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PREFACE

. This study was performed as a part of the Argonne National Laboratory
Regional Studies Program; which is sponsored by the Department of Energy,
Assistant Secretary for Environment, Division of Technology Overview.

The purpose of the Regional Studies Program is to assess the impacts
and consequences associated with alternative energy options on a regional
basis, and to identify and analyze alternative mitigation and solution strate-
gies for increasing the acceptability of these options. Program leadership
is provided by Argonne's Energy and Environmental Systems (EES) Division. The -
assessments are conducted primarily by staff from three ANL Divisions: EES,
Environmental Impact Studies (EIS), and Biological and Medical Research (BIM)
Other research institutions and consultants also contribute. :

The National Coal Utilization Assessment (NCUA) is being conducted as
a part of the Regional Studies Program. This particular study is fecusing on
impacts and constraints on increased coal utilization.  In addition, a major
focal point for the study is the identification and analysis of alternative
solution strategies applicable to these constraints and problems. The contribu-
tors and their responsibilities for conducting this study are designated on the
following page. The study results are presented in two volumes. Voliume I
contains the Exécutive Summary and Major Findings. Volume II contains detailed
" information on Energy Supply and Demand, Siting, and Impacts. - ‘

L. John Hoover, Director
Regional Studies Program
Energy and Environmental Systems Division
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1.0 EXECUTIVE SUMMARY

The objectives of the National Coal Utilization'Asséssment (NCUA) are
to: (1) provide the Department of Energy (DOE) with the 1mpact:and impact-
management information needed to ensure that environmental and social concerns
receive appropriate emphasis in DOE coal R&D programs; (2). identify and analyze
'strategies to alleviate potential problems or constraints associated with in-
créased coal use; and (3) work closely with state and regional agencies and DOE

to present the NCUA findings in a useful manner.

This report documents Argonne's examination of:

*+ Technology characteristics;

* Energy supply and demand trends;

* Siting constraints on coal-related facilities;

* Impacts of increased coal use on water availability, land use,
and coal reserves;

* Impacts on alr and water quality and ecosystém;

* Effects of trace-element emissions from coal combuétion/cdnversion;

* Social and economic impacts; and '

* Health risks.
The assessment, which covered 14 states*, placed significant emphasis on .identi-
fying the coal-related problems and risks that are of particular concern to
state and regional agencies and commissions. This was accomplished by meetings
between Regional Studies Program staff and personnel from governmental groups
from all 14 states. Problems found to be of general concern included increased
air‘pollution, the effects of Prevention of Significant Deterioration (PSD) and
other air-quality regulations, potential water-use conflicts, and acid mine
drainage. Other issues included the price and availability of alternative energy
sources, Ltransportarion constraints on coal use, and lack of information on new
coal technologies. The table on the following page details the overall concerns

of regional agencies.

The energy supply/demand and siting analyses, described in detail in Sec.
3, formed the bases for the impact assessments. Siting patterns (see Sec. 5)

which specified megawatts of power generation capacity per county were develbped

*Arkansas, Illinois, Indiana, lIowa, Kansas, Michigan, Minnesota, Missouri,
Nebraska, North Dakota, Ohio, Oklahoma, South Dakota, and Wisconsin.
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based on: (1) the four scenarios described in Sec. 2; (2) consideration of en-
vironmental restrictions, population densities, seismic risk, and public. lands;
and (3) characteristics of the technologies involved. These siting patterns

were then used in the impact~assessments present in Secs. 7, 8, and 9.

The major findings of the Midwest assessment are presented on the
following pages. Based on the impacts and constraints identified, the program
staff is now analyzing solution‘strategies to mitigate adverse effects. Parti;
cular attention is being given to resolving conflicts of coal use with air quali-

ty and water availability and to managing socioeconomic impacts.

Air Quality
The major air-quality constraints on coal use are related to the short-
term National Ambient Air Quality Standards (NAAQS), high existing concentrations

of pollutants, PSD standards, and exposure to sulfates. -

In general, theiincrements of pollutant concentrations for coal-utiliza-
tion facilities alone are significantly less than the NAAQS. An exéeption is
the 24-~hour standard for S50, which will limit electrical—generaﬁion capacity at
a single site. to about 3000 MW if existing New Source Performance Standards
(NSPS) are assumed. If it is assumed that the 24-hour standard for SO, Qill be
a limiting factor in counties.with more than 3000 MW of coal-fired capacity, then
24.6% (36,600 MW) of the region's coal-tired ¢épacify will be affected 1u 2000.

Central power stations and coal-conversion plants are constrained in siting
options because of existing or projected emissions from'otherAsources, particular-
ly if those emissions prevent attainment of the NAAQS. If conflicts occur in
areas of high emission density, or where ambient standards are now violated, then

47% (70,000 MW) of regional coal-fired capacity will be affected by 2000.

Implementation of the mandatory Prevention of Signifiéant'Deterioration
(PSD) areas identified in the 1977 amendments to the Clean Air Act should not be
a significant constraint on coal utilization. The key factor in the magnitude
of future constraints imposed by PSD regulations is how aﬁd where additional nou=
mandatory Class I areas will be designated. At the extreme, if the'Claés I areas
designated by earlier versions of the Clean Air Act are implemented, 317%, or

45,700 MW, of regional coal-fired capacity will be affected.

A significant increase in exposure to sulfates in the central and eastern

United States, where levels are already high, is expected from increased Midwestern



coal use if NSPS sulfur emission rates are assumed. The magnitude of these im-
pacts appears to depend more on total regional emissions than on the geographical

distribution of emission sources.

The primary effects of increased levels of’coal'development are exacer-
bations of siting constraints related to PSD areas and increased population -
exposure to sulfates. In general, siting constraints from existing air-quality
problems are more prevalent in the industrialized eastern part of the region;
the mandatory Class I PSD areas and related constraints are more numerous in the

_western states.

Water Avaijlability

Although cumulative water supplies in the 14fstate study region are
adequate to satisfy foreseeable eﬁergy requirements, significant water shortages
that could constrain energy siting patterns or development of‘competing water
uses are likely in localized areas. 1In 2020, 1.4% (9300 MW) of the region'é
total electrical generating capacity is sitéd in areas in Nebraska and Kansas
where water problems could be severe, and measures such as reallocation of water
supplies or use of dry cooling may be necessary. In addition, 14.2% (93,000 MW)
of the total regional capacity is sited in areas thét may require development of
reservoirs. and groundwater, and other measures to increase water suppl&. These
ares are scattered throughout the region, being found in all the states studied

except North and South Dakota, and Arkansas.

The differences in water consumption for alternative coal-development
options are relatively minor, because the largest fraction (907%) of water use
in power generation is for cooling and thus is largely independent of substitu-
tions between nuclear and fossil fuels. Integration of regional energy and
water resources planning will become unavoidable as energy processes account
for an inéreasing fraction of total regional water demand; water for energy

use grows from 2% of all consumptive uses in 1975 to 18% in 2020.

Water Quality

Water—-quality impacts are primarily restricted to areas with insufficient
water resources. Coal mining will continuc to have a significant effect on

water quality in smaller streams draining the major coal regions unless strict



control practices are maintained. Cdal—cOnVergiOn plants may cause localized:'
‘water-quality problems; however, the effluent characteristics of.these plants
are not well-known. Other uncertainties result from questions of the degree

of treatment to be applied to air and water pollutants, and indirect effects
associated with urban dévélbpment in areas of intensive coal-related activity.
The level of water pollution will be proportional to the degree of coal develop-
ment;'ﬁajor water-quality impacts appear to be associated with coal conversion

plants and acid and alkaline mine drainage.

The greatest relative effects of coal development apbear to be in the
Missouri River Basin, where sufficient dilution water may not be available to
assimilate mine drainage and waste water from eonvereion facilities. Water-
quality standards for iron, manganese, ammonia, sulfates, and total dissolved
solids (salinity) will probably be exceeded more frequently than they are now
and in more locations in this basin. High salinitf is already a significant
problem in the region. The Ohio River Basin will have increased problems with
acid mine drainage if strict adherence to federal guidelines is not maintained;

deep coal mining is anticipated to increase by 350% in this basin by 2020,

Social and Economic¢ Impacts

A significant amount of the coal development anticipated between 1975
and 2020 occurs in counties susceptible to severe local social and economic,

impacts, as shown below:

Additions in High Tmpact Areas’

Type of Development T1Y75-1985 19685-2000 2000-2020
High-Btu Gasification 100% 86% 89%
Low=-Btu Gasification -— 100% 677
Tiquefaction —— 100% 83%
Electrical Generation 387% 31% 45%

The timing, magnitude, and nature of local socioceconomic impacts depend upon

the characteristics of both the host community and the coal technology involved,.
Typically these impac;s will entail inadequate publié services due to insufficient
government revenues; and disruption of social patterns caused by rapid changes

in the size and demographic makeup of the local population. The impacts are

determined by the assimilative capacity of the locality as well as by the relative
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employment and capital requirements of the technology. The local area's economic
and demographic characteristics govern its assimilative capacity; examples

of these traits include:

+ Size and age/sex composition of the population,

+ Population density in the impact area and adjacent areas within
commuting distance,

* Proportion of secondary (retail, commercial, service) employment
to basic (coal-related) employment in the community, and

e Size and location of regional trade centers.

Socioeconomic impacts are primarily local but in some areas they are
likely to be severe because of both economic and demographic conditions and the
potential for coal development. These areas include major portions of North
Dakota (in the Fort Union Coal Basin) and limited areas in southern Illinois,
Indiana, and Ohio. In general, these are rural counties with abundant coal
" reserves and small populations Qithin reasonable commuting distance. Increased
coal deQelopment will increase the number of counties with serious socioeconomic
© impacts. Coal liquefaction has the potential to cause the greatest impacts,

- followed by high-Btu gaéification, electrical genération, low-Btu gasification,

and mining,
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2.0 MAJOR FINDINGS

As a part of the National Coal Utilization Assessment (NCUA), two types

of studies are being undertaken -~ (1) impacts and constraints, and (2) the

solutions to these problems. This section delineates the principai constraints

and causal factors identified in conducting this study. This information is in-

tended to be the basis for detecting practical solution studies that need to be

undertaken in the region in the future. The following studies are .presently

under consideration:

1.

Resolution of Conflict between Air Quality and Coal Use

This study would consider both siting and technology options.

The technology optlons include emerging DOE technologies for

coal utilization and conversion (i.e., low-Btu gasification),
add-on emission controls, variations in stack height, intermittent
or supplementary control systems, and smaller unit facilities,
Evaluation of siting alternatives for resolving air-quality
conflicts will consider tradeoffs from increased siting in areas
with: low-population areas, less sensitive ecosystems, preferable
climate (e.g., reduced inversion frequency); andvgfeater distances

from PSD areas.

Resolution of Conflict between Water Resources and -Coal Development

Resolution of water shortages for future energy development in
specific areas need to be investigated by'using one or a combination
of the following options: (a) regulation of stream flow By reservoirs:

(b) development of groundwater resources; (c) reuse of waste water

- from municipal, industrial, or agricultural sources; (d) purchase of

water rights from competing users; (3) use of less intensive water-
use technologies, e.g., dry cooling; (f) interbasin transfer; (g) al-

ternative siting; and (h) use of advanced, more efficient technology.

Management of Socioeconomic Impacts

Local socioeconomic impacts from coal utilization result from

changes in employment, population, demographic characteristics

of population, and pressures for public and private services:.

In this analysis the following options for resolving socioeconomic coal

conflicts will be evaluated:



+ Rate of development;
* Transport of coal vs. transport of conversion or combustion
products; and

* 'Size of the facility.

In addition, financialimanagement options for mitigating short—term
growth problems will be evaluated, Options, including (a) industry assumptionj
(internalization) of social costs; (b) prepayment of taxes by industry; (c)
state bond banks; and (d) federal impact assistance, will be evaluated for their

fability to enhance or mitigate the short-term beneficial and adverse socio—

economic impacts ot coal development.

Also, an analysis will be made of the management options for
moderating and directing changes in local employment and population after
construction of facilities. The analysis includes, for example, company towns,

industrial diversification, and regional development plans.

We also hope that new 1issues for impact analysis can be identified as
in a part of this assessment or by user interaction. Specific topics: that
need future emphasis include transportation of coal on the Great Lakes and the

impacts and consequences of solid-waste disposal.

 As ‘a part of the NCUA, significant emphasis was placed on interactions
with state and regional agencies and groups to disclose environmental coricérns
they perceive as being associated with increased coal use. Section 2.2 summarizes
the results of this interaction. The information acqu1red was used to guide not

.only the initial direction of the NCUA but also selection of future studles.’

Sections 2 3 through 2 13 contain the principal findings of this assess-
"ment in regard to energy supply and demand patterns, siting patterns ‘and
problems, and impact analysis. Energy Supply and Demand (Sec 2.3) identifies
the potential pattern for energy utilizatlon on -a. state basis and -indicates the
role of coal in each of the states in the region The siting analysis summarized

in Sec. 2,4 presents the resultlng 51ting patterns and problems ‘For this

analysis, the following criteria were used to identify potential siting patterns:

o Generating capacitf requirements; o ‘ !
* Load center distribution;

* Water availahility;

Air ouality; '

"+ Public lands;
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* Population density; and
* Seismic risk.

The subsequent subsections of Sec., 2 présent the major findings in regard

to potential impacts and constraints. Information is presented on:

*. Water availability/competition With-other.users,
+ Coal resources availability; production and depletion of reserves of coal;
* Land use; ' ' |
* Air-quality levels for regulated pollutants; regulatory constraiots
+ and long-range transport of sulfates;
¢ Impacts on water quality of mining, combustion, and conversion;
* Releases of trace elements and the potential impacts on ecosyotems
and health; ,
* Ecosystem impacts including aquatic and terrestrial effects and
effects of gaseous pollutants on agricultural productivity;
* Social and economic effects; and
* Health effects, including public and occupational impacts of mining,

transport, combustion, and conversion.

