubber is utilized.

Sulfur control by limestone scrubbing can also be accomplished in a
fluidized bed combustion process where limestone or dolomite is mixed with
the coal in the fluidized hed to absorb the sulfur. Although still in the
developmental stage, fluidized bed comvustion may hold advantages in con-
struction costs and operating efficiencles. From an environmental standpeint
the result may be effective control of sulfur at the expense of a large volume
of solid waste; regenerating the sulfur sorbent 1s not yet an economically
feasible thing to do. In this assessment, fluidized bed combustion is one
of many potential future processes for controlling some or several environ-
mental pollutants at better efficiency and lower cost than FGD.

The third option of reducing the sulfur conten tof the coal by pre-
combustion processing covers a range of possible techmologies, including
physical or chemical washing, solvent refining, or conversion to a low Btu
fuel gas. Coal washing is wldely used to remove excessive sulfur and ash
before combustion and may be continued in the future in conjunction with
other fuel processing technologies or with less efficient, but cheaper FGD
units. However, in the geographical region of this assessment, i{his procass
will not bring a substantial quantity of coal into compliance with fecderal
NSPS.

Solvent refining »f coal is a specific technology in the general cate-
gory of coal liquefaction; it involves a very mild hydrogenation process
to produce a low ash, low sulfur product, SRC, which 1is usually in the form
of a soft, low melting point solid. As shown in Tables 3.1 and 2.2, the
properties of SRC result upon combustion in sulfur emissions that are well
within the NSPS; nor should undue problems arise with particulate or nitrogen
oxide emissions. There are some minor problems in handling SRC at a power
plant, but these should present no problem for new facilities. The combustion
of SRC for electric power production should be at least as efficient a conver-
sion process as the use of untreated coal, and perhaps slightly better. Of
course, the cost and energy losses iIncurred in the production of SRC reduce
the total benefits to a point at which they are approximately competitive with
first generation flue gas desulfurization. The primary use of SRC in the
future may be in existing, older bollers in preference to retrofit of FGD
systems or conversion to low sulfur coal. But the use of c¢lean boiler fuels
derived from coal -- represented by SRC -- cannot be ruled out for new power
plants, especially in areas where the only economically attractive resource
is high sulfur coal.

The most extensive processing of coal before electric power production
is the manufacture of a fuel gas 1n an air blown (rather than oxygen) gasifi-
cation process. This technology is the most complex of the options and 1s
still in the developmental stage; but, from an envirommental standpoint, it
is a promising technology in that most atmospheric pollutants can be controlled
to a very low level. Because the energy densitv of the fuel gas is very low,
it cannot be economically stored or transported over any distance. Also
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for reasons of overall energy efficiency in producing electric power, it is
desirable to utilize the sensible as well as chemical energy of the fuel gas

in a combustion turbine followed by a waste heat recovery steam boiler. There-
fore, the fuel gas production facility must be integra‘ed into the power plant
facility and be capable of the same degree of load follewlng. In contrast,
coal washing or liquefaction technologies can be located remote from the

power plant and operate smoothly without following variations in the demand

for electricity. In spite of the added complexity there is the potential

in an integrated facllity and in the use of combined cycles for future gains

in process efficiency that make the concept viable.

The fuel gas is manufactured by a process similar to those used in
making SNG, except that feeding air for combustion instead of pure oxygen
results in nitrogen dilution of the synthesis gas (but with considerable
savings in cost and efficiency). The technologies best suited for fuel gas
production are different from those developed for SNG because production of
methane in the gasifier is of no importance in fuel gas processes. This fact
permits the use of more thermally efficient gasifier designs. But, since
SNG gasifier designs are more fully developed, the first gasification schemes
for power production will probably use similar designs; second generation
fuel gas producers should provide more efficient, higher temperature processes.
The cleaning of the fuel gas is similar to the process used in making SNG with
the important exception that carbon dioxide need not, and indeed should not,
be removed from the gas stream. There would be advantages in cost and effi-
ciency in performing all the clean-up steps on the fuel gas without lowering
the gas temperature, so that the sensible heat in the fuel gas stream could
be utilized in the combined cycle power production. Removal of sulfur and
nitrogen compounds (ammonia) at high temperatures is not currently feasible,
although procedures are under development for sulfur and particulate removal
at high temperatures. The result is that near-future gasification with 2om-
bined cycle power production will use first-generation gasifiers and low-
temperature clean-up, resulting in a power production facility that produces
electricity at a somewhat higher cost than alternative options such as FGD,
but gives a higher level of environmental control. More advanced gasification
precesses and higher temperature turbines may well, by the enu of the century,
produce power from coal more cheaply than the alternative control techniques,
but with a risk of sowme serious problems with emissions of nitrogen oxides.

The preceding brief discussion of electric power production technol-
ogies has focused on the criteria atmospheric pollutants. Attention must be
given to the multitude of other effluents that are emitted with flue gases
from combustion, especially those identified as being especially toxic. Fine
(respirable) particulate emissions are neither well characterized nor regu-
lated at present. By weight probably about 15% of the total particulate
emissions left with the use of an efficient electrostatic precipitator (ESP)
unit are in the size range of less than 2 um; the distribution by size below
3 um is not well documented. The only control technologies that may be effec~
tive on these fine particles are the use of fabric filters in the flue gas
or the use of fuel gas conversion followed by a gas clean-up that washes the
fuel. It 1is not clear that the use of wet scrubbers for sulfur removal from
the flue gas has a beneficial effect on fine particulate emissions. If regu-
latory standards for fine particulates were developed, other techniques and
improved ESPs might be necessary for combustion processes.
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The release to the environment of the many trace elements naturally
found in coal is another source of environmental hazards and data uncertainty.
Table 3.3 shows the trace elements and their concentration in the representa-
tive coals used by this assessment. It must be remembered that the concen-
tration of these elements varies considerably between mine sources and within
the supply from any one mine. Many of these trace elements are known, or
believed, not to be volatile during conversion but to remain with the coal
ash. But some ash does escape with flue gas and the captured ash may be
stored for long periods of time during which it 1is subject to leaching and
erosion. For all these trace elements, little firm data is available on
their fate during storage or conversion of the coal, or the form they may
take as they leave the process with various waste streams.

For purposes of this assessment, a 3000-MW standard facility was
chosen with the characteristics given in Table 3.4* The emission rates for
atmospheric dispersion modeling were chosen in order to be consistent with
those used by the General Electric Co. in their study for the National
Science Foundation. These are shown in Table 3.5. The trace element emis-
sions reflect the volatility estimates shown in Table 3.3, and thus are an
upper bound on emissions, since precipitator capture is ignored.

In coal electric conversion, water is used primarily for steam and
evaporative cooling. The consumption for cooling purposes varies greatly
for alternative cooling system designs. Once-through systems and cooling
ponds are similar in that water consumed by the heat rejection of the power
plant is very dependent on the surface area of the water body and local
climatic conditions. The cooling pond is here assumed to cover about one
acre per MW. Evaporative cooling towers are the most likely system to be
used in new power stations. Natural draft and mechanical, or forced draft,
towers both consume water at about the same rate. The water consumption
rate is not as sensitive to variations in climatic conditions. Consistent
with the work by General Electric® water consumption rates at 70% of rated
capacity are as shown in Table 3.6

Treatment of intake water for boller use creates waste streams of
sludges and wash water. The boiler and cocoling water circuilts must have
continuous blowdown streams to prevent solids buildup. Waste water streams
also flow from ash bandling, FGD systems, boiler tube cleaning operatiomns,
and floor drains in the plant area. For purposes of this assessment, rough
estimates were made® of the various pollutants that would contaminate waste
water streams in a power plant (Table 3.7). Plant sanitary sewage was not
included. It was assumed that the FGD system had a closed-water circuit,
except for the occluded water discharged to 2 holding pond. The fly ash is
assumed to be handled pneumatically as specified by New Scurce Performance
Standards (NSPS)® The estimates in Table 3.7 combine the pollutant loadings
from the following waste streams:

boiler blowdown

metal cleaning wastes

cooling system blowdown

ash handling overflow
miscellaneous low volume wastes.

* Impacts of alternative parameter values in air quality are discussed in Sec.



Table 3.3, Trace Elements in Representative Coals (Data are
average values from many samples of whole coall®)

—_—

Central Northern
Interior Great Plains Estimated
Element Coal Coal Volatility
si 1.4% 1.1% -4
Al 0.77% 0.59% -
Ca 0.50% 0.92% -
Mg 0.063% 0.245% -
Na 0.026% G.100% 10%
K 0.11% 0.037% 30%
Fe 2.3% 0.45% 10%
Mn 72 ppn 34 ppm 10%
Ti 0.040% 0.,037% 10%
As 12 ppm 2 ppm 50%
Cd 0.12 ppm 0.2 ppm 607%
Cu 16.3 ppm 7.4 ppm 10%
F 58 ppm 37 ppm 90-100%
Hg 0.10 ppm 0.06 ppm 90%
Li 7.0 ppm 4.3 ppm -
Pb 19 ppm 4,3 ppm 50%
Sb 0.8 ppm 0.4 ppm 50%
Se 2.8 ppm 0.5 ppm 50%
Th 1.5 ppm 2.4 ppm 107%
U 1.4 ppm 0.7 ppm -
Zn 58 ppm 12.8 ppm 20%
B 50 ppm 70 ppm 10%
Ba 30 ppm 300 ppm -
Be 1.5 ppm 0.3 ppm 10%
Co 7 ppm 1.5 ppm 10%
Cr 10 ppm 3 ppm 20%
Ga 3 ppm 2 ppm 10%
Mo 2 ppm 1.5 ppm 50%
Nb 0.7 ppm 3 ppm -
Ni 18 ppm 2 ppm 20%
Sc 3 ppm 1.5 ppm 10%
Sr 30 ppn 100 ppm -
v 20 ppm 7 ppm 207%
Y 7 ppm 3 ppm ==
Yb 0.7 ppm 0.3 ppm =
Zr 10 ppm 15 ppm -

aNon-volatile at furnace conditions
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Tatle 3.4 Physical Plant Characteristics

Total rated capacity 3000 Mw

Heat rate 8970 Btu/kWh(2260Ckcal/kWh)
Stack height 244 wm

Stack diameter 11.3 m

Exhaust velocity 14.2 m/sec

Exhaust temperature 394 K

Load factor 60%

Ambient air temperature 293 K

Where the NSPS are applicable, the pollutant loadings have been ad-
justed to reflect the allowable levels of discharge.

One other main category of pcllutants, discharged from fossil-fuel,
steam-generated electric power plants, is thermal. Waste heat is rejected
during combustion of coal to the ccoling water passing through the condensor.
The amount of heat rejected depends on several parameters, but averages around
6000 Btu(1512kcal)/kWh. This input of heat results in an increase in cool-
ing water temperature of approximately 8.5°C with once-through cooling or
12°C with cooling towers®.

Effluent guidelines currently restrict the discharge of heated
effluents to the environment; therefore, treatment measures are necessary.
Treatment devices for cooling, such as towers, sometimes generate chemical
pollutants, as already discussed. To evaluate the impact of thermal dis-
charges, it will be assumed that no heated effluents will be discharged
warmer than the EPA standards and that coocling towers, spray ponds, or other
mechanical cooling facilities will be employed for treatment of the heated
waste stream.

3.3 COAL GASIFICATION

Coal gasification, in this assessment, covers processes that make a
clean, methane-rich gas from coual! by destructive hydrogenation at elevated
temperature and pressure. This preliminary assessment does not attempt to
differentiate between specific process designs, but, rather, uses a general-
1zed process with regard to inputs and environmental effluents. The unit
facility site is based on a production of 250 x 10°® scf/day (7.08 x 10° m®/day)
of SNG. The technology is approximately that of a '"second-generation," fluid-
ized bed gasifier followed by the usual cooling, shift conversion, water gquench,
acid gas removal and catalytic methanation. Since the environmentally sig-
nificant effluents come from the gas clean-up train and not the gasifier
chamber, the differences between specific gasification designs will be found
more in the costs and efficiencies as related to coal feed than in the re-
siduals to the environment. The major exceptions to this statement are the
efflvents from the onsite production of auxiliary steam and electric power;
the amount of auxiliary energy needed varies with the design and efficiency
of the process.
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Table 3.5. Emission Rates for the Standard 3000 MWe Plant
at 60% Capacity Using Interior Province Coal

Emission Rate Baseline Plant Emission
Pollutant (1b/10°% Btu input) Rate (gm/sec)
S0, 1.2% 2.45% 103
NO_ 0.7% 1.42 x 10°
Particulates ad” 2,03 x 102
Cco 0.038 7.31% 10t
As 5.25 % 10™* 1,07 % 10°
Be 1.8 % 1077 2,66 x 10 2
cd 6.3 % 107° 128 % 107
F 4,56 x 10 ° 9,28x 10°
Hg 7.87 x 10 © 1.60 % 10 2
Pb 833 % 1974 1,69% 10°
Se | 1.28 % 107 2,50 x 107}

aNew Federal Source Performance Standards

bTo convert from 1b/10° Btu to gm/kcal multiply by 1.8 x 10 3
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Table 3.6 Water Consumption by Coal Electric
Power Generating Facilities®

Water Consumpt:iona

Cocling Systems (cfs)
Once-Through 13
Cooling Pond 23
Wet Towers 18
Dry Towers 0.28

aConsumption is annual average total
consumption for a 1000 MW plant op-
erating at an annual capacity factor
of 100%

Figure 3.2 shows the process stages and streams of inputs and effluents
for coal gasification. The exact nature and location of each basic process
block within the diagrawm will vary between the individual processes. Like-~
wise, not all of the effluents noted on the diagram may be present for all
processes; some gasifiers favor production of certain species more than do
others. Coal is prepared by crushing to size and drying; the degree of dry-
ing (if any) 1is dependent on the operating economics of each specific process.
The flue gas vented from drying is treated for particulate removal and then
vented to the atmosphere. The prepared coal is fed to the gasifier either
in batches by means of a lock hopper, or continuously by mechanical feeders
or in a pumped slurry. It is assumed that any gases released during the
feeding are recovered and reinjected into the gas stream; thus, there are no
effluents to the atmosphere at this point. In the gasification chamber the
coal is hydrogasified at temperatures of 700-1150°C and pressures of 10-100 atm
to form a synthesis gas consisting mainly of carbon monoxide and hydrogen,
with lesser amounts of carbon dioxide and methane. The shift conversion unit
adjusts the ratio of CO and H, using steam and catalysts, but no effluents
normally arise from this stage.

The gas cooling and cleaning stages are those in which mest of the
environmental pollutants present in the coal feedstock are separated from
the conversion product gases. The gas cleaning must be very effective in
order to protect the catalysts in the methanation stage and to produce SNG,
which can be acceptably mixed with natural gas. The dirty systhesis gas is
cooled by heat exchangers and then cooled and scrubbed by a direct water spray
wash. The liquid effluent, consisting of the wash water and water condensed
from the synthesis gas, is called the gas ligquor and requirzs considerablz
treatment before reuse or release to the environment. The aqueous effluents,
as shown in Table 3.8, reflect the levels of possible treatment before a
waste stream is sent to the cooling water clicuit and then released to the
surroundings through blowdown.

The gas liquor is treated first by a pressure letdown to release dis-
solved gases that are sent to the sulfur recovery section. Next, tars and
oils are separated by mechanical skimming and phenols by chemical solvents.
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Table 3.7. Estimated Water Pollutant Loadings from
Ccal-fired Power Generation Faciiities

Unconurolleg Controlled (NEPS)
Pollutant (1b/day/MW) {1b/day /MW)
b 0,328 max,
TSS 0.3649 K0.099 Vi,

¢ 0.0656 max,

0il & Grease = ~0,0491 avg.

Ammonia 2,39 x 107? -a®
Nitrate 2,0 x 107° -
Chloride 0.22 -
“btorinet T 0.001 (0:0062 ave,
Sulfate 0,466 -
Fe 0.218° 6.5< 107 “
Cu 0,0089° 6.5 x 10°*
Zn 0.657 8,2x 107%
Cr 0.376 1,07 % 10 °
P 0.164 8.3 % 107!
Na 0.248 -
Ni 8.42 x 10 ? -
it 0.201 -
Kt 2.0x%x 10°° -
tn® 7.0:% 10°° -
cat 2,0 x 10" 3 -
se’ 7.0 1078 -
Ag® 2,0 x 10 ° -
Bt 8.3 x 10 * -
pbt 2.0x 30°% -
Ba® L% -

Note: pH of all discharge is 6.0 = 9.0 by NSPS

3To convert 1b/day/MW to kg/day/MW multiply by 0.4536

bTSS discharge should, in addition, be increased by

concentration factor of 3.7 applied to cooling
intake water multiplied by 3744 gal/day/tW (14.2
cu m/day/MW}

CNot given

dFree avallable chlorine residual will be reduced to
near zero i cooling blowdown goes to ash handling
system

pata not availabie for all waste streams
fDischarge values based on ash handling data cnly

Data based primarily on Ref, 5
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Table 3.8. Representative Pollutant Concentrations in
Gas Liquor Condensate from Coal
Gasification

Untreated Treated

Substance Level Level

TSS 600 mg/h 20 mg/l

pH 8.6 8.5

Phenols 2,600 ppm 0.01-20 ppm

0il/Grease > 500 ppm 0.1-10.0 ppm

COoD 15,000 mg/2 80-100 mg/4

NH3 8,000 ppm 5-10 ppm

CN 0.6 ppm 0.1 ppm

Total Solids 1,460 ppm 12 ppm

SCN~ 150 ppm 70 ppm

Phosphates as P 2.5 ppm 0.3 ppm

Chloride 550 ppm 25 ppm

Fluoride 56 ppm 6 ppm

Data based primarily in Refs. 5, 11, 14, and 15.
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If these hydrocarbons are present in large quantities, they may be recovered
as by-products or reinjected into the gasifier. Very high temperature gas-
ification processes produce little or none of these heavier hydrocarbons.
Ammonia is formed in the gasifier from the fuel nitrogen in the coal and

is removed from the gas stream with the gas liquor. Distillation by steam
stripping is used to recover 1t as a salable by-product.

The synthesis gas leaves the gas wash and is further cooled by heat
exchangers 1in preparation for acid gas removal which, with curreant methods,
must be done at temperatures of 50°C down to -45°C, depending on the specific
cleaning process used. The gas stream 1s washed with a solvent that removes
sulfur compounds and carbon dioxide, leaving the synthesis gas at the high
level of purity required of the SNG product. The solvent is regenerated to
release the carbon dioxide and sulfur compounds selectively, the former to
be vented to the atmosphere and the latter to be sent to a sulfur recovery
train to recover elemental sulfur. The CO, vent stream is very large in
volume and carries small quantities of gaseous pollutants with it. The sul-
fur recover train uses Claus or Stretford processes followed by incineration
and flue gas scrubbing; small quantities of sulfur in the form of S0, or COS
escape to the atmosphere.

The very clean product gas stream 1s passed over a catalyst to raise
the methane content to the required level for intermixing with natural gas.
This process releases only large amounts of heat and some water that is
recovered for reuse in the drying of the SNG.

Emission of airborne pollutants from the gasification train (with the
nossible exception of some trace elements whose ultimate fates are not com-
pletely known) are not expected to be a significant problem. Particulate
emissions from the gasification train will be virtually nonexistent. With the
exception of small quantities of nitrogen oxides released if the off-gas vents
are incinerated, NOx is not produced in the gasification plant. The remcval
efficiencies of the acid-gas processes and the sulfur recovecry and FGD units
will determine the composition and volumes of the suifur compounds emitted.
Certain acid gas procngsas are more adept at removing COS or H,S species
than others. Estimates for sulfur emissions vary widely among designs. As
an example, one design states that a commercial Synthane plant operating on
central Interior Province coal would emit about 900 1b/hr (408kg/hr) of SO,
but would not emit COS. An equivalent HYGAS plant might emit only about
100 1b/hr (45kg/hr) of SO,, but also emit 400-500 1b/hr (180-225kg/hr) of
COS. It might be expected that (45kg/hr) sulfur emissions fall somewhere
between these limits.

In addition to the primary process flow is the use of coal to produce
the ancillary energy required by the gasification process for steam, oxygen
production, compression of gases, pumping of liquids and cooling water, etc.
This may be accomplished by a direct coal combustion boiler, or the coal may
be processed into a liquid or gaseous form before use. The levels of environ-
mental control that may be exerted here parallel those used in electric power
production. In many cases, this auxiliary power production will contribute
more environmental pollutants than the main gasification process stream. This
need not be so, and the residuals in Table 3.9 reflect the high and low levels
of control that may be imposed on this source. For this assessment, the data
available from the EMDB was used for the HYGAS process to represent gasifica-
tion technologies',?. These air emission rates are shown in Table 3.10.
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Table 3.9 High~ and Low-Control Environmental Residggls
for Auxiliary Facilities for SNG Plant!

Units of lb/lO6 Btu Input as Coal to Auxiliary Power Plant

Emission Low Control? High Controlb
6 6
502 1.2 1b/10° Btu 0.1 1b/10" Btu
(35C00-6000 1b/hr) (300-500 1b/hr)
NO,, 0.7 16/10° Btu 0.2 1b/10% Btu
(2000-3000 1b/hr) (600-900 1b/hr)
Particulates 0.1 1b/106 Btu 0 1b/106 Btu
(300-500 1b/hr) (0 1b/hr)
Cooling Tower 6 6
Evaporation 610 gal/day 2.8:10° gal/day
Blowdowns 2-106 gal/day 0.9-106 gal/day

%Coal-fired auxiliary power plant with FGD. Moderate water
usage, low discharge.

bFuel gas-fired auxiliary puwer plant. Low water usage,
no discharge.

Note:

Auxiliary power plant - 300-500 MW @ 10,000 Btu/kWh(2520 kcal/kWh)

To convert from 1b/10® Btu to gm/kcal multiply by 1.8+10"3
To convert from 1lb/hr to kg/hr multiply by 0.4536. 4
To convert from gal/day to m3/day multiply by 3.78+10
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Table 3.10 Atmospheric Emission Rates for thel 9
Standard 250+10° scf/day SNG Plant™’
(90% annual load factor)

Baseline Plant

Emission Rate Emission Rate
Pollutant (1b/106 Btu Input) (gm/sec)
50, 0.126 2.02+10°
No_ 0.136 2.42010°
Particulates 0.014 2.49-10"
co 6.74107° 1.19-10"
Total HC 1.79+107> 3,19-10°

Note:

Btu input is total to entire facility - process
plus auxiliaries. 6

To convert from 1b/10° Btu to gm/kcal multiply
by 1.8+1073.



Very few data are available on quality or quantity of waste water
from coal conversion processes. Only crude estimates can be made of water
pollutants that may emanate from coal conversion facilities. Because the
plants designed to date are in dryer regions, they, do not plan to discharge
any waste water at all; there is no exact specification of water treatment
or of residual water contamination. For an area rich in water supply, one
cannot say with assurance whether it would be more economical to treat waste
water streams for release or to partially clean those streams for reuse within
the facility. It may turn out that certain waste streams would be recycled
and others could, and would, be economically treated and released.

About 10-15% of the water consumed by an SNG facility is used in the
gasification itself. Most of the rest (> 60%) is used for cooling, both of
the gas stream and of steam-driven pumps and compressors. The amount of
cooling consumption can be reduced greatly by means of air cooling and heat
recovery within the process. Cooling water makeup usually will come from
cleaned-up process water. Blowdown will be used to sluice ash and then
ponded, evaporated, or discharged. Detailed water consumption estimates
are available only for Lurgi process facilities at a few specific sites.
The rate of water consumption can be varied by design over a wide range in
response to site-specific factors of water availability, quality, cost, and
of waste water disposal options. Table 3.11 gives ranges of water consump-
tion for a 250 Mscf/day SNG plant based on design data, estimations of mini-
mum possible use, and simple thermodynamic btalances.

The lower limits would apply to SNG facilities located in water scarce
areas, or where discharge of waste water posed significant problems. In this
assessment, it was assumed that water consumption limits and waste disposal
restrictions would be relatively stout; a consumption rate of 10.8 c¢fs was
used for unit (250 SCF/day) SNG plants.

In this analysis, two approaches were used to estimate the type and
quantity of pollutants to be expected from coal gasification and liquefaction
processes. The first approach is to examine the process liguid waste streams
for pollutant loadings; this will supply the absolute upper bound on the
loadings that could be released. Treatment process information could be
superimposed on these raw levels to estimate more realistic levels of possible
effluents. The second approach is based on analogy to other, somewhat similar,
process facilities. New Source Performance Standards (NSPS) are based on
the available waste water treatment technology - not on the levels of pol-
lutants generated in the process. Whenever the NSPS are promulgated for
coal gasification facilities, they will contain process effluent rates based
on the same treatment technology as for "similar'" facilities. Thus, by ap-
propriate scaling of process size, one can estimate the maximum levels of
discharge that may be allowed in the future.

Table 3.11 Water Consumption by a Unit SNG Facility

Upper Limits 17.05 cfs - 20.15 cfs
Lower Limits 6.2 cfs - 11.6 cfs
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Table 3.12 lists, for both treated and untreated options, the approxi-
mate loading rates that might be observed for various compounds in waste streams
from coal gasification processes. These rates are based on 250 Mscf/day of
gas production using Illinois No. 6 coal. Recovery of certain by-products
before discharge was not assumed in data under untreuted option. Waste water
stream volume of 3.3 x 10° gal(l.25 x 10“cu m) /day is assumed.

3.4 COAL LIQUEFACTION

Coal liquefaction is a term used to describe a wide range of processes
that convert coal to a type of clean liquid fuel. The primary product may
be equivalent to refined petroleum products, or to unrefined crude oil, or
it may be a heavy boiler fuel that possibly might be a solid at ambient temper-
atures. Most liquefaction processes produce a range of gaseous, liquid or
solid by-product streams besides the primary conversion products. Figure 3.1
shows the three general paths to making liquid synfuels: one is by a clean
synthesis gas, produced and processed as in the manufacture of SNG, and pass-
ing it through a catalytic Fischer-Tropsch process to produce a range of liquid
products equivalent to grades of refined petroleum; another way is by subject-
ing the coal to pyrolysis to drive off volatile hydrocarbons that can be con-
densed to liquid products; the third path is by dissolution of the coal in a
solvent in the presence of hydrogen and {perhaps) catalysts followed by filtra-
tion and distillation to extract products.

The environmental residuals generated by these processes are, generally,
similar to those resulting from processes for manufacturing SNG. The coal
is usually pretreated by crushing and drying, creating the same potential
problems of dust and volatiles in the flue gas. The liquefaction stage has
no normal direct releases to the environment, since, as in gasification, the
process 1s contained under elevated temperature and pressure. A gas stream
very similar to synthesis gas 1s released from the liquefaction process, and
this is cleaned by the same steps used in SNG plants. This synthesis gas
can be methanated to SNG for sale, or it can be used to produce the hydrogen
needed in the liquefaction process. The gas cleaning steps give rise to the
same types of liquid and gaseous effluent problems as in SNG facilities, al-
though at a reduced total level. The liquid product stream may be hydrotreated
to upgrade the quality of the fuel; this treatment will drive off any sulfur
in the liquid as H;S gas. The gas stream is then handled in the same steps
as the acid gas stream from the purification of synthesis gas -- usually a
Claus process followed by incineration and scrubbing of the tail gas. The
filtration of liquid products leaves a filter cake residue to be disposed of;
in pyrolysis processes there is a large amount of residual char. These solids
must be disposed of either by conventional solid waste storage or burial, or
by converting the remaining carbon in them into useful energy by combustion
_or gasification. Because of the high ash and sulfur content of these sclid
effluent streams, they will most likely be gasified to form a fuel gas or a
synthesis gas.

The overall result is that under normal operating conditions, the liquid
synfuel process stream does not directly release pollutants to the environment.
Pollutants reach the environmert either through the solid waste stream, or
through the liquid and gaseous effluent streams from the gas clean-up train.
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Table 3,12, Representative Water Pollutant Loading from a 250 Mscf/day SNG
Plant Using Illinois #6 Coal

Untreated Treated

Conc. (mg/1l) Loading (lb/day) Conc.(mg/l) Loading (1b/day)

TSS 600 16,500 0.20 550
pH 8.6 - 8.5 -
Phenols 2,600 71,500 0. 10
0il 7,500 13,800 5 138
CcoD 15,000 413,000 90 2,500
BOD 2,300 62,400 14 375
NH3 8,000 220,000 7.5 206
Cyanide 0.6 16.5 0.1 2,75
Total Solids 1,400 38,500 12 330
Thiocyanate 150 4,130 45 1,239
Phosphate as P 25 69 0.3 8.3
Chloride 500 13,800 25 688
Fluoride 56 1,540 5 165
S0y - 39,000 - 334
Fe 3 82.5 - -
Pb 3 82.5 - -
Mg 2 55 - -
Zn 0.06 la65 .. =
AS 0.03 0.83 = o
Cu 0.02 0.55 - -
Cr 0.006 0.16 - -
Cd 0.006 0.16 i -
Mn 0.04 l.l - -
Ni 0.03 0.83 - -
Al 0.8 22 - -
Se 0.36 9.9 - -
Ba 0.13 3.5 - -
Note:

To convert 1b/day to kg/day multiply by 0.4536
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For this reason, it is reasonable to assume that normal operating pollutant
releases from a liquefaction facility will be similar in type and quantity

to those from a comparable sized gasification plant. Future assessments
should examine the differences in environmental impact that may result from
the alternative synfuel technologies. These differences may become sharper

as pilot plants make available data on startup and transient effluents, system
leaks and spills, product and by-product storage problems, and on the exact
composition of all the effluent streams.
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4.0 ENERGY FACILITY SITING PATTERNS

To fully assess the impacts and constraints related to coal utilization,
it is necessary to have available a description of the geographical distribu-
tion of the various processes that are part of the coal energy cycle. This
siting pattern 1s necessary first of all to consider area-specific impacts
related to these processes, and, secondly, to consider the cumulative impacts
of the entire coal-related energy system within a region.

It is of course not possible to predict the future siting patterns,
including the technology characteristics of the facilities at each site, and
there is no claim to have domne so here. However, it is possible to construct
a plausible set of g priori assumptions for siting criteria and procedures
that will result in the straightforward projection of a siting/technology pat-
tern consistent with those assumptions. An evaluaticn of the impacts and con-
straints associated with that pattern can then be used to guide the definition
of alternate siting aund technology options that can be analyzed to determine
assoclated trade-offs.

In this study a baseline siting pattern for the six state region and
a second siting pattern in Illinois reflecting high instate coal use, have
been developed from the criteria and procedures described below. The result-
ing siting patterns are shown in Figs. 4.1. and 4.2,

The remaining sections of this report are an evaluation of some of the
individual and cumulative impacts assoclated with those coal-related facili-
ties. Although possible options for siting and technology are mentioned in
conjunction with the Iimpact and constraint evaluations, a study of the actual
feedback into regional siting alternatives to mitigate impacts has not been
conducted here, but will be the subject of future analyses.

4.1 CAPACITY REQUIREMENTS

The electrical generation capacity requirements for each of the six
states for each fuel type (coal, nuclear, oil, other) are given in Section
2.0. Generation by coal is further disaggregated into type of coal (produced
instate, imported low sulfur, imported high sulfur). Although the health and
environmental impacts of generation by fuels other than coal were not con-
sidered, it was essential to site all major facilities for all fuel types in
order to obtain a consistent siting pattern that takes into account competi-
tion for water, land, and other resources by noncoal facilities.

Due to the long lead times necessary to place baseload power plants
into operation, the sites of most plants that will be in operation (or de-
commissioned) by 1985 are already planned, and this information can be ob-
tained from the Federal Power Commission.! The locations of the existing or
planned facilities in the six-state area are illustrated in the appendix for
this section. Also given is a listing of the plant name, location, type, ca-
pacity, etc.

Although most power plants in existence today will not be in operation
in 2020, it was assumed for this study that all plants that will exist in 1985
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will continue to exist in 2000 and 2020. This {s not unreasonable in that
any exlisting site 1s generally considered a good location by the utility, which
could then build a similar (or larger) plant on the site after retirement of
the present facility. The only exceptions made to this assumption were plants
that will be less than 207 MW in 2000 and plants less than 500 MW in 2020, on
the basis that they would be either retired or converted to peaking plants and
thus rot included in this initial study. The plants that continue in existence
malntain their present fuel. However, the source of ceal for the coal plants
was not restricted to that presently used. Fach plant was assigned one source
of coal after consideration of air quality, proximity of coal reserves, and
assumed coal mix for each state.

In addition to electrical genaration facilities, the coal gasification
plants described in Section 2.0 for the energy development scenarios for 11-
linois and Indiana were sited using similar procedures. The siting projection
for these facilities was identical for both Illinois scenarlous.

New facilities that were projected for this studv were assumed to have
uniform total site capacities of 3000 MWe for electrical generation and 250 x
10® gcf/day for high Btu gasification. The assumed 3000-MWe capacity for
electrical generation is consistent with current trends in projected baseload
capacity additions (see Appendix to Sec. 4.0). These utility projections in-
clude numerous sites containing, multiple 500-1000 MWe units at single sites.
The largest of these in the six-state area 1s the coal-fired Sherburne facil -
ity in Minnesota, which 1s projected to have two 680-MWe and two BOO~-MWe units
upon completion in 1984, or a total of 2960 MWe. Constraints on site avall-
ability may in fact reverse this trend toward large faclilities; however, the
uniform assumption of large plants in this initial study served to emphasize
the importance of those constraints. The assumed sizes for the gasification
facilities i3 consistent with the majority of engineering design and environ-
mental impact studies of coal gasification. A further advantage of these
unit sizes i{s that 3000 MWe is nearly equivalent to 250 x 10% scf/day at 1000
Btu/scf, thus facilitating comparison of these alternative forms of energy
production.

An alternative tc dispersing coal electrical generation facilitles
throughout the region is to cluster these facilities in areas with large water
and coa] resources and thus take advantage of possible geographical and tech-
nological economies of scale.? To evaluate the relative environmental impact
of the clustering alternative, two potential sites for clusters of electrical
generation facilities® arc indicated in Fig. 4.2.

4,2 SITING CRITERIA AND DATA SOURCES

The objective of the siting procedure was to place the pluants within
close proximity of the luad centar, subject to the following constraints:

Water
l, Total water consumption for energy production from rivers

in che Upper Mississippi and Chio River Basins must be
less than 2% of the annual runoff in these basins.
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2. If all new power plants upstream from any point on a river
obtain their water directly from the river (i.e., do not
have reserveirs or coolin,: ponds), tne total water consump-
tion rate by these plants cannot exceed 20% of the 7 day/
10 year low flow at that point.

3. If all new power plants upstream from any polnt oa a river
utilize reservoirs, or closed cooling lakes, the total water
consumption rate by these plants can be as high as 407 of the
7 day/10 year low flow, since these lakes or reservolirs are
less impacted by short perifods of low flow. (For lllinois a
more detailed evaluation of potential reservoirs was pussible
by using the results of an analysis conducted by the Illinois
Water Survey.' This information gives the yield of potential
reservolrs throughout the stat.: defined as one-half the reser-
voir capacity during a drought that has a 40-year recurrence
interval.)

A more detailed discussion of water availablility and low flow constraints
is presented in Section 8.0.

Alr

1. New coal plants cannot be sited in Air Quality Maintenance
Areas (AQMAs).

2. Existing coal plants in AQMAs burn low sulfur coal which, in
combination with a vemoval rechnolcgy such as flue gas desulfur-
ization, represents best available control technology.

3. When possible, siting coal plants in counties that have a
monitored violation of National Ambient Air Quality Standards
was avoided.

4. There must be a minimum of ten miles between the 3000 MWe plants.

The relationship of siting and air quality is discussed in more detail
in Section 6.0.

Population

1. 3000 MWe plants cannot be sited within ten miles of citien with
populations greater than 25,000.

Transportation

1. New plants burning inatate coal must be located near an adequate
coal resource (coal resources are discussed in Section 5.0.

2. All plants using imported fuels must be located in proximity to
navigable waterways or adeguate rail networks.

Public Lands

1. Conversion facilities cannot be placed on publicly owned lands.
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4.3 SITING PROCEDURES

The first step 1n siting the 3000 MWe plants involved siting the plants
burning instate coal. Tt was assumed that these plants wauld be located as
close to the mines as possible. For the baseline scenarifo u«.! new mine open-
ings in Illinouis between 1985 and 2000 were projected to be 67% decp mines and
33% surface mines, and all mines after 2000 will be deep mines. In Indiana
and Ohio all mines opened after 1985 arz expected to be deep mines. Alter-
natively, for the Illincls high-coal-use scenario, {t was assumed that strip
mines would compose 50% of all new mine openings between 1985 and 2000, and
437 of new openings between 2000 and 2020. These percentages are based on
the belief that the strip/deep ratic will be higher than that used in the nom-
inal case as previously marginal strip mines become profitable In Jine with
the rise of coal prices in response to higher denand. All the counties within
these states were then ranked in terms of deep and surface reserves. Proceed-
ing through the rankings, sites were selected if adequate water was available
and if there was no existing exclusionary constraint {(Air Quality Maintenance
Area, high population density, lack of transportation, public land}. The
plants burning inscate coal are expected to serve the nearest load centers.

Using the water availabillty criteria, the remaining plants (those
uslng out-of-state coal. nuclear, other) are located as close to the load cen=-
ters as pnssible. These potentlal sites are, however, first screened for ex-
clusionary areas, as above. Final selection of the sites and plant fuels is
based on alr quality and transportation facilities. The resolution for site
selection was at the county level.

The coastal zones of the Great Lakes were projected as sites for those
plants using irported coal {there are no coal resources in the coastal zone)
if the followinyg conditions were met:

1. 7The coastal zone site was nearest the load center in view of
the constraints considered, or

2. There were no remaining unconstrained sites on inland water-
ways within the state.

4.4 SITING CONSTRAINTS AND ISSUES

Application of the siting criteria and procedures to obtain the siting
patterns in Figs. 4.1 and 4.2 resulted in the identification of factors that
are expected to constrain future siting options. The principal constraints
and related siting issues can be summarized as followa:

1. Choice sites for large energy facilities that are near load
centera, coal resources, and water resources arce nearly
exhausted and future siting will require a trade-cff betwcen
these factors.

2. The aggregate water supplies of cthe Misaissippl and Ohioc
Rivers and the Great Lakeu are sufficient to supply energy
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nuecds. However, use of these water resources is constriined
07 heavy competition for shoreline sites and by the distance
o' these major rivers from many of the large load centers,

5. uenaration of the available coal and water resources from the
"oad centers will result in increased transmission requirements.

4. The constraints to use of the water resources Iin the major
rivers and Great Lakes will make the construction of reservoirs
on smaller strecams more attractive. The advantages of energy
facilities in the vicinicy of coal resources that are in many
cases distant from water supplies also encourages development
of reservoirs. Much of the six-state area is prime agricul-
tural land, which emphasizes land use 1issues related to con-
struction of the large reservoirs required.

5. The coal resources in the study region are in general located
in areas of good air quality (sce Section 6.1) and thus in-
crements in pollutant concentration are possible without vi-
clation of standards. Exceptions are portions of eastern
Ohio and the Springfield-Peoria areas in central Illinols in
which more active air quality management is required.

6. Comparison of the 1985 utility projections ind the 2020 siting
patterns indicates that the trends in siting implied by the
above issues and constraints are to some extent already occur-
ring.

It is emphasized that the results of this siting analysis are partially
dependent on the criteria and procedures deacribed previously. The 7-day/
10-year low flow constraints were the most restrictive because of the assump-
tion that new plauts were 3000 MWe and would primarily use wet cooling towers,
which consume approximately 33 cfs for a 60% plant load factor. If the power
plant is built on a reservoir or lake, the additional evaporative loss from
the plant heat addition 1is only 20 cfs when the lake is used for all cooling
requirements. However, the total evaporative losses including normal lake

evaporation approaches 35 cfs, or more, depending on the water surface area
and climate.

The analysis did not deal with site-specific 1ssues that surface at the
subcounty level of analysis. The occurrence of sensitive ecosystems such as
aquatic spawning grounds is one such issue. Others are the amenability of the
subsurrace soil conditions to facility construction, or the existence of flood
plains along river shorelines. Nor were the socloeconomic impacts of facilities
considered. State-to-state energy transfers may also have a significant role
in determining siting patterns.

The following is a discussion of the above issues and constraints as
they relate more specifically to each state.

Illinois. The demand for energy in this state is dominated by the northeastemrn
metropolitan Chicago area, whereas the major coal resourcis are in the central
and southorn areas. The criteria for siting facilities using instate coal in
the vicinity of the supplying mine places a heavy demand on the water supplies



of central and southern Illinols where the only major river is the Illinois.
These water constraints were alleviated by assuming reliance on construction
of potential reservoirs that were identified by an Illinoils Water Survev
Study.” Conflicts in land use can be expected to occur from development of
energy facilities Iin the central Illinols coal fields because of the high
quality of the land for agriculture uses. Except for the southern reach, the
Mississippl River 1s not In the vicinity of the Illinois coal resources and
is also a considerable distance from the Chicago load ceniter. A shift from
nuclear to instate coal, as indicated in Fig. 4.2, accelerates the trend to-
ward the devclopment of energy facilities in the southern and central areas.

Indiana. Although the largest load center irn Indiana i{s in the northwest,

the Ohio River on the southern border is the malor water resource for energy
development in this state. More than one-third of the 3000-MWe plants had to
be sited on the Ohlo River. Use of the limited Lake Michigan shoreline in
Indiana is constrained by competition from urban/industrial/recreational uses.
The Wabash River and its tributaries flow through the coal resource region of
indiana and can be expected to be used for development of those resources,
however, avallable flows are significantly below those of the Ohio River.
Nearly all sited new plants that are not on the Ohio River or lowest reach of
the Wabash River required reservoirs.

Michigan. The lack of major inland rivers leads to the siting of nearly all
new energy facilities in Michigan along the extenxive Great Lakes shorelines
in that state based on the siting procedures used. Since Michigan has virtal-
ly no coal resources, this coastal siting «lso has the potential advantage of
permitting coal transportation by Great Lakcs barges. Coastel zone management
would become an important issue under this siting scenario, especially in view
of the emphasis placed on conservation and wilderness preservation in Michigan.

Minnesota. The existence of the Mississippi and St. Croix Rivers near the
major Minneapolis-St. Paul load center in Minnesota allowed siting of energy
facilities to supply needs of that state without serious constraints, based

on the siting criteria and procedures usvd. Possible coal-related siting

issues in this state requiring evaluation are the use of Lake Superior shore-
line sites for (1) a deep harbor {n a transportation link for eastward shipment
of coal from the Great Plains, or (2) constructing energy facilities burning
Great Plains coal to produce electricity for transmission to Midwestern markets.

Ohio. Using the established criteria, the greatest discrepancy between required
and potential sites occurred in Ohio. These siting difficulties resulted from

a combination of (1) a high projected demand in the energy scenario, (2) exist-
ing heavy development along the Ohio River and Lake Erie ghores, (3) an absence
of large rivers in the state interior, and (4) existence of Air Quality Main-~
tenance Areas in the eastern portion and near the coal fielde in the southeast.
To circumvent these siting problems, facilities were sited on the Maumee, Miami,
constraint if wet cooling towers are used; that is, reservoirs to enhance water
supplies, or alternate cooling methods that consume less water would be required.
Construction of large cooling ponds or reservoirs would result {n conflicts in
use of prime agricultural land as in Illinois and Indiana.

Wisconsin. Based on the limited criteria of this siting analysie, the con-
straints to power plant siting Wisconain are not as scvers as in Illinois,
Indiana, and Ohio. Adequate water supplies are available in this state from



major rivers and the Great Lakes; although, as 11 Michigar and Minnesota, sound
coastal zone management In currently undeveloped ..reas {s a primary concern,

Because of the adequate water resources, the generation end cxport of electri=-
cal encrgy may becume an issue.
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Table 4A.1 FEuisting and Planned Electrical Generating
Facilit‘es (to be included in final drafc)
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5.0 REGIONAL COAL RESERVE BASE AND EXTRACTION REQUIREMENTS

5.1 COAL RESFRVE BASL

The major coal resources within the six-state study area, as shown
in Fig. 5.1, are contained within the Interior Coal Province, which includes
the Illinois and Indiana coalflelds, and the Appalachlan Coal Region in the
Easterr. Province which includes the coal resources in southeastern Chio. In
additilon there are Interior Province fields with significantly smaller re-
sources in lower Michigan. The state total reserve base, 1974 production
and 1975-1985 planned <apacity additives, disaggregated by deep vs., strip
mining is shown in Table 5.1. The reserve base for the states of Illinois,
Indiana, Michigan, and Ohio represent 15, 2, 0.C3, and 5%, respnctively,
of the total U.S. reserve base of 437 billion tons.!** The reserves in
these states are primarily of the bituminous category.

0f the states considered, Illinois has the largest reserve base and
also the largest 1974 productien c¢f coai. The 1974 production levels indi-
rate a rather even balance between strip- and deep—mine productior. However,
the planned additions through 1985 indicate a trend toward extracticn of deep
reserves by a two-to-one ratio.

The minor coal reserves in Michigan are not being exploited currently,
and there are no announced intentions to do so in the near future.

Current production of Ohio coal from strip mines is over twice that
from deep mines, However, the planned additions of new mining capacity
are almost totally from deep mines, indicating a possible depletic in eco-
nomically attractive strippable reserves. The planned additions in total
capacity, relative to current production, are alsc smaller for Ohio than
for Illincis and Indiana.

The county-by-county distribution oif the coal reserve base i3 shown
graphically in Fig. 5.2, and in tabular form in the Sec. 5 appendix along
with 1974 county production levels,

The fraction of the reserve base that can be recovered depends ou
whether the coalbed is suited for underground or surface mining. With re-
spect to the coal reserve base, average recovery by underground mining

*Coal resource data presented in this section refer to the 'reserve base'
category. As defined by U.S. Burexu of Mines (BOM).2 the reserve base in-
cludes: beds of bituminous coal and anthracity 28 inches, or more, in thick-
ness and beds of subbituminous coal 60 inches, or more, in thickness that
occut at depths to 1000 feet; thinner and/or deeper beds presenrtly being
minec or for which there is evidence that they could be mined commercially
at this time; and beds of lignite 60 inches, .r more, in thicknnss that can
be surface mined -- generally those that occur at depths no greater than
120 feet. It includes only coal from measured and indicated categories of
reliabilicy. For comparison, the total quantity of coal estimated to exist
in the U.Si including both identified and hypothetical deposits, is &4 tril-
ion tons.
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Table 5.1, HReserve Base, 1974 Production, and 1975-1985
Planned Additions by Mining Method (10° tons)

1975=1985
Mining Reserge 1374 Planned &
State Method Base Production Additions
Illinois Deep 53,400 31.3 22.6
Strip 12,200 27.0 10.7
Total 65,600 58.3 33.3
Indiana Deep 8,950 0.14 0.5
Strip 1,670 23.6 .6
Total 10,620 23.7 10.1
Michigan Deep 118 e ——
Strip 0 —_— -——
Tota’ 118 —_—— —_——
Ohio Deep 17,400 14 .4 10.95
Strip 3,650 31,0 0.70
Total 21,050 45.4 11.65
3Ref. 2.
PRef. 3.

€annual capacity, Ref. 3.

methods would be about 50%, owing primarily to coal left unmined to support
the surface. Extraneous circumstances that may increase the portion of the
regserve base that may be lost to any mining are as follows: coal underlying
urban areas; deep—minable coal reserves lying beneath airports, parks,
recreation areas, public institutions, or major waterways; and coal in areas
of active mining where there are multiple coalbeds, and beds overlying or
underlying worked-out beds that are hazardous and expensive to mine.

Recovery of coal by strip mining depends primarily on the ratio of the
thickness of the overburden to that of the coalbed. Basically, a ratio of
15 feet of overburden per foot of coal thickness was used in calculating
the strippable reserve base, but the.e are exceptions as noted in Table 5.2.
Another factor affecting the recoverability of coal is topography. Recovery
will vary depending on the type of mining (contour stripping or area etrip-
ping), ranging from about 80X to over 90X.

Alr quality and emission stand.rds have resulted in incrcased attention
being given to sulfur content of coal. New Source Performance Standards
(NSPS) for sulfur dioxide are given in terms of allowable emissions per unit
heat input (1.2 1bs $02/10° Btu) and thus the ratio of sulfur content and
heating value becomes an important factor in considering suitability of coal
on the basis of these standards. Table 5.3 presents the averajze heating
value of coal resources in the U.S. and the fraction of these resources in
given categories of the sulfur content/heating value ratios. As shown in
Table 5.3, only a very small fractiun of the coal from the Midwestern states
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TABLE 5.2. Criteria Used in Estimating Strippable Reserve
Base of Bituminous Coal and Lignite“

Maximum Overburden

Minimum Coalbed Thickness For Stripping
Thickness, Computing Reserves, Ratiod
State {(in.) (fr) (ft)
11linois 18 150 18:1
Indiana 14 90 20:1
Michigan 28 160 20:1
Ohio 2R 120 15:1

ABased on max!mum feet of overburden thickness at the highwall
per foot of coalbed thickness.

considered in this study can be used without sulfur removal in the flue gas
or by preprocessing of coals, whereas a significant fraction of the Western
coals will meet the NSPS without the addition of sulfur control measures.

5.2 EXTRACTION REQUIREMENTS FOR ELECTRICAL GENERATION AND GASIFICATION

The annual coal consumption for the electrical generation and coal
gasification projected by the scenarios has been given previously in Tables
2.11 and 2.12 for 1985, 2000, and 2020, By assuming a linear rate of growth
in consumption for the periods between these years, a rough estimate of
the tot il coal demand by these facilities in the 1985-2020 period can be
obtained as shown in Table 5.4.

Comparing Tables 5.] and 5.4, the combined coal consumption for
vaergy generation in Illinois 18 6% of the reserve base for the baseline
scenario, and 9% for the high-coal electric scenario. TFor Indiana, the
scenarlo requires 11% of the reserve base, and for Ohio, 8%. Thus, the
high levels of coal production generated do not deplete the total reserve
base to any significant level. Yet, it can be expected that the coal
extracted to meet this demand will be significantly less attractive economically
than that currently being mined. Also, these extraction levels have the
potential for causing significant local environmental and socioeconomic
impacts in areas with intense mining activities.

Although the more detailed evaluation required to [dentify the
magnitude and nature of the impacts associated with this level of extraction
was not conducted in this study, an attempt was made to determine the potential
total area disturbed by strip mining, which is of maJor concern. An upper
bound for the area disturbed in Illinoi{s is given by the high-coal scenario,
and this limit was used as the basis for evaluation.

To obtain a value for total acreage disturbed the extraction level
for all years must be specified and not just for the target years of 1975,
1985, 2000, and 2020. The coarse projections as described below are not
expacted to be accurate projections of future conditions, ncvertheless, they
do serve the purposes of giving an upper bound for cvaluation,
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Table 5,3, Coal Reserves Averaged by State”

Average Fraction of State Reservesa

Heating . 3

Value Sulfur Content/Heating Value (%S/10° Btu/lb)
Stateb (10° Btu/1b) .021 ,042 ,050 .063° ,100 ,210 .246 .316
Alabama 13.0 0 0 .01 2.7 .70 1 1 1
Arizona 10.5 0 0 0 0 .94 1 1 1
Arkansas 13.5 0 0 .03 L04 .68 1 1 1
Colorado 11.5 .01 1 .63 W71 .93 1 1 1
Illinois 11.0 0 0 0 0 .08 .16 .19 .35
Indiana 11.5 0 0 0 .08 .23 .38 b .78
lowa 10.0 0 0 0 0 0 0 0 .28
Kansas 12.0 0 0 0 0 0 .21 .36 56
Kentucky 12,5 0 .07 .07 .30 A .50 .51 .84
Maryland 13.5 0 0 0 0 L4l .77 93 1
Michigan 11.5 0 0 0 0 0 .77 .95 1
Missouri 11.0 0 0] 0 0 o] 0 .11 .11
Montana 8.5 0 .68 0?72 .97 .99 1 1 1
New Mexico 12.0 0 .40 40 .98 .99 1 1 1
North Dakota 6.5 0 04 .05 .05 .48 .99 .99 1
Ohio 12,0 0 0 0 0 0 .21 .49 .78
Oklahoma 13,0 0 .08 .08 .32 W42 W72 72 .93
Pennsylvania 13.0 0 0 .02 .02 .11 .80 .92 99
South Dakota 6.5 0 0 0 0 65 1 1 1
Tennessee 13.0 0 .02 .02 .20 A5 .75 92 1
Texas 8.5 0 0 0 0 0 1 1 1
Utah 12.0 0 76 76 .76 79 1 1 1
Virginia 13.5 0 .32 48 .71 92 1 1 1
Washington 8.5 o .16 .16 18 84 1 1 1
West Virginia 13.5 ¢ .16 .26 44 35 .83 .88 .96
Wyoming %.0 0 .37 37 .45 W96 ) 1 1

aEntries give fraction of reserves with ratio less than or equal to the
indicated values and hence are cumulative in any row.

bOnly those states having coal reserves are listed,

“Meets federal New Source Performance Standards (NSPS) without coal pre=-
processing flus gas desuliurization.
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TABLL 5.4. Totil Coal Consumption [or Energy Scenarios
in the Midwest, 1985-20202 (10° tons)

Flectrical Generation

Coal Source Baseline High Coalb Gasification

Interior

Illinois 2706 4678 1225.0

Indiana 850 — 337.5

W. Koentucky 83 - =
Eastern

Ohio 1614 — -

(ther, High Sulfur 2704 i =

Other, Low Sulfur 404 ~ -
Western 5576 <171 —

3gased on linear Iinterpolation of annual coal consumption
in Tables 2.11 and 2.12.

bIndicates variation resulting from high rate of use of
Illinols coal for electrical generation in that state.

Figure 5.3 presents the siting pattern tor the Tllinois High=Coal
Use Scenario with the additional projection of which facilities use strip-
mined coal and the general area in which the supplying strip mine is located.
County location of strip mines was based on a ranking of the strippable
reserves as glven in the Sec. 5 appendix, plus additional siting factors
as discussed in Sec. 4.0.

It was assumed in this scenario that strip mines would comprise 50%
of all new mine openings between 1985 and 2000, and 437 of new openings
between 2000 and 2020. This assumption is based on the belief that the
strip/deep ratio will be higher than that used in the baseline case, for
previcusly marginal strip mines will become profitable as coal rise with
higher demand.

There are two important points to note in regard to the start-up
date listings in Table 5.5. First, only cxisting or planned plants
greater than 500 MW are included in this study, and they are assumed to
last until after 2020. This projection is based on the fact that
plants greater than 500 MW are already located on "good" sites, as far
as the utilities are cuncorned, and would therefore be good candidate
gsites for new, same=sized plaste when the existing plants shut down,

The argument does not apply tuv sunller coal plants, which are expected to
decreasc in numbers. By not coniidcying the smaller plants, the estimated
land disturbance in the 1975-1985 time poriod may be underestimated.
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Fig. 5.3 Strippable Coal Resources in the Vicinity of
Sites for Illinois High Coal Use Scenario
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TABLE 5.5. (Cumulative Electrical Generation (1975-2020)
for Facilities Using Strip-Mined Coal in
{1linois High-Coal Use Scenario
Ceneration (IOn MW hr)
Start-up Capaclty
County Date (MW) 1975-1984 1985-1999 2000-2020
Peoria 1975 1786 62.6 117.3 197.1
1975 1279 44.8 84.0 141.2
Fulton 1974 685 16.8 45,0 715.6
1976 1400 44,2 92.0 154.5
1987 3000 -——- 170.8 331.1
St. Clair 1991 3000 -——— 92.0 331.1
Williamson 1996 3000 ———— 52.6 331.1
Madison 1999 3000 ———— 13.1 311.1
Bureau 2002 3000 s o i i 299.6
Knox 2005 3000 ——— ——— 252.3
Randolph 1975 1858 5.1 122.1 205.1
2008 3000 -—— -——- 205.0
Schuvler 2011 3000 -——— ——— 157.7
Jackson 2013 3000 —_—— ———— 126.1
Morgan 1975 500 17.5 32.9 55.2
2015 3000 —— ——— 94,6
Gallatin 2017 3000 ——— —_——— 63.1
Green 2019 3000 —-—— -—— 31.5
Perry 2020 3000 —_—— - 15.8

The second point relates to the assumptions of constant fuel mix and
strip/deep ratio. [t may be argued that the proposed strip mines will open
carlier than suggested here, due to the "lower" costs of strip mining.

If this alternative should occur, then the total land disturbed by 2020
will be greater than the value to be reported later.

The distance to load centers was the only factor given consideration
In selecting which plant starts up In a given year. It Is beyond the
scope of this report to attempt to quantify the numerous additional factors
that may affect this decision.
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Table 5.6, Cumulative Coal Consumption (1975-2020) for Facilities Using Strip Mined Coal in Illinois
High Coal Use Scenario
\ 6 Strippable Average
Coal Consumption (10° tons) Raddiis Pasu Seai. Depth
County 1975-1984 1985-1999 2000-2020 Total (10° tons) (ft)
Pecria 28.2 45.9 77.3 151.4 1422 4
20,2 32.9 55.4 108.5
Fulton 7. 17.6 29.7 54,9 1810 4
19.9 36,1 60.5 116.5
- 66.9 129.8 196.7
St. Clair - 36.1 129.8 165.9 1163 7
Williamson - 20.7 129.8 150.5 530 7
Madison - 5.1 129,8 134.9 509 7
Bureau - - 117.5 117.5 222 4
Knox - - 98.9 98.9 605 4
Randolph 29.4 47.8 80.5 157.7 417 7
- - 80.3 80.3
Schuyler - - 61.8 61,8 202
Jackson - - 49,4 49.4 299
Morgan 7.8 12.9 21.6 42.3 251
- - 3701 37.1
Gallatin - - 24,8 24,8 230 4
Green - - 12.4 12,4 423
Perry - = 6,2 6.2 273 7
113.1 332.0 1332.0 1767.7
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Table 5.7 Cumulative Land Disturbed (1975-2020) from
Strip Mining of Coal for Electrical Generation

for Illinois High Coal Use Scenario

Disturbed Land (Milez)

Total area In

County 1975-1984 1985-1999 2000-2020 Total County (mile?)
Peoria 5.0 8.0 13.4 26.4 623
3.5 5.8 9,7 19.0
Fulton 1.4 3.0 5.1 9.5 877
5 6.3 1€.5 20.3
- 11.6 22.6 34,2
S§t. Clair -—— 3.6 12.9 16,5 673
Williamson -— 2.1 12.9 15.0 429
Madison -— 0.5 12.9 13.4 733
Bureau -— —-——— 20.3 20,3 866
Knox -— ——— 17.2 17.2 728
Randolph 2.9 4,7 8.0 15.6 594
— - 8.0 8.0
Schuyler -— - 14.3 14.3 434
J .ckson -—- -— 3.8 3.8 605
Morgan 0.9 1.5 2.5 4.9 561
. o 4.3 4.3
Gallatin —_— -— 4.3 4.3 328
Green -— -— 4.3 4.3 543
Perry -—— -— 0.6 0.6 419

State Total 17.2 47.1 184.6 248,9
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The electrical generation from these plants was calculated as listed
in Table 5.5 and the coal consumptions necessary to supply this pencrattion
are listed in Table 5.6.