The major findings in each‘of the impact areas are_discussed in a brief,
capsulized ovefview of significant potential constraints to coal use. This is
'“followed by (1) a delineation of the principdl differences between the various
" coal development options (scenarios analyzed), (2) information on the contribution
of the various elements of the coal fuel cycle to the impact category, and (3) an

overview of the implications within the region.
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2.1 PURPOSE OF THE NCUA
The purposes of the NCUA are:

. To provide DOE with the necessary information on impacts and
management so that environmental and social concerns receive
the necessary emphasis in structure and priority in the DOE Coal - -

RD&D (Research, Development and Demonstration) programs.

. To identify and analyze mitigation strategies to deal with potential
problems or constraints to clarify the available options on coal use

and their resultant effects.

» To work closely with state and regional agencies and with the
RD&D and planning programs within DOZ to present the data and
options in a manner directly applicable to the decisioné that
will bé made.

Possible strategies to be considered include: the presént RD&D ‘and new
research, siting patterns, interagenéy coordihations, planning‘gﬁidelines, '
regulatory programs, ﬁonitoring options, and financial/growth mahagement A
options. These strategies need to be established early to avoid delays in the

- siting of coal facilities because of unanticipated problems and constraints,

Alternative ranges of coal oupply and use for 1975-2020 have been analyzed.

Thls period is divided into three terms:

. near—-term (1975 to 1985),
. mid-term (1985 to 2000), and
« ' far-term (2000 to 2020).

The range will be established by using scenarioé based on the following cases:

* Case 1 -- Simple extrapolation of recent trends (hase case).

* Case 2 -~ Expanded use of coal-derived electric energy in- the

mid and far»terms.

Case 3 —- Expanded use of coal-derived oil and gas (synfuels)

‘ for the mid and far terms.

* Case 4 -~ Combined high~coal electric and high synfuels,
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Following is a general description of each scenario. Economic growth
and demographic patterns are assumed to -take on "besbfestimate" values for

Recent Trends and all other scenarios.

Recent Trends

The concept of this scenario is straightforward. It represents an
estimate of future patterns of coal utilization based on recent trends. It is
"surprise-free" in the sense that no major changes in governmental regulatory

policy or social institutions are assumed.

This scenario is the benchmark against which all other coal scenarios
in this study can be compared. In general, the base scenario is predicated
on many of the national and regional assumptions used for the FEA reference
case. An éffort was also made to ensure methodological consistency with the

current scenario work being done for ERDA.

High Coal Electric

The principal difference between this case and the Recent Trends Scenario.
is in the increased use of coal for electricity generation (i.e., substitution
for nuclear). The 1985 mix of coal and nuclear is left at the Recent Trends
level because utility expansion plans are fairly well established to that time.
l By varying only the coal fuel mix, one sets the potential for a comparison at
* some future date with a "low nuclear electric'" scenario, In 1985, coal contributes
59%. 1t grows fo'62% in 2000 and decreases to 50% in 2020. In the Recenf Trends
Scenario, coal provides 50% in 2000 and 38% in 2020. |

Accelerated Synfuels

This scenario is for a major growth of conversion of coal to- synthetic
fuels. The difference between this accelerated case and Recent Trends is
negligible until after 1985, By 2000, the accelerated synfuels output is
almost 6 quads greater than the 2.74 quads in the Recent Trends case for that
' year.

Although many factors can bezpostulated for accelerated production of
synfuels, this increase is assumed to be due mainly to technological advances,
Improvements in the efficiency and reliability and reduction in costs of coal
conversion processes are assumed to make synfuels more competitive with natural

gas and oil.



From preliminary cost analyses, 1t 1s assumed that high-Btu synthetic
gases will be the major product of these conversion plants, particularly in
the near-to-intermediate tern. However, production of loﬁ—Btu gas from coal
for power plants is considered to be a pollution control method end not syn-

fuel conversion,

Accelerated Coal Electric Synfuels

This scenarilo is developed around a simultaneous expansion of uses of
coal for electric power generation and for the:prdduction of synthetic'oil and
gas. It represents the maximum level of coal extraction considered in the NCUA.
It.ie assumed to be due to the same new technology advances that produced the

other two accelerated cpal scenarios.

Synfuel connersion and direct combustion In industfy'are lowered mar-
ginally in this scenario under the assumption that the higher extraction costs
implied by this level of concentrated development would eliminate some of the
marginel users. The mix of synfuel products and regional market distribution for

synfuels is generally similar to the accelerated synfuels case.
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2.2 COAL-RELATED ISSUES IDENTIFIED BY STATE AND REGIONAL GROUPS

As a key element of the NCUA*, "major emphasis will be placed on an
identification and understanding of the problems and risks associated with
coal utilization." The assessment presented here accomplishes that objective,
in part, by analyzing the impacts'of alternative coai development plans. How-
ever, an extensive effort was also undertaken to identify those problems and
risks associated with coal development that are of particular concern to state
and regional groups and commissions to ensure that boﬁh the current analysis
and future studies are of practical use. From the issues identified by the
state and regional entities, an agenda** of future and ongoing analysis is
being prepared. This report will identify studies as ongoing, to be undertaken,

or unfunded, as well as the audience interested in the study.

_ Identifying state and regional problems required several steps. First,
a file of energy and environmental agencies, groups, and-commisSions_was de~

' veloped. Then, a standard introductory letter describing the Nationél~Coal ’
Utilization Assessment and the need for interactions with state and regional
groups was sent to appropriate'individuals in each agency or commission, This
letter, which is shown in the Appendix (Coal Related Issue Identification),
presented four major questions and requested that a meeting be held to discuss
the questions in person. The questions were:

* What are the important environmental problems and issues
" surrounding the use of coal in your state/region?

* What factors may constrain the use of coal technologies?

* What management options are under consideration to control
problems and influence coal use?

* What is the state infrastructure related to energy plan- '
ning, development, and regulation? What is the structure
of the commission and how does it function relative to
other environmental, regulatory, and planning groups in
the region?

A few weeks after the letter was received, staff members of the Regional

Studies Program traveled to the appropriate office to discuss these questions.

"*Project Plan 1977-1979, National Coal Utilization Assessment | ERDA (March 1977).
**genda for Analysis, Assessment and Research in publication, Argonne National
Laboratory (1977)
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A listing of the dates, locations, and attendees at each of the meetings is
included in the Appendix. From detailed notes taken during the discussions,

a draft letter report to be sent to ERDA's Division of Technology Overview in
Washington was prepared. Next, this draft was sent to. each agency or commis-
sion representativehfor his or her comments. Finally, the commenté were
iﬁcorpo;ated.into a final letter addressed to Dr. Ray Cooper, Aéting Assistant
Director of the Integrated Assessment Program at ERDA (see Appendix).*

Through this series of meetings, three major categories of problems
and issues were identified.** These categories, summarized in Table 2.2.1,
are: problems of general concern, problems or issues identified by several

states or regions, and issues 1dentified by'only a few groups.

.2.2.1 Problems of General Concern

Coal-related problems of general concern include: increased air pol-
lution; effects of Prevention of Significant Detgrioration and other federal
ailr quality regulations; potential water-use conflicts, acid mine drainage,
and other problems related to reclamation of "orphan' lands; price and avail-
ability of alternative energy sources; transportation constraints;_and
lack of information on new coal technologies. These are summariied in the

following paragraphs.

Increased Air Pollution

Perhaps the most important problem stressed in the interviews was the
increase in air pollution that will result from increased coal use unless
advanced emission-control technologies are used. This issue is of partidular
importance to states in the eastern half of the region. Here the increased
use ot local high—sulfur coals could aid the economy of coal-producing states
such as Ohio and Illinois but would result in higher sulfur dioxide emissions.
- Use of systems to control sulfur emissions to eliminate this problem often
results in secondary environmental impacts; Officials in many states are also
concerned about the increase in particulate levels due to increased use of
either eastern or western coal. Increases in hydrocarbon emissions, washout
of trace air pollutants and their dispersion through aquatic and terrestrial
“*These letter reports have been complied into Coal Related Issués Identified

by State and Regional Groups in publication (1977).
**This activity is continuing.
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ecogystems, and effects of increased carbon monoxide levels on global weather
patterns were also identified as important problems by some state and'regional

planners.

Environmental Regulatory Constraints

While there is a general concern over the impacts of increased air
pollution, a related problem 1s that of meeting federaivstandards designed tb
control pollution. Many states ére having difficulty in meeting National
Ambient Air Quality Standards for sulfur dioxide; aﬁd in Nebraska and Kansas,
where drought has increased naturally high dust leyels, particulate levels '
are increased by natural sources.l Federal Prevention of Significant Deterior-
ation regulations, if enforced could potentially limit siting of new coal facil-
ities. Officials in almost every state, along with the bzarks Regional Com-
mission, believe that the incremental pollutant levels allowed under the
regulations combined with thebcreation of "buffer zores'" around public lands
would almost completely eliminate construction of new coal-fired generating

plantsyor other facilities 1in rural areas where air quality is now high.

Water-~Use Conflicts

Contlicts over water use related to coal development are expectgd to
increase throughout the region. While both coal-fired genérating plants and
gasification plants require much water, water demands for municipal and in-
dustrial éupply, agriculture, and recreation are also increasing. Water is
relatively plentiful in the eastern part of the region, but this area is also
more industrial and populohs. Industry and utility plants already occupy many
potential sites for future coal facilities along the Great Lakes and the Ohio
River. In the western states, industrial and ﬁunicipal demands are less, but

total water supplies are also less and agriculture consumes large amounts.

Impacts of Extraction on Water Quality

Coal extraction as well as use can have potentially negafive impacts on
the water resources in the Midwest. Although every state with active coal
mining now has laws regulating mine operétion and land reclamation, the problem

of recovering orphan lands mined out before passage of the laws remains.
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Representatives of environmental and reclamation agencies in the mining states
are concerned about the high acidity of water draining from these orphan lands.
Acid drainage can have deleterious effects on aquatic and terrestrial ecosys-

tems and. ultimately on human health.

Disposal of Sludge and Fly Ash

Disposal of solid and liquid wastes from emission-control systems is a
concern expressed by many Midwestern states. The fly ash removed by electro-
stafic precipitators often contains potentially toxic eleﬁents,‘such as mercury
and boron, as well as radioactive elements, while "scrubbers" produce a sludge
containing environmentally noxious calcium sulfite, Utilities and environmental
planners 1in many states have a need to find suitable landfill sites for disposal
of these materials. In Wisconsin, where soils are sandy and precipitation frequent,
stAte agency representatives are confronted with the problem of leaching of
. noxlous substances from disposal sites for fly ash. Some states, such as I&wa,

; have clay soils, which would minimize seepage 6r'leaching from landfills, How-
Tvever, these soils underlie prime.agricultural land and agency offiéials believe

that they would encounter local opposition to locating disposal sites.

Price and Avaiiability of Alternative Fuels

State and regional officials must also consider the cost of coal devel-
opment compared with those of other energy sources. One concern expressed is
the high cost of installing and operating pollution-cdntrol devices, such as
scrubbers and precipitators, on new and exiéting conventional coal~fired power
planté. Officials in the eastern coal-bearing states believe that the éosts
of these sulfur-control systems combined with the availébility of low-sulfur
western coal may prevent continued or increased use of the reserves in their
states. In both the energy-consuming and -producing states, agency reﬁresent—
~atives noted that uncertainty about the price and availability of both fossil
fuels and other energy sources (such as solar power, peat gasification, and

biomass conversion) made long-range planning for coal use extremely_difficdlt.
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Transportation Constraints

Transportation problems may alsonslow~development'of coal in the Mid~
west. Officials in states as diverse as Ohio, Wisconsin, and NeBraska, and the
Ozarks Reglonal Commission, believe that existing rail networks, cars, and
engines, could not haul the amount of low-sulfur coal that could be required in
the next 20 years. Many of the officials mentioned that secondary rail lines
in rural areas are being increasingly abandoned; this change could prevent
conversion to coal by industry and utilities as well as construction of new coal
facilities. In the Great Lakes states, planners said that the barge and ship’
fleet along with the raill network may be inadequate if the northeastern states
begin to import western coal. Interstate coal haulage was most commonly re-
garded as a possible problem area, but Missouri officials expressed concern
about the capacity of the rail network for hauling local coal to in—sta;e‘con—

sumers.

Need for Technology Assessments

Another concern throughout the region is the lack of information on new
coal technology. Many energy planners are uncertain about the costs, technical
feasibility, and environmental impacts of both emission éontrol systems and
advanced technologies. Some said that flue-gas desulfurization is an efficient
method of sulfur control, and others said that the high costs, sludge disposal.
problems, and operating difficulties make these systems impractical. Still less
is known about gasification, 1idﬁefaction, solvent refining, and other newer

technologies.

2.2.2 Problems Identified by Several Groups

Other coal-related problems were mentioned at several meetings but were
not as common as those discussed above. They include the high capital costs
and technical problems both of converting industrial plants from other fuels to
coal and of constructing new coal conversion plants (such as for gasification
or solvent refining); feasibility of co-~location of coal-fired electric gen-
erating or gasification facilities with industry; and the iﬁpacts of increased
rail transport of coal. Representatives of the states and regions mentioned
fugitive dust, seismic impacts, increased accidents, and disruption of com-

munity services as problems associated with increased coal hauling by rail.
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Other problems of interest to seyeral agencles and.commissions inélude
conflicts between agriculture and coal development; dispersion of potentialiy
toxic trace elements from coal combustion or from the waste products of’
emission-control systems; sudden changes in employment and population with
construction of new coal or coal—relatéd fac;litiés; and the impacts of

electric transmisslon wires from coal~fired generating'plants.