To estimate the land disturbance, in each county, assoclated with the
above production figures, it was necessary to develop an averageé seam thick-
ness for each county. A recent sl:udy5 of the coal and water resources of
I1l1inois included maps of the generalized thicknesses of the Nos. 5 and 6
coal seams, and the distance between the seaws. Using these maps, an
average seam thickness for each seam and county was estimated. If the
distauce between the seams was greater than 30 ft, then it was assumed that
only che No. 6 seam would be mined. If the seams were less than 10 ft
apart, then it was expected that both seams would be mined, and the average
thicknesses were summed. The final average seam thickness for each county
is also listed in Table 5.6.

Using the coal consumption and average seam thickness figures along
with assumed values for coal "density" (1b/ft?) and coal recovery factor, a
disturbed land area figure was derived for each county and time period. These
numbers and thelr totals are listed in Table 5.7. The assumpiions used in
this series of calculations are summarized in Table 5.8.

Using a somewhat similar procedure, four high-Btu gasification plants
were projected as using strip-mined coal and the most plausible sources of
this coal identified as shown in Fig. 5.2. The vesults in terms of coal
consumption and land disturbed is given in Table 5.9.

The total Jand strip mined from Tables 5.8 and 5.9 is over 300 square
miles for this upper bound projection. The implications of this level
surfece extraction are discussed in the Volume II report on Ecological Ef-
fects.

Table 5.8. Assumptions Used for Computing Lang
Disturbed for Electrical Generation
for Illinois High-coal Use Scenario

Ef ficlency (1975-1985) 332 (10.33 x 10* Beu/M4 hr)
(1985-2020) 38X ( 8.97 x 10° Btu/MW hr)

Coal Heating Value 11,440 Btu/1d

Coal Density 82.64 1b/ft?

Coal Recovery Factor 80%




Table

5.9 Cumulative Coal Consumption and Land Disturoed (1975-2020)

from Sctrip Mining of Coal for Gasification in Illinois?

Coal Consumption tons*10¢ Land Disturbed (Miles)z Reserve
Start-up Base
Date County 1985-2000 2000-2020 Total 1985-2000 2000-20z0 Total (tons+10%)
1986 St. Clair 70. 100. 170. 10.85 15.50 26.35 1163
1993 Perry 35. 100. 135. 5.43 15.50 20.93 973
2000 Williamson - 100. 100. -_— 15.50 15.50 530
2006 Saline - 70 70 - 15.19 15.19 431
Total 16.238 61.69 77.97

aAssumpt:lons: 250+10% scf/day capacity per plant; 950 Btu/sct; 70%

902 load factor; 11,000 Btu/lb cozl heating value.

thermal efficiency;
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APPENDIX TO SECTION 5.0



Tabie 5A.1, Illinois Coal Reserve Base and 1974 Production Levels

(10% tons)
Reserve Base 1974 Production
County Total Deep (>28")  Strip Deep Strip
Adams 68 0 68 - -
Bond 1,831 1,831 0 - -
Brown 83 0 83 = =
Bureau 1,251 1,029 222 - -
Calhoun 6 0 6 - -
Cass 116 13 103 - -
Christian 3,347 3,347 0 4,1 -
Clark 168 168 ¢ - -
Clinton 1,322 1,322 0 - -
Coles 81 81 0 - -
Crawford 443 443 0 -~ -
Cumberland 4 0 4 - ~
Douglas 412 412 0 2,1 0
Edgar 1,750 1,750 0 - -
Edwards 54 54 0 - -
Fayette 1,174 1,174 0 - -
Franklin 3,038 3,038 0 5.4 0
Fulton 2,031 221 1,810 0 2.5
Gallatin 1,991 1,761 230 1.4 0.3
Creene 475 52 423 - -
Crundy 627 246 381 - -
Hamilton 2,440 2,440 0 - -
Hancock 28 1] 28 - -
Henry 409 238 381 - -
Jackson 526 227 299 0 0.06
Jefferson 1,801 1,801 0 6.1 0.6
Jersey 162 40 120 - -
Kankakee 95 80 15 0 0.1
Knox 673 68 605 0 1,0
LaSalle 1,244 1,083 161 - -
Lawrence 894 894 (1] - -
Livingston 0624 586 38 - -
Logan 8l4 814 0 - -
McDonough 47 0 47 - -
McLean 421 421 0 - -
Macon 439 439 0 - -
Macoupin 3,597 3,421 176 2.5 0
Madison 1,876 1,367 509 - -
Marion 421 421 0 - -

Marshall 474 358 116 - -



104

Table 5A,1., (Cont'd)

Reserve Base 1974 Production
County Total Deep (>28") Strip Deep Strip
Menard 1,460 1,460 0 - -
Mercer 52 13 39 - -
Monroe 7 0 7 - -
Montgomery 3,907 3,907 0 1.6 0
Morgan 396 145 251 - -
Moultrie 123 123 0 - -
Peoria 1,711 289 1,422 0 1
Perry 2,174 1,201 973 0 11.1
Purnam 589 589 0 - -
Randolgph 631 214 417 1.6 6.5
Rock Island 39 13 26 - -
St. Clair 2,114 951 1,163 2.8 0.5
Saline 2,985 2,554 431 1.2 1.2
Sangamon 3,540 3,540 0 - -
Schuyler 202 0 202 - -
Scott 165 0 165 - -
Shelby 725 713 12 - -
Stark 237 0 237 1] 0.3
Tazewell le7 69 98 - -
Vermiilion 1,897 1,544 353 - -
Wabash 286 262 24 0.7 0
Warren 19 0 19 - -
Washington 1,563 1,555 8 - =
Wayne 89 89 0 - -
White 992 992 0 - -
Will 15 0 15 - -
Williamson 2,103 1,573 530 1.7 1.6
Woodford 214 214 0 - -

TOTAL 65,665 53,442 12,223 1.3 27,0




Table 5A,.2.
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Indiana Coal Reserve Base and 1974 Production Levels

(10°% tons)
Reserve Base 1974 Production
County Total Deep (>28") Strip Deep Strip
Clay 326 168 158 0 1.1
Davies 187 109 78 - -
Dubolis 9 5 4 - -
Fountain 48 7 41 0 0.06
Gibson 1,302 1,302 0 - -
Creene 410 255 155 0 0.8
Knox 1,594 1,453 141 - 0.8
Martin 21 0 21 - -
Owen 23 0 23 - -
Parke 69 57 12 0 -
Perry 10 10 0 - -
Pike 439 245 194 0.08 5.0
Posey 721 721 0 - -
Spencer 19 0 19 0 0.6
Sullivan 2,238 1,922 316 0 3.2
Vanderburgh 451 451 0 - -
Vermillicn 553 498 55 0 2,8
Vigo 1,355 1,212 143 0.06 0
Warrick 846 533 313 0 9,3
TOTAL 10,622 8,948 1,674 0.14 23,6

Table.5A.3.

Michigan Coal Reserve Lase and 1974

Production Levels

(10° tons)
Reserve Base 1974 Production

County Total Deep (>28") Strip Deep Strip
Bay 56 56 0 - -
Geneaec 7 7 0 -
Huron 6 6 0 -
Saginaw 27 27 0 - -
Shiawasee 2 p4 0 - -
Tuscola _20 _20 0 - -
TOTAL 118 118 0
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Table 5A.,4, Ohic Coal Reserve Base and 1974 Production Levels

(10° tons)
Reserve Base 1974 Production
County Total Deep (>28") Strip Deep Strip
Athens 1,479 1,327 152 - -
Belmont 4,219 3,927 292 6.1 9,8
Carroll 877 758 119 0 0.2
Columbinana 876 748 128 0.05 0,7
Coshocton 359 127 232 0.7 1.1
Gallia 493 340 153 (0] 0.1
Guernsey 1,237 1,184 53 0 0.9
Harrison 1,745 1,523 222 3.0 2.7
Hocking 221 205 16 0 0.3
Holmes 68 29 39 0 0.7
Jackson 354 155 199 0.06 0,4
Jefferson 1,695 1,356 339 0.8 4,36
Lawrence 594 4717 117 0 0.09
Mahoning 342 308 34 0 0.4
Meigs 485 396 89 0.8 0
Monroe 469 468 1 0.8 0
Morgan 513 435 78 0 0.5
Muskingum 932 721 211 0.046 4,4
Noble 913 570 343 0 0.8
Perry 911 645 266 2.0 0.2
Scioto 6 5 1 - -
Stark 526 377 149 0 0.4
Tuscarawas 1,115 841 274 0 1.4
Vinton 411 ol 110 0.08 1,2
Washington 230 196 34 0 0.05
Wayne 5 k] 2 - -
TOTAL 21,077 17,423 3,65 14,4 31.0°

aIncludes 10,2 million tons auger mined
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6.0 AIR GUALITY IMPACTS

This section describes the Impact of atmospheric pollutant emissions
from coal utilization facilities on the ambicent air quality and rate of pol-
lutant deposition. On the basis of this evaluation, possible constralnts to
coal utilizatlon {mposcd by alr quality regulations are {dentified. The es-
rimates of impacts on air quality and deposition rates are also inputs to
other sections of the report dealing with evaluatlon of risk to humam health
and natural ecosystems.

An initial subsection characterizes existing air quality in the reglon
to identify regions that now, or in the futur~, may be restricted from further
air quality degredation from coal uti{lization. Section 6.2 presents unit
average concentrations and Jepositions for subregions throughout the six-state
area as well as the concentration and deposition pattern produced by a cluster
of 12 power plants. The unit impacts are used to compute the 2020 cumulative
impacts of the base-line scenarie and Tllinoils high-coal-use scenario. The
short-term maximum concentrations, which may be the most constraining, are
considered generically in Section 6.3; cumulative short-term maximums are
difficult to assess on a regional basis and are not included in this initial
study. The present understanding on the potential for photochemical oxidant
formation in power plant plumes is summarized in Sectior 6.4. The results of
these initial subsections are used to discuss potential constraints that are
imposed by air quality regulations, including regulations for the Prevention
of Significant Deterioration (Sec. 6.5). A consideration of the relative ad-
vantages of alternative siting areas on the basls of the total human exposure
that would result is presented in Section 6.6. In the final subsection (6.8},
the impact of sulfur emissions beyond the immediate vicinity of the facilities

1s evaluated using a long-range trajectory model that includes transformation
from SO; to sulfate aerosol.

The air quality assessment in this section considers impacts of both
electrical generation and gasification from coal; however, the primary em-
phasis 1s on the electrical generation impacts because of the much larger
emission rate per unit plant for the pollutants considered and the la.ger
number of the facilitles. The calculations of ambient concentrations and
depositions of trace elements is based on first-order models, the objective
being to establish order-of-magnitude levels that will i{dentify potential
problems for further study.

6.1 EXISTING AND PROJECTED BACKGROUND CONCENTRATIONS

The advantages of siting a coal utilization facility in a given sub-
region cre to a large extent constrained by the existing air quality in the
subregion. Areas that should be automatically excluded as s3ites are those
in which current air pollution exceeds the local standards >r is projected
to exceed air quality standards due to emissions associated with economic and
industrial growth. Factors taken into account in this assessment included
not only the present air quality and emissions, but also projected emissions
from which future air quality can be estimated. The result is a designation
of areas on a county~-by=ccunty basis in the six-state region in which an on-
going or potential air quality problem was discovered.
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6.1.1 Air Quality Malntenance Areas

Alr Quality Maintenance Areas (AQMAs) have been designated by the U.S.
Fnvironrental Protection Apency (EPA) to identify areas in which the potential
exlsts to exceed any Mational Ambient Air Quality Standard (NAAQS) by the year
1985. The methodology for the determination of AQMAs included the compilation
of 1970 emisslons from various state files, State Implementation Plans (SIPs),
and the National Fmissions Data System NEDS) data bank.' These emissions were
projected to 1985 by (1) applying SIP control strategies to existing sources,
including the emissions from planned power plants that would come under the
new regulations, and (2) assuming Increases in proportion to Bureau of Eco-
nomic Analysis (FEA) prowth indicators. Alr quality for 1985 was estimated
using these projected emissions in an atmospheric dispersion model. When
data was available in the various regions, calibrated models were the prefer-
red method. Areas with air ruality projections exceeding NAAQS for a given
pollutant were then designated as AQMAs for that pollutant. Addit'!onally, a
few areas whese projected alr quality was not substandard were designated as
part of an AQMA if they shared a common air envelope with areas having poor
projected afr qualicy.

It is logical to assume that the designation of an area as AQMA for
particulates or sulfur dioxide would restrict the siting of additional facil-
iti¢s beyond those planned through 1985, The designated AQMAs in the six-
state study area are shown in Fig. 6.1, along with other designated areas, as
discussed in the following.

6.1.2 EPA/SAROAD D:ta

In counties rot designated as AQOMAs, an attempt was made to assess the
present air quality through air monitoring data stored on EPA's Storage and
Retrieval of Aerometric Data (SARUAD) system., Summary data from the years
1972-1974 were consulted, and the most recent year of data was used for those
sites in which data was available for more than one year. Counties in which
data from a given monitoring station were in violation of the annual and/or
24-hour primary state of federal standards for SO, or total suspended particu-
lates TSP) were i{dentified as relatively poor siting areas. A county contain-
ing a station that exceeded only the 24-hour secondary standard was not auto-
matically identified as a poor county, since this violation could be indicative
of only a single bad meteorological condition or, perhaps, a single pollutant
source in the vicinity of the station, rather than indicative of a county-
wide air quality problem. Locations of the counties with monitoring stations

in which standards were violated (but not AQMAs) are also indicated in Fig.
6.1,

One difficulty with monitoring data is that it generally reprcsents
air quality at only idnividual sites. Unless several stations are present
in a given county, one cannot obtain an adequate estimate of the air quality
of the entire county. Nevertheless, a viclation at a given point in a county
probably does indicate that the hackground levels throughout the county are
relatively high.

A notable result obtained from the SAROAD data for the six-state re-
glon is that there are very few violations of SO, standards at the monitoring
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sites, while many violatfons of TSP standards occur. Of all the SO; viola-
tions that occurred, each of these was at a site where TSP standards had also
been violated., These coincidences would indicate that TSP 1s an important
contamicant In constraining coal facility siting on the basis of existing air
quality even though current technology can remove Y9% or more of the tlue gas
particulates,

The EPA Monitoring and Alr Quality Trends Keport, 1973, revealed o
general nationwide decrease in measured TSP levels.,® This decrease is be-
lieved to represent the general success uf control measures for particulates,
which could imply that, in ithe future, background particulate levels will be
less {mportant in constralning coal utilization facilities in areas that are
already falrly well developed. Regions in which high TSP levels are caused
by natural or uncontrollable sources will prebably continue to be questionable
sites for coal utilization facilitles.

6.1.3 County Fmission Densities and Projectivns

Counties that were not part of an AQMA ard contalnecd no monitoring
sites in the SAROAD data bank were evaluated by examining thelr countywide
emission denslty., Data on point sovurce and area source emlssions from the
“ational emission Data System (NEDS) 1972 file were ¢ !led for each county
in the six-state reglon. The total 50; and TSP c¢missions from each county
were summed and Civided by the area of each county to yierld an emissfon den-
sity for the two pollutants in unii. of (tons/yr)/mi’. Future particulate
and sulfur emission levels within each individual county were, according to
an initial estimate, assumed to bLe directly proporticnal to the population
within the county. Population statistics by county for 1975 and projections
for three other vears (1985, 2000, and 2020) werc taken from the Census Bureau
Statistics published by the Bureau of Budget in each state.” The 1972 emis-
sion totals were cited with the 1975 population data and the emissions for
the other three years projected by multiplying the 1972 emissions times the

ratio of the population In each c¢f the three years and the population in
1975.

The assumptlion that emissions will increase in proportion to popula-
tion increases 1s & first order approach that yialds rather crude and simple
estimates of future emissions., A more rigorous appreoach might consist of
dividing the emissions into several source categories and applying more real-
istic growth indicators such as projected manufacturing earnings or total
personal income to the appropriate source category to produce projections of
certain classes of sources should increase more rapidly than others, depend-
ing on the type of growth experienced In the individual countles. However,

a difficulty is that using the OVERS projections of manufacturing earnings,
personal income, and employment ylelds projected emissions that by 2020 are
five times those of 1975.' Obtviously, the problem here and the one ir general

with projecting emissions is in determining the cffect future emission control
»missions from new sources,

With present and projected emission densities available, it 1s neces-
sary to determine approximately what levels of sulfur and particulate emission



densities will produce an alr quality problem. An attempt was made to accom=
plish this by cbserving what values of the countywide emission density for
S0, and TSP produced a violation of state or federal standards at a site within
that county. Of 65 counties in the six-state reglon {n which TSP standards
were breached, 52% aud a 1975 TSP c¢mission density greater than 20 (tons/vyr)/
mi? and 75% had a TSP emisslon density greater than (10 tons/yr)/mi“. The
SAROAD data contalns very little data for monitoring sites within counties
that violate no TSP standards. Therefore, 1t was difficult to determine a
representative emission density for a "clean county.” Nevertheless, on the
basls of avallable data, those countiecs with projected TSP emission densities
greater than (20 tons/yr)/mi’ were qualitatively designated as having "high"
emission densities and those countles with TSP emission densities between
10-20 {tons/yr)/mi® were designated as having "moderately high” densities.

All SO, standard violations occurred within counties that had TSP vi-
olatiocns or were designated as part of an AQMA. Thus, it was assumed unneces-
sary to determine a sulfur dioxide emission density level that would classify
a county as having high emission levels. Nevertheless, SO, concentratlons that
are a significant fraction of the annual standards could possibly constrain
coal utilization facility siting by pruviding high background concentrations.
From the data, it was discovered that S0- emission densities in excess of 40
(tons/yr)/mi? resulted in yearly $0- concentration averages at the monitoriny
stations of 40 pg/m® to 75 ug/m' compared to the NAAQS of 80 ug/m'. Hence,
those counties not classified as having high or moderately high emisslon den-
sities on the basis of the previous criteria for TSP, were declared as having
moderately high emission densities {f they contained an S0, density greater
than 40 (tons/yr)/mi’. The results of applying these qualitative descriptors
dare also indicated in Fig. 6.1. Designatlon of counties as AQMAs or having
NAAQS violations supersede the emission density criteria in Fig. 6.1,

6.1.4 Sensitive Geographical Areas

The areas in Fig. 6.1 shaded according to various criteria indicate
those areas in which a current or projected air quality problem exists. Com-
parison of these areas with projected siting patterns is useful in designating
reglons in which the demand for increased energy production could possibly
come in conflict with the maintenance of adequate air quality. Figure 4.!
indicates a siting pattern for the baseline scenario for the year 2020. D{i-
rect comparison of F.g. 6.1 with Fig. 4.1 serves to identify seveiral "sensi-
tive areas" in the region in which current or future coal facility siting
occurs within areas of poor or potentially poor air quality.

Figure 6.2 shows the result of such a :omparisor and indicates that the
greatest number of sensitive areas lie in the states cf Illinois and Ohio.
These states have a large number of counties with current or projected air
quality problems as well as high projected energy demand. Most of the sensi-
tive areas lie in and around the larger population centers from which these
alr quality energy demand problems emanate.

Counties designated as AQMAs, having standard violations or having high
emigsion densities of SO, or TSP are not necessarily excluded from possible
siting. In a case where a standard violation or high emission denaity is in-
dicative of a single source or a cluster of sources rather than high emiassicns
across the county, there are possibly several good sites in the county.
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For example, coal fired steam electric plants might be located In a county

with localized high emissions or contalning a local air quality problem if

the facility were situated such that the plume(s) originating rrom it wculd
have minimal interaction with existing plumes in the county.

In counties In which the emission density and air quality 1is fairly
uniform, the spread-out configuraticn of smaller coal facilitlies would prob-
ably be the more suitable because of the local emissions. With the vniform
nature of the background concentration, the single large facility cluster
configuration would be more likely to produce violations on the local level
regardless of its siting.

6.2 ANNUAL AVERAGE IMPACT OF COAL USE SCENARIOS

A rather extensive modeling effort was carried out to identify the
annual concentration and deposition impacts from coal-fi-ed power plants and
gasification plants. The methods and detailed results of this effort are
contained in Sec. 6A.]1 and 6A.2 of the Appendix to Section 6.0, This effort
took into account the variation of impacts at different parts of the six-state
region due to the variability in meteorological conditions. The determination
of the dispersion patterns from 71 different subregions within the six-state
region served as input to calculating the cumulative impacts of the region's
scenario. In addition to the characterization of the impacts on air quality
of individual facilities, the representative impacts of a cluster of 12 facil-
ities, a 6-sq-mi area, were analyzed. The configuration utilized i3 described
in the G.E. study® and is illustrated in Fig. 6A.3.

The annual average Impact analysis contains estimates of concentrations
and depositions of "regulated" pollutants such as S0;, NO_, particulates, and
CO as well as several trace elements. Although ambient a¥r quality standards
do not presently exist for trace elements, the analysie was carried out to
provide a coarse estimate of the magnitude of the trace element problem.

The local air quality impacts of the six-state scenario and the Illinois
high-coal-use scenario were determined by appropriate superposition of results
from the reference point source calculations described previously. Results of
these calculations are shown in the Figs. 6.3 and 6.4 for SO, with the contour
values for various other pollutants as given in Table 6.1. Table 6.2 gives

the annual deposition estimates using the results in the Appendix for this
section.

The contour values are given for the sited facilities at 60X load
factor, which produces enough energy on the average to meet the demand given
in Sec. 2.0, An evaluation of impacts at 100X load, which would produce 4
conservat ive upper bound for those subregions that may locally have a higher

load factor, can be simply obtained by multiplying the indicated results by
a factor of (100/60),

The largest concentrations occur of course in those reglions containing
the greatest number of facilities. The largest concentrations are in southern
Ohio where the annual SO: concentratlon is estimated to exceed 6,0 yg/m’. 1In
states such as Minnesota and Wisconsin, where the facilities are fewer and
more widely spaced, the cumulative effects of the facilities are much smaller.
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Table 6.1. Various Pollutant Concentrations Corresponding to SO,
Isopleths in Figs. 6.3 and 6.4
Concentration
Pollutant (ug/m®)

502 G.30 0.60 120 2.40 3.60 4.80 6.00
NOx 0.18 0.35 0.70 1.40 2.10 2.80 3.50
Part. 0.03 0.05 0.10 0.20 0.30 0.40 0.50

co 0.95(-2)a 1,90(-2) 3.00(-2) 7.60(-2) 1l.14(-1) 1.52(-1) 1.90(-1)
As 1.31(-4) 2.63(-4) 5.25(-4) 1.05(-3) 1.58(-3) 2.10(-3) 2.63(-3)
Be 3.28(-6) 6.55(-6) 1.31(-5) 2.62(-5) 3.93(-5) 5.24(-5) 6.55(-5)
cd 1.58(-6) 3.15(-6) 6.30(-6) 1.26(-5) 1.89(-5) 2.52(-5) 3.15(-5)
F 1.14(-3) 2.28(-3) 4.56(-3) 9.12(-3) 1.37(-2) 1.82(-2) 2.28(-2)
Hg 1.97{-6) 3.94(-6) 7.87(-6) 1.57(-5) 2.36(-5) 3.15(-5) 3.94(-5)
Pb 2.08(-4) 4.15(-4) 8.30(-4) 1.66(-3) 2.49(-5) 3.32(-3) 4.15(-3)
Se 3.08(-5) 6.15(-5) 1.23(-4) 2.46(-4) 3.69(-4) 4.92(-4) 6.15(-4)

3(-2) denotes x 1072, etc.

Table 6.2. Various Pollutant Deposition Rates Corresponding
to SOz Isooleths in Figs. 6.3 and 6.4
Deposition Rate
Pollutant (g/m? yr)
S0, 0.09 0.19 0.38 0.76 1.14 1.51 1.89
F 3.60(-4)% 7.19(-4) 1.44(-3) 2.88(-3) 4.31(-3) 5.75(-3) 7.19(-3)
Be 3.10(-7) 6.20(-7) 1.,24(-6) 2,48(-6) 13.72(-6) 4.96(-6) 6.20(-6)
Pb 1.96(-5) 3.93(-5) 7.85(-5) 1.57(-4) 2.36(-4) 3.14(-4) 3.92(-4)
Se 2.92(-6) 5.84(-6) 1.17(-5) 2.33(-5) 3.50(-5) 4.67(-5) 5.84(-5)

A(-4) denotes x 1074, ete.
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Figure 6.4 presents the cumulative impacts of the Illinois high-coal-
use scenario. Comparison of this figure with Fig. 6.3a reveals that the dis-
persion patterns are similar, but the magnitude of the concentrations quite
different. The magnitude of the concentrations produced by the high-coal-
use scenario 1s about twice the magnitude of the concentrations produced by
the baseline scenarioc in Illinois.

Comparison of Figs. 6.3a-6.3f with Fig. €¢.2, which contains the sensi-
tive areas for siting, reveals that the baseline siting pattern produces max-
imum impacts in many of the sensitive areas. This condition results because
siting criteria such as water availability, coal availability, and proximity
to lcad center takes precedence in these areas over alr quality criteria, A
notable exception occurs in northeast Ohio, where most of the facilities in
this sensitive area are nuclear plants.

6.3 SHORT-TERM CONCENTRATION IMPACTS

Short-term maximum concentrations were estimated primarily from the
results of a G.E. Study.® The G.E. results were adjusted for the emissions
from the standard 3000-MWe electrical generation and 250 x 10° scf/day gas-
ification facilities. The results of the analysis as well as the methodology
employed appear in Section 6A.3 of the Appendix to Section 6.0.

On the basis of the analysis, it was concluded only two controllable
factors exist that can alter the ground-level maximum concentration from a
power plant. The first factor is the amount of pollutant being emitted from
a stack that can be minimized through the application of various emission
control devices, The second factor is the height of the stack itself. An
lucreased stack height will tend teo minimize the occurrences of extremely
high ground-level concentrations, although it cannot guarantee that high con-
centrations will never exist. However, decreasing the 244-m stack height used
in this study by )% to 122-m increased the estimated short-term maximum con-
centrat lon by approximately 50%.

Meteorological factors such as atmospheric stability, wind speed, and
mixing height also produce a wide amount of variation in short-term ground
level concentrations. Unlike the two factors already mentioned the meteoro-
logical factors cannot be controlled. However, the meteorology of an area
in which a power plant is to be sited should be closely studied to determine
the frequency of occurrences of conditions that produce high ground-level
concentrations. Areas with a frequency of such characteristics are certainly
less desirable as sites and probably require greater emission controls. A
comparison of short-term estimated concentrations from various coal utiliza-
tion facilities to the NAAQS and PSD regulations is contained in Sec. 6.5.

6.4 POTENTIAL FOR PHOTOCHEMICAL OXIDANT FOKMATION IN POWER PLANT PLUMES*

Exposures to elevaited levels of photochemical oxidants such as ozone
and peroxyacetyl nitrates (PAN) have been associated with certain 111 effects
in humans and various tvpes of flora and fauna as is discussed in more detail

*Adapted from Ref. 9
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in other sections of this report. Coal processes relate to these oxidant
levels and their 111 effects first of all because of the possible synergistic
effects of the oxidants and the primary coal process emission, and, secondly,
because these emissions may contribute to the chemical and physical processes
leading to the production of the oxidants. The following is a brief summary
of this latter potential role of coal derived emissions In contributing to
increased oxidant levels.

Ozone (03;) the major oxidant of smog, 1s formed when oxygen atoms re-
act with oxygen molecules in the presence of a third body (nitrogen molecule,
N2, or another oxygen molecule, 0;) in the reaction.

0+02+M"‘03+H

Once an oxygen atom is formed this reaction happens very quickly. Therefore,
the Important reaction for the production of ozone 1s the one that produces
oxygen atoms. The only reaction of atmospheric pollutants known to generate
significant amounts of oxygen atoms 1is the photolysis of nitrogen dioxide (NO,).

NO, + hy #NO + O

In this reaction, hv is the ultraviolet sunlight and both NO; and sunlight
must be present to generate ozone.

This production of ozone 1ic opposed by a removal process also involv-
ing a nitrogen oxide:

NO + 0, +NO, + 0,

Because of these opposing reactions the amount of ozone that exists depends
on the relative concentrations of NO; and NO. Of the reactions curren y
known to be important in urban smog formation, the reactions that drive or
keep this ratic high are the peroxy radical reactions:

RO, + KO NO, + RO

where R can be hydrogen (H) or some portion of a hydrocarpbon aolecule. These
rractions tend to increase the ratio of NO, to NO, in apposition to the NO,
photolysis reaction, which converts NO, back to NO (an! alsn ganerates oxygen
aroms) .

0f the compenents in the above reactions, coal processez vay contribute
significantly to the concentration of nitrogen oxides, but do not emlt larpe
quantities of reactive hydrocarbons required to increase the NO,/NO ratio. In
the absence of existing background concentration of hydrocarbons the NO emis-
slons may in fact deplete the ozone concentrations within the plure. On the
other hand, ozone increases raesults from the NO_ emissions if assoc ‘ated with
high hydrocarben levels as might occur in an urgan area. Furthermure, it may
be that for power plant plumes some mechanism not associated with h»lrocarbons
could oxidize NO, to NO to drive the ratio and hence ozone concentra:ions up.
A chlorine mechanism and a sulfur mechanism havc been proposed, but ..ttle, if
any, data are avatlable to support either of these mechanisms. Indeed experi-
mental field data does not conclusively demonstrate that ozone is eithrr pro-
duced or deplated in power plant plumes.
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The conclusions that can be drawn from this summary are that the po-
tential for ozone production are significant enough to warrant further study
to define more adequately the complex relatlons between constituents of the
power plant plume, Also of importance is an evaluation of the impact on urban
photochemical smog from coal process nitrogen oxide emissions, in particular
as these emissions possibly become more dominant because of more stringent
standards on automobile emlssions.