2.2.3 Problems of Selected Interest

Finally, only a few of the persons with whom we met identified the
following as important problems or issues assoclated with increased coal use
in their regions: changing federal energy and environmental policies; conflicts
between coal development and agricultural lifestyles, land and water use; loss
of industry due to decreased coal mining, federally enforced fuel conversions,
or environmental regulatioﬁs; conflicts between recreation and fisheries and
coal development; environmental tradeoffs between alternative coal technologies;
local political controversies over coal facility siting; high electricityAcosts |
. due to costs of coal conversion and environmental controls; difficulties in
- éroviding electricity to dispersed consumers in rural éréas; and environmental
- and economic tradeoffs between‘tranSporting the coal vs. the product (e.g.,

. electricity).
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2.3 IMPLICATIONS OF ENERGY SUPPLY AND DEMAND*

The growth rate of energy demand for the region has sZowed dramatically
in recent years. The results presented here ave premised on a continued lower
growth rate (2.38% zn 1975~1985, 2.77% in 2985a2000 and 1,52% in 2000-2020).
Total energy demand will double about every 35 years. Growth rates in the last
25 years have been 3.25%.

Differences in the Coal Development Options

The contribution of coal in fulfilling regional energy demand will grow
steadily (from 26% in 1975 to 34% in 2020) but will increase substantially if
coal use for electric utilities and synthetic fuels ig accelerated (coal syppiy—
ing 43% in 2020 for the Accelerated Synfueis and High Coal Electric Scenarios).

Figure 2.3.1 shows that, in 1975, coal supplied about 26% of the region's
requirement. This percentage represents an end point in several decades of
decline in coal utilization. Under the Recent Trends Scenario, coal wquld
capture a 347 share by 2020 and 437 under the Accelerated Synfuels and High

Coal Electric Scenarios.

The largest end user of coal is likely to remain electric utilities,
followed by industrial users and synthetic fuels. Figure 2.3.2 shows that
utility and industrial users account for virtuallyAall of current demand. The
rate of growth in electric utility demand is slowed by a reduced demand growth
for electrical energy (6% historically, 4.7% for 1975-1985, and 47 for 2000~
2020) . Perhaps more than in any other region, nuclear energy and coal are
in close competition for the utiliey marker in the Central Reglon. Thus, any
increases in nuclear capacity will come at the expense of coal. The Recent
Trends Scenario allows for. a modest growth in nuclear power, which displaces
coal baseload generation. Under the High Coal Electric Scenario, the rate of
nuclear growth is assumed to slow drastically between 1985-2000; consequently
the demand for coal grows at about the same rate as demand for electrical
energy. The absolute levels of utility steam coal used in the region are very

significant, as high as 372 million tons per year (mtpy) by 2000 and 623 mtpy
in 2020 in Recent Trends, compared to 459 mtpy in 2000 and 820 mtpy by 2020 for

*The findings presented here, while based on analysis and historical patterns
and estimates of future energy and economic parameters, are strongly influ-
enced by the initial scenarios chosen for analysis.
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the High Coal Electric Scenario. The level of utility coal use now is 178
million tons. In the long term, the synthetic fuels industry could begin to
surpass industrial coal use (see Fig. 2.3.2), especially with accelerated
synfuels devélopment. Individual synfuels plants consume large amounts of
coal (5-10 million tons/year for a facility, depending on size and coal heat
content) . Under the Recent Trends Scenario, synfuels require 90 mtpy in 2000
and 207 mtpy in 2020. In comparison, for the Accelerated Synfuels, the re-
quirements are 217 and 442 mtpy. | ‘

Utility Coal Use

Growth rates of electricity forecast for all states are between 3.7 and
5.7%, while historical growth rates generally are 6-8%. Coal capacity grows
from 85 GWe in 1975 to 150 GWe in 2000, but as a percentage of total generation,
it declines from 67% in 1975 to about 60% in 2000, even for the High Coal
Electric Scenario. The greatest concentration of direct coal combustion in
the region is, and will likely continue to be, in the industrialized atafeé
in the east, which maintain 66% of the region's coal capacity.

_ Total capacity for the region (see Fig. 2.3.3 fof Recent Trends) grows
to 296 GWe in 2000 and to 653 GWe in 2020. The region roughly maintains its
existing fraction of the nation's total capacity (25%). In most states, the
percentage of generation from coal increases between 1975 and 1985. In four
states (Ohio, Indiana, Illinois, and Michigan), the ratio of céal generation
declines due to an 1ﬁcrease in nuclear power. The Recent Trends Scenario shows
a gradual .decline in the ratio of coal generation after 1985, while the coal
generation ratio for the ﬁigh Coal Electric grows through 2000 and then declines.

Table 2.3.1 shows the concentration of direct coal combustion in the
eastern portion of the region. Ohio 1is the region's leading user of coal, while
Indiana, Illinois, and Michigan also use large quantities. In total, these
four states maintain 66% of the region's capacity. The largest coal-capacity
additions for 2000 occur in Ohio, Indiana, Kansas, and Oklahoma. Although ¢oal
use grows significantly in the western portion of the region, these states are
thinly populated'and have lower absolute demands for electricity fhan indus-
trialized states, A key difference between the Recent Trends and High'Coai
Electric Scenarios is the degree of increased coal use in Ohio, Indiana, and

Illinois compared with other states. The increments of coal use in these
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Table 2.3.1 Capacity Growth, 1975-2020: Recent Trends Scenario (in GWe)

19752 1985° 2000° | | 2020 -

. Total Coal Total Coal Total Coal ‘ Total Coal
States . | Capacity Capacity Capacity Capacity Capacity Capacity Capacity Capacity
Ohio - 25.2 22.4 36.0 27.5 59.5 41.2 127.8 - 61.1
Indiana 13.4 C12.4 . 20.6 16.4 34 .4 20.7 76.4 39.9
Illinois 25.5 15.7. - 38.1 16.7 54.6 19.5 123.0 40.1
Michigan 18.9 11.6 23.3 12.1 33.6 - 15.9 66.3 32.7
Wisconsin 8.9 5.4 ' 11.7 - 6.1 15.8 6.3 : 33.8 9.7
Minnesota 6.8 2.9 9.1 4.5 4.2 7.5 34.5 . 14.5
Iowa 5.4 2.9 5.6 3.1 ' 7.9 4.2 17.7 7.5
Missouri 11.0 8.1 . 14.1 8.5 20.3 10.4 45.2 18.8
North Dakota 1.2 0.8 2.7 2.0 5.0 2.0 1222 5.4
South Dakota . 2.1 0.6 3.1 1.4 - 5.5 1.7 T 12.6 1.9
Nebraska 3.8 - 1.0 5.0 1.3 8.4 4.4 . 22.2 9.3
Kansas | 5.9 0.9 7.1 2.7 12.0 6.5 - 31.8 13.5
Arkansas 4.7 0 4.9 0.5 6.4 S 1.2 11.8 3.3
Oklahoma 7.9 0 11.4 5.0 ~18.1 7.0 . 37.8 8.6
Regional Total 140.7 84.7 ©192.7. 107.8 295.7 148.5 653.1 266.3
U.S. Total 505.7 227.4 770.0 308.0 © 1316.0 408.0 . 2780.0 5560

aSource::Federal Power Commission, "FPC News', 9(43):27 (Oct. 22, 1976).

bEstimated

6T-2
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states for the year 2000 are 13.7, 4.30, and 2.80 GWe in the Recent Trends
Scenario and 18.5, 13.2, and 11.2 GWe in the High Coal Electric Scena;io,
Additions for other states total 19.9 GWe for Recent Trends and 25.6 GWe for
High Coal Electric. A‘ ' o

0il, Gas, and Synthetic Fuels

Even a greatly expanded use of coal does not necessarily reduce the
dependency of the region on oil imports; however, synfuels can significantly

contribute to supplying the region's gas needs .

The reglion now produces only about. 24% of its o1l réquirements, with
most of this production concentrated in Oklahoma. Synfug}s would supply only
10% of the region's requirements in 2020 under the Accelerated Synfuels Scenario.
Total gas demand for the region is forecast to drop from its present 6.73 quads
to 4.6 quads by 2020. In. this period, coal could supply 50-80% of the regiqp's

gas requirements.

Coal Production and Flows

Major coal production in the region will be concentrated in a few states.
Illinois and North Dakota together will produce 58% of the region's total pro-
duction under the Recent Trends Scenario. While production within the region
grows substantially, imports to the region will continue to grow ae a percentage
of total coal use. Specifically, imports to the region from the Northern Great
Plains will grow from 20% to 50% of regional requirements in 2000.

Current trends indicafe that the.suufces of coal to ocupply higher demands
for it will be increasingly in the west. Coal imports from the Northern Great
Plains* are likely to be a growing share of total regional coal supplies (see
Fig. 2.3.4). The share of local production from the Interior Province slightly
declines. The strength of this shift to the west may be diminished by iusti-
tutional and physical constraints on the availability of western coal. Yet,
the sheer abundance of strippabie coal reserves in the Northern Great Plains -
seems to make it a major source of supply in the long term. The effect of a
best..available control-technology provision requiring:the use of FGD with low-
sulfur coal is as yet unknown, but it could potentially alter this pattefn of

coal use.

*Implications of development of eastern vs. western coal resources will be
analyzed in the near future. Analyses of the tradeoffs between alternative
levels of development will be conducted.
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Witﬁin the region,.major coal p}oduction will be concentrated in a
handful of states -~ Illinois (38%), Indiana (8%), Ohio' (18%), Missouri (4%),
and North Dakota (28%), éccoqht for 967 of production under Recent Trends, with

‘less production in Iowa, Kansas,_Oklahoma, and ArkansasA(seé'Fig. 2.3.5). 1In

terms of the rate of deyelopment, production in North Dakota, Miséburi,,and'
Oklahoma may grow fairly rapidly. '
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2.4 SITING OF COMBUSTION AND CONVERSION FACILITIES

2.4.1 Combustion Facilities

Significant constraints were encountered in determining sites for
required capacity for most of the states in the region.* The siting patterns
that have traditionally developed cannot persist much longer. The average
transmission distance for three example areas will increase by 88% by the year
2000. The exponential growth of capacity requirements (even with conservation)
coupled with growing resource scarcity and emvirommental comstraints are forcing

certain shifts in siting patterns for central power plants:

+ A movement nf sites away from the load centers; Figure 2.4.1
illustrates the increase in average transmission distance
from siting areas to load center for 1975 and 2000. Most
additions occurred outside load centers.

*» Concentrated siting near major water resources: 557 of the
capacity additions for the year 2000 occur on major water-
ways (Great Lakes and the Ohio, Mississippi, and Missouri
Rivers). Capacity additions on the Illinois, Arkansas, and
Muskingum Rivers increase the percentage to 70% of the region
additions.

» Increased water conservation and storage: water consumption
due to evaporative cooling losses reached 20% of the 7-day/
10-year low flow on nearly all tributaries (excluding the
Ohio, Mississippi, and Missouri Rivers) in the region.
Significant water shortages were encountered in Oklahoma
and Kansas. By the year 2000, 607 of the sited capacity in
Oklahoma requires supplemental water sources, and by 2020,
70% of the water requirements are unaccounted for in surface
water supplies. Keservoirs and ground water were viewed as
potential sources to alleviate this resource constraint.
However, more drastic conservation measures may be required if
these sources prove inadequate. The siting pattern in Kansas
requires supplemental sources for 277 of the capacity for the
year 2020. Other states have enough surface water for the
cooling requirements, although the distribution of these
supplies often does not coincide with load-center locatiomns.

* The analysis conducted here did not indicate these constraints as
insurmountable; however, studies are required to define and develop
solutions. The results obtained here are influenced by the siting
criteria used (see Sec. 5.0) and do not include the constraints
identified as a result of the impact analysis and reported in Secs.
6-9. The feedback of these impact results to the siting is being
carried out.
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Differences in Coal Development Options

Siting patterns for electrical generating facilities do not differ sig-
nificantly among the coal development options.

The High Coal Electric Scenario is the only one that affects combustion
facilities. Total generating capacity remains the same as for the Recent Trends
Scenario, but a shift from nuclear to coal capacity occurs. The largest increases
in coal capacity (see Fig. 2.4.2) occur in Ohio, Indiana, and Illinois. In
Indiana, for the year 2020, coal-fired capacity increases from 56% to 88% of the
total generating capacity. North Dakota shows an increase from 38% to 64%.

States such as Michigan, Wisconsin, Minnesota, Kansas, and Arkansas show little

or no change.

Regional Overview

Coal-fired capacity (and total capacity requirements) is concentrated

in the eastern portion of the region.

The states of Ohio, Indiana, Illinois, and Michigan account for 66%
of the coal-fired capacity sited by the year 2000. Ohio has the largest
share, which amounts to 287% of the regional total. Indiana requires 14%,
Illinois has 13%, and Michigan requires 117.

At the river bacin level, the Great Lakes, Ohio, Upper Micsissippt,

and Missouri basins account for 94% of the coal-fired capacity by the year 2000.
The individual proportions are:

* Ohio River - 317

* Great Lakes - 29%

* Upper Mississippi River - 20%
e Missouri River - 147%

* Arkansas River - 67

The following figures indicate relative percentage of capacity sited on

the main stem and on tributaries within these basins.