6.5 COAL UTILIZATION CONSTRAINTS RELATED TO AIR QUALITY STANDARDS

6.5.1 National Ambient Air Quality Standards (NAAQS)

Under the mandate of the Clean Air Act of 1970, the USEPA has promul-
gated alr quality standaids for six pollutants: carbon monoxide, nitrogen
dioxide, particulate matter, sulfur dioxide, hydrocarbons, and photochemical
oxidants. The emissions ol hydrocarbons from coal process are generally small
and ttus this pollutant was not considered further. There have been levels
of ozone exceeding the 24-hour standard of 160 ug/m in the vicinity of power
plants; however, there is no conclusive evidence as to what extent there levels
are attributable to plant emissions alomne.

The NAAQS for the remaining four pollutants are given in Table 6.3 along
with estimates from previous sections of the impacts from the 3000-MWe electric
generation facility and the 250 x 10°% scf/day gasification plant with emissions
as given in Tables 3.5 and 3.10, respectively.

Table 6.3 clearly illustrates that the coal utilization facilities con-
sidered do not of themselves contribute a significant fraction of the allow-
able annual concentration; the largest increment is assoclated with the clustered
facilities and contributes less than 25% of the annual NAAQS. The concentra-
tions for the Illinois high-coal-electric scenario, which represents the plaus-
ible upper bound in coal conversion facility density for any state, cumula-
tively contribute less than 10%Z of the annual NAAQS ir auy one location.

On the other hand, the short-term 24-hour standard for S0, will limit
the size and emission rate of the electri~il generation facilities. The 3000-
MWe facilitles considered in this study appear to represent the upper limit
in plant size if emissions are at the allowable New Source Performance Stan-
dard rate of 1.2 1b S0,/10° Btu heat input. The maximum concentration esti-
mates are given as a range of values because of the uncertainties in short-
term estimates discussed in Section b.4.

Emissions of TSF from electrical generation facilities contribute a
significantly smaller fraction than do emissions of SO, *n thelr respective
24-hr standards. However, as was indicated in Sec. 6,1.2, existing ambient
TSP concentrations are generally higher relative to standards than are SO,
levels; hence, careful consideration must also be given to particulate im-
pacts when assigning priority to facility siting.

On the basis of the estimates given in Table 6.3, deployment of Gasifi-

cation facilities is not to any significant degree constrained by existing
NAAQS .



Table 6.3

Comparison of NAAQS and Estimated

Maximum Concentrations from Coal Utilization Facilities

Maximum Concentration ug/m’

Illincis
HYGAS® High Coal
Type of Avg'ng Frequency Cluster Gasification Scenario
Pollutant Standard Time Parameter NAAQS 3000 MWe 123000 MWe 250+10°% scf/day (2020)
Salfur Primary 24 hr Annual Max. 365 250-490 450-900 21-25 e
diocxide 1 yr Arith. Mean 80 2.4 19 0.2 5.9
Secondary 3 hr Annual Max. 1300 380-760 690-13€0 32-38 A
Particulate Primary 24 hr Annual Max. 260 21-41 37-74 1.8-2.1 e
matter 1 yr Gecm. Mean®© 75 0.2 1.6 0.02 0.5
Secondary 24 hr Annual Max. 150 22-41 37-74 1.8-2.1 =
1l vyr Geom, Mean® 60 0,2 1.6 0.02 0.5
Nitrogen Primary/
dioxide Secondary 1 yr Arith. Mean 100 1.4 11 0.1 3.5
Carbon Primary 1 hr Annual Max. 40,000 15-30 27-54 1.3-1.5 =
monoxide
Secondary 8 hr Annual Max. 10,000 10-20 18-35 0.8-1.0 S

a'Ranges for shurt-term concentration reflect alternatc wirdspeed and load Zactors as in Table 6.7.
For the gasification alternate windspeeds are used with s constant load factor.

b

Annual maximums are values not to be exceeded more than once per year,

“as a guide to be used in assessing implementation plans for achieving the annual maximum 24-hour

standard.

Computed concentrations for facilities are arithmetic mean.

9¢1
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Table 6.3 also shows that carbon monoxide can be ignored as a potertial
inhibiting factor.

6.5.2 Regulations for the Prevention of Significant Deterioration

Potentially more constraining to coal utilization than the NAAQS, are
the regulations for Prevention of Significant Deterioration (PSD) promulgated
by the USEPA for the purpose of preventing certain areas from large increases
in ambient S0, and particulate concentrations beyond existing levels, even if
those existing levels are siﬁnificantly below NAAQS. These EFA PSD regulations
are summarirsed in Table 6.4.'° As shown in Table 6.4, the EPA regulations
would establish three classes of areas with curbs as follows:

Class 1 -~ Applies to areas in which practically any
air quality deterioration would be considered
significant, thus allowing little or no
major energy or industrial development.

Clasgs II - Applies to areas in which deterioration that
would normally accompany moderate, well-con-
trolled growth would not be considered sig-
nificant.

Class II1 - Applies to areas in which deterioration
would be permitted to allow concentrated
or very large scale energy or industrial
development, as long as tha2 national sec-
ondary ambient air quality standards are
not exceeded.

An important aspect of the EPA vegulations 1s that all regions are in-

itially decignated as Class II, subject to redesignation as Class I or Class III
by initiative at the state and local levels.

Table 6.4 Allowable Air Quality Increments under EPA PSD Regulations

Averaging Allowable aq Increments (ug/m,)
Pollutant Time Class 1 Class I1 Class 111
50,
Annual 2 15 80
24<hour Max 5 100 365
3=hour Max 25 700 1300
Fart. Annual 5 10 75

24~hour Max 10 30 150




128

Considerable controversy has surrounded the issue of PSD regulatioms,
partially because the 1970 Clean Alr Act does not explicitly reflect the in-
tent of the Congress as to the desirability of such regulations. In response
to this controversy the Congress is in the process of considering amendments
to the Clean Air Act that provide explicit guidelines in relation to PSD. The
amendment as proposed provides for Class I and II areas with allowable incre-
ments, the same as for the EPA regulations, as indicated in Table 6.4, How-
ever, the proposal under consideration does not provide for Class III areas.
Also the proposed amendment differs substantially from the existing EPA regu-
lations in that certain areas are designated as mandatory Class I areas and
other areas as Class I, unless they are redesipgnated by agreement betwzen the
States and the USEPA, Specifically, the proposed mandatory Class I areas are
all areas of 1000 acres or greater that are International Parks, National
Parks, National Wilderness Areas, or National Wildlife Refuges.

The following is an initial evaluation of how either the existing or
proposed PSD regulations as cummarized above would constrain the coal utiliza-
tion scenarios considered in this report. The EPA Class III area allowable
ccncentrations are defined as being equal to the NAAQS. Thus, no additional
curbs exist be,~nd those possibly resulting from the short-term 24-hour max-
imum NAAQS as d. scussed previously.

From comparison of Table 6.4 and the estimated maximum concentrations
in Table 6.3, the allowable Class II area increments would not be a constrain-
ing factor in terms of the annual average concentrations, except for the large
36,000-MWe clusters. However, the more stringent 24-hour 50, standard would
require a 40-80% reduction in coal electric emissions at individuel source
locations, elther through reduction in plant capacity, lowered coal sulfur
content, or more efficient control equipment. Similar reductions for short-
term maximums would be required for particulate emissions. The regulations
proposed by Congress would require best available control technology (BACT)
as determined on a case-by-case basis, thereby in all likelihood eliminating
the possibility of using intermittent controls as a principal mechanism for
reducing short-term maximums in lieu of other available control technologies.

For any foreseeable technology the large coal utilization facilities
considered in this study would be prohibited from siting in Class I areas with
thelir very stringent constraints on allowable increments, in particular again
the short-term maximum. The quesvion remains as to how close to the Class I
areas facilities can be sited without exceeding the allowable increment. Un-
fortunately, the avallable tools for estimated short-term maximums over long
distances, as required for this analysis, are very imprecise. However, a
"worst case' procedure suggested by the EPA for use In similar studies can be
implemented to obtain coarse estimates. In this approach a long-time persis-
tence is assumed for stability Clasi C, 1l mi/hr wind speed, and a 1000-m mixing

height. The removal of S0, 18 included using the linear model discussed in the
Appendix Section 6A.l,

The resulting estimates of maximum 24-hour concentrations versus distance
are shown 1. Fig. 5.5 for various types of facilities.!" The standard 3G00O-MWe
faciliey at full capacity with the emission rate allowed by NSPS would violate
the 5 ug/m' PSD regulations for Class 1 areas to the order of 100 miles out,
the maximum distance for which the model should be considered to have validity.

Keduction of emlssions to 10% of the NSPS allowable rate through a combination
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of low sulfur coal and flue gas desulfurization, or other advanced technelogics
(or equivalently, reducing the capacity to 300 MWe at NSPS), would reduce the
requirced distance from the site to the Class I arca to approximately 30 miles,
according to the model. Because of thelr lower S50, emlsslon rates, gasiflca-
tion plants would only be excluded from the immediate vicinilty of the Class |
areas,

Implications of the proposed PSD regulations with respect to the siting
scenarios used in thils study are shown In Figs. 6.6 and 6.7 in which the siting
maps are superimposed on the proposed mandatory Class I areas and a 30-mile
buffer zone surrounding these areas. According to the above analysis, large
electrical generation facilities would be virtually eliminated from these buf-
fer zones and would require significantly reduced emission rates at the zone
boundary. Obviously the PSD regulations would cause severe limitations on
available future siting options. Particularly constraining is the location
of many of the mandatory Class I areas along waterways, alsc attractive for
power plant siting.

6.6 TOTAL POPULATION EXPOSURES TOR ALTERNATE SITING AREAS

The representative subregion concentratior. described in Sectilon 6.2
may be used In a varity of ways in assessing ailr juality impacts from coal
utilization facilities. One of the impacts that is of greatest concern is the
impact on human mortality and morbidity. Certainly, one of the considerations
involved in siting a new facility is the incremental increase in S0, and sul-
fate dosage to population. Calculations have been carried out of the incre-
mental dosage that would result from siting a power plant at each point on an
approximately 20km grid established within each of the 71 regions throughout
the six states for which concentration maps were calculated. Figure 6.8 shows
an example of the results for Illinois contours of this incremental dosage for
$0;. The total SO; dosage resulting from siting a power plant at any location
covered by thils figure may be determined from the value corresponding to the
contour that passes through that site. These maps essentially represent smeared
out population maps, and centers of high population density may clearly be
identified. For reference, the projected sites for the Illinois high coal
scenario are superimposed on Fig. 6.8,

Figure 6.8 reveals that the highest incremental increase of exposure for
a single facility in Illinoils will occur if that facility is located in the
Chicago metropolitan area. The maximum exposure will occur if the plant 1s lo-
cated slightly south and west of the center of the city. This takes into ac-
count the atmospheric transport of 50;, which on the average is to the north-
east, The only other distinct maximum of exposure in Fig. 6.8 occ'irs around
the Peoria area. However, the exposure resulting from siting a power plant
there 1s on an approximate order of magnitude smaller than that which results
from siting near Chicago. The projected sites for the Illinois high-coal scen-
ario plotted on the map can be compared to the exposure isopleths to determine
whether the projected sites are advantageous from a health-effects viewpoint.

Due to the lack of coal reserves in the north and northeast sections of
Illinois, mine-mouth coal utilization facilities cannot be sited in this area
of high exposure isopleths. Yet, there are coal reserves and sufficient avail-
abie water resources in the Peoria area where a secondary maximum of exposure
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occurs. Unfortunately, southern Illinois, which is a very desirable area for
siting from a standpoint of minimizing exposure, has a lack of significant
water resources. Hence, it can be concluded that the best sites in Illinois
are in the central part of the state and along most of the Misslssippi River.
In these regions coal and water resources are fairly abundant and the exposure
due to coal facility siting 1s relatively low.

The advantage of these contour maps shown over simple population maps
is that transport of SO, and the local factors that affect it have been taken
into account.

Precisely the same kind of analysis could be carried out for any given
distribution of another item, such as crops or timber for example.

It is important to realize that the distance over which the concentra-
tion distributions extend is about 50 km from the source, and for sulfur di-
oxide this is probably sufficient. For sulrfate aercsol, however, transport
beyond this distance must be taken into account, and for this reason popula-
tion dosage maps for sulfate aerosol calculated as for SO; would be somewhat
misleading in that they would be ignoring a very substantial part of the total
dosage increment. Consequently, they are not presented here.

6.7 LONG-RANGE SULFUR TRANSPORT

One of the Impacts of coal-fired power plants that is of great concern
is the health impact of aeroscl particles in the size range below about 1-2
microns. This aerosol has been shown to consist primarily of varilous salts
of sulfuric acid, particularly ammonium sulfate and ammonium bisulfate, Al-
though the precise speciles responsible for the observed effects have not been
clearly identified, fine particulate matter of some kind seems to be Impli-
cated, hence the concern regarding sulfate aerosol. Regarding the source of
the aerosol, the prevailing opinion 1s that the sulfur dioxide emitted from
power plants is a primary precursor, the 80, being oxidized to sulfate by a
varlety of possible mechanisms. Another possible precursor is biogenically
produced hydrogen sulfide or organic sulfides such as dimethyl sulfide, al-
though the importance of this source of sulfur-containing materials has not
been established. Certainly the largest anthorpogenic source is coal-fired
electric power production.

Evidence indicates that the production of sulfate aerosol is rather slow
and that the distance over which one needs to re!ate cause and effect 1s con-
sequently rather large, thus causing difficulty in obtaining an understanding
of the problem. Estimates of the effective rate of conversion of S0, to sul-
fate aerosol cover a wide range, but current opinion 1s that the rate is be-
tween 1-57Z/hr. Assuming furthermore a typical tropospheric wind speod of
5Sm/sec the relevant distance scale for the problem is between 360-1800 lm. This
distance ccale 1s sufficiently large that completely different modeling tech=-
niques are needed for the purpose of predicting environmental impacts. A brief
discussion of the methodology used in this study is given next, followed by the
results of a preliminary investigation usine the model.
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6.7.1 Methodology

The model used for this long-range impact study is described by Sheih!!
and is based on the work of Bolin and Persson.'? 1In the model, the horizontal
dispersion of an individual plume about its centerline 1s neglected, the as-
sumption being that for a long-term average the statistical distribution of
the centerline of the trajectories that originate at the source in question
primarily determines the distribution of effluent from that source. The long-
term average concentratlon at any point contains contributiens from trajectories
having a wide range of travel times from the source. The model first deter-
mines the distribution of the end points of trajectories ranging in age from
3-120 hr 1in time steps of 3 hours. Each such distribution allows the contribu-
tion from trajectories of a particular age to be calculated, and the total pre-
dicted concentration is simply the sum of all such contributions.

To calculate the pollutant concentration at a point, the vertical dis-
tribution of pollutant must be mnodeled as well as the horizontal. In the model
used for the present work, this is done by numerically integrating the one-
dimensional (vertical) dispersion equation and thereby calculating the verti-
cal concentration profile as a function of travel time from the source. The
eddy diffusivity, K, assumed for these calculations at height z has the follow-
ing form

ku,z z < 85m

K=
85ku* 85< z< i
0 z> H

where:
k = the von Karman constant (0.4),
u, = the friction velocity (taken equal to 0.4 m/sec), and
H = an effective mixing height (taken equal to 2000 m).

The removal of pollutant at the earth's surface by dry deposition is treated

by an analytically integrated form of the flux-gradient relationships for the
surface layer that provides an explicit relationship between the ground-level
concentration and the concentration at the top of the constant-flux layer pre-
dicted by the numerical integration. For the deposition velocity at 2-m height,
the commonly accepted values of 1 cm/sec for SO; and 0.1 cm/sec for sulfate
aerosol were used. The first order rate constant of 1 x 10 ®/sec was used for
the transformation of S0, to sulfate.

6.7.2 Analysis Results

As described above, the model makes use of the spatial distribution of
the endpoints of trajectories of various ages in calculating the concentration
of SO; and sulfate aerosol at any given point. These distributions are obtained
from trajectories initilated once every twelve hours from the source location
and followed for 120 hours or until the boundary of the region in question is
reached. Bolin and Persson,'? found from studies with European data that for
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a given age, the distribution was nearly isotroplc :ad could be described to

a reasonable degree by a gaussian functicn. The model used 1n this work alsa
assumes that the distribution for a gilven trajectory age may be treated as
gaussian with possibly different standard deviatlons in the east-west as com-
pared to the north-south direction. The only parameters that must be estimated
are the coordinates of the mecan position and the two standard devietions as
functions of travel time,

Calculations were done for five different sites within the six-state
region that were chosen to o“tain information on the long~-range dispersion of
effluent from sources In widely-separated areas within the region. Figure 6.9
shows the locations of the five sites considered.

The dispersion of trajectories about the mean are a critical factor in
the calculation of a long-term average concentratien. The standard deviations
in the north-south and east-west directions as a function of travel time for
a site in southern Illinois are given in Table 6.5. These are typical of those
from the other sites also. There seems to be a trend toward higher east-west
than north-south deviations, at least during the first 2-3 days, with the ex-
ception of the southeast Ohlo site for which the trend is in the reverse di-
rection. The nearness of the Ohlc site to the Allegheny Mountains and the
generally flat terrain for several hundred kilometers about the other sites
may explain the difference. It may also be seen that after a day and a half,
the standard deviations are essentially constant. This apparent constancy 1s
undoubtedly due in part to the fact that in the model, trajectories that leave
the boundaries of the grid on which the wind data are available are no longer
followed and the number of trajectorles available decreases with 1ncreasing
travel time as indicated in Table 6.5.

Regarding the concentration calculations, the fact that the standard de-
viations used are relatively constant after a day and a half is offset by the
fact that the contribution from trajectories of a certain age is scaled by the

Table 6.5, Standard Deviations about the Mean for Trajectories
Originating in Southern Illinois

Travel Standard Deviations (la) Number of
Time (days) North-South East-West Trajectories
0.5 324 357 2189
1.0 533 601 2093
Ls:5 644 712 1711
2.0 666 687 1134
2.5 646 678 804
3.0 625 684 596
345 628 672 441
4.0 624 662 325
4.5 649 638 230
5.0 641 653 l68
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number of trajectories of that age. This essentially means that in the vi-
cinity of the mear trajectory, the calculations will be relatively unaffected,
while at distances on the order of the standard deviation or greater there
will be an underestimation of the concentration, the extent of the error in-
creasing with increasing distance from the maximum.

The concentration calculations also Invelve the determinatlon ol the
vertical profile of S50, and sulfate as a function of time. The same vertieal
proflle as a function of travel time was used for each source location, thus
ignoring any variation with time of those factors such as surface roughness
and solar radiation that affect the value of the eddy diffusivity. The only
variation in the input parameters considered: 350 and 5325 meters. Figure
6.10 shows for effective emission heights of 350 and 525 m the fraction of the
original emission of S0, that (1) remains in the atmosphere as gaseous 50;

(2} has been converted to sulfate aerosol but remains in the atmosphere and,
(3) has been deposited on the ground as sulfate aerosol. There is very little
difference between the two sets of curves, the conclusion being that omnce the
effective emission height has reached 350 m, very little 1s galned by increas-
ing it, at least on average.

Figures 6.11a-6.1le show the S0; and sulfate aerosol maps for each of
the five source locations considered, for a. effective emission height of 350 m.
Figure 6.1la also shows the S0, and sulfate deposition for the southern Illinois
source, which is typical of the depositions for the other sources. From these
figures it 1s clear thet the impact of large ccal-fired electrlec power generat-
ing facllities with regard to sulfate aerosel extends over a much longer and
wider range than does the Impact with regard to sulfur dioxide. The calcula-
tions alsc Imply that the area of maximum sulfate impact from a given source
is an area relatively close to the source. The Implications of these results
in light of projected 1increased coal utilization are that sulfate levels in
the highly populated areas around Chlcago and Detroit as well as in Illinois,
Indiana, Michigan, and Ohio generally can hbe expected to increase, and, depend-
ing on the extent of the development, might approach those levels now observed
in the East.

Calculaticns were carried ocut for the specific scenario corresponding
to high coal usage Iin Illincis. Figure 6.12 shows the S0; and sulfate dis-
tributions together with the S50, and sulfate deposition maps resulting from
this distribution of sources in Illincis. As mentioned above, the maximum
impact on sulfate levels occurs relatively near the source, but it is clear
that highly populated areas in the Midwest will be affected, particularly Chicago
and Indianapolis, The maximum (scaled) ground-level SO, and sulfate concentra-
tions pre-dicted for this scenario are 0.08609 and 0.04073 g/m’ per unit emis=-
sion rate, respectively,

For comparison the existing urban and rural levels of sulfates for the
U.S. are shown in Fig. 6,13.'3



FRACTION

FRACTION

139

TRAVEL TIME (HOURS)

0 12 24 36 48 60 72 84 96 108 120
10 7 T T T 7 T 1 T T
EFFECTIVE EMISSION HEIGHT = 350 METERS
08 rsoi -
503 S0, DEPOSITED
06 YSO: DEPOSITED =
\
04 \
02
0 4 8 12 16 20 24 28 32 36 ac
TIME STEP
TRAVEL TIME (HOURS)
; 0o 2 24 36 48 60 72 84 9% 108 i20
| | | | 4 1 | 1 1
EFFECTIVE EMISSION HEIGHT = 525 METERS
08 S0% .
S0, S0, DEPOSITED
06} K rsoi DEPOSITED =
/
0.2 |
| 1 ] e —
0 4 8 i2 16 20 % 28 32 36 40

TIME STEP

Fig. 6.10 Relative 507 and S04 Concentrations and Depositions as
Function Time for 350m and 525 Effective Emissions Heights




AVERAGE 50, (pg/m})

AVERAGE SO, (pg/m%)
®O12, w007, Q002

®03, w0z, 0006

(g/m?) TOTAL S50  DEPOSITION  {g/m3)

TOTAL SO; DEPOSITION
oo 02, 8005 <0003 C 000

®ol, 7006,

Fig. 6.11 Long-Range Sulfur Transport from 3000 MWe Reference Souxce
at 60% Load Factor (a) Southern Illinois Source

o1



141

¥
"
7
- %
! ‘ '
; . !
= . = \.
e = : s,
el - ~a
. B )
’
= ¢ A
RN
.1"
/ A
; P
/- O
LY

_________________

AVERAGE  SQ¢ (po/nf)
éf:méogoz 3332’ ! ®ol2, 0.07, 0002

Fig. 6.11 (Cont'd) (b) Southern Michigan Source

-
'
'
1
'
'
“y
L= o v 3
r 1 4. . Y
E f %
M
- . .
L W i 4 I
L - & e
o2 SR )
* g » .
' v 3 L, ot
* AT . e
Y 3 . i
) e T Yo .
"""" " - ’ g
e Yo ; J .
‘ < . ’
. ¥ ;
: 1oed H oL '
r . i e 1
B ; - ‘
. g
" F‘ -’
i "ot
----------- el P
L St et &
l RS ' B
’ - -
=i S
: -
: .
"

AVERAGE S0, (pg/m") ‘ AVERAGE 50, (ug/m?)
803, 02- 0006 ROt, 007, O002

Fig. 6.11 (Cont'd) (c¢) Southern Minnesota Source



142

AVERAGE S0z (pq/m¥) AVERAGE S04 (po/m?)
B03, wv02, 0006 B02, V007, 0002

Fig. 6.11 (Cont'd) (d) Southern Okio Source

LT
‘ " ] .j.' .:: ﬁ:‘,-”.: i
% r X
AVERAGE  S0; (pg/m¥) AVERAGE S04 (pg/m¥)
803, w02, 0008 BOR2, w007, 0002

Fig. 6.11 (Cont'd) (e) Northern Wisconsin Source



AVERAGE S0, (pg/n'}
=53 732 Ui

TOTAL S0, DEPOSITION (g/m -yr)
X200 72 304

Fig. 6.12 Cumulative S0, and S04 Concentration
Range Transport for I1linois High Co

AVERAGE 50, (wg/m)
B30 718 [Joed

TOTAL SO, DEPOSITION { g/mi-yr)
Kots  solo []003

and Deposition from Long-
al Use Scenario Emissions

vl



144

¥

r:] 70 130 pug/mi
[ < 7ugm3

E:] +13 Quyg/m3

[} 5.0-69ug/m?
@ 10-2 9 ug/m3
7] ~90ugm3
[ 7] 30-49ug/m3 L

£ 70 89ugm? L ¥

(b) Rural Levels

Fig. 6.13 Geographical Distribution of Typical Sulfate
Levels in the United Statesl3



145

APPENDIX TOC SECTION 6.0

6A.1 SHORT RANGE AIR QUALITY MODEL

The basic model used in all of the short-range calculations is a modi-
fied version of the Climatological Dispersion Model (CDM), a model developed
by USEPA for use in calculating long-term average concentrations of conserv-
ative pollutants, particularly in multiple-source applications.G The treat-
ment of vertical dispersion in CDM is based on the gausslan plume concept. As
such it incorporates the followin, s3sumptions: (1) the wind velocity is con-
stant in magnitude and direction anu ‘s uniform throughout the entire planetary
boundary layer; (2) the emission rate 1s constant over a time period equal to
or greater than the travel time from source to the farthest receptor of in-
terest; (3) no material is removed from the plume at the surface of the ground
(perfect reflection boundary condition). The treatment of horizontal disper-
sion makes use of the narrow plume approximation, and assumes in effect that
over a long period of time the pollutant from a continuously emitting point
source Is, for a given distance from the source, uniformly spread within each
of 16 angular sectors of 22.5° centered on the principal compass points. The
total amount of pollutant emitted over the averaging time of interest (a year,
a season, etc.) is distributed into the 16 sectors according to the relative
frequency of wind direction falling within each sector.

In other words, CDM adopts a climatological approach to the determina-
tion of long-term average concentrations., In such an approach, a set of meteor-
ological conditions is identified, dispersion calculations are carried out for
each member of the set to predict for that particular metecrological situation
what the pollutant concentration will be at the receptor of interest, and then
a weighted average 1s determined using the relative probabilities of the var-
ious meteorological situations included in the set. Specifically, CDM requires
the joint probabilitles of observing the wind speed in one of six different
ranges, the wind direction in one of sixteen 22.5 degree wide sectors, and the
atmospheric stability in one of six different classes. The National Climatic
Center, Asheville, N.C. can supply the necessary joint probability data (nor-
mally called a stability-wind rose) in precisely the form required by CDM for
any of the stations in thelr necwork. Finally, CDM can treat two pollutants
at once, and crudely allows the simulatlon of chemical and physical removal
processes In terms of an exponentlal decay type dependence on source-receptor
travel time, using different user-specified half-lives for the two pollutants.

Several modifications were made for our purposes but only two are suf-~
ficlently important to mention here, First, we added the capability for doing
population dosage calculations. To do this, the user supplies a list of popu-
lation centroid locations together with the population associated with eaci
then, at each location, the average concentration is calculated as before and
is multiplied by the corresponding population. These products are then summed
over all centroilds to obtain a total population dosage value. This value repre-
sents an average over the same period of time that the concentration value
corresponds to. In the type of application that CDM is used for, one usually
desires monthly, seasonal, or annual averages.

The second significant modification that we made is the addition of the
capabllity of describing in a simple way the conversion of one of the two
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pollutants into the other, the principal motivation for this being the desire
to model the conversilon of sulfur dioxlde to sulfate aerosol, The conversion
was assumed to follow first order kinetics; that is, the rate of sulfate pro-
duction at a point was assumed proportional te the sulfur dioxide concentration
at that point and independent of any other factor. Mathematically, at any
point in the plume the rates of removal of S0, and production of sulfate aer-
osol are assumed to be given by

€ w (ky + k) C (1)
dt
dc; k2Cy - k3G (2)
where:
Cy and C; = the mass concentratlons of sulfur dioxide and

sulfate ion (S0,), respectively,
(-k;Cl) and (‘k]CZ)

the rates of removal of S0, and sulfate aerosol
by some arbitrary mechanism,

3 k,C, = the rate of production of sulfate aerosecl from
2 S0,
k2 = the effective rate constant for the process,
and
3/2 = the ratio of the molecular weight of the sul-

fate 1on to that of sulfur dioxide.

When incorporated into a gaussian plume model, the effect 1s to replace the
SO, emission rate Q; by Q;(effective), given by

Qi(effective) = Q;exp [Ekl + kg)ﬁﬁ (3
and to replace the sulfate aerosol direct emiééion rate Q; by Qa(effective),
given by

X X
e_k3 % . -(k1+k.2)u kguJ
Q:(effective) = Q; +Qq | ko, (| Le -e
\kk3-(k1+k2
where:

X = the downwind distance at which the concentration is
to be evaluated, and

u = the wind speed.
If k; equals zero, the formulas reduce to those already built into CDM.

In all the work using this model, we simulated the effect of dry depo-
sition by choosing the values of the parameters k; and ky in the following
way. If one assumes uniform vertical mixing of a pollutant up to a height H
(the mixing height) and that the rate of removal of pollutant per unit area
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at the lower boundary is equal to a constant v (the effective deposition
velocity) times the concentration, one easily finds that the concentration
is given as a function of time by

|
C(t) = C(o) exp = tl.

I
]

One can therefore estimate reasonable values for k, and ks by dividing
appropriate values of v by some effective mixing helght, and this is the ap-
proach that was used in our calculations.

Parameter values used in this study are those shown in Table 6A.1.
Although we have chosen to model S0; to sulfate conversion, the concentration
of SO, that would be calculated assuming no conversion may be estimated from
the predicted SO, and sulfate levels using Eq. 6:

2
C502 (No conversiomn) = C502+ 3 C sulfate.

The direct emlssion rate of sulfate aerosol, Q, was assumed to be zero on all
calculations.

The parameter values estimated for SO, are reasonably representative
of other pollutants emitted from power plants as well, and in the approximation
that they can be taken to be the same, the results for sulfur dioxide may sim-
ply be scaled by the relative emission rates to obtain concentration estimates
for the other pollutants. This procedure has been adopted for the purposes of
this initial assessment. The error incurred by this procedure is estimated
to be within the range of uncertainty of the basic model itself.

Table 6A.1 Reaction Rate, Decay Parameter Values

80,-50, conversion rate constant (k;) 1.0 x 10 Sgec !
S0, physical removal rate constant (k;) 1.0 x 10-5§e.c-1
corresponding to deposition velocity (v) 1.0 cm sec !

and effective mixing height (H) 1000 m

S0, physical removal rate constant (kj) 1.0 % 10-55-2(:“1
corresponding to deposition velocity (v) 0.1 cm sec !
and effective mixing height (H) 1000 m

6A.2 REPRESENTATIVE ANNUAL CONCENTRATION AND DEPOSITION IMPACTS

Ambient Concentrations

In order to initially allow a reasonably general analysis of the regional
air quality impacts of coal-fired power plants and gasification plants, the
point of view has been taken that any modeling of the dispersion of the emis-
sions should not be dependent on microscale site characteristics. The only dis-
tinction made between sites is that different subregions within the six-state
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area will, in general, have different stability-wind roses, ambient tempera-
tures, and mixing helghts, To account for these differences between subregions,
the 71 subregions shown in Fig. 6A.l1 have been defined, each approximately 100
km?, depending on latitude. All sites within each of these subregions are
considered to have identical pollutant dispersion patterns.

Any site-specific features, such as the presence of complex topography
or large water bodies, would certainly need to be taken Into account if a
detailed anaiysis of the dispersion in a given location were to be made.
However, the siting of plants on a countv basis, as was done in this study,
does not justify the more Jdetailed analysis.

Since all sites withln a subregion are considered to have identical
dispersion patterns, it was useful to generate a set of annual average con-
centration isopleths for each subregion reference source. The reference source
used 1s the 3000-MWe power plant with physical characteristics given in Table
3.4 and emissions in Table 3.5 (60% load factor). As a first approximation,
estimation of ambient concentrations for different pollutants is simply ac-
complished through the use of weighting factors equal to the ratio of emission
rates, Differences in deposition or transformaticn rates will introduce er-
rors, but the magnitude of errors is expected to he within the range of un-
certainty of the emission rates and the basic model itself. The isopleths
for the selected subregions shown in Fig. 6A.1 are shown in Fig. 6A.2 and
the contour values for the various pollutants is given in Table 6A.2. Table
6A.2 also indicates maximum levels of annual averages for each of the pollu-
tants for the southern Illinois subregion.

From these isopleth maps, It 1s possible to consider any pattern of
siting for one or several such sources within the subregion simply by super-
imposing the proper maps with the appropriate weighting factors based on emis-
sion rates. 'These superpositions will In theory be correct only if all facil-
ities included have physical characteristics given in Table 3.4. However,
these characteristics of stack helght, gas temperature, and volume flow do
not greatly influence annual average concentratlons significantly beyond 1-2
km from the source. As a result, the isopleths give sufficient accuracy for
other facilities such as gasification plants 1If the appropriate emission rates
as glven in Table 3.5 are used. (Short-term maximums are more dependent on
physical characteristics, as is discussed in Section 6A.3 of the Appendix).

The baslc model used in these dispersion czlculations is a modified
version of the Climatological Dispersion Mcdel (CDM) developed by the U.S. EPA.
The modifications included first of all a routine for computing the population
exposure, based on user-input populations at specified centroids. The second
modification was a simplified simulation of the transformation from one pol-
lutant to a second pollutant and the remeoval of°"both the primary and trans-
formed pollutant by deposition and other physical processes. The transforma-
tion and removal processes were assumed to occur at a rate proportional to
the concentration of the respective pollutants. The principal motivation for
this latter modification was to simulate the conversion of sulfur dioxide
(50;) to the sulfate aerosecl (SO,). For thisg analysis an S0; to $0, conver-
slon rate of 1.0 x 10-5/sec was used along with removal rates of S0, and SO,
of 1.0 x 10 3/sec and 1.0 x 10 ° /sec, respectively.
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Fig. 6A.1 Study Area Subregionalization for Computation of Typical Air
Pollutant Concentrations and Depositions (Results for shaded
areas are shown in Fig. 6A.2.)
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Table 6A.2. Annual Average Concen-rations at Isopleths and Local Maximum for 3000 MWe Reference
Source in Selected Subregions (Fig. 6.4)

Concentration (ug/m3)

Follutant Isopl. 1 Isopl., 2 Isopl. 3 Isopl. 4 Isopl. 5 5. I11l. Max.
50, 2.45 1.84 1.22 6,13 (~1) 2.45 (=1) 2,45
NO_ 1.42 1.07 7.10 (-1) 3.55 (-1) 1.42 (-1) 1.42

Particulates 2.03 (-1)2 1.52 (-1) 1.02 (-1) 5,08 (-2) 2.03 (-2) 2,03 (-1}
co 7.73 (-2) 5.80 (-2) 3.87 (-2) 1.93 (-2) 7.73 (-3) 7.73 (-2)
As 1.07 (-3) 8.02 (-4) 5.34 (-4) 2,68 (~4) 1.07 (=4) 1,07 (-3)
Be 2.69 (-3) 2,02 (=5) 1.35 (-5) 6.71 (~6) 2.69 (-6) 2.69 (-5)
cd 1.28 (-5) 9.60 (-6) 6.40 (~6) 3.20 (-6) 1.28 (-6) 1.28 (-5)
F 9,26 (~3) 6.95 (-3) 4,64 (-3) 2,31 (-3) 9.26 (-4) 9.26 (-3)
Hg 1.59 (=5) 1,20 (-5) 7.96 (~6) 3.98 (-6) 1.59 (-6) 1.59 (~5)
Pb 1.69 (-3) 1.27 (-3) B.48 (-4) 4,23 {=4) 1.69 (=4) 1,69 (-3)
Se 2.50 (~4) 1.88 (=4) 1.25 (=4) 6.25 (-3) 2.50 (-5) 2,50 (-4)

a(-l) denotes x 10-1, etc.
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One of the options for future electric power generation facilities is
the clustering of facilities in which certain economies are achieved by lo-
cating several generating units relatively close to each other. One such pat-
tern considered in the GE Report 1is shown in Fig. 6A.3. 1In this pattern,
twelve 3000MWe facilities are located within a 36-square-mile {93-square-km)
area. In order to examlne the Iimpact on alr quality of this siting pattern,
it 1s only required to refer back to the reference point source calculations
and superimpose those results appropriately to similate the total effect of
all sources being considered. The resulting annual average contours at 60%
load factor for the Fig. 6A.4 and the contour values for various pollutants
are given in Table 64.3.

Deposition Rates

An Important aspect in the conslderation of air pollutant impacts on
ecosystems 1s deposition of these pecllutants on the surrounding terrain where
they become available for uptake into those systems. Presented here are es-
timates based on a first order approximation of a pollutant deposition rate
given by the amblent concentrations supplied in the previous section times a
proportionality constant called the deposition velocity. With the exception
of Hg and F, the trace elements in Table 3.3 are primarily in the form of
particulates az they leave the stack, and thus the following estimates of
particulate deposition ran also be used to estimate trace element deposition.

i ® ® ] [ ]
. .
6.0ml.
{9.7km)
® I
1.Omi
(1.6 &m.)
) ° ® e !

Fig. 6A.3 Clustered Siting Configuration for Twelve 3000 MWe Reference Sources
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Fig. 6A.4 Annual Average Air Pollutant Isopleths for Clustered Reference Sources
in Southern Illinois (Isopleth values given in Table 6A.3)
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Table 6A.3.

Annual Average Concentrations at Isopletns and Local Maximum for Cluster of
12-3000 *We Reference Sources in Southern Illinois (Fig. 6.6)

Concentration (ug/m®)

Poliutant Tsopl. 1 Isopl. 2 Isopl. 3 Isopl., 4 Isopl. 5 Maximum
S0, 17.1 13,6 10,2 6,82 3.41 19.3
NOx 9,95 7.96 5.97 3.98 1.99 11.2
Particulates 1.42 1.14 8.52 (-1) 5.68 (-1) 2.84 (-1) 1.60
Co 5,40 (-1)% 4,32 (-1) 3.24 (-1) 2,16 (-1) 1,08 (-1) 6,10 (-1)
AS 7,48 (-3) 5.97 (-3) 4,49 (-3) 2.99 (=3) 1.49 (-3) B.43 (-3)
Be 1.87 (-4) 1.50 {-4) 1.13 (-4} 7.50 (=5) 3.75 (-5) 2.12 (-4)
cd 8,95 (-5) 7.16 (~5) 5.37 (=5) 3.58 (=5) 1.79 (~-5) 1.01 (-4)
F 6,46 (-2) 5.17 (-2) 3.88 (-2) 2,58 (-2) 1.29 (-2) 7.30 (-2)
Hg 1,11 (=4) 8.88 (-5) 6.67 (=5) 4,44 (-5) 2,22 (=5) 1.2¢ (=4)
Fb 1,18 (-2) 9,43 (=3) 7.06 (-3) 4,72 (-3) 2.36 (-3) 1.33 -2
te 1.75 (-3) 1.39 (-3; 1.04 (-=3) 6.97 (-4) 3.48 (-4) 1,97 (-3)
a,

(-3} denotes x 10 !,

etc.
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The rate of particle deposition 1s deperdent on particle size. For
an electrostatic precipitator, the collection efficiency as a fuanction of par-
ticle =ire can be approximated by the following:

Particle Collection
Size (ym) Efficlency (%)
0- 5 um 727
5-10 um 95%
10-20 um 97%

Assuming that future power plants will have electrostatic preclpitators
or other control devices that in general are more efficient at removing larger
particles, it can be assumed that the emitted particles are under 5 pm. For
depositilon over grass the deposition velocity has been estimated to vary from
0.03 cm,/sec for 0.05 ym particles and 0.3 cm/sec for 5 um particles.’ For
deposition over plants more than one meter in height, (e.g., bushes and shrub-
bery) the deposition velocity increases by a factor of 5 to 10. In the fol-
lJowing analysis the value of 0.3 em/sec is assumed. Clearly the varilation in
particle size and terraln cover, in addition to the crude modeling approach,
makes the results obtained only rough approximations. However, these results
should be adequate to indicate potential problem areas worthy of further de-
tailed analysis, which is a primary objective of this initial study.

Using this straightforward approach, the concentration isopleths given
previously In Figs. 6A.2 and 6A.4 for the single and clustered facilitlies are
also estimates of deposition isopleths. Using the 0.3 cm/sec deposition vel-
ocity for particles and the 1.0 cm/sec deposition velocity for gases, the total
deposition over a one-year period at the contours and local maximum ig as given
in Tables 6A.4 and 6A.5.

Bacause of the many uncertainties in these estimates, an evaluation of
potential impacts should consider an order of magnitude increase or decrease
of these values as beilng pussible in the actual depositions.

6A.3 SHORT-TERM MAXIMUM CONCENTRATIONS

Estimates ol shorf-term maximum concentrations as presented here are
based primarily con results of the GE Study as adjusted fuor the emissions from
the standard 3000-MWe electrical generation and the 250 x 10°® scf/day gasifi-
cation facilities.® This study made use of the EPA PTMIP model, which is
basically a coning-plus-trapping wodel with gaussian diffusion, Pasquill-Gifford
dispersion parameters, and a Briggs plume rise formula. The pollutants are
assumed conservative and there is no interference from topographical features.

The plant characteristics are given in Table 3.4, A 1000-m mixing height is
assumed,

Maximum concentrations for l5-minute averaging times are obtained under
thege conditions for atmospheric stability class A and a 5 m/sec wind speed.
When these conditions are combined with the assumption that the plant 1s op-
erating at full capacity, the theoretical maximum concentration 1s obtained.
However, these meteorological conditions are expected to occur only a small
number of hours annually, and 1t is very unlikely that these couditions will
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Iable 6A.4., Annual Depositions at Isoplethrs and Local Maximum for 3000 MWe Reference Scurces in
Selected Subregions (Fig., 6.¢)

Depositions (gm/m?/vyr)

Pollutant Isopl, 1 isopl, 2 Isopl, 3 Isopl. 4 Isopl. 5 5, Iil, Max,
S0z 7.73 (-l)a 5.80 (-1) 3.83 (~-1) 1,93 (-1) 7.73 (-2) 7.73 (-1)
xox 4.46 (-1) 3,37 (~1) 2.24 (-1) 1.12 (-1) 4,46 (-2) 4.46 (-1)

Particulates 1.92 (-2) 1,44 (-2) .55 (-3) 4.8 (=3) 1.92 (=3) 1.92 (-2)
CO 2.43 (~2) 1.83 (-2) 1.22 (-2) 6.10 (-3) 2.43 (~3) 2,43 (-2)
As 1.01 (-4) 7.59 (=5) 5.05 {=5) 2.33 (=5) 1.01 (-3) 1.01 (-4)
Be 2.54 (-6) 1.91 (-6) 1,28 (-6) 6.35 (=7) 2.5~ -7) 2.54 (-6)
cd 1.21 (-6) 9.08 (~7) 6.05 (-7) 3,03 (-7) 1.21 (-7) 1.21 (-6)
F 2.92 (-3) 2,19 (=3) 1.46 (-3) 7,30 (=4) 2 92 (=4) 2.92 (-13)
Hg 5.00 (-6) 3.80 (-6) 2,51 (-6) 1.26 (-6) 5.00 (=7) 3.N0 (-6)
Pb 1,60 (-4) 1,20 (-4) 8.02 (=5) 4,00 (-5) 1.60 (=~3) 1.0 (-4)
Se 2.36 (-5) 1.78 (-5) i.18 {~5) 5.91 (-6) 2,36 (=6) 2.36 (=3)

#(-1) denotes <10 !, etc.
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Table b6A.5.

Annual Depositions at Isopleths and Local Maximum for Clustcr of 12-3000 MWe

Reference Sources in Southern 1llinois (Fig. 6.6)

Depositions (gimzlzr)

Pollutant Isopl. 1 Isopl. 2 Isopl. 3 Isopl. ¢ Isopl. 5 Maximum
S0, 5,37 4,30 3,60 2,15 1,07 6.07
NOx 3.14 2.51 1.88 1,26 6,27 {-1) 3.53

Particulates 1.34 (-—l)a 1.07 (-1) 8.05 (~2) 5.37 (-2} 2.69 (~2) 1.51 (-1)
co 1.70 (-1) 1,36 (-1) 1,02 (-2) 6.80 (-2) 3.40 (-2) 1,92 (-1)
As 7.08 (-4) 5,65 (~4) 4,25 (=4) 2,83 (-4) 1.41 (~4) 7.97 (-4)
Be 1.77 (=5) 1.42 (-5) 1.07 {-5) 7.10 (-6) 3.75 (-6) 2,01 (-5)
Cd 8.47 (-86) 6.77 (=6) 5.08 (-6) 3.39 (-6) 1.69 (-6) 9.55 (-6)
F 2.04 (=2) 1.63 (~2) 1.22 (-2) 8.13 (-3) 4.07 (-3) 2.30 (-2)
Hg 3.50 (-5) 2.80 (-5) 2,10 (-5) 1.40 (=3) 7.00 (-6) 3.97 (-5)
Pb 1.12 (-3) 8.92 (-4) 6.68 (~4) 4,47 {-4) 2,23 (=4) 1.26 (-3)
Se 1.66 (=4) 1.31 (=4) 9.84 (-5) 6.59 (-5) 3.29 (-5) 1.86 (-4)

#(-1) denotes < 10}

s €etc.
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occur simultaneously with plant operation at full capacity if the annual load
factor is a maximum of 60%. Therefore the emissions for the average 607 load
as given in Sec. 3.5 were used with expectations of more realistic estimates
of maximum valucs.

As 1ndicated above, the conditlons that produce the estimated maximum
concentrations occur very infrequently, and in fact may not occcur at all., Te
illus%rate the implications of the nonoccurrence of the projected conditioms,
Table 6A.6 compares the proiccted maximum 24-hour concentrations with stability
class A at 5.0 m/sec and 2.5 m/sec wind speed at 60% and 100% load factors.

The lower wind speed results in lower concentrations (becaus: of greater plume
rise), and these are the conditions more likely to occur. Uncertainties in
meterological conditions that give maximum concentrations also apply to the
trace elements; however, the uncertainties in .mnisslon rates, perhaps as high
as an order of magnitude, are dominant.

Table 6A.6 Comparison of 24~hour Maximum Concentrations
with Alternate Wind Speed and Load Factors
for the Reference 3000-MWe Source

Maximum 24-hr Concentration (ug/ma)

Load Factor Wind Speed 50, TSP NOx
100% 5 m/sec 490 41 290
100% 2.5 mfsec 415 35 240

60% 5 m/sec 300 25 170
607 2.5 m/sec 250 21 150

Note: For longer averaging times the maximum 15-minute concentra-
tions are multiplied by the factors in Table HA.7 which are deter-
mined from the formula: C(avg time = t) = C(15 min) x (15 minlt)o'z.

Table 6A.7 Relative Maximum Short-Term Concentration
as a Function of Averaging Time

Averaging Time Relative
{hr) Concentration
.25 1.0
0.5 0.87
1.0 0.76
2.0 0.66
3.0 0.61
8.0 0.50

24.0 0.40
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The short-term concentration contours from the single 300-MWe facility
emissions are given in Fig. 6A.5 and the contours for the cluster of facilitiles
(Fig. 6A.3) are given in Fig. 6A.6 for perpendicular and diagonal wind direc-
tions. The contour values and maximum point concentrations assoclated with
these figures are given in Table 6A.8 for 15-min., 3-hr, and 24-hr averaging
times.

The estimates of short term concentration as presented above are also
affected by a number of other parametric assumptions. In the GE study® an
analysis was conducted to identify the ecritical input parameters having the
greatest effect on the predicted short-term concentration. Considered were
variations in stability class, wind speed, mixing height, exhaust gas temper-
ature, stack height, volume flows, and combinations of variations in these
factors. Results of this sensitivity analysis are summarized in Table 6A.9.

On the basis of that study, it was concluded that:

of the many different factors involved in producing
ground-level concentrations of [pollutants] from a
power plant, there seem to be only two controllable
ones that can alter the maximum ground-level concen-
tration by any great amount, The first one, obviously,
is to minimize the amount of pollution that is emitted
from a stack...

The second method 1s the use of tall stacks. Although
this method cannot guarantee that high ground level
concentrations of pollution will never occur, it can
drastically reduce the probabilities of such an occur-
rence... (Decreasing the 244-m stack height used in
this study by 50%, to 122-m, correspondingly increased
the estimated short-term maximum <oncentration by ap-
proximately 50%.)

Other factors such as stability class, wind speed and
mixing height can also cause large variations in the
maximum short-term, ground-level concentration of pol-
lution. Unfortunately, these factors are not subject
to control by man. However, they arc matters that
should be taken into consideration before a power plant
1s constructed. 1If a certain area has an unusually
high proportion of undesirable conditions, greater care
must be taken to insure that high ground level concen-
trations do not occur.

The estimates of short-term maximums are also very dependent on the
model used for the computation. The EPA model used is among the more conserva-
tive. For example, the 24: l-hr average ratio is approximately a factor of 2

lurgerswith the FPA model as compared to the TVA and AEP models (see Table
6A. ).

The emphasis in this section has been on short-term impacts from the
reference 3000-MWe electrical generation facility because of the much larger
emission rate of SQ,, partieulates, and NOyx compared to the emissions from the
reference 250 x 10° gcf/day gasification plant. Differences i{n stack height
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Fig. 6\.5  Maximun Shqrt.-’l‘crm LConcentration Isopleths for a 3000 Mwe
Reference Source (Isopleth values given in Table 6A.8)
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Fig. 6A.6 Maximum Short Concentration Isopleths for Clustered 3000 Mwe
Reference Sources (Isopleth values given in Table 6A.8)
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catle GABa. Misimum Short-Term Concentrations at Isopleths and Overall Maximum for Single
and Clustered 3000-MWe Reference Sources (Figs., 5A,5-6) 15-Minute Maximums

Ccncentration {ig/m’)

Max. Max, Max.
Poilutant lseasi, - Isapl, 2 Isopl. 3 Isopl. 4 Isopl. 5 (Fig. 6A.5)  (Fig. 6A.6a) (Fig. 6A.6b)
L, 6,82 f*l,a 3,41 (427 6.82 (~1) 6.82 6,82 (-1} 7.42 (+2) 1,35 (+3) 1.07 (+3)
NGx 3.98 (+2, 1.9 (+2) 3.38 (~1) 3,98 3.98 (-1) 4,33 (+2) 1.79 (+2) 6,23 (+2)
Particulates 5.6 (+1) 2.84 (+1) 5.68 5.68 5.68 (=2) 6.18 (+1) 1.11 (+2) 8.89 (+1,
co 2.16 (+1) 1.08 (+1) 2.16 2.16 (-1) 2,16 (~2) 2,35 {(+1) 4.23 (+1) 3.38 (#1)
As 2.99 (-1) L.45 (-1) 2,99 (-2) 2.99 (-3) 2.99 (=4) 3,26 (-1} 5.85 (-1) 4,67 (-1)
Be 7.34 (-3 3.67 (-3) 7.34 (=-4) 7.34 (-3) 7.34 (~6) 7.97 (-2) l.44 (=2) 1,15 (=2)
Cd 3.58 (-3) 1.79 (-3) 3.58 (~&) 3.58 (~5) 3.58 (-86) 3.480 (-3) 7.01 (-3) 5.60 {=3)
F 2,57 1.29 2.57 (-1) 2.57 (-2) 2.57 (-3} 2.80 5.06 4.04
ks S.44 (-1) 2.22 {-3) 444 (4) 4,44 (-5) 4,44 (-6} 4,83 (-3) 8.69 (-3) 6.95 (-3)
N 4.72 (-1) 2.36 (~1) 4.72 (~2) 4,72 (-3) 4,72 (=4) 5.14 9.25 7.41
Se 6.97 (-2) 3.48 (-2) 6.97 (=3) 6.97 {(~4) 6.97 (=5} 7.57 (-2) 1.36 (-1) 1.09 (-1)

%(+2) denotesx 10%7, etc.

g5l



Table /A.Bb. Mauxlmum Short-Term Concentrations at Isopleths and Overall Maximum for Single
and Clustered 3000-MWe Reference Sources (Figs. 6A.5-6) 3-Hour Maximums

Concentration (Lg/w’

Max. Max. Max.
Pollutant Iscpl. 1 Isopl. 2 Isopl. 3 Isopl. 4 Isopl. 5 (Fig. 6.9) (Fig. 6.10a) (Fig. 6.10b)
S0; 4.16 (+2)a 2,08 (+2) 4,16 (+1) 4,16 4,16 (-1) 4.53 (+2) 8.17 (+2) 6.53 (+2)
Nﬂx 2,43 (+2) 1.21 (+2) 2,43 (+1) 2,43 2,43 (-1 2.64 (+2) 4,70 (+2) 3.80 (+2)
Particulates 3.46 (+1) 1,73 (+1) 3.6 3.46 (=1  3.46 (-2) 3,77 (+1) 6,77 (+1) 5.42 (+1)
co 1.32 (+1) 6,60 1.32 1.32 (=1) 1,32 (-2) 1,43 (+1) 2.58 (+1) 2.06 (+1)
As 1.B2 (-1) 9.10 (=2) 1,82 (-2) 1.82 (-3) 1.82 (=4) 1,99 (~-1) 3.57 (~1) 2.85 (=1)
Be 4,48 (-3) 2.24 (=3) 4,48 (-4) 4,48 (=5) 4.48 (-6) 4.86 (~3) B8.78 (-3 7.02 (-3)
Cd 2,18 (=3) 1.69 (-3) 2.18 (-4) 2.18 (-5) 2.18 (-6) 2.38 (-3; 4,28 (=3) 3.42 (-3)
F 1.57 7.80 (~1) 1.57 (-1) 1.57 (-2) 1.57 {-3) 1.71 3.09 2,46
Hy 2.71 (=2} 1,35 (-3) 2,71 [-4) 2.71 (-5) 2,71 (-6) 2,95 (=3) 5,30 (~3) 4,24 (=3)
Pb 2.88 (-1) 1.44 (-1) 2,88 {=2) 2,88 (-3} 2.88 (-4) 3.14 5.64 4.52
Sa 4.25 (-2) 2,13 (~2) 4,25 ~3) 4,25 (~4) 4,25 (=5) 4.62 (-2) 8.30 (-2) 6.65 (-2)

a(+2) denotes x 10+z. e'c.
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Table 64, 8¢,

Maximum Short-Term foncentrations at Isopleths and Overall Maximum for Single

and Clustered 3000-MWe Reference Sources (Figs. 6A.5-6) 24—Hour Maximums

Concentration (ug/m*)

Max., Max. Max.
Pollutant Isopl. 1 Isopl. 2 lsopl. 3 Isopl. 4 Isopl. 5 (Fig. 6A.5) (Fig. 6A.6a) (Fig. 6A.6b)
£9; 2.73 (+2)7 1.36 (+2) 2,73 (+1) 2,73 2.73 (=1) 2.97 (+2) 5.36 (+2) 4,28 (+2}
SOX 1.59 (+2) 7.96 (+1) 1.5% (+1) 1.59 1.59 (-1) 1.73 (+2) 3.12 (+2) 2,49 (+2)
Particulates 2,27 (+1) 1.14 (+1) 2,27 2,27 (-1) 2,27 (-2) 2.47 (+1 4,46 (+1) 3,56 (+1)
co 8.64 4,32 8.64 (-1) 8.64 (-2} 8.64 (-3) 9.40 1.69 (+1) 1.35 (+1)
As 1.20 (-1) 5.98 (-2) 1,20 (-2) 1.20 (-3) 1,20 (-4) 1.30 (-1 2.34 (-1} 1.87 {-1)
Be 2.94 (-3) 1,47 (=3) 2.584 (-4) 2.94 (=5) 2.94 (-6) 3.19 (-3) 5.76 (-3} 4,/0 (=1)
cd 1,63 (=3)  7.16 (=4) 1.43 (-4) 1.43 (-5) 1.43 (-8) 1.56 (-3) 2.80 (-3) 2,26 (=3)
F 1.03 5.14 (-1) 1.03 (-1) 1.03 (-2) 1.03 (-3) 1.12 2,02 1.62
Hg 1,78 (=13) B.88 (-4} 1.78 (=4) 1,78 (-5) 1.78 (-6) 1,93 (-3) 3.48 (-3) 2,78 (~3)
Pb 1.89 (-1) 9,44 (-2} 1.89 (-2) 1.89 (-3} 1,89 (=-4) 2.06 3.70 2,96
Se 2.79 (-2) 1,39 (-2) 2,79 (=3) 2.79 (-4) 2.79 (-5) 3.03 (-2) S.44 (-2) 4,36 (-2)

8(+2) denotes x 1072, etc..

A
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and flue gas temperatures and volume flow will have an impact on the relative
ambient concentrationg Zrom these facllities, but the impact of these parameters
will not offset the large differences in emissilon rates of S50;, particulates,
and NOp. The possible 1dentification of trace substance emissions, which are
more dominant in gasification facilities, would justify future ailr quality
analysis specifically related to gasification.
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Table 6A.9, Sensitivity of Maximum Short-Term Concentration
Estimates to Selected Parameters

Emission Rate (gm/sec)
Max. Conc, (relative)

Stack Height (m)
Max. Conc. (relative)

Stability Class
Max, Conc., (relative)

Wind Speed (m/sec)
Max. Conc., (relative)

Mixing Height (m)
Max, Conc., (relative)

Exhaust Gas Temp (K)
Max., Conc. (relative)

Estimation Model
(24=hr/l-hr) Average

394

EPA
0,53

1200
0.96

450
0.95

AEP
0,28
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7.0 HEALTH EFFECTS*

7.1 "HEALTH" DEFINED

7.1.1 The Measurement of "Health"

The distinction between good health and poor health is not sharp. The
health status of individuals can range along a continuum from perfect physical
condition to moderate to severe 1llness to imminent death. The level of ill
health which can be considered a serious economic or medical problem varies
according to the age and occupation of the person considered. A case of
influenza, for example, which might be considered 4 mild annoyance in a high
school student, could be cause for alarm in an elderly person with a heart
condition.

Nevertheless, an objective definition of health is needed. The one
most commonly used, because it is most easily measured, is mortality., There
are mor« useful measures of the health status of a population, which are far
less readily available. These are the incidence of disease (the rate at which
unafrected persons develop a given disease per unit time) and disease preva-
lence {(the proportion of the population suffering the gilven disease at any
time).

The characterilstics of the population under study are important aspects
of the expected health status. Even under the best of circumstances, the risk
of death is always relatively high at birth, reaches a minimum around ages 10-15,
and increases roughly exponentlally thereafter. Females tend to live longer
than males, and smokers tend to die earlier than those who abstain. A& variety
of social and economic factors also influence mortality rates, and in some
cases these factors vary markedly among easily identifiable racial and ethnic
groups. Therefore, it 1s important that age, sex and race be controlled in
any health effects meacurement scheme.

7.1.2 The Study of Health Effects

The health effects of an environmental stress or noxious agent in humans
are often hard to study. For ethical reasons, it is usually impossible to study
In man substances suspected of leading to lethal outcomes. As a consequence,
the results of animal experimentation, with all of the problems of interspecies
variation which that implies, are nevertheless a major scurce of data. Thus, we
are often in possession of excellent dose-response data for substances in
animals which cannot be applied directly to humans.