Basin Main stem Tributaries
Ohio 36 64
Great Lakes 54 46
Upper Mississippi 25 75
Missouri 57 43
Arkansas 26 74

The relatively high percentage of coal-fired capacity sited on tribu-
taries in the Ohio and Mississippi River basins result from interpretations
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of the constraints on water consumption. Because of (1) the seasonal nature of
low flow conditions, (2) the bimodal distribution of electricity demands, and
(3) the operating characteristics of nuclear and coal-~fired plants, an attempt
was made to site a disproportionate amount of coal capacity along tributaries

(see Sec. 5.2.3 for further discussion).

The following WRC Subareas show the greatest concentrations of sited
capacity and account for 407 of the cumulative regional coal-fired capacity

by the year 2000. They are ranked according to their percentages of regional

additions.
Water Resource % of Regional Coal % of Cumulative Regional
Council Subarea Additions by 2000 Coal Capacity by 2000
504 Muskingum 7o X 5.4
410 Western Lake Erie 6.5 Dhenl.
411 Southern Lake krie 6.0 e 3
1023 Missouri-Sioux City-
Oklahoma 548 328
1027 Kansas 5.5 2.4
713 Lower Illinois 4.3 Sie &
509 Cincinnati-Little Miami-
Ohio 4.0 a2
404 Southwestern Lake Michigan 1.3 Yl
714 Mississippi-Kaskaskia-
St. Louis 0 Y51

Figure 2.4.3 shows locations of subareas with the largest concentrations

of regional capacity.

In terms of added capacity, the following figures show percentage addi-

tions through the year 2000 by major drainage basin:

Ohio River - 27

Great Lakes - 23

Upper Mississippi River — 16
Missouri River - 22

* Arkansas River - 12

L] ] L[] Ll

Figure 2.4.4 shows locations of coal-fired additions through the year

2000. siting patterns are shown in Figs. 2.4.5 and 2.4.6.

The percentages of these additions that occur on tributaries vs. mainstems

are shown below:



2-29

7 o
L 401
402 s
=7 i ‘--'".:"(' %
TR B ‘
NP
| 704_ _‘J ' 403 s
|
|

507

N DN

1109 :_\11\ 1106 i_l/
| lEeal™s g
- = i R U .
Wemy MBI e T L
-= mo 3 i ! o2 }

L AR WA et N
'\\‘ bt L~
RENTY “! 804 « /803

.
- 1

Fig. 2.4.3 Water Resource Council Subareas with Largest
Concentrations of Electrical Generating Capacityv



34N

44'N

42°N

40'N

38°N

46N

100-C0 - 49999
500-00 - 99399
1000-00 - 1939:90

(]

@

]

a 200000 - 3399-90
4000:00 - 649999

)
—y
‘?j Fig. 2.4.4 Coal-fired Additions Through 2000

° {9

{:

0€-¢



L
® 50000 - 1499-90
® 150000 - 299990
8 300000 - 4999:90
. 500000 - 11999-00

Fig. 2.4.5. Siting Pattern  for 1975

' 10000 - 49999

1€-2



[ s - e s bt oo s s e = o e o

4W0°N

s8'h

ssjn

340N

10 W

* 100000 - 459-99

® 50000 - 1699:90
. @ 1500000 - 2999:90
‘ 300000 - 4999-90
5000:00 - °1999:00

Cafw

H : y , . i g
99w 97w Caet e o st w 8w 85'w

s'w

. Fig. 2.4.6.. Siting Pattern: for_2000

(AN



2-33

Basin . Main Stem Tributaries
Ohio River 35 . ‘ 65
Great Lakes 99 : 1
Upper Mississippi River 22 ' 78
Missouri River 86 . 14
Arkansas River ' 13 o : 87

The most apparent potential siting conflicts arise in Ohio, Illinois,
“and Oklahoma.

Ohio -~ the capacity requirements of Ohio are more than a fourth of
the total regional demands, but the siting criteria based on air quality are -
more restrictive in this state than any other in the region. Population
density and the air-quality constraint limit siting near Lake Erie in the

‘north. Alternative water supplies are primarily available in the south along

the Ohio main stem, away from the major northeastern load centers.

Illinois -- Problems arise in siting capacity near the load centers.
The Chicagd area requires 607 of thé total state capacity. However, air
quality and population density prevent siting in fhe metropolitan area and
-, prevent the use of Lake Michigan as a water source. The Illinoils River is

. used heavily to site additional capacity, as far to the northeast as poséible.

Oklahoma -~ Although air-quality problems cause some siting limitations,
difficulties in siting are almost entirely due to limited water supply.

Similar problems arise to some extent in all parts of the region. In

general, the problems are not as severe as in these three states.

2.4.2 CONVERSION FACILITIES

Significant constraints were encountered in siting synfuel plants in
‘the region. ' ' '

Sites for coal conversion plants were restricted to areas having both
coal and water. Because such arecas are scarce, development is fairly con-
centrated.

*+ Only five states in the region (North Dakota, Missouri,

Indiana, Ohio, and Illinois) were determined to have

adequate mineable coal reserves in localized areas to
provide the lifetime requirements for conversion.
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. Within each of these states, the coincidence of water _
resources and coal reserves leaves little margin for
alternative siting patterns. o

Differences in Coal Development Options ' A . 2

The Accelerated. Synfuel Scenario shows more thar a doubling of comversion
facilities from Recent Trends levels by the year 2020. ’

A totel of 64 plants are located by 2020 in the accelerated case; there
‘ere:29 plants for Recent Trends. Figures 2.4.7 and 2.4.8 show that development
in the accelerated case follow the same patterns shown by the Recent Trends
'Scenariof The primary difference 1s a greater concentration for: the accelerated

.cage.

Begionel Overvie&

Conversion facility sites are limited to North Dakota; Missouri;-IlliuuLs,y.
Indiana, and Ohio. Illinois and North Dakota have the largest share of plants,
each having 31% of the Recent Trends total -for the year 2020.  Missouri has the -
emallest number, with two plants in 2020, and a supplemental water source is -

‘required for one of these.

The Ohio, Illinois, and Missouri Rivers provide the water needed for
all of%tbe synfuel plants, except for one plant in Missouri that requires a
- reservoir. The Ohio and Missouri Rivers each have ten conversion facilities.‘

sited by the year 2020. The Illinois River has eight.

The most restrictive constraints on siting synfuel plants are in Iowa -
and Kansas, where large coal reserves exist but water resources 4re not near.
AS a reeuit, no conversion facilities are sited in these states. Other states;
such as South Dakota, Nebraska, Oklahoma, Minnesota, Arkansas, Wisconsin, and
Michigan, do ‘not have enough mineable coal reserves to support the 30-year

lifetime requirements for conversion.
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Fig. 2.4.8. Synfuel Plant Siting Pattern for the Year .
2020 —- Accelerated Synfuel Scenario '
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2.5 WATER AVAILABILITY

Although cumulative water supplies are adequate in the regzon to satisfy
foreseeable energy requirements, significant water. shortages that would constrain
energy development patterns or development of competing water uses are likely to
occur in various localized areas or subregions within the region. In the year
2020 1.4% (or 9300 MW) of the regional electrical gemeration capacity is sited
in areas in which water problems could be severe, and strong mztzgatzon measures
such as reallocation of water supplies. or use of dry cooling may ‘be necessary
for siting energy facilities. In addition 14.2% (or 93,000 MW) of the regional
éapacity i8 sited In areas which may require development of reservoirs, ground--
water, . and/or other measures for water-supply enhancement. The integration of
regional energy and water resources plarnming will become unavoidable ae anergy
processes absorb an increasing fraction of total regional water demand.
Specifically, water for energy grows from 2% of all consumptive uses to 18%
in the year 2020. ' |

Differences in Coal Development Options

The differences in water consumption for coal development options are
less than 5% (see Fig. 2.5.1). Water resource problems are not affected by
. the options.

The largest fraction of water use in electrical gene;ation is for
cooling. The amount is largely independent of substitutions between nuclear
and'fossil fuel capacities, where total generation remains constant. Compared
to the Recent Trends Scenario, the High-Coal Electric Scenario consumes 4%
lesgwwgter in 2020 because of the slighély increased efficiency of fossil
facilities. For the Accelerated Synfuel Scenario, water consumption increases
by 5% as impor;ed liquid and gaseous fuels are replaced ﬁy synfuels. Large

amounts of water are consumed in producing theése fuels.

Impact of Coal Fuel Cycle Components

The Zargeét vater consumption is in evaporation (90% of total consumption).
during cooling in electrical generdfion and synfuels production!l Large variations
in water consumption for coal utilization are due mainly to differences in sites,
processes, and water-conservation practices. For example, dry cooling can reduce
éonsumption by as much as a factor of §0 below that with cooling ponds.
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Table 2.5.1 lists the water requirements assumed in the stud} and
the estimated minimum based on environmental conditions existing in the more
arid western states. These estimates assume use of evaporative cooling because
of the cufrent EPA guidelines*, which state that closed-cycle cooling ponds and
cooling towers are to be used at new units; all other cooling systems, such as
‘once-through and cooling lakes, are prohibited unless an exemption is obtained.
In the study region, the Great Lakes, and the Ohio, Mississippi, Missouri, and
ArkanS9s Rivérs and their major tributaries might support once-through cooling
for many power plants. This use would reduce water consumption of these
facilitles by about 50%, . For some other areas, such as the Omaha and Kansas‘
City areas on the Missouril and the Twin Cities on the upper Missisolppi, once-
thrbugh ennlling could, on a limited basis, also be used if appropriaté'critéria

for site spacing are observed.

The water requirements for coal extraction and cleaning are significantly’
less than that for coal combustion (2%) or conversion (55%) unlocs a loﬁg—terﬁ
commitment is made to irfigatihg crops in recléimed areas. An indirect impact
of extraction on water resources ié the disruption of aquifers, but the extent
of this is unknown. Process waterlréquireménts for cdal conversion, flue-gas

desulfurization, and wasle disposal are also secondary to cooling requirements.

Regional Overvicw

In the study area the major basins of the Migsissippi, Ohio, Missouri,
and Arkansas Rivers, and the Great Lakes together have enough fresh water to
exceed the demands of energy facilities (see Table 2.5.2). In aggregate,
energy will require at most 15% of tha monthly flows at 95% exceedancellevel.'
waeverg»Zow-fiaw eonditions (e.g., 7-day/10-year low flows), seasonal var-
iations, or demands by competing water users will cause potential wdter shortagas
tn localised aveaa (see Fig. 2.5.2). These areas in total account for 102,000 MW;
or 25.6% of the regiénal capacity. '

When other siting factors, such as distance from load centers and land

use are considered, about 84.4% of the regional capacity (or 550,000 MW) for

*U.S. Environmental Protection Agency, Effluent Guidelines and Standards,
Steam Electric Power. Generating Point Source Category, Federal Register
139(196) :36186-36207 (Oct. 8, 1974)



. Table 2.5.1.

Water Requirements for Coal Utilization

Water ConSumption'

L : e - - Mining and
“Unit Facility . Standard Case Conservation Case? Reclamation?,
Acre-ft/yr - Acre-ft/yr % Coolihg % Other? Acfe—ft/yr
Electrical Generation 3000 MWe cap. @ 35% eff.; 31,300 23,400 92 8 450
' 70% Zoad factor : ' ‘
High Btu Gasificaticn 250x10° scf/day cap.; 12,400 7,300 70 © 30 350
" (Synthane) 90% load factor
Liquefaction - 100,000 bbl/day cap.; 12,400 9,400 93 7 690
(Synthkoil) 90% load factor ' ' '

aBased oa conditions in Beulah, N.D., EPA-600/7-77 Water Requirements for Steam-Electric Power Generation and
Aynthetlc Fuel Plants in the Western United States; Feb. 1977, by H. Gold et al.

bwater requirements in process, flue.gas desulfurization, waste disposal, pond evaporation, and others

6€-2



Table 2.5.2. Surface Water Discharges from Major Basins and
Water Requirements for Energy Development

- L U Discharge (cfs) - : Energy Requirements a

Basin : . Mean Annual 957 Monthly Exced.. - cfs % of 957 Exceed.
Missouri 70,800 13,400 . 1,038 . 1657
 Arkansas-White-Red 192,900 7,700 | 1,036 13.5%
Upper Mississippi . 187,000 : 43,700 3327 . T7.6%

Ohio : | 276,000 42,200 3,000 7.7

Gréat Lakes ° 201,900, 116,000 ) 2,33 2.0%
Lower Mississippi 615,000 150,000 . 55 <1Z%
Souris-Red:Rainy 19,300 ’ " 450 © 3 o ax

OVfZK

qSteam _electric power and synfuels plants for Recent Trends Scenario in 2040, we: cooling towers assumed
for cooling. Includes only energy facilities in the study region. ' )

bBas'ed on outflow of Lake Erie intd the Niagéra‘RiverJ

“Minimum monthly flow.
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. SHORTAGE PROBLEMS; IMPROVED MANAGEMENT,

REALLOCATION OF SUPPLY AND/OR AUGMENTATION
MAY BE REQUIRED.

AREAS WITH POTENTIAL WATER SHORTAGE
PROBLEMS; ADDITIONAL SURFACE WATER
STORAGE AND/OR GROUND WATER MINING
MAY BE NEEDED.

N

Fig. 2.5.2. Areas with Potential
Water Shortage Problems
by 2020.
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the Recent Trends Scenario in 2020 can be sited on or near these major water
resources without creating major water shortages for competing users. About
14.2% of the regional capacity (or 93,000 MW) for this scenario would require
development of reservoirs, ground water, or other enhancement of water supply
in water-short regions (see Fig. 2.5.2). In limited areas, containing 1.47%

of energy generation capacity for 2020 (or 9300 MW), the potential water short-
ages are so severe as to prohibit siting energy facilities or to require other
equally drastic measures, such as interbasin transport, limiting allocation to

other competing users, or use of dry cooling.