On the other hand, when data come from human studies, we often find that
they derive from cases in which the dose and duration of exposure (especia.ly
the former) and indeed the composition of the toxic substance being studied

*This section represents results of a survey of health effects undertaken
Jointly with the Environmental Control Programs at ANL, and thus this section
follows closely the similar section on health effects in that report!



are ot well defined.  Thus wnile the nature of the effeets may be well des-
criboed tor humans, quantitative dose-response relationships may remain obscure,
since the circumstances of exposure may be unknowr.  This problem is particu-
larly acutye In the case of long-term or latent ceffects in which the history of
ecxposure over a 10 to 20 yvear period must be estimated,

7.0 HEALTH EFFECTS ASSOCIATED WITH AIR POLLUTION FROM COAL USE
Most of the effluents from current modes of coal uti'ization which are
ot direct impact on humian bealth are tfound in the stack emisficns from coal-

burninyg facilities, and hence appear as airborme pollutants. These character-
istically have four major types of health impacts:

7.2.! Physiological Effects

7.2.1.1 Irritation

Iu this coase, the challenge f{rom the pollutant has the effect of caus-
ing an inflammatory reaction in the affected organs. Inflammation {s designed
as a defense mechanism, which assists the body to reject foreign materials,

[t is characteristically scen as a local reaction, for examnle, around a wound,
where the effect will be to wall off and later destroy invading pathogens and/
or other foreign material which cannot be removed by any other means. Para-
doxically, when an inflammatory response occurs over a wide area, It may havc

a deleterious effect. Because of the tissue damage which it induces, it may

do far more damage than the challenge or foreign material which stinulated the
reaction, The result may interfere with other immunclogical mechanisms to the
point ugerc susceptibility to attack by pathogenic organisms is actually en-
hanced.,

7.2.1.2 Direct Toxlcity

The pollutant causes direct damage to the cells with which it comes in
contact,. This usually tesults vhen the agent interferes with the metabolism
of the cell, by elther inactivating key enzymes, being metabolized into use-
less products, or otherwise disrupting normal cell function. In general, sub-
stances with toxic effe:ts will also stimulate inflammation, but the response
Is not always in proportion to the challenge. Inflammation usually occurs at
the site of contact, while toxic effects may shown up anywhere in the body
after ubsorption.

7.2.1.3 Carcinogenesis

The pollutant and/or its metabolic by-products stimulate the develop-
ment of tumors after some latent perlod which may range from a tew vesrs to
several devades.  This may occur as the result of an accumulation ¢! jene
mutativns or chromosome aberrations due to the bilochemical reactions hetween
the pencefc material of the cell and the carcinogen.
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7.2.1.4 Physical Synergism -~ Lunpg Clcarance

Ia the respiratory system in particular, there is a further class of
effects which, while not directly harmful in and of themselves, can potentiate
the ¢ffects desceribed above.  The mechanisms for clearing noxious substances
from the lungs may be reduced in effectiveness, thereby increasing the resi-
deree time of cffluents in the lung. This usuvally results efther from a re-
ducrion in cilliary action in the bronchial tree;, or from a thickening of the
protective laver of mucus which interferes with the niliary action moving
foreign particles out of the lung.

7.2.2 Clinical Conditions Resulting from the rhysiological Effects

The responses listed above may have different outcomes depending upon
the age and condition of the victim, the nature of the noxious agent, and the
duration of exposure. The following clinical manifestations are typically
observed among persons exposed to airborne pollutants of the kind commonly
secn in coal combustion,

7.2.2,1 Acute Respiratory Disease

Inflammation of pulmonary tissue and the general debility produced by
toxic effects make both the upper and lower respiratory tract more subject to
infection. Thus the incidence of influenza, pneumonia, colds, and other acute
pulmonary discases tends to be clevated in exposed populations. Acute asthma
attacks can be induced in susceptible persons by respired irritants, and the
severity oi an attack, whether pollutant-iuduced or not, can be markedly in-
creased by the synergistic relationships that have been found between the
body’'s response to histamines, which are released in the initial phase of an
asthma attack, and the prior exposure to other irritants.

7.2.2.2 Chronic Respiratory Disease

Prolonged exnosure to irritants and toxins have been shown to lead to
irreversible damage to lung tissue. Emphysema and chronic bronchitis have
been shown to develop in a variety of experimental animals exposed to low
levels of the common pollutants. These are also the characteristic effects
of chronic pulmonary injury in man and are seen, for example, after prolonged
use of tobaccu. Early inflammatory responses have been shown to lead to the
developmeny of various pneumonoconioses (silicosis, asbestosis, etc.) when
certain kinds of irritant particles are introduced.

7.2.2.3 Aggravation of Pre-existing Conditions

A person already in poer health from a condition such as chronic res-
piratory or cardiovascular cisease whether originally caused by the pollutants
in question or not is at much higher risk of suffering an acute or fatal epi-
sode when exposed to airborne irritante.



7.2.2.4 Neoplastic Discvases

Exposure to carcinogens of the kinds found among cval combustion pro-
dact: usually leads to neoplasio or cancer in the site or organ of deposition.
Cancers of the respiratory and alimentary tracts are therefore most likely to
be associated wich coal effluents, However, metabolic transport arn. transfor-
mat lon has the potential for causing vancer in other organs as well.  Cancer
of the hladder, central nervous system, and hematopoeitic tissues, {or example,
have all been associated with organic effluents having structures analogous to
those seen in coal.

7.3 HEALTH EFFECTS ASSOCTATED WITH SPECIFIC POLLUTANTS
The c¢ffluents produced from coal combustion are a heterogeneous group;

this sect=ion breaks t.uem down and tries to summarize what is known about the
components of interest.

7.3.1 Sulfur Dioxide (503)

502 was one of the earliest suspected toxic agents in air pollution
episodes and has therefore been studied cxtensively. In the pure state, it is
a colorless gas with a slight acrid odor. In high concentrations, it is
largely absorbed in the upper respiratory tract (URT) never reaching the pul-
monary reglon, but at low concentratlions, most of what 1s inhaled reaches the
terminal bronchloles and alveoli. Thus the effective dosc received by the
most sensitive parts of the respliratory system does not decrease linearly with
decreasing atmospheric concentration. It has not been shown to produce serious
direct effects In the pure state in humans in the concentrations which would
ordinarily be expected in arcas of heavy ceoal utilization (l.e., 0.3 to 1.5
PPM), although levels above 0.25 PPM are usually assoclated with adverse health
eftocts ian epidemiological studies.’

7.3.1.i Irritant Effects®'*’*5*®

In humans, initial exposure at levels which might be realistically en-
countered produces a slight temporary vasoconstriction which lasts about 10-20
minutes in a previously unexposed subject, with measurable reducticy in the
elasticity of the lung lasting for somewhat longer periods of time, Subjects
exposed over several days show slight changes in lung capacity and pulmonary
resistance, levels of various enzymes, and blood -:hemiatry. There appears to
be a habituation effect, in that a person with prior expoaure to low levels of
S02 does not react as severely to a given higher dosc as does one who has not.
Iu even the worst-case realistic dose range, the lrritant effect is mild, and
tends to decrease with habituation.

7.3.1.2 Co-irritant Effects
S0» has bheen found In some studies to interact with other irritants to

hoth enhance and ameliorate thelr effects. An experimental subject habituated
to sulfur dioxide, for example, will not react as strongly to a subsequent dose



of nitrogen dioxide as one without such prior exposure, Indicatlons of a syn-
erplsm kave been “ound in studies Involving ozone (0,5) and nistamine whercin
prior exposure to <)y will result In more severe reactions to those irritants.

507 can be 1dsorbed on the surfaces of otherwise benign particulates,
which markedly evhance the irritant effect. Jt is not known whether this re-
sults from the lunger residence time the S0; in the area of the particle depo-
eftion or from an enhancement o!f the irritant of the particle itself.'"

7.3.1.3 Carcinogenic Effects

S0~ passes readily throuph cell membranes, and once in an aqueous medium,
such as cell cytoplasm, can form a number of free radicals and ions, notably
sulfite, bisulfite, and S0;-. The first two can be quite toxic, however there
{s a well developed enzyme system which rapidly neutralizes and remcves those
jons. The risk associated with thesc ions is therefore quite low for most
people.  The $0;- radlcal, however, is a relatively long-lived species with an
affinity for breaking disu!fide (S-S) bonds,’ which makes it a potential cause
of gene mutations and possibly a long-term carcinogen.

7.3.1.4 Co-Carcinogenic Effects

One experiment showed in rats that prior exposure to S0; facilitated
the induction of lung tumors by benz(a)pyrene administered by aerosol. In
fact, in this particular experiment bonz(a)pyrene did not appear carcinogenic
in the absence of §0;.°

7.3.1.5 Effects on Lung Clearing

50; in acute high-level doses temporarily suppresses the action of
ciliated cells lining the bronchial passages. As these are responsible for
removing particulates ard other debris from the lungs, the residence time for
alien substances may be markedly increased. Long-term low level doses do not
anave this effect, but instead result insthe thickening of the protective mucus
layer over the cilia, which inhibits their ability to move the debris and
therefore has in the long run an effect siwilar to that seen following acute
exposure.

7.3.2 Oxides of Nitrogen

Nitrogen oxides (Nox) are produced by both the oxidation of organically
hound nitrogen in coal and the secondary oxidation of atmospheric nitrogen dur-
{ng the combuntion of coal and most other hydrocarbons, especially at high
temperatures and/or pressures. The two most important species are nitric
oxide (NO) and nitrogen dioxide (also known as N. Peroxide) (NO;). Nitric
oxide is an unstable species which oxidizes readily to NOz, which will be the
component discussed below,



7.3.2.1 Irritant Effect’

NO» is a strong irritant. Rats experimentally exposed to as little as
.9 PPM showed signs of acute inflammatory response after only four hours of
exposure. Chronic exposure of experimental animals to levels insufficient to
produce evidence of acute inflammation were nonetheless sufficient to produce
irreversible emphysema-like lesions. Human ¢xperiments at mederate levels
have shown evidence of inflammation as measured by diminished lung compliance,
but unlike S0O; the effects scem to be delayed several hours after the onset of
exposure. As with S0; and 1, there is a protective habituation effect to the
effects of acute inflammation. It must be emphasized, however, that the pro-
tective effects of habituation do not necessarlly appiy to effects other than
acute inflammation. 1In fact, in the oplnion of many researchers the reverse
is true, that the mechanism of habltuation to the acute inflammatory response
may be part of the effect of chronic toxicity.

7.3.2.2 Co-irritant Effect

See 3.3.1.2.

7.2.2.3 Carcinogenic Effect

Nitric oxide In aqueous sclution can form nitrite (NO:-) fon, which in
the presence of suitable organic ~mide bases can form nltrosamines. which are
highly potent carcinogens.a The possibllity exists, therefore, of a carcino-
genic effect both in the lung and the stomach as the result of swallowed par-
ticulates, and although there are sugpestive relationships between stomach
cancer and air pollution® in some Jocalities, there is a little verification
available as yet of this hypothesis.

7.3.2.4 Co-Carcinogenic Effect

Experiments showing enhancement of benz(a)pyrene carcincgenesis follow-
ing pri>r exposure to NO; are in progress, but the results have not yet been
publinhed.

7.3.2.5 Lung Clearance Effect

NO; seems to reduce ciliary action In the same fashion as 50;.

7.3.3 oOzone!

Ozone mny appear as the result of secondary reactions following combus-
tion as discussed in Sec. 6.4. It is a highly reactive trimeric molecule of

oxygen.



7.3.3.1 Irrltant Effect

Uy is among the stronger nof the simple inorganic gaseous irritants.

7.3.3.2 Co-irritant Effects

The relationships between ozone and other frvr!:ants are many and varied,
It shows a habituation effect, however, prior exposu-e to ozone produces cross
tolerances to a much greater spectrum of irritants tuan is the case with most
of the others. When exposure to ozone and other irritants 1s slmultaneous the
effect is usually additive or synergistic, Prior :/posure to substances con-
taining disulfide groups or sulfhydryl groups tends to be protective against
the acute response,

7.3.3.3 Carcinogenic Effects

0, has been shown to be carcinogenic ir susceptible strains of mice.
Tts capacity rfor reacting with disulfide and sulfhydryl groups, and for form
ing other kinds of frec radicals, give it the capacity for mutagenic actlvity
characteristic of many carcinogens. There 1s once again relatively little ex-
perimental verification.

7.3.3.4 Direct Toxic Effects

Ozone is very active biochemically, and has been shown to cause prema-
ture aging in some cxperimentzl animals. This is in spite of the fact that
most mammals including man have a very well developed enzyme system (super-
oxide dismutase) for removing and denaturing 0; and other active peroxides.

7.3.4 Hydrocarbons

Coal has no unique structure. It is generally viewed as a network of
aromsfic carbon compounds Interspersed with various heterocyclic compounds.
The potuntial therefore exists for the formation of a wide variety of orgaric
effluents, especially during transient operating conditions which permit in-
complete combustiua,

Many of the products of coal decomposition are equivalent to the ad-
vanced stages of pyrene synthesis. At temperatures orn the order of 900°¢c
the predominant reactions are ring closures, condensation, and aromatization
reactions.' The main products tend to be polynuclear ring compounds. Products
from low temperature pyrolysis might be expected to be encountered during
periods of startup and shutdown., These compounds would tend to be single
aromatic rings or heterocyclic compounds with alkyl side chains.

The consequences of inhalation of hydrocarbons are comumlex because the
inhaled substances are always in mixtures. This intermingling of compcunds
makes it virtually {mpossible to incriminate any single material as the agent
in the causation of pathelogic changes. However, in experimental situa‘ions



a number of crganic compounds arising from the combustion or processing of
coal have rron ideatified as either known or "suspect' carcinogens, others as
strong eye ana luag irritants.

7.3.4.1 Irr..unt Effects

The products of incomplete coal combustion include aliphatic an¢ aro-
matic hydrocarbons, aldehydes and ketones., Of the aldehydes, formaldehyde
and acrolein are recognized as the two most common hydrocarbon irritants.
These compounds are easily absorbed across the mucous membranes of the con-
junctivae and alveoli. Thelr initial actions are to produce tears (lacrima-
tion) or sneezing (sternutation).!® Other effects associated with inhalation
of these products include rhinorrhea, cough, sore throat, and a sense of sub-
sternal oppression. Irritation from formildehyde is appareut to most people
at concentrations of 2 to 3 PPM, the same reactions from acrolein are associ-
ated with concentrations of less than 1 PPM.!'!

The intensity of acuve and chronic inflammatory reactions will depend
on the specific toxicological properties of the pollutant. The olefins or
unsaturated aldehydes produce more noticeable irritation than do saturated
aldehydes. Their toxicity increases with the addition of a double bond and
decreases with increasing molecular welght.

Where a hydrocarbon is absorbed in the respiratory tract depends upon
the pollutant's water solubility. Highly wvater soluble products tend to be
absorbed in the nasal, buccal, nasopharyngeal, and laryngotracheal regions.
The higher mclecular weight, less soluble compounds are able to penetrate
deeply into the lungs.

Photochemical reaction products can be considered as secondary products
of coal combustion. 1lhese compounds result from the Interaction with ultra-
violet radiation and the oxidation of effluent hydrocarbons. Ozone and the
PAN serles are exam?lus of this group. Photooxidation is also a pathway for
aldehyde formation.'' The PAN series, peroxyacteylnitrate (PAN) peroxybenzoyl-
nitrate (PBZN) and its homologues, are potentially more toxic than the alde-
hydes. However, due to their high reactivity and resultant short lifetimes,
the extent to which the PANs are directly responsible for irritant effects is
questionable.

7.3.4.2 Carcinogenic Effects

Among the preducts of coal combustion, the most serious potential for
carcinogenic effects appeara related to the polycyclic compounds. Polycyclic
aromatics and aza-arenca derived from the benz(a)anthracene skeleton, have
bcen shown to contain a number of strong carcinogenic agents." This compound
has been clearly established as a causative factor in skin and lung cancers
among experimental animals.
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7.3.5% Carbon Monoxide

7.9.0.10 Direct Toxic Vifect

CO Is best known for its affinity for hemoglobin, with whi-h it com-
bines to form carboxyhemoglobin (COHb), which has a very long residence time
in the blood, The victim suffers asphyxiation. At COHbh levels >9.5 MG/M? in
blood for over cight hours, persons with stable coronary artery disease (angina
pectoris) may start to note Increased frequency and duration of symptoms; at
blood levels of 13.1 MG/M® excess deaths may occur among people with pre-exist-
ing cardiovascular discase, "

The effects at lower levels among otherwlse healthy persons 15 not well
def ined.

7.3.6 Particulates (including Trace Elements)

A significant portfon of the combustion products from coal is in the
form of particulates. Micrescopic solid particles and liquid droplets are
the result of process»s that take place during and after combustion. Although
the size range given for atmospheric particulates extends from about 0.005 to
500 micrometers, the particulates from coal combustion appear in a more limited
size range. These products tend to be found in the 0.0l to 10 micrometer range
of equivalent aerodynamic diameters. Because this range neatly brackets the
size defined for respirable particles, the coal combustion particulates pose a
significant potential for adverse humin health effects.

Mechanical procedures can redu:e the coal 1tself or the ash to particles
on the order of several micrometers i{n diameter. During combustion the constit-
uents of coal can vaporize and later condense, or a fine ash can be produced
such that particles of 0,1 to 1 micrometer are created. Partial combustion
can result in the formation of svot particles 0.01 to 1 micrometer in diameter.
The energy available from combustion can also be responsible for the formation
of condensation nucleil of 0.01 micrometers in diameter. The processes stated
above give rise to primary particulates, the results of direct interactions
during combustion. Secondary particulates can be formed from the post combus-
tion interactions of gaseous products and sunlight. The sulfates, nitrares,
and hydrocarbons usually result from photochemical reactions. The size range
associated with these particles {s 0.01 to 1 micrometer.'?

Virtually all of the naturally occuring elements can be found as con-
taminants In coal. The emission of these constituents is dependent on their
chemleal form prior to combustion and on their volatility.’

Most clements in coal, exclusive of carbon, come in the form of alum-
Inosilicates, Inorganic sulfides, and organic complexes. During combustion,
the sulfides and organic compounds are decomposed to produce 50; and a number
of oxides and other chemical species of varying volatility. ‘fhe aluminosili-
cates, on the other hand, have very high vaporization temperatures, and tond
therefore to survive more or less intact as fly ash and slag.'®



Many of the elements and compounds which volatilize and adsorb on par-
ticulates are known to have adverse ef fects on human ht.'.'ll(h,?ﬂ and one ol the
most Interesting of tiese (. S0;, which has heen dlscussed in See. 3,501,
When adsorbed on such surfaces, 80; Is in many cases transformed inte 505 and

the sulfate ion far more readily than it is In the gaseous state, and in the
presence of high humidity (and pussibly hygroscoric particles) may form acro-
sols of sulfuric acid or other acid sulfates. Particles containing vanadium
are particularly likely to catalyze this reaction.

7.3.6.1 Mechanisms of Action

The =2ffects that particulate emissions can have on human healun are de-
termined by three factors; the composition of the particulates, their size,
and the amount of time they spend in con*act with sensitive tissues.

The lungs constitute the major route of entry for toxic alrborne par-
ticulates. The probability of particle deposition and the anatomical position
of the respiratory system In which depos’tion occurs 1s primarily a function
of particle size. Those less than about .0l micrometers in dliameter tend to
behave like gases, and are generally not deposited at all. Particles with a
diameter of .01 to around 1 micrometer arc predominantly deposited in the
alveonlar or pulmonary region, while larger particles show a greater tendency
to deposit in the nasopharyngeal and tracheobronchial regions,

Most alrways are lined with cillated and mucus-secreting cells which
trap impacted particles and move them, aided by the cough reflex, to the
pharynx from where they are swallowed or expectorated. The extraction of
many toxic substances from such particles is inhibited by the mucus layer in
the bronchial tree and may therefore take place in the stomach, where thelr
residence time is relatively short. There have been studies, however, which
shown a positive correlation between particulate concentratioas in air and
stomach cancer.?

The surface of the alveoli must be kept clear of deposited matter to
allow for efficlent gas exchange. Phagocytosis by alveolar macropnage cells
is the principle clearance mechanism of this area. Insoluble particles or
aerosol droplets are engulfed by alveolar macrophage cells. The cell and
particle may then migrate either to the ciliated epithelium of the terminal
bronchioles, there to be swept out of the system by muco-ciliary action or
pass through the alveolar membrane and enter the lymphatic system. If the
deposited particle {s soluble in the tissue fluid on the surface of the al-
veoli, it can be readily absorbed into the bloodstream,

The rate at which particles are clcared from the pulmonary areas is
variable., For particles that are engulfed by macrophage cells and carried to
the ciliated epithelium or lymphatic system the residence half-life fs two to
six weeks., 1f the macrophage does not succeed immediately in clearing the
foreign particle, It may become sequestered In the lung. In this case the
residence half-1ife rises to several montha or years and the clearance rate
will depend upon particle solubility.

A cytotoxic material can influence its own rate of clearance In several
ways. Such a substance can damage or destory the phagocyte, thereby directly
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reducing macrophage action.  Tissue reaction to a sequestered particle can
result In the progressive segregation of the [oreign body behind a mass of
fibrous material, making removal more difficult, The formation of the sili-
cotlic nodule Is an example of the latter type of reaction.'”

7.3.6,2 Physivlogical Effects

The toxlc c¢ffect produced by respirable partlcles depends on the chemi-
cal species that they contaln. Small particles are generallv more toxic than
large ones.'®  The submicron fly ash particle presents a double threat to
human health, Not onlv does this particle reach the pulmonary region of the
lung and remaln there for extended periods of time, but it also has the capa-
bility of deliverying relatively high concentratiorns of some of the effluents
as the result of surface adsorbtien (see Sec. 3.3.6.1). A detailled breakdown
of the known effects which might Le ateributed to each of the individual com-
ponents would tend to be repetitive. We therefore present only a brief list
of the major cffects which can be anticipated and the important contributors
in each.

Irritant Effect

Because they can adsorb SO; and other irritant gases and vapors, res-
pirable particulates have the ability to magnify their effects by holding high
concentrations of these irritants in close proximity to sensitive tissues for
protracted periods of time,

The sulfate ion which is often associated with small narticles and
aerosols appears to be a far more potent irritant than any of the others dis-
cussed here. This {s probably due in part to the fact that the ion forms a
very strong and reactive acid and also to the fact that it 1s so strongly
assoclated with particulates.‘

The cations associated with the sulfates are important mediators of
irritant potency.H Pure sulfuric acid (H250,) and ferric ammonium sulfate
(FENH(S04) are the most potent forms. Other ions tend to be weaker in pro-
portion to their acidity,

Most particles which contain silircs: can, if they become permanently
sequestered In the lung, induce various forms of fibrotic lung disease, such
as silicosis, pneumoconiosis, etc.® In the amounts which are likely to be
produced by power plants, however, this effect {8 likely to be unimportant.

Carcinogenic Effect

Particulates act as carriers of many trace elements and hydrocarbons
in the effluent stream. Nickel (in the form of nickel carbonyl), chromjum,
(especially In the form of chromic trioxide), beryllium, and arsenic have been
implicated as carcinogenas. In the nrganic particulates, many contain the
known carcinogen benzo(a)pyrene and its relatives.
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Direct Toxic Efrects

Lead, tellurium, mercury, arsenic, selenium, nickel, chromium, .nd
vanadium are all known to be highly toxic,?? with many exhibiting a special
propensity for cellular deposition and retention. These elements are capable
of interferring with and disrupting the function of the central nervous system
and other organ systems of the body unrclated to the resplratory system.

7.4 QUANTITATIVE ESTIMATES OF RISE

While a great deal is known about the qualitative effects of many of the
substances found in coal-related effluents In the pure state, most of this is
based on short-run data at relatively high exposures. Properly measurcd dose-
response data for long-term exposures at realistic levels to these substances
is woefully lacking. Uose-response functions for combinations of substances
broadly similar in composltion to ceal effluents may, however, be developed
for some classes of outcomes from the available epedimiological literaturce.
This is an application, however, for which most of these¢ data are not well
suited, as In many of these studies the exposure terms as they related to indi-
viduals were not well defined.

In the current literature there are three major efforts ar a4 repression
‘model of human health and ai- pollution.21 Lave & Seskin have done an cco-
nometric type of analysis using health and air pollution data from 35 standard
metropolitan statistical areas around the United States., Thelr measurement of
air pollution was designed as a surrogate for the concept of "dirty air'; it
is not really comparable across their sample as the same level of "dirtin. ss'
might result in one case from autemobile c¢xhausts, in another case from petrol-
eum refining or other heavy industry, and In a third case from coal effluencs.
Their indicators of economic status and health status suffered from similar
kinds of difficulties. Tt 1is therefore not a very good model to use in pro-
jecting health effects,

The EPA has done a more detailed analysis on the basis of chess and
other data which attempts to relate specific health effects to specific pollu-
tants.' This study is oriented towards the kinds of pollutants produced by
automoblles more than coal-fired power plants, and has particular problems
with particulates. The suspended particulates used in this study were not
comparable to those fcund in coal effluents. However, for what it does handle,
the results are useful as a first approximation,

A third study ronducted by windelstein® in Buffalo, N.Y., regarding the
ceffects of pollution In that area did deal with particulates more closely akin
to those expected from coal burning.

While remaining acutely aware of the fact that existing dosc-response
functions are in a very preliminary stage, it is Instructive fur the purposes
of defining potentially significant health effects to compare the projected
air quality impacts from Sec. 6.0 with existing models. For this purpose
health effects functions related to sulfates concentrations are reproduced iIn
Table 7.1 based on a recently published report describing functions used by
EPA researchers in a computerized model.?? As an example, the threshold of



lable 7.1. Health Impacts ot Sullate Aerosol
Assumed Baseline Pollutant Effect Increase as !
Frequency of Concentration of Baseline per
Disorder within Threshold Pollutant Unit Above
Health Hffect Population at Risk Fopulation at Risk For Effect Threshold

Mortality

Aggravation ot
Heart and ung
Disease in

t.iderly

T

Aggravation of
Astluna

lower Respiratory

isedse in

sildren
hronic Respiratory

Jiscase
Non SToRers

Smokers

Total Population

'he prevalence of
chronic heart and
lung disease among
the 117 of the
population older

than 65> vears is 27%
The prevalence of
dasthma in the general
population is 3%

All cnildren in the
popuiation or 23,57
+f gpoyrulation

ko pulation
.r vlder

38% of pupulation
age 21 or ovlider

Datly death rate of
2.58 per 100,000

One out of five cf
population at risk
complain of symptom
aggravation on any
given day

One out of 50
asthmatics experiences
an attack each dav

507 ot <children have
one attack per vear

2% prevalence

10% prevalence

25 wg/m’ for
one day or
nore

9 Lg/n’ for
one day or
more

6 .g/m’ for
one dav or
more

13 .g/n’ for
several vea-,

10 :.g/=° for
several vears

15 .g/m’ for
several vears

2.5% per 10 Lg/m’

14.12 per 10 pg/m’

33,57 per 10 vg/m’

76,97 per 10 ug/m’

1347 per 10 Lg/m’?

73.87 per 10 _g/n’}
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10 ug/m® sulfate for incldence of chronic respiratory discase for non=amokers
is currently exceeded in the populous Northeastern U,S5., as Is shown in Fip.
6.13, Sec. 6.0. Further comparing the 0,5-1.5 pp/m’ sulfate impact in the
Northeast from the [llinois emlsslons [n the high coal scenarlo (Flg, 6.12,
Sec. 6.0) ond the dose response for chronle resplratory Jdiscase ot 1347 per
10 ug/m® for non-smokers indicates a significant potential health effect,
Currently these calculations cannot be considered quantitative estimates of
effectr; however they do Indicate qualitatively a high priority for further
research to define these effects,

A more detailed evaluation of dose-response models is currently in
progress and will be included In subsequent reports.
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8.0 WATER RESOURCES AND TMPACTS

8.1 INTRODUCTION

Water is a required input to all phases of the coal fuel cycle. In
some areas, water may not be available to meet the requirements of coal urili-
zation and conflicts may arise because of competing users in the agricultural,
{ndustrial, recreatiozal, and other sectors. In additfon, waste discharges
from coal utilizatlo. bring additional pollutant loadings that may degrade
existing water quality and affect the potential for use by man and the propa-
gation of aguatic life,

"his section presents an initial analysis of water availability in the
six-state arca and the effects of water consumption and pollutant loading frem
coal developments in the region.

The overall ohjectives of this aralysis are:

1. To assess the effects of coal-related activities on water resources
regarding the quantity of avallable water and present and projected competi-
tive withdrawal uses and in-stream uses.

2. To determ:ine the water quality impacts assoclated with pollutant
discharges from coal extraction and coal utilization facilities.

For each major river basin in the six-state area, an evaluation of water
availability for future energy development was conducted. The evaluatinn in-
cludes a calculation of direct water consumptive requirements for the projected
steam electrical power generation and coal gasification farcilities ..d a com-
parison of requiremernts with natural availability. For the purposes of initial
analysils, the 7 day/10-year low flow at river guaging stations vas used to
represent the natural availability.

In addition, cumulative loading for significant pollutants from coal
utilization was calculated for each major river bacir in the study area. Load-
ings were calculated on the basis of future siting development delineatea in
Section 4.0 and the characterization of effluent discharges of coal utiliza-
tion facilities discussed in Section 3.0,

Impacts of water use and pollutant discharges on the quantity and quality
of water resources are area and “ucility specific. Ir this initial analysis
of water resource impacts, three river basins in the State of Tllinois, includ-
ing the Illinnis, Rock, and Kaskaskia, were chosen as demonstrative example
arcas. These basins werc selected be-ause a relative {ntensive energy develon-
ment was projected for each and a significant amount of water related date was
avallable for these areas. Water use impants were evaluated by comparing the
quantity of surface and groundwater resources with the projected consumptive
requirenents of future energy development, and the projected consumptive needs
of compating users that inzluded municipal, industrial, agricultural and miring
uses, as well as instream uses by hydroelectric power generation, navigation,
vecreation, iish and wild'ife, and water quality management.
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Water quality impacts of the selectnd rivers were represented by incre-
ments of pollutant concentration resulting from eifluent discharges of pro-
jected coal utilization facilities. Concentration increments were subsequently
compared with existing witer quality levels as well as applicable water qualtly
standards to identify arecas of adverse impacts.