Although water needed for energy production now is only a small fracLion
of total water consumed in the region, it increases from 2% of all consumption
in 1975 to nearly 187 in 2020 for the Recent Trends Scenario (see Fig. 2.5.3);
The surface water resources must also be maintalued Lu satisfy demands for
non-consumptive instream uses, including hydroelectric power generation, navi-
gation, water-oriented recreation, fish and wildlife maintenance, and water
quality control, Identification of additional water-use conflicts can be

expected as these instream requirements are further defined.

Some rivers in the study region, most of them in the western states
(see Fig. 2.5.4) | have high salinity, which could limit use as a water supply
for energy generation. In the year 2020, 2700 MWe, or less than 1% of regional
capacity, would be sited in these areas. High salt concentrations in water
circulating in cooling and conversion process systems could cause scaling, foul-
ing, and corrosion. Expensive water treatment would be required for energy
facilities on these rivers. Further evaporative water loss could increase

salinity.
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Areas with Potential Limitations to Energy Development due to High Salinity

in Surface Waters (greater than 1000 ppm total dissolved solids)

Figure 2.5.4.
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2.6 COAL RESOURCES

The regiondl share of total U.S. coal production declines elightly
from the present 23%, but production increéases in absolute terms from 140
million tons/year (mtpy) to 300 million tons/year in 2000. Constraints on coal
pro&uction are not likely to impede coal production under the Recent Trends

Scenario. However, problems may arise under more accelerated coal development.

The various scenarios require the largest coal production since the
immediate postwar era, requiring fairly modest to rapidly accelerated coal out-
put. The region is expected to play a very important role in meeting these
postulated increases. Production is expected to approach 200 million tons/year
by 1985, an increase of about 50 million tons over 1975 levels and about 19%
of expected U.S. production in 1985. This production 1s a slight decfease from
the current proportion of U.S. coal output (23%). The region's share of total
U.S. coal production is expected to continue to decline gradually after 1985.
This share declines primarily because the generally high sulfgr content of
regional coal puts it at a competitive disadvantage relative to Montana/Wyoming
coal and some Appalachian coal. After 1985, depletion in the region (except
in North Dakota) can be expected to increase mining costs relative to those

in the Montana/Wyoming area.

There are several potentially serious constraints on meeting the re-

quired levels of coal production in the region:

. Agricultural'competition for inputs.

* Transportation system capacity.

* Reclaimability and cost associated with reclaiming mined land.

¢ Institutional constraints on opening new mines.

* Potentially high cost associated with mining deep reserves

and low-sulfur coal.

These constraints probably will not prevent attainment of the production
levels postulated in the Recent Trends Scenario but may, however, impact local
areas or subsections of the region severely. Accelerated coal development under
the High Coal Electric and High Synfuel Scenario increases the probability that
these constraints, especially capacity of transportation systems, will limit

. future production.
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Le?el of Reserve Utilization

Coal production in all states of the region except Kansas and North .
Dakota will become increasingly dependent on deep mining so thdt, by 2020, 45%
of regional output will be supplied by deep mines in the Recent Trends Scenario.
This is a sizable increase over 32% now supplied by'deepAmining. Eméept for
Oklahoma, the levels bf coal production considered here will not consume more’

than 36% of any state's reserves.

Table 2.6.1 cbmpares possible deep- and strip-mined production pnder
the Recent Trends Scenario with actual 1974 figures. In the region, strip mining
presently outproduces deep mining by a ratio of about 2:1." However, by 2020.
this ratio decreases to about 1.2:1.0. The decrease in importance of strip
mining would be even more pronounced if North Dakota's share of fegional coal -
production did:not increase so much over the period. Except for North Dakota
and Kansas, all states in the region become much more dependent on deep mining.
Levels of .coal production increase most significantly in Illinois and North Dakota,
from the current 60 and 70 mtpy to 115 and 130 mtpy in 2020. .

In spite of this increasing deep mining, production by strip mining
would .consume more than 50% of the strippable reserve base in Ohio, Indiana, and
Oklahoma under demand in Recent Trends. Yet, deep reserves are so abundant that
‘'overall reserves are not excessively consumed. Even under the Accelerated Syn=
fuels and High Coal Electric Scenario, deep and strip production .in each state
is less than two-thirds of the state's reserves. In all states except Oklahoma,
percentage consumption of reserves is 367 or less in this scenario. Table 2.6.2
‘and Fig. 2.6.1 illustrate the total consumption of reserves in eaqﬁ state under

the Accelerated Synfuelé and High Coal Electric Scenario.

Differences in the Coal Development Options

Coal production in Illinois and North Dakota changes most dramatically
from the Recent Trends to the Accelerated Synfuels and High Coal Electric N
Scenario.. butput in Indiana and Missouri also increases greatly under accel-
erated canvdéveZopment; butAproduction in the other states in the region
,changé relatively little. Regional coal production in 2000 increases to.450“
mtpy for the Accelerated Scenario and to 300 mtpy for the Recent Trends Séenqrio.



Table 2.6.1. Coal Production by State and Mining Method (106 tons/year)

57

43 . 100

1974 1985 - 2000 2020

Strip. Deep . Total Strip Deep Total Strip - Deep Total Strip Deep Total
‘Ohio 31.0  14.4 45.4  26.5  24.5  51.0  34.6  35.9 70.5 35.9  45.1 81.0
Indiana 23.6 0.1 23.7  23.4 1.0 24.4 21,0 7.0 28.0 18.9  16.1 35.0
Illinois 27.0 31.3 58.3 . 24.9  48.3 73.2 32.5  75.5 108.0  43.7 131.3 175.0
Missouri 4.6 - 4.6 7.0 - 7.0 9.9 2.0 11.9 11.0. 7.0 18.0
Iova 0.2 0.4 0.6 - 0.8 0.8 - 1.1 1. -- 2.0 2.0
Kansas 007 — 008 1.0 — 1.0 100 - 1-0 1.0 —— 100
Arkansas 0.5 = 0.5 1.0 - 1.0 1.5 0.5 . 2.0 3.0 1.0 4.0
Oklahoma 2.4 - 2.4 5.0 2.0 7.0 6.5 3.5 10.0 9.1 4.9 14.0
‘Regional Total 97.5  46.2 143.7  114.8  76.6 191.4  169.0° 125.5 294.5 -251.2 107.4 458.6
% of Total 68 . 32 100 60 40 100 | 55 45 100

Lyt
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Table 2.6.2. State Production, 1975-2020,
' Relative to Reserves (10° tons)

Accelerated Synfuéls _ Percentage
and High Coal o Reserves Depletion
~ Electric Production . Available? ~ of Reserves
Ohio . 3,428 - 11,635 29
Indiana 2,108 5,814 36
Illinois 7,058 36,500 19
Missourdi © 1,282 5,768 22
Towa A 90 1,442
Y.ansas 76 1,110 - 7
" Arkansas 138 - . 454 30
Oklahoma 509 177, 65
North Dakota 3,948 12,802 - 31 .
Regional Total 18,637 " 76,302 24

a . ’ - ’ ) N .
Assumes strippable reserves are 80%Z recoverable and deep reserves are 50Z

recoverable.



2-49

Iv1i0L TYNOI93IY

V10%VQ HLYON

IR SR AR AR ,
AR iw, Fhaind YWOHYINO
..f”mmwmw MWWMQW J&Mﬁm%uv :
SVSNVXEV |
SYSNYN
] vmo!
IYNOSSIN
{ SIONITTI
VNVION!
OIHO -
| )
Lttt ittt
o (=] o o o o (=]
w [-;) [ -] [ [7-) 7] ¢

S3A¥3S3Y 40 NOIL31d30 % .

Percentage Depletion of Reserves

2.6.1.

Fig.



-2-50

Figure 2.6.2 shows that the divergence between regional production in

" the Recent Trends and the Accelerated Synfuels and High Coal Electric Scenarios
increases over time. This increased divergence is due to the increasing impor-
~ tance of coal-based synthetic fuels as substitutee for gas and oil (under ac-
celerated development of synfuels.) Table 2.6.3 illustrates state changes.. '
The two leading state synfuel producers under ‘Recent Trends conditions - -
Illinois and North Dakota - — remain the leaders under accelerated conditions.
Production in North Dakota increases much less than in Illinois on a percentage
basis over the Recent Trends baseline because of.ite smaller reserve base and
the 1ikellhood of adverse reaction to the environmental effects of accelerated
coal production. Ohio, Indiana, and Missouri follow in that order by 2020 as
coal pfoducers in both scemnarijos. Under accelerated development the‘differences
in production among these three states narrow because synfual prodiuction addo
large increments of output to the totals in Indiana and Missouti while output
in Ohio grows less rapidly. The productivu 1evc10 of the other states in the
region change little from the Recent Trends to the Accelerated Synfuels and
High Coal Electric Scenarios. '

Regional Overvicw

. Within the region two areas, North Dakota and Illinois, increase
" production signifiaantlyﬂ These two areas acecounl for 60% of production in
2000. * - '

North Dakota and Illinois will have the largest growth in absolute
terms in coal production under Recent Trends ronditions. One reason for this
substantial increase is that both states contain abundant coal reserves that
can be mined relatively clicaply and have adequate water resources nearby so that
they bceome prime sites for synfuel conversion. Percentage growth in Arkansas aud
Oklahoma 18 rapid because of moderate incerest by metallurgical inductries and
electric utilities. Coal production in the other states in the region incruases
less in percentage under the Recernt Trends Scenario than in these four states.
becnuse of poor coincidence between coal and water resources, the cost of mining

the coal, or competition by other supply areas.

*Qther scenarios, which consider alternative levels of production for these
areas, will be considered later.
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Table 2.6.3. Production in the Region Relative to National Totals (l}6 tons per year)
1975 1985 - 2000 2020 .
, : . Accelerated Accelerated ‘ " Accelerated
Historical ‘Recent Synfuels & High Recent Synfuels & High Recent Synfuels & High
Data Trends Coal Electric Trends CoaZ Elect=ic Trends Coal Electric
Ohio 46.2 51.0 ' 51.0 70.5 84.0 81,0 109.0
Indiana 24.6 24.4 26.4 . 28.0 50.0 ©35.0 81.0
Missourdi 5.4 7.0 7.0 11.9 33.0 . 18.0 59.0
Iowa 0.7 0.8 0.& 1.1 2.1 _ 2.0 ' 4.0
Kansas 0.8 1.0 1.0 1.0 2.0 1.0 2.5 N
- Arkansas 0.6 " 1.0 1.0 2.0 3.0 4.0 7.0 &
Oklahoma 2.4 7.9 . . 7.0 10.0 12.0 14.0 20.0 -
North Dakota 8.5 26.0 - 36.0 . 62.0 106.0 128.6 160.0
Regional Total. 148.7 191.4 . 208.4 - 294.5 . 453.1 K 458.6 736.5 \
U.S. Total 640.0 '1,025.0 ©1,092.0 1,559.0 2,290.0 2,745.0 3,944.0
Regional . - |
Percentage of
U.S. Total 23
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2.7 LAND USE

"TO BE DONE °
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2.8 "AIR QUALITY

- The major issues related to regional air quality impacts and the con-
straints to coal utilization may be eummarized as follows:

- National Ambient Air Quality Standards (NAAQS) (Table 2.8.1)

In general, the increments in pollutant concentrations from coal
utilization facilities alone are significantly less than the
NAAQS. An exception is the 24-hr standard for sulfur dioxide,
which will limit electrical generation capacity at a single
site to about 3000 MW if existing New Source Performance
Standards (NSPS) are assumed. if one assumes that this
standard may be important in counties with more than 2000 MW -

~ of coal-fired capacity, a totul of 36,600 MWe, or 2¢.6% of
regional coal-fired capacity, will be affected in the year 2000.

- Background concentration (Figuve 2.8.1)

Siting of central station generation and synfuels conversion facil-
ities 18 constrained because of existing or projeeted emigsions from
other sources, particularly if these sources are large enough to
prevent meeting the NAAQS. I f }'onﬂict occurs in areas of high
emission dens'z,ty or where ambient standards are now violated, 70,000 MW,
or 47.0% of regwnal can—fwed capacity, will be affected by the

year 2000.

- Prevention of Significant Detemoratwn (PSD) (Table 2.8.2 and
Fig., 2.8.2)

The impact of the mandatory Class I areas designated in the Clean
Air Act Amendients of 1977 should be minimdl. " Leso than 1% of |
reginnal capacity will be within 50 miles of these areas in the
year 2000. However, if expanded Cluse I dusignations are accepted
in the future, the curreﬁt allowable increment in 24-hour sulfur
dioxide levels in these areas would severely constrain deployment
of coal utilization techwlogieo. If a 30-mile buffer zone is
required, 45,7000 MW or 30.8% of regional capac‘bty will be affected
in the year 2000,*

*Based on location of Class I areas according to mandatory designations in
the September 1975 U.S. Senate draft amendments to the Clean Air Act.,
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- Sulfate and Long-Range Tramsport (Figure 2,8.3)

A significant increase in exposure to sulfates in the central
and eastern U.S., where levels are already high, is to be
expected from increased use of coal in the Central Region if -
NSPS sulfur emission rates ave assumed.



_Table 2.8.1 NAAQS and Estimated Maximum Concentrations from Coal Utilization

B

HYGAS? - Midwest Recent
: . ‘Gasification. Trend Scenario
Pollutant Type of Standard ___NAAQS 3000 MW 250 x . 10° scf/day __(2020)
Sulfur . . Primary 24 hr Annual Max.? 365 250-450 - 21-25 - —-
dioxide ' 1 yr Arith. Mean "80 2.4 D.2 5.9
Particulate -Secondar¥ 2% hr Annual Max. 150 21-41 +1.8-2.1 -—
matter 1l yr Geom. Mean® 60 0.2 0.02 . 0.5
Nitrogen Secondary 1 yr Arith. Mean igo A 1.4 0.1 3.5 .
oxide : ' , : o v
Carbon . Primary 1 hr Annual Max. 40,000 15-3) 1.3-1.5 —
. monoxide Secondary 8 hr Annual Max, 10,000 10-29 0.8-1.0 -

95-7 -

a i ’ . ‘
Ranges for short-term concentrztion reflect alternate windspeed and load factors. For the gasification
alternate windspeeds are used with a constant load factor. ' '

b A
“Annual maximums are valu2s not to be exceeded mcre than once per year.

As a guide to be used in assessing implementation plans for ackieving the annual maximum 24~hour standard.
Computed concentrations for facilities are arithmetic mean.



4 MODERATELY HIGH PROJECTED EMISSION DENSITY
% HIGH PROJECTED EMISSION DENSITY ‘

"LS=T

a4 97 W 65° W oX W o W

County Classifications Based on Existing and

Fig. 2.8.1.
Projected Emissions and Air Quality
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Table 2.8.2 Proximity of Sited Coal Facilities. to.
Mandatory Class I Areas and Expanded
Class I Areas (2000)

Expanded Class I Areas ‘a

Distance Cumulative Capacity within Given Distance MW
Class I Area "
Miles Recent Trends _ High Coal Electric '
10 14,272 17,314
20 34,665 . - 39,431
30 - 45,670 R 54,240
40 60,181 | 69,146
50 ’ 75,499 o 79,174

Total Regional :
Coal Capacity : 148,501 176,236

ManddLory Class I Ageas

Nistance Cumilative Capacity within Given Nistance, MW

Class I Area
Mileés. " 'Recent Trends '~~~ =~ High Coal Electric
10 : 0 1 - ..'Q'
20 _ 0 - 0
30 , 102 S . 102
40 640 640
0 .. . 696 | 696

Total Regional | 4 _ ‘ |
Coal Capacity 148,501 . ' 176,236

a Includes International Parks, National Parks, National Wilderness Areas,
National Wildlife Refuges, National Monuments, National Recreational
Areas, Wild and Scenic Rivers, and National Lakeshores and Seashores.

b Includes International Parks, National Parks, National Wilderness Areas,
and National Memorial Parks.



40 MILE BUFFER ZONE AROUND:
£ MANDATORY CLASS | AREAS
=] EXPANDED CLASS | AREAS

'~ Fig. 2.8.2. 40-Mile Buffer Zone around Class I Areas Superimposed

-on Sites of Coal-Fired Generating Facilities above 500 MW
(Recent Trends, 2020) :

65-¢
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ISOPLETH
VALUE

1-2.0 pg/m
~2°6.0 pq/m
3-10.0 ng/m'

LONG-TERM - A_C.CELERATED COAL
| owmmmeemn | ONG-TERM RECENT TRENDS

- Figure 2.8.3 Annual Regional Sulfate Concentration Resulting from
Recent Trends and Accelerated Coal Scenarios (2020)
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The relative flatness of the area and favoraﬁle atmospheric conditions
reduce poiiution from coal facilities. This flatness prevents impact of
plumes with high-level land, which leads to localized maximum levels of
pollutants. Additibnally, the region has, in general, good meteorological
" conditions for dispersion of pollutants. Good ventilation occurs throughput-

the region and stagnation conditions are rather infrequent.

E#isting air quality throughout the region largely depends on locality
andhthe»proximity to major sources. The air quality in some areas may constrain
the construction of new coal utilization facilities because high existing con-

_centra;ion levels reduce how much more pollution will result in standards. being
.Aexceeded. In general, levels of total suspended particulates (TSP) are very
high throughout the region. Whether this constrains coal development, to any
large extent, is uncertain, since coal utilization facilities add little to the

regional levels of TSP.

Sulfur emission is the major air pollutant that could limit future coall
‘‘utilization. The increase in annual sulfur dioxide levels due to new facilitiés
will probably not be sufficient to violate the National Ambient Air Quality
Standards (NAAQS). However, the 24-hr SO, standard may be exceeded near

large coal-fired power plants. In addition, proposed Prevention of Significant
| Deterioration (PSD) regulations could place major limits on siting. The reg-

ulations on SO, appear to be those most restrictive to future coal'development.

Another regional air quality issue is the contribution of sulfutr emissions
to sulfate levels in the midwest and in the east, whereAlevels are already high.
Use of a regional model for sulfur traﬁsport and transformarion suggests that
incremental increases of several ug/ms can occur due to future coal utilization
in the region. The magnitude of the impacts of sulfates from emissions appears
to depend more bn the total emissions of sulfur in the region than on how these

emissions are distributed throughout the region.

All future air quality impacts and constraints on coal utilization can-
not be predicted. Future impacts will depend to a large extent on new reg-

ulations on ambient air quality and emissioné, which depend on future technologies
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and the demand for cpal—fired'generating capacity vergus the demand for main-
tenance of good air quality. quéver, applying present'régulations to future
impacts of coal use indicates that air-quality cbnstraiﬁts may arise and must
be dealt with. |

Differences in Coal Development Options

The primary effects of increased coal develbpment‘are an exacerbation

of siting comstraints relative to PSD areas and an increased exposure of the
population to sulfates. For the High Coal Electric Scénario, 95,000 MW of coal-
fired generation capacity is sited within 30 miles of expanded mandatory Clase L
areas* in 2020 compared to 83,000 MW for the Recent Trends Scenario. Similarly,
ilarly, the population exposure to sulfates'in the central and eastern U.S.
increases by 227%- in the High Coal Electric Scenario. The maximum increment

in annual average concentration for sulfur dioxide 1s less than 7.1 ﬂg/mé,
- (8.9% of the NAAQS) for the High Coal Electtic Scenario and 6.7 ﬂg/ms for the
Recent Trends. The constraints due to 24-hour NAAQS for sulfur dioxide relate
to impacts from individual sources, and thus are only indirect in related total

regional coal.development.

Impact of Coal Fuel Cycle Components

The largest impact of the coal fuel aycle on conaantrations of pollutants
eurrently regulated is assoctated with dirent combustion for electrical gehuru-
tion. For this primary emission source, because of limits for maximum 24-hour’
sulfur dioxide concentration, a minimum distance of 30 miles will be required
between Class I PSD areas and facility sites of 1000 MW at NSPS emission rates.
NAAQS for Z4-hour sulfur dioxide levels also either limit electrical generation
by coal combustion at a single location to 2000 - 3000 MW or require advanced
emission control helow NSPS (see Table 2.8.1). The largest fraction of criteria
pollutant emissions from synfuels conversion is also from direct combustion fo
product process energy; however, these energy requirements from combustion are
typically about 20% of those for electrical generation per ton of coal consumed.
The potential for emission of hazardous hydrocarbons from synfuels conversion
requires furthervevalﬁation. Emissions in the coal'fuel cycle also result from
extraction, processing, and transportation of coal. However, these emissions
total only a few percent of those from direct coal utilizationxand cause ap-

preciable air quality problems only in localized areas.

*Based'on September41975 U.S. Senate draft amendments to the Clean Air Act.
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Regional Overview

In general, the siting constraints due to existing air-quality problems
are more prevalent in the industrialized eastern part of the region. The
existing air quality problems in the east are in many cases related to high
particulate levels and photochemical oxidants, which, in comparison to sulfur -
dioxide, may have a more limited effect on coal development upon closer exam—

ination. -

Because of proximity to major paepulation centexrs, the resultant expd—
sure to sulfates is greater for facilities‘located'in‘tﬁe eastern part of the
region, For example, the'populatioh exposure to sulfates from a unit emission
in Ohio is approximatély double the population éiposure from a similar emission
in Nortﬁ.DaROCa; o | |
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2.9 WATER QUALITY

The impact of coal development on water quality is closely tied to the
water availability, with impacts primarily restricted to areas with insuf-
‘.ficient water. Coal mining will continue to have a significant impact on
water quality in smaller streams draining the majof eoal regions. unless strict
control is maintained. Coal conversion plants may cause localized pollution;
howevef, characteristice of effluents from these pZdnfs-are not well known.

Differences in Coal Development Options:

The water-quality problems will be proportional to .levele of coal
deveiopment in the région, with more problems likely with the Accelerated
Synfuel Scénario than with the High Coal Electric Scenario. This différénce
is due to the difference between estimated effluents from coal-comvereion plants
and those for electric power plants. The High Coal Electric and Accelerated
Synfuel Scenario in 2020 may yield 20 to 50% greater increases in wdter pol-

lution than the Recent Trend Scenario.

Impact of Coal Fuel Cycle Components

The major impacts on water quality appear to be from acid or alkaline
mine drainage and coal-conversion plants. Major uncertainties result from
incomplete data on coal-conversion effluents, questinna of degree of troatmenb
applied to air and water pollutants, and indirect effects associated with urban

development in an area of high coal production or conversion.

Waste streams from coal-conversion processes diffcr widely in poteullal
water pollutants and pollutaht concentrations. [IIncertainty remaines as to the
characteristics of the treated effluent from these conversion processes, ‘
Including those now under experimentation. Figure 2.9.1 shows the assimilétive
capacity of several rivers in the region to support a number of coal gasifi-
cation plants. The data are based on a preliminary estimate of the controlled
" discharge from these plants. Manganese, ammonia, selenium, cyanide, and phenols
appear to be the limiting parameters for water quality, although several exotic
organic and inorganic compounds, such as thiocyénate, may eventually prove -to
be more limiting. Mercury, alfhough not shown in the figure, may exceed
standards for water quality and be the most 1imiting trace element. If complete
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control of effluents is attained through zero discharge, the problems will be

those of disposél of solid wastes, potential runoff, or groundwater pollution.

Power plants create uncertainty becauserf questions on the degree of
,pollution control that will be used. If closed-cycle cooling is used; thermal
pollution will be minimized, but cooling tower blowdowns may create localized
4pr6blems. Air-pollution control through flue-gas desglfurization would' create
problems. in solid-waste handling, which could result in localized water-quality
problems. Deposition of air pollutants, on the othef hand, through dry or wet
fallout can increase concentrations of trace elements in receiving waters. If
the New Sourcg-Performance Standards are met, direct discharge of water pol-
lutants from power plants will, under most conditions, be insignificaﬁt if the

plants are sited on the larger streams in the region.

Effects of coal mining will be limited primarily to smaller streams drain-
ing the major coal fields. The study region already has areés of significant
-acid mine drainage in the east and alkaline mine drainageiin the western states.
These acid and alkaline conditions depeﬁd more on the chemical composition of
the drainage than on the type of mining (surface or deep). Acid mine drainage
is high in iron, sulfates, manganese, and dissol§ed materials. ~Ferric hydroxide
deposits create the most significant effects on smaller streams. Alkaline mine
drainage has lower iron concentrations and will have its most gignificant impact

in increasing the salinity (dissolved solids) of some waters.

A major uncertainty for mine drainage, and particularly acid mine drainage,
is whether the New Source Performance Standards for coal mining can be_met,for
all future mining. Control of abandoned mines has been especially difficﬁlt.
Tablé 2.9.1 sho&s the wide range of pollutant loadings possible for the Muskingum
" River Basin in Ohio; the amounts depend on whether control to achieve the standards
is attained. Standards have been promulgated for pH, ironm, ﬁanganese, and total
suspended solids on the assumption that other parameters will decrease propor-

tionally if these standards are maintained.

The indirect effects of urb#n development in areas of high coal activity
are not well understood. The development, however, can be expected to increase
levels of various pollutants such as nutrients, dissolved and total solids, and
organic wastes. This effect might be the most significant water-quality impact

of coal development; more studies are needed.*

*Analysis of urban or conjunctive development will be initiated in the near future.



Table 2.9,1 Estimated Loadings of Ironm, Manganese, and Total Suspended Solids for the
Muskingum River Basin in Ohio Based on Controlled and Uncontrolled Effluents®

Loading, lbxl()“/dayb

Effluent Concentrations, mg/l %

1985 . 2000 2020

..c . .
uncontrolled controlled

deep mines surface mines uncontrolled -‘controlled uncoentrolled controlled uncontrolled controlled

Iron 352 52 - 3.0 ‘ 10.8 0.43 19.2 0.72 25.2 0.91
Mangamese 7.3 45.1 2.0 - 6.0 10.28 10.0 0.48 12.4° 0.60
Suspended Solids . 228 549 25.0 74 5.0 . 125 8.4 156. 11

®based on Combined High anl Electric-Accelerated Synfuel Scenario
bConversion factor: 10% 1b/day = 5.25 kg/s '
fEPA estimate (See Ref. 1 in Section 7.2)

dNew Source Performance Standard

L9-7
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Regional Overview

Within the region, great differences exist in the location and quality.
of coal reserves and in the availability of water resources to assimilaﬁé
wastes. An overall indexing system based on the dilution capacity of the water-
shed and the planned coal activity in 2020 is presented in Table 2.9.2. The
greatest relative effects of coal development appears to Be in the Missouri
River Basin, where sufficient dilution water may not be available for assimi-
lation of waste water from coal conversién facilities and mipe drainage. The
‘standards for iron; manganese, ammonia, sulfatés,‘and total aissolved solids
(salinity) will probably be exceeded more than now and in more locations in
this river basin. High salinity is alréady a significant'problem in this
region. - (See Water Availability in Sec. 2.5). '

The Ohio River‘Basin will have increased problems, .primarily with acid
mine drainage, if strict adherence to federal guidelines for future‘dévelophent
is not maintained. Deep coal mining is expected to increase by 350% by 2020
in this basin. For the Illinois River within the Upper Mississippi River
Basin, coal activity will significantly incfease. A case study in the region
showed that standards for ammonia, sulfate, mercuty, copper, and mangénese will
be exceeded more often than now. The same conditions that influence water
availability, low-flow conditions, seasonable variability, and increasing de- »
mands by competing water users, will diminish the capacity of etreamo to assimilate

these wastes.