The water requirements of the energy scenarios beyond the year 2000 will
result in increasing preissure to use the Great Lakes water re .ources and to
construct more reservoirs, The Impacts and constraints assoclated with the
use of the Great lLakes water resources and the impoundment of water In reser-
volirs are not considered in this analysis.

Drainage and runeff from coal mines and seepage from waste disposal
sites and holding ponds, created for coal utilization and coal extraction,
could cause serious pollution problems for surface and p-oundwaters. Quali-
tative discussions of these Lrpacts are Included in th section. Further
assessments are required to evaluate their possible Impacts un the water re-~
sources of the study area.

The following subsections present Regional Water Profile (8.2); Water
Requirements for the Projected Coal Utilization (8.3); Water Pollutant Load=-
ings from Coal Utilization (8.4); and Impacts of Water Requirements and Pol-
lutant Loadings {8.5).

8.2 REGIONAL WATER PROFILE

The six-state study area includes three Water Resource Council (WRC)
regions:' the Ohio River basin, the Upper Mississippi River basin, and the
Great Lakes basin. The following paragraphs present brief descriptions of
these regions in terme of water availability and quality. The regional bound-
ary and surface witers included in the region are shown on the map presented
as Fig. 8.1.

8.2.1 Geographic Description of the Region

The Ohio Region

The Ohio River basin covers 203,910 square miles of drainage arca. Most
of the bauin lies within three major physiographic provinces, the Appalachian
Platcau, the Interior Low Plateau and the Central Lowlands.

The section of the Ohio River basin WRC Region contained in the six-
state study area consists of all or part of Aggregated Subareas (ASA) 502, 303,
and 506: ASA 502 contains the Ohio River from the Ohio-Pennsylvania statelinc
to Markland, Kentucky; ASA 503 includes thie Miami, Muskingum and Scioto Rivers;
and ASA 506 includes the Wabash and White Rivers and the Ohio River from Mark-
land, Kentucky, to Cairo, Illinois.

Precipitation, including snowfall, averages about 45 inches annually,
Precipitation 18 usually greatest in June or July and least in October, and
the average seasonal variation is small. Geographically, average annual rainfall
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ranges from about 36 faches In the neorthern plains arca to abeut 44 Inches in
the eastern mountainous regions.

Stream runoff normally follows a marked scasonal pattern, the average
annual values varying considerablv with geography, geology, and topography,
Average monthly runoff Is tvpically high during late winter and spring, with
the maximum usually in January. The low occurs from late summer through
October.

The Upper Mississippi Reglon

The Upper Mississippl River basi{n, upstream of the confluence with the
Ohio River, i{s made up of parts of elght states of the north-central itnited
States. The watershed area of the basin s 189,000 square miles or about 121
million acres,.

The climate within the Upper Mississippi River basin is of the humid
continental type. The average arnual precipitation varies from 20 inches in
the north to 48 inches in the scuth,

The basin extends in a north-south dlirection for some 700 air miles,
from the mouth of the Ohlo River to s line about 700 miles south of the United
States-Canadian border. The east-wd it extension is 500 miles, from near South
Bend, Indiana, to Big Stone lake, Soutli Dakota.

In the slx-state region, the Upper Mississippl Reglon contalns tlve ASAs:
ASA 701 contains the Mlnnesota and St. Crolx Rlvere plus the Mississlppl from
its source to Minneapolis; ASA 702 includes the Chippewa and Wlsconsin Rivers
and the Mississippl from Minneapolls to wWyalusing, Visconsin; ASA 703 contains
the Rock River and the Mississippl from Wyalusing, Wisconai{n to Burlington, lowa;
ASA 704 includes the Tllinois River and the Mississippl from Burlington, lowa
to Alton, Illinois; and ASA 705 contains the Kaskaskia River and the Miusissipp!
from Alton, Illinois to Cairo, Iilinofis.

The Cieat lakes Reglon Basin

Most of the rivers In the Creat Lakes Region of the Midwest study area
drain into Lake Michigan, the only exceptions befng the Saginaw which flows
into Lake Huron and the Maumee which flows i{nto lake Frie.

Four ASAs of the Great Lakes Reglon are [ncluded in the Midwes' study
arca: ASA 402 contains the Fox and Wolf rivers of Wisconsin: ASA 404 Includes
the St, Joseph, the Kalamazoo, the Grand and Muskegon Rivers: the Saginaw
KRiver drains ASA 405; and the Maumee River drains ASA 406,

B.2.2 Surface and Groundwater Avallabilitvy

The amount of flow, ard the seasonal, annual, and long-term fluctuat fons
in flow in a river arc important limiting considerations in coal conversion
assessment. Stream and ground water, water quality and avallability, type und
quantity of aquatic and terrestial bilota, and river use potentials are all
affected by river flow.
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For this study, the 1low measurenent used fer characterization and projec-
(lon purposes I- tiw 7-day/10-year low flow. ilis parameter provides a measurc
of worst-case flow comdit fons that coal conversion facilities will have to deal
with, and provides a maxImum boundary for siting constderatfons. Table BA.]
fn the aspendix to Sec. 8 contalns, for cacli WREC aggregated subarea, the 7-day/
l10-year ‘ow flow Infersation at deslgnated river miles. This information is
also sumsarized In Fig. 8,1, These data were gathiered from published reports
avallable from federal and state cpgencies, Including U,5.6.5., Corps of En-
glncers, EPA, amd State kater Resources Boards.

Groumdwater varies conslderablvy between and within river basins. Avail-
abllity and guaiity of yroundwater are dependent upon recharge rates, tvpes of
substrata that convev and contain the water and the degree of development of
the aquifer. Avatlabillty and quality are site specific, but generalizations
cdan be made for large areis,

1 othe Do fiver basdn, moderate to plentiful ground-water supplies
are avallaole throuchout most ol the oiao fal t111 areas and the alluvial val-
leys of uvther purtions of the bhasin,  The unconsolidated deposits te the north
of the Ohilo YWiver contain larege proundwater storage reservoirs in buried flow
channels franed by preciacial dralnage swstems,  For the most part, groundwatcer
rescrves ol the glactal o1 and e small area of the Culf Coastal Plain {n
the lower portion of the ohilo River fasin are plentitul and adequate, except
tor large voncentrated muntelpal and industrial water supply needs. However,
the eftfect on streamtlow of groundwater withdrawa! mav prove a restraining
tactor tn proundwater use.

Iie mineral content of groundwater is penceraliv Yhigher than that of
surface water. Slpniflcant probhiems of cexcessive chloride exist {n several
areds aqd problems assocfated with excessive nineral concentrations and hard-
nuess are also cencountered.  Higlh {ron content {s also common throughout the
basin.’

In the upper “lanissippl Kiver basin, the most widespread consolidated
aquiters are of sandstune, which provides poor te ~cdium vields, There dre
also large areas of lircestune and dolomite aquifers of extremely variable
vield. Unconsolldated aquifers of goad to excelient vield line most present-
davy river systems and are also found {n anclent river bed svstems. Ground-
water avallability is wenerally good, except in arvas of large municipal and
industrial locatlons where use exceeds recharge.

Jater quadity troe the vonsolidated aquifers 7 sandstone, Timestone,
aid dolonlte and uncorsolidited aquiters of sand and gravel are generally
hard, due to excessive calelum magnesfum concentratian {r the aquifer bearing
rock, although the degrec ot hardness varles signitjcantly, Other groundwater
qual ity problems Include dissolved solids and {ron.’

'n the lake Michiran arca of the Great Takes basing, groundwater ocrurs
In several tormations throupghout the basin. It {s probable that more than one
aquifer will be eniountered ot any well slte, Although the Lake Michigan basin
has the most bount ITul groundwater supplies in the entire Great lakes basin,
there are arcas where natural or man-nade conditions create prohlems, In some
places the groundwater resource {s inadequate for other than domestic and rural
use, although this problem is often due to improper well locations or outmoded
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supply and distribution systems. A few areas have hipghly saline bedrock
aquifers or poor unconsolldated aquifers, prohibiting major groundwater use,
Extensive lowerinf of bedrock aquifer water levels often occurs in metropol-
itan areas. This condition results in increased pumping costs and depletion
of future water availability. Contaminations of shallow aquifers by waste
disposal and of deep aquifers by leakage from water in multi-aquifer wells
have also occurred.

In the Lake Huron area, the groundwater varles greatly in amount and
quality. Water occurs In aquifers iIn glacial deposits, which vary consider-
ably in permeability and potential water yield. The bedrock contains aauifers
generally ylelding moderate to small amounts of water. The chemical quality
of thia water may be poor. Moderate and large supplies adequate for industry
and municipalities are restricted to the western and southern sections of the
basin.

In the Lake Frie basin, major aquifuers are found in unconsclidated
sediments and in near-surface bedrock formaticns. However, in contrast to
the three upper Great Lakes basins, the lLake Erie basin has less significant
unconsolidated aquifers and fewer consolidated aquifers. Chemical quality of
the groundwater has been a limiting facter iIn its development. Water from
surficial sand and gravel aquifers 1s generally good to fair in quality. Iron
is usually present. The water can be hard and contain appreciable amounts of
dissolved solids. Bedrock aquifers consistently yield hard to very hard water
with quantities of dissolved solids often abuve the recommended limit of 1,000
mg/l. Saline water i{s present locally, and increasingly with depth. Iron and
sulfatﬁ contents may be relatively high in local areas and increase treatment
costs,

General groundwater resource studies in Ohio,” Indiana, and Illinols
show that in the alluvial flood plains of rivers in these states, expected
ylelds from individual wells can be expected to exceed 1.1 efs. Expected
yleld per well drops significantly away from the flood plain to 0,2-1.0
cfs in the extreme northern areas of the river basins that lie in glacfal
drift to under .0l ~fs in the southern portions wherc glacial deposits diminish
and Devonian or Missisasippl shale predominate. 1In Minnesota, in the Minnesota
River basin, groundwater supplies are generally inadequate for needs other than
domestic. The glacial drift in this area is of low permeability and thus only
locally can wells of 0.7 cfs be found. No effert has been made to quan:ify
{in detail the effect of groundwater availability in the six-state study.

§.2.3 Existing Water (Quality

Throughout the reglon each state has developed a system of river use
vlassification. These classifications vary from state to state and from river
reach to river reach, Typical classifications include public drinking supply,
industrial use, agricultural use, fish and wildlife, and recrcation. For ecach
of the classification categories, acceptable concentration levels have been
developed for a variety of water quality parameters that vary with usc class-
{fication., Typlcal parameters include Dissolved oxygen (DG), Fe, Cl, Phenols,
pH, Biclogical Oxygen Demand (BOD), fecal coliform, Mg, Pb, Cr, Cd, and Cu.
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e map wa. comptled g lonlating bactyround river concentrations for water
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guallty porameters acatlal e throae. STORET, STOKES, the Ynited States En-

vironmental Yrotect o Avencfes water quai it ata wlorage base, contalns data
from flel! tests con 1 wostatc and federal avencles, such as geology sur-
veys, eavironoental protect fon agencies, denartoent 7 natural resources, and

watlcr survevs, dav woll o cdactional Inst itat fons,

Vop el L cara terization oS river dn thwe replon was divided Inte
S-S o le teartaes o wakeh maxdoes, mindnur, and mean concentrations for
Wiater ¢uai ity pararetor o were computed, The mean vwaluer for Ph, Fe, and heavy
metals amed the =indcoss calues far 00 ware then compared to standards applicabie
to the river rew bese As andlooted 1o e =00 srtandard vielations occur fre-

quent v throuyhont the reclon Yor these paraneteras,

Che terawuls bedddndg tlese vielations o aie 4ot nacural and anthronogenic.
However, Slnce thaee otongaris are haced on dealth eriterifa, even natural viola-
tiona indiloate proo e areas,

oS 0 vl vt ae, oY o ona s ocear e to natural sources such as
sprinys, croungwator Dnleriace ane cewoopical wistrara. However, erosion
from excavatfors, cdvoe tallines, and Industrial ¢fflaent may also contribute
tuo Lilg: Vo corcantrationys in rivers,

The eoant oo 0 i g strean s oa tens tl L of water tenperature, Wwater
depth and switace area, boattom contour, oreatic iasting, and type and amount
ot Livlovical oreantars In the water.  Fach of these functions may be modif fed
by bat!h nataral and man-nodde seurces. Man-lodeeed problems most often occur
ty heaviiy poluated areas and stem from Increased organie loadlng due to
mun . ip.ll and jndustrial e fluents,

Low pinocopcentrat bons can o ovour naturalie doe to springs, geological
substrata, and runofT; however, sueh readings are more often an indication of
anthropugenic contributions to water quality., Aci! mine drainage from surface
tatling and deep mines and offluent from industrial wources are common sources
of man-inducced T'ow pil levels,

Althoel bled heave=metal concentratons dceasionally result from nat-
ural sttuat fons, they mest often result fror anthroposesntc sources. Minine,
aerfouitare, textiles, cherdeal, clectrical, and refining Industries can acs
contribute to Ligh concentration of heavy metals in witer systems through run-
off and ot! luent discharges.

B.3 WALFK REQUIKIMENTY FOR PROJECTED ENFRGY DEVFIOMMENT

Althoupgh energy Jdevelupment vill resalt in varlous types of secondary
domestlc, industrfal, munilcap v, minae, and reclamat fon water use, this sec-
tion deals with toe direct wa,»r raquirencnts of encegy production facilities;
namely; coal converston plants, and - “ectric power plants, including nuclear
and ofl, gas and coal burning facilit{e.
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As Jdiscussed in sec. 3.0, it was assumed that relatively stringent
water consumption controls would be utilized, resulting in consumption of
10.8 ¢fs for a 250 x 10" scf/day gasification plant. Water consumption for
electrlical gencration based on the use of wet cooling towers was assumed to
be 0.018 cfs/MW.

Megawatt generatlon and water requirements for electrical generation
and coal gasificatlon for the years 1985 and 2020 have been computed and pre-
sented In Table 8,1 for cach major water resource In each WRC aggregated sub-
area in the studv arca hased on the haseline scenario. JIn addition, 7-day/
l0-year low flow and percent consumption of 7-day/10-vear low flow by 2020
vnergy development are also presented for each applicable water resource area.

Based solely upon water consumplion by electrical power generation and
voal gasification, surface water avaflability problens will develop in several
sect fons of the study area. These industries will consume 85% of the 7-day/
l0=year low flow of the Maumee River in neorthern Ohio; about 40% of that flow
of the Muskingum, Scioto, and Miami Rivers in southern Ohica and 30% of the
white River in Indlana, 407 of the Minnesota River in Minnesota, and 407 of
the Kaskaskia Kiver in !liinois. In addiiion, problem areas may develop on
the border rivers of the study area, such as the Dhlo and Mississippi, when
additional water is consumed from these rivers and their tributaries by states
outside the study arca.

In these problem areas, if consumptive water demand 1is to be met, lower
water- intensive technologies will have to be introduced, avallable water sup-
plies augmented, or siting patterns changed,

Iwo potential methods of water augmentat fon are the use of lakes and
creation or reservoirs. Though these two solutions may be avallable on a
site-specific basis, assvssment of thelr impacts on water avallability re-
quires further analysis.

Croundwater is 2 third method of water augmentation. Groundwater avail-
ability 1s a more site-spedific parameter than surface water availability, the
forner being dependent upon the thickness, depth, recharge rate, quality and
tvpe ot aquifers used as well as the extent to which the aquifer potential is
already developed by competing users. As limited by the scope of this study,
only generalizations, as presented in Sec. 8.2,2, can be made as to overall
reglonal groundwater availability for conversion facillities.

In this section, 7-day/l0-vear low flow of surface streams, a worst-
casce lndlcator, has been used to identify potential problem areas of water
avallability for power generation and coal conversion. In Sec. 8.5, additional
witter resources and etfects of other competing users will be considered in
vvaluat ing the water availabflity problems for the sample areas in Illinois.

B.4 WATER POLLUTANT LOADINCS FROM COAl. UTILIZATION

In coal-related energy facilities, waste streams are gencrated from c¢lean-
{ng of stack gases; softening, neutralization and deminerallzation of boller
water; blowdown from various plant processes; cooling and cleaning of crude
gases; quenching of gasifier ash and removal of slurry; runoff{ from coal storage



Table 8,1,

Projucted Future Energy Developments and
Estimated Consumptive Water Requirements

.38: Total

Lat JlTavad

2023 Electricai Ceneration

Canazitv (M

2020
Cual Cani-
ticerviun

T tizated Water Reguirezents
2020 for Elecitical Generation

an: Cca! Gasification

7 .;'.1_\-/‘.0—yr

wWater Seavration Nuclear fapacity < of 7-day/ Le. Flow,

WRC-ASA Fesource Capacity (MW) 0il, Cas Coal Tutal 10%scf/day cfs 10-yr Low Flow .fs

401 Leke Zuperioz 2,322 8,549 5,587 14,136 - 176.1 - -

432 Lawe Mboo, un MY -, 38 5,104 9,692 - 122.1 -

kol River - 3,00l - 3.0LG - 17,3 8.6 s

403 Lake Michigan 10,202 15,6213 7,312 22,937 - 258.9 - i

bes Plaines )

River 3,296 - 4,230 4,530 - 57.1 1. 1,935

40« Lake %, ‘hi.gan 4,147 12,076 6,900 16,070 = 227.8 - -
e B4

Rives = 3,630 = 3,40 s 17.A ol 17C

Py 0 Aaver 511 - 3,511 .550 - aL.2 6.7 [3:19]

Grard ..iver 1,775 - 4,450 4,450 - 5€.1 6.0 700

Kalamaroo Kiver 812 812 3,000 3,612 - LB.D 13.7 150

405 Lake k.ton 2,382 14,238 1u,1n5 24, 3¢ - 7.4 - -

Danifae Hiver 1,300 1,300 - T B - Thad 3.8 -39

«~CE Lane Lafon 5,00l 11,38 10,39 L - 273, = -

Lane Erie 8,61% 22,968 13,696 Jo,bn- 2 4nl.C = -

Mius-te River - 8,848 3,000 11i,8s8 = 149.3 85.3 175

-0 Lake Erte 5,201 17,224 4,77: 21,995 - 277.1 - -

2 Ohio Naver 15,817 14,957 48,696 63,653 - B02.0 (1%10.0) 11.5 (21.6) 7,050

Reservoar 2,966 = 2,966 2,966 - 37.4 - =

tol
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(Cont'd.)

2920 EsticateZ warter Rogquirements
1555 Toral 2020 ilectrical Ceneraticn Coa: t;.ni- in 2520 fer Electrical Gereratiorn
filectrical Dapactey Loe) fication dvd Coad GasilveaulEy 7 dav’'10-vr
wazer Generation Nuslear Capacisy & e Tedawy Low " low,

LT F ALY Resiuroe Cajuc.ty (Mw, c.., Gas Coal T tal 10%sci.day ofs 10=yr Low Flow ts
1L2 R T U 2 1 S - 27,013 27,810 - 37,5 ZR.7 <3
Siiato iver - S 12,550 15,7¢C0 - 1850 LB.5 1=

Miazi River - &,5 10 LTS YR, - oI L0.6 535

505 Ohio River Fyi4l 14,676 16,780 31,458 1,500 397.2 (24+0.2) 0.9 (5.4) “5,0M)
506  White Kiwer 5,271 . iy 13,134 17,793 250 235.0 33.% Al
®Wabash ilver 4,570 3,040 25,308 24,3738 502 308.8 (533.06) 11.0 (19.0) 2,500
Resurvearts 1,750 £,303 4,700 10,700 250 134.8 = =

701 Misslosipp! K, 8,56} 3,569 16,587 18,156 - 228.8 (381.1) 11.4 (19.1) 2,71
Minnesntu Kiver - 3,050 3,000 6,030 - 6.7 40.4 140

St. Cralx River - 3,500 3,600 6,000 - 15,9 7.2 1,000

102 Missni-aizal n. 3,402 7,184 6,921 14,107 - 178.5 (646,3) 1.6 (5.9} 11, 3
Chifpewa River 8no 8.0 - 820G - 10.1 0.5 1, "0
Eisconsin River 3,079 512 5, 5h7 6,079 - 76,6 2.9 2y 20

70} Mississip-1 R, 44BN 12,980 6,110 19,050 - 3 240.5 (1088.3) 1.6 (7.2) 15,71
Rock hiver 4,040 13,040 3,000 16,00 - 22,1 14,06 1,--1

704 Mimsaz~:10pi &, - 3,000 3,000 £,000 - 75.6 (1659.9) 0.4 (7.9) RS
lilinoia slser 15,519 27,483 17,8313 39,314 - 495.4 (552.%) 13.6 (15.%) 3,70
Reservairs 6,491 16,900 9,726 2C,626 750 292.3 # =

9y Mississipp1 R, 650 3,000 650 3,650 1,000 89.2 (1794.1) 0.2 (1.6) &8, "0
taskasuia River 1,8%8 - 1,858 1,853 500 45.0 37.5 3
Reservoire 1,303 - 9,881 9,881 - 124.5 -

( ) Sunbers in patenitesis indicate Total wvater requiresents, tributary plus mainstenm,

S6 1T
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plles; and/or other sources. The mikeup and degree of water pollutants pos-
sible from power generation plants and coal conversion facilities are dependent
on the size and types of processes and pollution control and water conservation
practices involved in the various facilities; these have been discussed In de-
tail in Sec. 3.0 of this report,

Bated on the loading rates given in Tables 3.7 and 3.), and siting de-
velopment projected in Sec. 4.0, cumulative loadings of 15 pollutants due to
the 2020 baseline scenacio for all major river basins in the study area, and,
in addition, high coal use scenarfo for three example areas in Tllinois, were
calculated. Table 8.2 is a2 summary of data by river basins. High effluent
contrel following New Source Performance Standards {NSPS) for power generation,
and "treated" option for coal gasification, were used where given; otherwise
the uncontrolled values were used.

Different pollutants may influence the quality of water and of stream
blota in different weys. Blological oxygen demand (BOD), which has been used
as an indicatur of the strength of exidizable compounds, reveals a potential
for removing dissolved oxygen (DO) from water. A high BOD may use all avail-
able (DO), thus turning an aerobic ecosystem to anaerobic and completely chang-
ing biological and chemical composition of the stream. The DO is a signifi-
cant limiting factor in determining species composition of the biota.

Ammonia nitrogen is a specific component of BOD; nitrite and nitrate
are in turn nutrients for blological growth. Amronia is a good indicator of
stream quality as it originates primarily from anthropogenic sources, includ-
ing gasification and power plants,

Chlorides occur in most surface waters, and eources of chlorides may
be natural or anthropogenic, including energy related coal activities. High
chloride levels may be hazardous to people with kidney and heart disease.
Chlorides {impart an undesirable taste to the water and may combine with heavy
metals to form toxic salts.

Suspended solids directly affect the turbidity level, which has a pro-
found effect upon the stream biota., Increased turbidity increases cost and
decreases effectiveness of water disinfection.

Sulfate may be a limiting factor in algae growth in various aquatic
environments., High sulfate concentrations may have a laxative effect on hu-
mans and Impart undesirable tastes to the water. Under anaerobic conditions,
sulfate may be changed to sulfide, which is highly toxic to biota.

Iron affects the taste of drinking water and tends to precipitate and
ngglomerate on pipe surfaces causing economic problems fn water usage. Iron
moy, under unbuffered circumstances, lower the pH to a toxic level. Iron
precipitates may also clog fish gills and smother eggs and larvae of aquatic
animals.
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Table 8,2,

Estimated Pollutant Loadings of the Projected 2020 Coal Utilization
Facilities Assuming High Effluent Contrcl (1b/day)

Lake Lake Lake Lake Muskegon Grand Kalamazoo Maumee
Pollutant Superior Michigan Huron Erie River River River River
BOD - - - - - - & -
Ammonia 9.3 30.8 34.4 3G.9 5.8 7.4 5.0 5.0
Chloride 860 2836 3156 2844 541 685 462 462
Sulfate 1823 60G7 6706 6024 1145 1452 979 979
TSS 387 1276 1424 1280 243 308 208 208
Cyanide - - - - - - - -
Thiocyanate - - - - - - - -
Phenols - = - - = - - -
Cadmium 0.1 G.3 0.2 0.3 0.05 0.1 0.4 0.4
Chromium 4.2 13.8 15.4 13.8 2.6 3.3 2,2 2.2
Copper 2.5 8.4 9.4 8.4 1.6 2.0 1.4 1.4
Iron 25 8.4 9.4 R.4 1.6 2.0 1.4 1.4
Zinc 3.2 10.€ 11.8 10.6 2.0 2.5 1.7 1.7
Lead 0.1 0.3 0.3 0.3 0.05 0.1 0.03 0.03
Arsenic 0.1 0.3 0.3 G.3 0.05 0,1 0.03 0.03

a
All loadings are for the 2020 baseline Scenario, except for the Illinois, Rock and Kaskaskia River basins
where data for both baseline and high coal use sceznarios are presented.
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Table 8.2. {Cont'd)

Muskingum Seioto Miami White Habasha Chio St. Croix
Follutant River River River River River River River
BOD - - - 375 1125 3375 -
Ammonia 46 20 7.9 228 676 2096 5.0
Chloride 4252 1848 726 2741 7428 28462 462
Sulfate 9006 3914 1537 4684 12367 50187 979
TSS 1913 832 327 1474 4065 14974 208
Cyanide - - - 2,8 8.3 24.8 -
Thiocyanate - - - 1925 5775 17325 -
Pheonols - - - 10 30 90 -
Cadmium 0.4 0.2 0.1 0.3 1.0 3.5 0.04
Chromium 21 9.0 3.5 10 27 110 2.3
Copper 13 5.5 2.1 6.6 18 71 1.4
Iron 13 5.5 2.1 89 263 808 1.4
Zinc 16 6.8 2.7 9.3 25 98 1.7
Lead 0.4 0.2 0.1 86 257 772 0.04
Arsenic 0.4 0.2 0.1 1.0 3.0 9.5 0.04

a o @ ¥ .
Includes lcadings of the White River and Wabashi River mainstem,

b
Includes loadings of the Muskingum, Scioto, Miami, Wabash and White Rivers and Ohio River mainstem,
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Table 8.2. (Cont'd)

Minnesota Wisconsin Rouck " Illinoig Il]inoig Kaskask%a Hississ&ppi
Pollutant River River River iver River River River
BOD - - - - - 750 2250
Ammonia 3.0 9.3 5.0 27.4 62 4135 1136
Chloride 462 857 462 2520 5737 1661 13292
Sulfate 379 1816 979 5338 12152 1274 21421
TSS 208 386 208 1134 2582 1229 7425
Cyanide - - - - - 5.5 17
Thiocvanate - - - - - 3850 11550
Phenols - - - = - 20 60
Cadmium 0.04 G.1 0.04 0,2 0.5 0.3 1.8
Chromium 2.3 4,2 2,2 12 28 1.7 46
Copper 1.4 2.5 1.4 7.4 17 1.9 30
Iron 1.4 2.5 1.4 7.4 17 166 522
Zine 1.7 3.2 1.7 9.4 21 4.4 44
Lead 0.64 0.1 0.04 0.2 0.5 171 514
Arsenic 0.04 0,1 0.04 0.2 0.5 1.7 5.8

%Same for Baseline Scenario and High Coal Use Scenario,
bRepresents Baseline Scenario,
CRepresents High Coal Use Scenario.

dIncludes loadings of the Minnesota, St. Croix, Wisconsin, Rock, Illinois, Kaskaskia Rivers and
Mississippi River mainstem.
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Copper, another effluent from power plants and gasification processes,
is frequently found in surface waters and in small amounts is beneficfal to
humans and wa:er blota. However, large doses may affect water taste, and In
high prolonged doses it may cause liver damage iIn humans. It presents a poten-
tial danger to high trophic level biota, because it concentrates through food
chains. Tt is toxic to humans only in very high concentration. At lower
levels, it affects taste, gives a milky appearance to water and causes a greasy
surface film to develop.

Zinc reacts synergistically with copper to increase copper toxicity.
It is most toxic t¢ aquatic vertebrates forming an insoluble compound through
combination with mucous and damaging fish gills. Low levels of zinc are found
in coal-related energy activities.

Mercury, lead, chromium, and cadmium, cyanide and phenols are all highly
roxic to human and aquatic communities. All have acute and chronic effects,
and all concentrate through food chains. They affect the cardio vascular,
nervous and excretory systems, and have potential carcinogenic and teratogenic
effects, Primary sources for environmental concentrations of all these sub-
stances are anthropogenic and include coal mining, power generation, and gas-
ification.

Impacts of pcllutant loadings on stream water quality are area-upecific,
depending on the nature and extent of pollutant as well as the quality and
hydrulogic characteristics of the receiving water. Specific impacts of three
demonstrative example areas are delineated in the subsection that follows,

Discharge of water heat constitutes one other main category of pollutants
resulting from coal-related energy facilities. Effluent guidelines, embodied
for the most part in P.L. 92-500, the Federal Water Pollution Control Act Amend-
mert of 1972, currently restrict the discharge of heated effluents to the aquatic
environment. To evaluate the impacts of thermal discharges beyond the year
2000, it is assumed that closed-cycle cocling, such as mechanical draft towers,
natural draft towers, and/or cooling ponds, will be used in coal utilization
facilities and that no heated effluents will be discharged warmer than EPA
standards established for maintenance ot propagation and protection for a
balanced, indigeneous population of shellfish, fish, and wildlife in or on the
receiving water body.