A large increase, from 210 MW to about 17,000 MW, by 2020 is expected for the
Arkansas-White-Red River Basins. However, thesae plantg will prohahly he Luill
on the main stems of the major rivers; thus the impacts on water quality will be
minimal. Some impact of coal mining in this area is also expected. Little
impact on water quality 1s expected in the Lower Mississippi, Red-Souris-
Rainy, and Great Lakeé River'Basins. ‘Large additions of power-plant caﬁacity
are expected in the Great Lakes Basin, but most of that will use the dilution
capacity of the Great Lakes. Thus, impacts on water qualiﬁy should be localized.
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Table 2.9.2 Ratios of Impacts for Coal Power Plants and

Coal Gasification in Major River Basins
to the Year 20202

- 7-day, 10-yr Power Plant Coal Conversion
Low Flow . Impact Index Impact Index

-River Basin (cfs) (MW/cfs) (units/1000 cfs)
Ohio | 44,820 3.40¢ " 0.66°
Upper Mississippi 47,810 1.38 - 0.46
Lower Mississippi 12,145b~ 0.24d - ‘
Missouri 10,225 4.36 1.76
‘Arkansas-White-Red 5,570° 2.99 ~

(VI T - A

Based on incremental changes to year 2020 and maximum
Inflows from other river basins ﬁere subtracted.

Includes the sum of Arkansas, White, and Red Rivers.l

qther side of Ohio and Lower Mississippi Rivers..

coal devélbpment.

Values doubled beéauée coal deVelopment_considered to be equal on the
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2.10 ECOSYSTEM IMPACTS AND CONSTRAINTS

The major issues due to impacts on terrestrial or aqicatic' systems that
may restrict coal use in the region are SO fwnigation, important recreational
and endangered species, sequenmal ‘8iting aZong a water s edge, and maintenance

of mnwtum stream ﬂow

. Sulfurldioxide is the oniy primary gaseous effluent likely to reach
concentrations that conld cause acute visible injury to terrestriai‘,
biota. Potential 24-~hr dose SO2 levels from a 3000-Mw~plant are
within the acute injury range for sengitive vegetation and approach

) the’threshold injury‘level for plants of intermediate sensitivity
(Fig. 2.10.1). ‘Qnyheané 4grain,-vegotablco, and pasture and fuiage
crops, which are sensitive to. 802, are grown in the region. 'The .
total area in which visible SO injury to sensitive vegetation may
occur from a cluster of 12 model plants (three plants on each
‘corner of a township) exceeds 22,000 acres. The frequency: of occur-

rence of meteorological conditions leading to these conditions is

being computed.

. Direct.or indirect impacts from construction and operation of power
plants to lake-run salmon and trout in the Great Lakes Drainage
Basin or endangered aquatic Livia (Table 2.10.1) may restrict coal
development in areas defined as either spawning habitat for the
salmon or critical habitat for the endangered species. Several Great
Lake states have been actively stocking and managing salmonid popu-
lations since the fish were first introduced to the Lakes. These
states will be sensitive to potential impacts from the construction
and operation of power plants on Great Lakes basin tributary4rivers.
Any activities that could affect federally endangered species or their
critical habitat would be prohibited

* Two other factors resulting from power plant operation, sequential
siting along a river or lake and the minimum stream flow necessary
to maintain stream life, may constrain coal development. The com-
bined effects of sequential power plant sitings is not well under-
stood (e.g. Are the effects.independent or synergistic?) The dis-

tance necessary between power plants to allow mobile aquatic.organisms,
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Table 2.10.1. vEndangered‘Aquatic Speciés and their Location within the Regién

Spccics' ' T

., a
Location

Curtis' Pearly Pussel

Fat Pocketbook Pcarly Mussel

Higgin's Eye Peatly‘Mussei‘

Sampéon's Pearly Mussel

Tuberculated-Blossom Pearly Mussel‘

White Cat's Paw Husael

Pink Mucket Pearly Mussel

Black River, Xissouri’

White River, Arkansas :
5t. Francis River, Ar&nnsaq and Mlq sour i

Hississippi River, M: qncsota and Wisconsin

* Heramec River, Missouri

3t. Croix River, Minmesota and Wisconsin
Wabash River, Indianz andé Illinois
Lower Ohio River, Illinois _

DoLro;t River, Michigan
St. Joseph River, Michigan, Ohlo, and Indiana

Muskingum River, Ohic

“Federal Register Vol. 41, No. 115, p. 24064, June 14, 1976.

LT
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to recover from the impacts of impingement, entrainment, and effluent
discharges may restrain siting along a water's edge to reduce impacts
to an acceptable level, Changes in thé flow regimelof a river may |
affecf cfitical components in the structure and function of the

~ ecosystem. Such a change could reduce the amount of drifting in-
vertebrates, which could reduce the food supply to a fish community.
This reduction could ultimately reduce in number the high-order con-

sumers by inter- and intraspecific competition for food.

Differences in Coal Development Options

The magjor issues of aquatic impact remain the same for different coal
deveZopment options but the probability of SO fumigation increases with the

‘ Hzgh Coal Electric Scenario.

The major issues of aquatic impact remain about the same because siting
patterns for electrical generating facilities and water consumption change
very little with the coal-development options. The High Coal Electric
Scenario results in a shift from nuclear power to coal, e.g., from ﬁO SO2
. The increase in SO, and consequent rise

2 2
~in potential of impacts to vegetation depend on the presence or absence of

emission to a point. source of SO

SOz-sensitive species and the probability and frequency of a dose sufficient

~to result in plant injury; both of these conditions are site- and area—specific;

Two other aquétic issues, acid mine drainage (AMD) and acidic precipi-
tation could increase under a High Coal Electric Scenario. Increased mining
of some Midwestern coal deposits, particularly in Ohio, Illinois, and Missouri,
which contain acid-forming pyrites, can result in the formation of AMD, with
a consequent increase in acidity in receiving waters. Although water-treatment
plants may control AMD, the chemical neutralization results in an increase in
the total dissolved ion in receiv1ng streams. The SO and NO from coal- flred
electrical generating facilities have enhanced acidic precipitation in the
Northeastern U.S. ahd.Canada, and data exists on rain of below normal pH (<5.6)

félling on most of the U.S. east of the Mississippi River.

Regional Overview

The regional analysis on the potential effects of sulfur dioxide on

. agricultural crops and aquatic ecosystems, along with resultant constraints,
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continues. Figure 2.10.2 shows the selected river areas and watersheds in tﬁe
region being assessed for future coal and power deveiopment. The: distribution
~of Sdé-sensitive agricultural species, expressed as g percentage of the totgl
county, is being graphically displayed. Overlaying these maps with isopleths
showing short-term high concentrations, and probability and frequency of oc-
currence, will show areas within the region where impacté on agricultural

species are possiblé; this‘analyéis is being conducted.
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2,11 TRACE ELEMENTS

Trace element emissions from conventional coal combustion have been
studied sufficiently to allow emission rates to be caleulated; however, data
: an>thesé emigsions from coal gasification are inadequate. In general, because
" eoal utilization,contributes small amounts of trace elements for the cases
~exaﬁinedg relative to background, problems are expected in areas with high
existing levels. Conservative assumptions on projected trace element con-
centrations from the Recent Trends Scemario option in the Illinois River
have resulted in concentrations exceeding Illinois Drinking Water Standards‘
for arsenic, cadmium, copper, iron, Zead; mercury, and manganese. Projections .
of air quality result in violations of sugéested acceptable Zevels'fbr lead -
- and manganese. Arsenic emissions might adversely éffect vegetatzon with a
low tolerance, e.g., soybeans, and cadhﬁum and selenium emissions might
adversely affect animals. IMpacts on aquatic systems may oceur in smaller
drainage basins, such as the Big Muddy and Kaskaskia, which Zack sufficzent

dilution to prevent measurable increases in trace elements.:

Direct Combustion

Thé increased trace-element concentrations on submicron particles

- during direct combustion is a problem because éontrol devices for total sus-
pended particulates are least efficient for particles less thaq one micron.

A 1000-MW coal plant operating at 100% capacify and equipped with an electro-
static precipitator having a collection efficiency of 99.5% will emit 1.9
tons/day of fly ash using Illinois No. 5 coal or 3.0 tons/day using Wyomlng coal.
About 3% of the 1.9 tons/day is composed of arsenic, barium, cadmium, chromium,

cobalt, lead, manganese, mercury, selenium, vanadium, and zinc.

Gasification Facilities

The only data on emission of trace elements from gasification facilities
were obtained from a limited-batch process rather than a continuous steady-state
operation. Data obtained from the Synthane gasifier indicate that trace elements
are concentrated in the‘residual char. Burning this char iﬁ the utility plant
boiler might release trace elements to the atmosphere in concentratipns a factor

of 4-5 times over what would normally be released from a boiler of that size.
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The waste water fron an SNG plant contains trace elements that would .

. require removal To date, only iron, copper, zinc, and chromium concen-

" trations are controlled in wastewater streams by electric utilities.

Extraction

The level of trace elenent inputs to river systems from extraction
depends upon: (1) effluent limits specified in the discharge permits issued
to mining companies; (2) availability of water in the receiving body to '
dilute these effluents; and (3) compliance by mining companies with discharge
permits. Water leached from collected fly ash, bottom ash and FGD-sludge
ponds can have concentrations of trace elements that could violate cueiity

standards

REGIONAL OVERVIEW

The assessment of trace elements is a continuing special study of the
drainage basin of the Illinoie River. Therefore, projections throughout the
region have not been made. The amounts the human body would take up for
exposure to trace elements in the atmosphere and in surface water are mueh

less than in the diet.
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2.12 SOCIAL AND'ECONOMIC IMPACTS

A large amount of the. coal development in 1975—2020 oceurs in count'z,es. |
unth susceptibility for much local socioeconomic impact. The amount of .
. electrical generation from coal burning and the development of synthetmc
fuels in hzgh-zmpact counties are shown below: e

« High-Impact Areas 1975-1985

37.7% of power addition, or 5,100 MW
100% of h'th-Btu qasszatwn addztwns

. Hzgh -Ilmpact Areas 1985- d000
31.6% of power addition, or 12,800 MW
100% low=Btu gasification ddditions
85.8% high-Btu gasification additions
100% liquefaction additions

« High-Impact Areas 2000-2020

45.2% of power addition, or 53,000 MW
66.7% of low-Btu gasification additions
88.9% of high-Btu gasification additions
83.3% of quuefactwn additions
The timing and magnitude of such local impacts, and whether they will
prove beneficial or detrimental, depend on both the host community and the
coal technology to be sited there. The combination of the assimilative capacity
(its ability to absorb major development) of the local area and the relative
employment and capital requirements of the technology uniquely determine these
impacts. Economic and demographic characteristics of the local area govern
its assimilative capacity. Examples of these characteristics include:
+ the size and age/sex composition of the community or
county population;

* the density. of settlement in the impact county and
adjacent areas within commuting distance;

* the amount of secondary (i.e., retail, commercial, and
" service) employment relative to basic employment in the
county; and

+ the size and location of nearby regional trade centers.

While these impacts are pfim&rily local, in some areas in the region
they are likely to be severe because of economic and demographic conditions

and the potential for coal development. For example, localized adverse
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impacts are likely in the Fort Unidn Coal Basin of North Dakota. Adverse im-
~pacts are far less likely in the southern portion of the region. However, our
analysis indicages that within any subregion (e.g., the Northern Great Plains),
different counties and communities will vary in their susceptibilities to ad-
verse impacts because of differences in their economic and demographic charac-

teristics.

Differences in Coal Development Optiors

Mary more counties will undergo a high degree of impact from the High
Coal Electric and Accelerated Synfuels scenarios than from the Recent Trends
- scemario. The areas generally experiencing high impact do not differ sig-
nifieantly between the Recent Trends and the High Coal Electric and Accel-

erated scenarios.

During 1985-2000, about 40 counties will be newly affected by coal
conversion or combustion facilities under the Recent Trends scenario. Of
these 40 counties, 15 are projected to experience adverse impacts. For the
High Coal Electric and Accelerated Synfuels scenarios, the number of counties
affected approaches 60, and the number experiencing adverse effects is 30.
This large increase and the relative number of counties adversely affected
suggest the potential severity of local socioeconomic problems likely under
this scenario. Figure 2.12.1shows the areas of adverse impacts for 1985-2000
under the Recent Trends scenario and the High Coal Electric and Acceleraped
Synfuels scenarios. Although adversely impacted areas are fewer and smaller
under the Recent Trends scenario, these areas seem to be concentrated‘along
the Illinois, Missouri, and Ohio Rivers and in the Fort Union Coal Basin. One
exception is the addition of such areas along the Mississippi River for the

"High Coal Electric and Accelerated Synfuels scenario.

Impact of Activities in Coal Fuel Cycle

Dramatic differences in the impacts from coal development are observed
among mining, combustion, and conversion and among counties having differing
 characteristics. The potential for impacts imposed by each.technology from

~:Zowést to highest is: ‘
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J RECENT TRENDS SCENARIO
1985-2000

HIGH COAL-HIGH SYNFUEL
4 "SCENARIO 1985-2000-

Fig. 2.12.1. Comparison of Areas of Adverse Impact.
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« -Coal mmng (6MT/y)

» Low Btu gaszfzcatwn (2500 Mefd)
- 800-MW electrical generation
- 1600-MW electrical generation

+ High-Btu gasification (250 Mcfd)

« Coal liquefaction (50,000 bbl/day)

- 2500-MW electrical generation.