8.5 1IMPACTS OF WATER USES AND POLLUTANT LOADING

In this section, three rivers in Tllinois, the Illinois, Rock and Kas-
kaskia, were chusen as sample areas for evaluating the impacts on the water re-
sources of the projected 2020 baseline and high coal use scenarios. Sec. 8.5.1
dcals with the water requirement impacts, and Sec. 8.5.2, the pollutant loading
impacts.

There are water quality impacts relative to coal developments, which are
not quantified in this study, including (1) surface water quality degradation
Iy sediment, acids, and heavy metals carried into streams by coal mine drainage
and runcff and (2) groundwater degradation from water percolation through mined
arcas, spoil plles, and waste disposal sites of utilization facilities. Thess
potential impacts are discussed briefly in Sections 8.5.3 and 8.5.4.
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8.5.1 Water Use lmpacts

In this section, impacts of water use by the 2020 energy development
was evaluated to include considerations of competing water users. Data on the
projected withdrawal uses by 2020 for municipal, industrial, agriculatural,
and mining, and Instrcam uses for hydropower, commercial navigatlon, recreation,
fish and wildlife, and water quality management were obtained from the Upper
Missis<'ppl Framework Study.’ Factors were applied to estimate consumptive
use fr tlons from total withdrawal uses. These results are shown in Table
8.3, which also shows water availability in terms of 7-day/10-year low flow,
median flow, ylelds from projected and existing lakes and reservoirs, and
ylelds from groundwater.

Illinois River

The [llineis is the largest tributary of the Mississippl above the mouth
of the Missouri, with a median flow of 15,480 cfs and 7-day/10-year low flow
of 3600 cfs. Minimum potential available groundwater, including that now being
used, Is 5750 cfs. Ylelds from lakes and reservoirs in the basin amount to
3232 cfs, about 2000 cfs of which is through diversicn from Lake Micl..gan. *®

By the year 2020, total water consumption by withdrawal users in the
basin is expected to be at 3166 cfs under the high coal use scenario, and 2924
cfs under the baseline scenario. The primary consumers will be industrial users,
which account for about 1210 cfs, or more than 33'/,%7 of the projected total
use. The residential, commercial, agricultural and mining users, together,
account for 1117 cfs. The projected energy developments call for power plants
at 64,600 MW under the high coal use scenario, and 42,500 MW under the base-
line scenario, which will consume 815 and 573 cfs, respectively. These uses
account for less than 26% of the projected total consumptive use in the basin.

Based on the data on Table 8.3, it 1s apparent that apart from instream
requirements the water supply will be sufficient to support the projected 2020
energy development. The estimated water demand will require less than 4% of
the median flow in the river. During the period of extreme low flow, the de-
mand by energy development could rise to 16% of the 7-day/l0-year low flow,
however.

For the Illinois River basin, water use conflicts may arise between with-
drawal users and instrecam users. The projected recreation boating traffic and
figsh and wildlife maintenance indicate a need of 10,680 cfs or more on the
Illinois River by 2020. At the present time, a minimum of 6500 cfs is nceded
for i{nstream uses In the basin, and it has been estimated that at least 257 of
the time these needs will not be satisfied.’ Furthermore, the future demands
of both withdrawal and int*ream uses will increase.

Rock River

The Rock River begins in southeastern Wisconsin, flows in a generally
southwestern direction, and drains inte the Mississippi below Rock Island, Il-
linois. The total drainage area of th. Rock River basin 1s 10,710 square miles.
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Table B.3 Summary of Water Availability and Requircments

for 2020 Fnergy Developments and Competing

Users
Users [1linois Rock Kaskaskia
Consumptions by Withdrawal Uses (cfs)
Municipal & Industrial® . 697.5 93.0 40.3
Industrial (gelf supplied) 1210.5 85.3 162.8
Agricultural
Rural Domestic 21,7 14,0 6,2
Livestock 162.8 120.9 32.6
Irrigation 235.6 20,7 396.8
Mining” 23,3 3.1 6.2
Energy Development (power Bep-
eration and coal conversion)
High Coal Use Scenarlo 815 202 45
Basellne Scenario 573 202 45
Total - High Coal Use Scenario 3166.4 1439 ,0 689 .9
- Baseline Scenario 2924, 4 1439,0 689.9
Instream Uses (cfs)a
Hydropower 9366 14210 4]
Commercial Navagation 3140 0 337
Recreation, and fish &
wildlife 10680 3452 542
Water Quality Management 510 1594 25
Water Availability (cfs)
Stream Flow
T-day/lO-yraLow Flow® 3600 1440 120
Median Flow 21870 41300 1460
Lakes - Resesvoirsd 3232°% 0 193
Ground Water 5750 3495 428

aEstlmated from data glven in Reference (7),

bEstimated from siting development projected in Sec., 4.0 of this

report, also see Table 8,1,
“From Table BA. L.

dFrom Reference (8),

Include 2000 cfs through diversion from Lake Michigan.
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The available surface water at median flow is equal to about 4300 cfs,
and about 1480 c¢fs at 7-day/l10-year low flow. The minimum potential available
groundwater, including that now being used, is 3500 cfs. Sustained yields can
be expected to be greater.’

The projected total consumptive use by 2020, including those by energy
sources and nonencrgy sources, 15 equal to about 1434 cfs. The primary con-
sumers are agricultural users, which account for 73.5% of the projected total
uses. More than 50% of agricultural water uses are (and will be) dependent
on the groundwater sources.,

The plan for 2020 encrgy development, for both baseline and high coal
use scenarios, co.templates the construction of six power plants in the Rock
River basin. rhesce plants will consume about 202 cfs of water, equivalent to
about 14% uf the projected total consumptive use. The power plant water de-
mands represent less than 147 of the 7-day/l0-year low flow, and abouvt 5% of
the median flow in the Rock River,

Based on flow rates alone, the water supply in the basin apparently
will be sufficient to meet the requirements of the 2020 energy development.
Simllar to the Illinols River, use conflicts between the wi‘ndrawal users and
instream uscrs arce presently existing in the Rock River Basin. Increasing
Jemands by the withdrawal users in the future will further deplete the avall-
able water for instream users.

Kaskaskia River

The Kaskaskia River rises in central lilipols and flows in a southwest-
erly direction to its confluence with the Mississippi 8 miles north of Chester,
111inois. 7The basin has a drainage area of 5840 square miles. The total avail-
able or dependable surface water supply, in terms of 7-day/l10-year low flow,
is 120 cfs. The median runoff is about 1460 c¢fs. Groundwater in the basin
is quite limited; the availablility varies from one location to another because
of the general lack of uniformity in the distribution of water yielding aquifers.
The minimum potential available groundwater, including thut now being used,
is estimated at 428 cfs. Ylelds from lakes and reservoirs in the basin amount
to about 193 cfs.n?®

Consumption by withdrawal users is expected to be about 700 cfs in the
year 2020. Agricultural and self-supplied industrial users, combined, will
require 600 cfs, or B85 of the prajacted total demand. The projected energy
developments by the year 2020, including one power plant and two gasification
plants, will require about 45 cfs of water, or less than 7% of the projected
total demand.

Based on the data given on Table 8.3, water supply in the Kaskaskia River
basin will be a problem due to high demand and low availability. The data in-
dicates that during the low flow period the projected total water consumption
will amount to approximately 94X of available supplies from all known sources
in the basin, including natural stream flow, lakes and reservoirs, and ground-
water., 1t i{s apparent that eerious conflicts can arisc among different users.

The conflicts may be reduced somewhat by increasing use of groundwater,
importing of surface water from other basine, manipulation of natural flow by
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existing reservolrs, or building new reservelrs tu ensure a constant and de-
pendable water supply. Or, it may be required that less intensive water use
energy technology or alternative siting be developed for the Kashaskla River
basin.

8.5.2 Water Quality Impacts

Impacts on the water quality of the Illinoils river, Kaskaskla river and
Rock rivers in the State of Tllinols were evaluated for the projected coal
utilization of 2020. The Impacts are represented by the pollutant concentra-
tion increments due to waste discharges from coal-burning power generation and
coal gasification faci{lities. Simple material balances were performed to
incorporate the pollutant loadings and streamflow of each river rceach to cal-
culate concentration increments. The 7-day/10-year low {low was used to pro-
vide a worst-case situation where effluent loading would be least diluted.
It was assumed for the purposes of this study that (1) high effluent controls
are implemented at each plant, (2) added BOD loading will be oxidized within
two river reaches (40-80 miles long), and (3) other pollutants, fncluding
Zn, Fe, Cu, Cr, Cd, TS5, sulfate, cyanide, thiocyanate, phenols, chlorides,
and ammonia, are conservative.

Table B.4 is a summary of background water quality and th: projected
concentration increments due to 2020 coal developments. Results for the base-
line scenario and high coal use scenario are Included.

I1linois River

The major portion of the upper Illinols River system above the Kankakee

River has been used heavily by man for the disposal of wastes. The river water
quality generally indicates a condition of severe pollution in the form of in-

dustrial and municipal wastes: solid fecal material, oil and grease, detergent
foam, sludge and odors, and bacteria of fecal origins. The river water in this
area has generally high chloride, phosphate, and nitrogen values, low dissolved
oxygen content, and extremely high coliform counts. Long reaches of the stream
are devoid of fish, and toxic metals of various kind have been detected.

Downstream from the mouth of the Kankakee River, the water quality of
the Illinois River i{s extremely variable, depending on flow conditions, prox-
imity to populated areas, and other factors. In general, the river has shown
some recovery of its quality as rough fish begin to appear followad by some
sport specles In successive sectors downstream,

The entire Illinois River has been classified as aquatic life use, and
agricultural, (ndustrial, food processing and public water supply and primary
contact uses. The Illinois water quality standards applicable for public
watersu)ply, which has the most stringent standard requirements among the dif-
ferent uses, are tabulated in Table 8A.2,

Water quality obtained from STORET indicate that mean values for iron,
copper, and phenols exceed the 300, 20, and 10 ug/l standards for the entire
Illinois River. Mean values for ammonia, cyanide, and chromium violate the
standards, 1.5 mg/l, 0.01 mg/l, and 50 mg/l, respectively, for parts of the
river, particularly the upper and middle reaches. The STORET data, which are
not given in Table B.4, aiso indicate viclation of standards in the maximum



Table B,4.

Background Water Quality and Impacts

of 2020 Coal Development

. a
Poliutants

BOD Ammonia Chloride Sulfate 1SS Cvanide Thiocvarate

Reach B 1 B 1 B 1 B 1 I B I B i
Illinois River -- Baseline Scenario

6 8.6 - 1,89 (.001 61.0 0.08 102.0 0.17 0.04 (1.0035 - - - dzmg 1)

5 5.9 - 0.97 0.001 50.8 0.13 87.2 0.28 0,06 0.0004 - - -

4 - - 1.02 0.003 50.2 0.26 78.3 0.54 0.11 0.0023 - = =

3 43,6 - 5.25 ¢.002 l6.8 0.22 37.7 0.46 0.10 W2 - - -

2 - - 0.54 0.002 39.8 0,20 87.0 0.43 0,09 0.007 - - -

1 - - 0.67 0.002 29.5 0.23 71.6 0.48 0.10 0.0004 - - -
Illincis River —— High Coal Use Scenario

6 8.6 - 1.89 0.001 61.0 0.10 102.0 0.21 0.0% 0.0035 - - -

5 5.9 - 0.97 0,002 50.0 0.16 87.2 0.33 0.07 0.0004 - - -

3 43,6 - 5.25 0.003 16.8 0.28 37.7 0.59 0.17 0,42 - - - '

2 - - C.54 0.004 39.8 0,36 87.0 0.76 0.16 0,007 - - -

1 - - G.67 0.004 29.5 0.38 71.6 ¢.81 0,17 0.0004 - - -
Rock River — Baseline and High Coal Use Scenarios

3 - - 0.42 0.001 24,4 0.69 41,2 0.18 0.04 - - - - ,

2 - - 0,52 0.001 25.8 0.09 - 0.18 0.04 - - - - !

1 - - 0.52 0.001 25.4 0.07 - 0.15 0,03 - - - =
Kaskaskia River -~ Baseline and High Coal Use Scenarios

7 - - 0.63 - 40,2 - - - - - - - - !

6 - - o.21 - 33,9 - - - - - - - -

5 - - = = - s - & - - - “ =

4 - 4.90 0.15 2.69 35.6  8.99 - 4,37 7.19 - 0.036 - 25.2

3 - 2.50 3.31] 1.03 - 3.43 - l1.67 2.74 - 0.014 - 9.6

2 - 1.35 0.15 1.49 51.4 4.97 - 2.41 3.97 - 0.020 - 13.9 I

1 - 0.7 0.17 1.03 70.9 4.11 - 3.15 3.04 - 0.136 - 942

-
C

Gt
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Table 8,4, (Cont'd)
Pollutantsa
Phenols Cadmium Chromium Copper Iron Zinc Lead

Reach B 1 B I B I B I B I B I B 1
Illinols River -- Baseline Scenaric

6 2.5 - 1.62 0.007 0,014 0.39 54.7 0.24 636 0.24 134,1 0.30 - 0.01 (ug/l)

3 2.14 - - 0.012 - 0.65 1013.3 0.40 722 0,40 47.9 0.50 - 0.01 T

4 2.76 - 0.018 0,023 0.43 1.25 107.3 0.76 147 0.76 70.0 0.96¢ - 0.02

3 18.7 - - 0.020 130.00 1.06 - 0.65 988 0.65 & 0.81 - 0,02

2 2.41 - 2.3 0.018 5.20 0.99 16l1.0 0.60 1094 0.60 248.7 0.76 - 0.02

1 3.0 - 0.38 0.021 - 1.10¢ 30.8 0.67 1847 0.67 160,0 0.85 - 0.02
Illinois River -- High Coal Use Scenario

6 2.5 = 1.62 0.cn9 0.014 0.48 54,7 0.29 636 0.29 134.0 0.37 - 0.01

5 2.14 - - 0.014 - 0.76 103.3 0.4 722 0.46 47.9 0,58 - 0.01

4 2.76 - 0.018 0.927 0.43 1.42 107.3 0.86 747 0.86 70,0 1.09 - 0,03

3 18.7 - - 0.025 130.00 1.36 = 0.83 988 0,83 - 1,06 - 0,03

2 2.41 - 23 0.033 5.20 1,75 161.0 1.06 1094 1.06 248,0 1.3 - 0,03

1 3.0 - 0.38 0.035 - 1.86 30.8 1.13 1847 1.13 6.0 1,43 - 0,04
Rock River -- Baseline and High Coal Use Scenarios

3 0.65 - - 0.008 - 0,41 35.8 0.25 500 0.25 11.1 0.32 - 0.008

2 0.84 - - 0.008 - 0.42 - 0.25 = 0.25 - 0.32 - 0,008

1 0,53 = - 0,006 - 0,36 - 0.21 - 0.21 - 0.26 - 0.006
Kaskaskia River -- Baseline and High Coal Use Scenarios

7 5.4 - - - = = 49,1 = - - - - - -

6 4.3 - - - - - - - - - - - - -

5 5.0 - - - - - - - - - B - - =

4 6.0 130 - 2,09 - 2.09 - 7.2 - 1078 27.3 21,6 - 1118

3 - 50 4,72 0.80 - 0.80 - 2,7 - 412 - 8.2 - 427

2 1.4 712 - 1.16 - 1.16 - 4.0 - 596 - 11i.9 - 617

1 - 49 - 0.86 - 4,23 - 4.8 - 410 - 10.8 - 423

21n concentrations of mean background and increment due

to projected

coal utilization:

B, I.



readings of ammonia, dissolved solids, mercury, copper, zinc, cadmlum and chro-
mium, and the minimum value of DQ, for the entire length, (or part) of the Il-
linois River.

The 2020 baseline scenarie includes plans for the construction of eleven
coal-burning thermal electric power plants, on the Illinois River and its trib-
utaries, and, in compariscn, the 2020 high coal use scenario includes plans for
four more of these plants similarly located.

Data on Table 8.4 indicate a relatively insignificant impact of 2020
coal deveiopments on the water quality of the Illinois River. This situation
is due mainly to relatively high streamflow with its consequent high-dilution
effect on the river and low pollutant loadings from power plants.

For both baseline and high ceoal use scenarios, the estimated increments
of pollutant concentrations, with the exception -f chromium, represent only
a small percentage of background readings. Thus, assessments indicate that
effluent discharges from these future power plants would protably not cause
variations in the status of standards violatioms.

For chromium, both scenarios will cause an increase cf 0.4-1.8 mg/l
on the Illinoi{s River during low flow. Though thiy increment equals or ex-
ceeds background chromium readings for all reaches, exc + Reach 3, it is
still not high enough to induce viclation of the 50 mg/L standard. The pre-
sent chromium levels on Reach 3 exceed the standard. This viclation will
probably remain after 2020 development, assuming other conditions stay un-
changed.

Rock Rilver

The Rock River in Illinois has been classified as aquatic 1life use, ag-
ricultural, industrial, food processing, public water supply and primary con-
tact use. Presently, water quality standards are being violated. The STORET
data in Table 8.4 indicate that mean values of i-on and copper exceed their
respective standard. Maximum readings of ammonia, dissolved solids, iron,
copper, mercury, and phenols as well as the minimum reading of DO, which are
not listed in the table, viclate standards for parts or the entire liength of
the river. Untreated wastes from industrial and municipal sources represent
the major waste loads. The large number of livestock and the large tonnages
of applied fertilizers are also causes of water quality degradation in the
basin.

Both baseline and high coal use scenarios contemplate the construction
of a coal-burning power plant on the Rock River. Water quality impacts by
the waste discharge from this plant will be insignificant due to low pollutant
loadings, and high streamflow,

Kaskaskia River

Like the Illinois and Rock Rivers, the Kaskaskia is classified as aqua-
tic life use, and agricultural and industrial supply, food processing and pub-
lic water supply and primary contact use. Although with minor inputs from
municipalities and industries, water quality problems still exist in the Kas-
kasia River due to (1) high natural background loading, and (2) runoff and
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drainage from mine sites, croplands, and livestock facilities.’ Surface waters
are hard to very hard containing bicarbonates of calcium and magnesium, rang-
ing from 160-575 mg/l in tle northern part of the basin and from 140-365 mg/l
in the southern part. Concentration of dissolved solids are lower during high
flow than during low flow, ranging from 350-1300 mg/l. 1In addition, measure-
ments for nitrate at Shelbyville and Vandalla exceed 10 mg/1l standard for food
processing and public water supply. Maximum chloride readings exceed the 250
mg/l standard during summer and fall months for the upper 40 miles of rhle river.
Maximum and mean annual concentrations of mercury and phenols exceed the 2.0
ug/l and 1.0 ug/l standards for the Kaskaskia from Shelbyville to the river
mouth.

The plan for 2020 coal developments in the Kaskaskla River basin in-
cludes the construction of two gasificatlion plants and one power plant. Re-
sults of impact analysis indicate a pronounced effect from these cecal utili-
zation facilitles on the quaiity of the Kaskaskia River. This impact 1s in
part due to the low flow volume of the river, and in part to the high effluent
loadings from coal utilization facilities, particularly the gasification
plants.* The most pronounced effects are with phenols, lead, iron, cyanide,
and ammonia. The estimated concentration increments indicate that, during the
low flow, waste discharges from these future plants will definitely cause vio-
lation of standards for the above parameters. Discharges from these plants
may also cause problems in other parameters, including copper, chromium, cad-
mium, and TSS.

Although these levals are uncertain because of lack of data for efflucnt
standards for gasification facilities, the estimated 1mpacts indicate the im-~
portance of further analysis to identify the actual magnitude of impacts.

8.5.3 Surface Water Pollution by Coal Mining

Water pollution vy coal mining operations have been studied quite ex-
tensively. Mining disturbs the earth and the balance of natural systems. The
resulting physical and chemical environmental changes often lead to water pcl-~
lution. Two major forms of water pollution are caused by mining -~ physical
and chemical. Physical pollution is the iucreased erosion caused by land
disturbance, resulting in increased sediment load. Chemical pollution is that
caused by exposing minerals to oxidation or leaching, resulting in undesiratle
concentrations of dissolved materials.

Pollutants froum mine sites can be carried in runoff or mine Jrainage.
Pollutant parameter concentrations that most frequently exceed acceptable lev-
els in waste water from coal production facilities are:; acidity, total iron,
dissolved iron, manganese, aluminum, nickel, zinc, total dissolved solids,
total suspended solids, sulfate, ammonia, fluorides, and strontium.®

*Reference is made to Section 3.0 of this report. The New Source Performance
Standards for coal gasification have not been published. For the purposes

of this asnalysis, approximate loading values for gasification facilities
were used,
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A recent EPA report indicates that from a total of 3000 aztiva end
abandoned mines in the state of Illinois, at an avevage of 24,000 1b of acid
(in terms of Cal0,) are generated and discharged into satreams daily. Sedi-
ment loading was estimated at 870C tons/day from a total of 230,000 acres
surface mines in Illinois,!®

The chemical characteristica of raw mine drainage 1s determined bty
local and regional geclogy of coal and associated overburden. Raw mine draln-
age ranges from severely polluted to drinking water quality. Depending upon
the specific hydrological condition, drainage from a mine can very foom zero
to millions of gallons per day within a geographic ares, cocal fileld or even
from adjacent mines.

Pollutants from coal mines can generally be categorized by differences
between acld or ferruginous drailnage and alkaline drainage, which in turn re-
flects local or regional coal and overburden conditions. Alkaline drainage
is most frequently found in the Western coal fields and is generally charac-
terized by total dissolved solids and suspended solids in excess of acceptable
levels. Acid or ferruginous drainage, typically found in the Appalackian
and Eastern Interior Coal Regions, exhibits high concentrations of ali of the
critical parzmeters indicated previously.

Apart from chemical pellutants, the next most serious problem frem
pollutants due to mining operation would be increased sedimentation loading.
Severity of sediment pollutant is determined by local rainfall chavacterls-
tics, topography, soil, and erasion control practices.

From available historical data generated in the past decade on raste
water quality from coal mines, FPA established waste characteristics for
thirteen pollutants for both acid and alkaline drainage from underground and
surface mines.® The established waste characteristics are presented in the
EPA report and will not be repeated here.

The EPA study concluded that technologies have been develcped to abate
mining waste water problems at reaconible costs, They include neutralization
of acidity with concurrent reduction of other pollutants to safe concenura-
tions, and utilization of settling tasins and coagulants to remove excuusive
total suspended solids. Neutralization of acidity can usually be achievad
with lime followed by aeration and sedimentation. Other neutralization re-
agents occasionally used include limestone, caustic soda, soda ash, and an-
hydrous emmonia. In addition to acidity, neutralization treatment of mine
drainage can successfully remove iron, manganese, aluminum, nickel, zinc and
total suspended solids.

In order to successfully achieve the control of water pollutievn from
coal mines, waste water treatment techniques discussed above are irplemented
in conjunction with effective mining, regrading, water diversion, zrosion con=-
trol, soil supplementation, and revegetation techniques.

Coal production operations have been included in point source categories
and are current'y regulated by federal and state environmental conservation
agencies. Waste discharges from these operations are controlled via NPDES
perrits that specify permissible quantity and quality of the effluent from a
specific operation.
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Furthermore, mining companies are required to monitor their effluents
to ensure compliance. These requirements are expected to significantly re-
duce direct waste discharges to surface water from active mines.

Table 8.5 presents the New Source Performance Standards of Coal Mining
operations recommended by EPA.

8.5.4 Groundwater Pollution by Waste Disposal

Minimization of pollutant discharges from conversion facilities to sur-
face waters can be achieved by extensive reuse of water In these plants, and
evaporation of waste water in ponds. However, the designing of a plant to
ellminate all effluent discharges would not necessarily eliminate potential
impacts on water quality. All the material that would normally be carried
off in the effluent would still need to be disposed of in other ways. Ore
method, which potentially may be chosen by many plants, is to bury the re-
siduals, possibly at the mine site. The procedure is quite effective in areas
where the groundwater level is deep and rainfall sparse, but could cause
groundwater pollution in areas where coal seams, through which contaminants
could leak, compose parts of local aquifers. Little Information is available
on the mechanism, as well as the nature and extent, of groundwater pollution
by waste disposal and more such research is needed.

In addition, research is required to evaluate the effectiveness, and
to improve the capability of holding ponds that will be used to evaporate
waste water in preventing the discharge of effluent to surface weters. This
research should include studying the potential for and prevention of ground-
water pollution by the downward percolation of the waste water in these ponds.
Among the pertinent factors to be considered are the effect of pond locations
relative to aquifers, Integrity of various linings, and fate and transport
of pollutants through subsurface structures.
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Table 8.5.

EPA Recommended New Source Performance Standards®

Coal Storage,
Refuse Storage,
and Coal Prep-

Bituminous, Lignite, and
Anthracite Mining

aration Plant Acid or Ferrugi- Alkaline Mine

Ancillary Area nous Mine Drainage Drainage

30-Day Daily 30-Day Daily 30-Day Daily
Parameter Average Maximum Average Maximum Average Maximum
pH 6-9 6-9 6-9 6-9 6-9 6-9
Iron, Total 3.0 3.5 2.0 3.5 3.0 3.5
Dissolved Iron 0.30 0.60 0.30 0.60
Manganese, Total 2.0 4.0 2.0 4.0
Total Suspended Solids i5.0 70.0 35.0 70.0 35.0 70.0

#Al1 values except pH in mg/1.

Source: Reference 9.
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Table 8A.1. Low Flow Data by River Reaches

Water Resource

Council
Aggregated River Midpoint 7-day/10-year
Subarea Riwver Reach River Mile (Low Flow (cfs)
406 Maumee 1 27 175
2 65 160
502 Ohio 11 562 5500
12 633 4500
13 694 3500
14 741 3000
15 780 20006
16 816 1500
17 848 1000
503 Muskingum 1 23 900
2 60 875
3 87 725
Scioto 1 15 390
2 47 147
3 81 128
4 111 41
Miami 1 20 425
2 54 375
3 79 asg
4 103 50
Ohio 9 424 7000
10 489 6000
402 Wolf 1 14 440
2 46 300
3 78 225
4 119 100
Fox 1 9 840
2 29 330
404 St, Joseph 1 19 570
2 54 3h0)
Grand 1 15 700
2 38 695
3 69 197
4 110 111
5 146 75
Muskegon 1 20 660
2 53 450
3 a7 307
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Table 8A,1. {Cont'd)
Water Resource
Council
Aggregated River Midpoint 7-day/10-year
Subarea River Reach River Mile Low Flow (cfs)
404 Kalamazoo 1 23 350
(Cont'd) 2 68 143
3 105 87
506 White 1 20 700
2 68 500
3 120 120
4 172 50
5 212 15
Wabash 1 25 2800
2 74 1800
K] 126 1200
4 188 1000
5 254 800
6 307 500
7 348 160
Ohio 1 15 45000
2 55 43000
3 93 11300
4 128 11100
5 159 9500
6 221 8500
7 284 8000
8 357 7500
701 St. Croix 1 40 1056
2 120 670
Minnesota 1 25 190
2 70 150
K] 120 100
4 197 30
Mississippi 2 817 2000
23 857 1500
24 904 1400
25 965 1000
26 1036 500
27 1086 150
02 Chippewa 1 1A 1900
2 48 775
3 76 500
4 109 285
5 150 200
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Table 8A,1, (Cont'd)
Water Resource
Council
Aggregated River Midpoint 7-day/10-year
Subarea River Reach River Mile Low Flow (cfs)
702 Wisconsin 1 17 2660
{Cont'd) 2 52 2500
3 86 2250
4 124 1800
5 190 1400
6 240 1000
7 280 710
8 332 500
Mississippl 13 635 11000
19 670 8500
20 717 7000
21 774 4500
703 Rock 1 13 1440
2 51 1163
3 98 1100
4 131 870
5 156 240
Mississippi 2 445 15000
13 447 14500
la 508 13500
15 537 13250
16 567 13000
17 600 12000
704 Il1linois 1 21 3600
2 64 3500
3 106 3250
4 146 2800
5 188 3250
6 239 3000
Mississippi 7 222 21000
4 260 18500
9 298 16500
10 348 16000
11 395 15500
705 Kaskaskia 1 14 120
2 55 73
3 101 48
4 129 25
5 le0 15
6 196 10
7 231 3
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Table 8A.1, (Cont'd)

Water Resource

Council
Aggregated River Midpoint 7~day/10-year
Subarea River Reach River Mile Low Flow (cfs)
705 Mississippi 1 18 48500
(Cont'd) 2 54 47750
3 85 47250
4 108 47000
5 135 46500
6 175 45500




217

Table 8A,2., Public Water Supply Quality Standards foE
the Illinoils, Rock, and Kaskaskia Rivers

Limiting Conditions

Parameters or Concentrations
pH 6.5-59.0
P 0.05 mg/l
D.O. 6.0 mg/1

Radioactivity
B 100 pei/l
RA 226 1 ]
Sr 90 2 |

Fecal Coliform

(5 sample/30 day) 200 per 100 ml
NH, 1.5 mg/1
As 0.01 !
Ba 1.0 }
Bo 1.0 |
cd 0.01 |
cl” 250.0 !
crté 0.05 |
cr 3 1.0 |
Cu 0,02 !
Cyanide 0.01 |
F 1.4 |
Fe 0.3 ]
Pb 0.05 |
Mn 0.05 |
Hg 0,0005 |
Ni 1.0 ]

I'henols 0,001
Se 0,01 I
AR 0,005 |
S0, 250 |
T.D,S, 500 |
Zn ' 1.0 |

l

C.C.E, 0.2
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Table 8A.2 (Cont'd)

Limiting Conditions

Parameters or Concentrations
MBAS 0.5 mg/1

0ils 0.1 |

N (NO», NO3) 10.0 |

T.S.S. 15.0 |

%1linois Pollution Control Board Rules and Regulations,
Chap. 3 Water Pollution: Effective Aug. 14, 1975,
Environmental Reporter Vol. 766,
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