Figure 2.12.2 shows the impacts associated with alternative coal technologies.
It gives information on the percentage change in local population and the
number of jobs filled loéally for mining, electrical generation, and gasifi-

cation.

The factors responsible for the differences within a given county from
the various technologies are largely accounted for by the annual direct

: employment requiremehts of each technology (see Table 2.12.1).

Dramatic differences also occur in the susceptibility of various counties
to local growth. Counties within the region are grouped into four categories
according to their assimilative capacity for energy development:

* Extremely high suséeptibility to adverse impacts from new
development (example, Dunn County, North Dakota).

* High susceptibility to adverse impacts (example, Mdrgan County, Ohiq),

--Modérate suséeptiﬁilify to adverse impacts (ekamﬁle, Morrison'County,
Minnesota),

* Low susceptibility to adverse impacts (example, Muskegon County, Ohio).
In Fig. 2;12.3 the assimilative capacity ‘'of eachof these groups of counties
is plotted. This figure pfesents information on the maximum percentage change
in population resulting from in-migration required to £111 the new direct and
indirect jobs created by alternative levels and types of coal development. As.
-1s evidenced by this figure, ranges of development are required in the counties
of every category to cause adverse sociceconomic impacts. Table 2.12.2 presents,
by county -type, the ranges of coal development requlred to cause adverse local

socioeconomic impacts.'
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Table 2,12.1. Annual Employment Requirements by Technology

Mining - . . Coal Gasification Coal

Strip Deep. . Coal-Fired Electric Generation Hi-Btu Lo-Btu Liquefaction

Year . 2N 4 MM GMM 2P MM 800 MW 800 WM 1600 MW 24600 MW 250 MCF/D 2500 MMCF/D_ 30,000 BBLS/D
1 100 150 180 425 1260 420 420 420 420 355 68 200
2 100 150 180 425 . 1260 840 1260 1680 1680 . 1270 202 1200
3 100 150 180 425 1260 420 1260 - 2520 2940 2070 378 2100
4 100 150 180 425 1260 55 475 1735 2995 2320 181 2460
5 100 150 180 425 - 1260 S5 110 585 1845 585 181 . 1838
6 100 150 180 425 1260 55 10 - 220 695 585 181 638
70100 150 180 425 1260 .55 110 220 330 585 . 181 638
8 100 150 180 425 1260 55 10 220 330 585 181 638

‘ Sources: Basic Estimated Capiial Investment and Operatfng Costs for Underground Bituminous Minee, U.S. Department of the
Interior, Bureau of Mines, Information Cirzulars 8661 (1975) and 8682A (1976).

Basic Estimated Capital Investment and Operating Costs for Coal Strip Mines, U.S. Department of the Interior, Bureau of Mines,
Information Circulars 8661 (1975) and 8703 (1976).

Manpower Materials, Equipment, and Utilities Required to Operate and Muzntatn Energy Facilities, Bechtel Corporation, March,
1975 J.S. Department of Commerce, NTIS PB-255 438.

18th Steam Station Cost Survey, Electrical World (Nov. 1, 1973).

Soctceconomic Characterization and Assessment of the North Dakota Coal Gaetficatton Project Area, WOodward-Evicon, Inc.,
preparzd for the Michigan-Wisconsin Pipeline Company (Sept. 1974).

Interagency Task Force on Synthetic Fuels from Coal; Federal Energy Administration Project Independence Blueprint, Final
Task Force Report.

*Operating employment expected to remain stable over the remaining life of the fécility.

£8-¢
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Fig. 2.12.3. Assimilative Capacity
- ‘ of Various Counties.



Table 2.12.2.
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Levels of Coal Development Creating Adverse
Local Growth Impacts by County Type

County Type

e Extremely

Technqlogy Type High High : Medium ‘Loq-
HigH—Btu Gasification
(No. of facilities) 1 1 o 2 4
Low-Btu Casification : :
(No. of facilities) 2-3 >4 , >4 A
Liquefaction | :
(No. of facilities) . 1 1 1-2 >4,
Coal Eiectric Facilities . .

" (No. of Megawatts) 800. “800-1600 '1600-2400 >3200

6 MMT/Y Strip Mines - |
(No. of mines) 5-6 10-11 - , R -
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Regional Overview

Some specific areas of intense coal development within the region will
risk potentially adverse socioceconomic impacts. - Coal resource counties in
rural areas with only small populations within accessible commuting distances
are particularly susceptible. These areas include fnajor portions of North .
Dakota and limited areas in southern Illinoie, Indiana, and Ohio; ’F1éﬁfe
2.12.4 indicates the areas of the region where adQerse socioéconomic-impacts

are expected from the Recent Trends scenario.

From now to 1985,. only six counties in the region are likély‘tov
experience adverse growth impacts. No discernable regional pattern is detec-

able, with the possible exception of North Dakota.

Between 1985 and 2000, 12 counties in the region may undergo adverse
impact. The only discernable pattern here 1s that the high-impact areés are
along the principal waterways of the region corresponding toiwhere most new
facilities are expected to be sited ~- along the Missouri, Ohio, and Illinois
Rivers. The percentage of adversely 1mpacted'aréas is high'in North Dakota
-and Nebraska, and low in Illinois, Indiana, Michigan and Ohio. The major
industrial states of the region contain few adversely impacted counties.
relative to the growth of coal development expected in these states. This
status, however, is expected given the greater assﬁmilgtive capacity of the

counties in these states.

Finally, between 2000 and 2020, 26 counties within the :egion will be
potentially adversely affected by new coal developments. The impact on the
North Dakota Fort Union Coal Basin is expected to be severe. In every North
Dakota county selected for development during this period, adverse impacts are
forecast. Thesé impacts reflect both the low‘assimilativé capacity of these
sparéely populated, less developed counties and the increased coal development
in this region. As with the earlier periods, adverse impacts are also expected
to be scattered along the Ohio, Illinois, Missouri, and‘Mississippi Rivers. 1In
Ohio, 13 counties can expect coal‘development activities during-this'period;

5 will be adversely impacted. Similarly, 13 Indiana counties will be sites

of coal facilities, with only 4 being adversely effected. Only three of the
ten Ohio counties scheduled for coal development'are expected to be adversely

effected, and only one in eight will experience problems in Michigan.
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Apart frdm‘the rather obvious broad distinctions between the industfi-:'
alized and nonindustrialized areas of the region, only the Fort Union Basin
appears as a well—defined subregion, in which the impacts of coal development

will be consistently severe unless mitigation measures are taken.

&
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2.13 Health and Safety Risks

Although precise quantification is mot now possible, indications are
that significant public and occupational health risks could occur from in-
creased coal utilization. On the order of 30-60 deaths per year are esti-
mated to be related to the components of the coal fuel cycle for a 3000-MW

‘electrical generation capacity, although the wncertainty in the estimate is
a factor of 10 to 100. The major component in this estimate is public exposure
from air pollutants; railroad accidents related to coal transport are the
second largest effect, in particular if long tramsport distance for Western
coal is reQuired. Coal synfuel conversion reduces the atmospheric emissions:
considerably, but the level of occupational disease resulting from effécts
related to escape of the hazardous chemical constituents of the process stream

18 wnknown.

. Differences in Coal Development Options

The currently quantifiable health and safety risks (Table 2.13.1) are
greater by a factor of & or more for coal per wnit energy produced for electri-
. eal generation (extraction through conversion) than for high-Btu gas. The
estimated impacts from 3000 MW-electrical generation are greatest for exposure
to atmospheric pollutants (20 deaths/yedr), followed in order by rail trans-
‘port (12 deaths/year fbf 500-mile haulage), wnderground extraction (5-24
deaths/year) or surface extraction (1 death/year), and coal processing
(0.2 death/year).

The greater impacts of electrical generation ére primarily due to the
higher level of sulfur emissions and the high value for currently available
‘esf;mates for effects of sulfates transported over long distances. However,
definitive estimates of health effects from air pollutants are lacking as |
illustrated by the broad range in the 80% confidence limit, which ranges from
éero to 4.6 times the expected value. A further limitation to these estimates
is the unavaiiability of validated long-range models for air pollutants. In
spite of the lack of good quantitative estimates, the overall qualitative
conclusion remains that éir-pollutant effects are a potentially seri&us probiem

needing further intensive study.
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Table 2.13.1 Estimates of Unit Coal Health and Safety Effectsa;

Annual Effects ?er Coﬁvefsion‘
Facility (v2.5x10'! Btu/day output)

Electrical Gen.P? : * Gasification®

Surféce Miningq.
Occupational Accidents : A N
Deaths ‘ 1 0.5
Disabling Injuries ' 49 SR 27

Underground Miningd‘
‘Occupational Accidents : '
Deaths 4 ~ 4 - ' 2
Disabling Injuries B . 274 _ 153"

Occupational Disease : L
Neaths 1-20 “0.5-11
Coal Workers Pneumoconiosis Cases 2 : . 1-

Coal Processing Plants
Occupational Accidents . . '
Deaths 0.2 " 0.1
Disabling Injuries - 13 . -7

Rajil-Transport Public Accidents
Interior Coal to Midwest (500 mi.)
Deaths : 12 : _—
Disabling Injuries i 59 -

Western Coal to Midwest (1500 mi.) _
Deaths 37 -
Disabling Injuries 176 —

Western Coal to East (2000 mi) _ : ,
Deaths L 49 : : -=
Disabling Injuries , 235 - .

Conversion Plants
Public Exposure to Sulfates

Deaths® | T 2000-92) 4 (0-16)

#adapted from Brookhaven National Laboratory data

®3000 MWe at 100% load; 36.7% efficiency; 26,800 tons/day at 25x10° Btu/ton;
33,500 1b/hr SO2 emissions (NSPS)

©95%10° scf/day Synthane SNG; 1000 Btu/scf§'66;7% efficiency, 15,000 tons/day
at 25x10% Btu/ton; 6,100 1b/hr SO2 emissions. Mine-vicinity siting.

Estimates of impacts of surface and underground mining assume all coal to
supply facility is obtained from surface and deep mines, respectively.

d

eAdapted' from Table 9.1. Numbers in parentheses are 80% confidence limits.
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Additional information on health effects due to occupatibnal exposure
from synfuels by-products, waste-water effluents, and end use may alter the
relative effects of synfuels vs. electrical generation. The process streams
of synfuel processes contain substances known to be toxic, carcinogenic, and
mutagenic, but lack of knowledge of contfol effectiveness prevents quanti-

fication of the level of.impacts.

In addition to having reduced sulfur emissions, synfuels prdduction
also results in fewer transportation-related accidents than electrical
generation since most conversion plants are expected to be located at or
near the coal mines. For a given energy output from the plant, synfuels
conversion requires less coal than does electrical generation and thus
extraction health and safety impacts attributal to these facilities are
smaller., Statistical records provide relatively good estimates of occupa-
tional hazards from past coal extraction activities; however, the uncertainty
in the impact of recent regulations affecting mine conditions prevents pre-

cise projections of future risks.

The cumulative health and safety impacts in the year 2000 from coal
utilization in the Midwest are illustrated in Table 2.13.2 for the Recent Trends
and Accelerated Coal Electric Scenarios; Because of the linearity of risk
factors, estiﬁates of cumulative effects for the Accelerated Coal Scenario

generally reflect the 20% increase in coal-derived energy generation,

Regional Overview

Based on the quailable estzmates, location of electrical generation
and synfuels conversion near sources of Western low-sulfur coal will potenti-
ally reduce cumulative heglth and safety risks of increased coal utilization.

Estimation of impacts on public health from a given level of atmos-
pheric emissions in alternative locations, as expected, shows that the further
west the coal is burned, and hence the farther is the source from the
large concentrations of population on the eastern seaboard, the less will be
the total impact. An exception is noted, however, as a consequence of the
combination of the location of the Chicago area and the general tendency for
impacts to concentrate to the east of the source: moving the source from

Illinois-thrqugh.lhdiana and Ohio decreases the total impact. The impact on
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Table 2.13.2 Cumulative Health and Safety Effects of
Regional Coal Development Options in the

year 2000.

Mining

Occupational Accidents
Deaths
Disalbling Injuries

Occupational Disease
NDeaths
Coal Workers Pneumoconiosis Cases

Coal Processing Plant
Occupational Accidents
Deaths
Disabling Injuries

Coal Rail Transport
Public Accidents
Deaths
Disabling Injuries

Air Pollutant Exposure
Annual Dcath Rate
Increcaco/10% Persone

RecentuTrends

Scendario

63
1970

17-350
35

153
462

147
" (0-657)

High Coal

‘Electric Scenario

.72
4560

20;400,
40

181 .
549

181
(0-809)

%Based on population-weighted average increase in exposure in 30 northeastern

states. Numbers in parenthesis indicate 80% confidence range.
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the Chicago area, which is to the west of these areas, drops . off far more
rapidly than the impacf to the east rises. In fact, ébncentrating combustion
in illinois maximizes the total impact, with the relative population-weighted
exposure levels from a source in this state being greater by a factor of two
than exposure frbm a source in North Dakota and 97 greater than the exposure
from a similar source in Ohio. Lower sulfur levels in many Western coal

resources could further lower the impact per unit of energy production.

. Western coal also has less occupational hazard for extraction since
these coals are primarily strip-mined. Transportation impacts could be
minimized by use of Interior Province coal within the region, but this reduced

risk is at least partially offset by higher sulfur content of the coal.





