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Introduction

PREFACE

This training manual is the result of a two month course conducted in early
1983 for the Association of Southeast Asian Nations by the Bureau for Asia,
U.S. Agency for International Development. The course was designed to provide
a broad overview of the economic, environmental and technological aspects of
coal development and utilization programs. The emphacis was on applicable
technologiea for the ASEAN region and therefore some of the advanced
technologiea that will not be commercial for saveral years in the
induatrialized countries were either not included or only discussed briefly.

The course was conducted at Argonne National Laboratory by W. Kenneth
Derickson (Director), W. Chsrles Redman (Section Leader-Technologies), Jerry
L. Gillettae (Section Leadar-Economics) and W. S.(Bill) White (Saction Leader-
Environmental). The course staff, Robert F. Ichord (Asia/TR/USAID) and Donald
Nelville (ASEAN Liaison Officer/USAID-Manila) endeavored to underatand the
specific interests of each of the countries and tailored the content and
eaphasis of the courze in a way to maet as many of these needs as posaible.

The 28 course participants from Southeast Aaia attendad lectures daily for
about half the day. The remaining time was devoted to vorking on practical
application work sessions, site visite and providing presentations to the rest
of the course participunts on relevant aspects of their respective country
coal davalopment and utilization programs. The work sessiona involved :‘eanm
work and team presentations to the class in order to provide the parti~ipants
with an opportunity to be more active learnera.

A great deal of very diverse informative information was accumulated during
the course. Unfortunately, because of different styles of preaentation and
eaphases, it was very difficult to make meaningful comparisons betwean
technology options and economic and environmental considerations. Therefore,
thia manual is a first attempt to provide an overview of major economic,
environeental and tachnological issuesa in coal development and utilization.
When poasible the important advantages and disadvantages are discussed and
suanarized for each technology so that the users of the manual are familiar
with the issues prior to lectures on the apecific datails.
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WHAT IS COAL?

FORMATION

Coal is an extrerely heterogeneous combustible cartonaceous rock containing
inorganic and organic materials. It is the result of a series of organic
material deposits experiencing progressive changas in physical and organic
properties following burial in a sedimentary environment. This proceas,
terned coalification, requires anywhere from 30 million yearas for the younger
coala (i.e., lignite) to 300 million year for the older coals (i.e .
anthracite). 1In addition to time, temperature ani pressure also influences
the degrea of coalificaticn. The deteils of this process follow in order to
provide the reader with a better understanding of the propertiea of coal and
the influeace of these on development and utilizat/on strategies.

According to popular theory, vegetation deposited in awampa or other moist
environments first underwent biochemical and then geochemical changes. During
the biochemical stage, there was a gradual degradation of the plant materials,
particularly cellulosa and proteins, and a loss of hydrogen and oxygen., As a
result of these changea, there was an increase in the carbon content of the
depoaited naterials. The end product of these changea was peat, which ia
consideraed to be the precursor of coal. It ia alao during this atage that
three patha of subsequent coalification are likely to be initiated: (1) the
formation of fusain (coal naterial having the appeasrance and structure of
charcoal), which progreases rapidly Auring the biochemical stage; (2) the
formation of vitrain (coal material derived from the lignic and cellulosic
substances in plant remains), which progresses more slowly during this stage;
and (3) the waxy resinous remains, which undergo very little change during
this phaae.

Jediments accumulate over the peat burying it deeper and subjecting it to
greater geological influencea. The coals formed during this phase,
geochemical, can be quite variable and depend on the original starting
materisl and nature of changes experienced during the biochemical stage. The
weight of overlying sediments, tectonic movements and increased tamperatures,
due to greatar depth of burial or igneous extrusions or intrusions, changes
peat into a progresaively harder subatance. At the same tima the water and
volatile material content decreases while fixed carbon content and calorific
value increase. Increased temperatures affect the chemical conposition of the
coal by cauasing dacreaaes of hydrogen and oxygen content. This in turn
results in a higher fixed carbon content and calorific value. Persistence of
these irncreased temperatures tends to accelerate the chemical changes.
Excessive temperature increases caused by igneous extrusions and intrusions
can convert coal to natural coke. Increased pressure generally affscts the
physical properties, such as hardness, strength and porosity. Theae phyaical
changes are brought about by the reorientation of particular units due to the
weight of the overlying sediments and/or tectonic movementa. Tectonic
movements appear to be particularly important to the formation of anthracite,
since moat major anthracite deposits occur in mountainous regions.
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PROPERTIES
Rank

These biochemical and geochemical changes alter deposits of organic materials
into coals of different rank. Although there are finer distinctions in coal
rank, the four major coal rankas are lignite, aubbituminous, bituminous and
anthracite. Theae coals are ranked on the basis of their fixed cerbon,
volatile material, heating value and agglomerating characteristics. The
higher ranked coals, anthracite and bituminous (low volatile and medium
volatile) are separated on the basis of fixed carbon content, the lower ranked
coala on the basis of their heating value. Thia information is summarized in
Table 1:

TABLE 1. COAL RANKINGS.

FIXED CARBON@ VOLATILEA HEATINGD AGGLOMERATING
COAL TYPE CONTENT (x) MATTER (x) VALUE (Btu/lb) CHARACTER
Anthracite
Meta-anthracite >98 <2
Anthracite 92-98 2-8
Semianthracite 86-92 8-14 Nonagglomerating
Bituminous
Low-volatile 78-69 14-22
Medium-volatile 69-78 22-31
High-volatile A <69 >31 14,000 Commonly,
High-volatila B 13,000-14,000 agglomorating
11,300-13,000
High-volatile C 10,500-11,300 Agglomerating
Subbituminous
A 10,500-11,500 Nonagglomerating
9,500-10,500
< 8,300~ 9,500
Lignite
A 6,300~ 8,300
B <6,300

Source: U.S. Geological Survey Bulletin 1412.
8 Dry, mineral-matter free basis.
b Moist, mineral-matter free basis.

Physical

Denaity, physical constitution, and heating value are physical proparties that
are of importance in the preparation and utilization of coal. Denaities of
coal vary from 1.3-1.5 with anthracite having the highest density and
bituminous the lowest. The most commonly used methods of cleaning coal are
based on separation by denaity. Phyaical constituents (plant remaine comronly
called macerals) include color, luster, constituent changea, porosity,
strength and reflectance. Coals become darker and brighter with increasing
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rank. There are fewer obvious plant remains and a higher reflaectance with
increasing rank. Coal astrength is highest and porosity lowest in bituminous
coals. These latter characteristics are particularly important in making coke
for metallurgical applications. Heating value of coal has been described
above. The physical characteristics for the major coal ranks are’ summarized
in Table 2.

TABLE 2. PHYSICAL PROPERTIES OF COALS.

PROPERTIES ANTHRACITE BITUMINOUS SUBBITUMINOUS LIGNITE
Dansity Higheat <------ < Lowest >----------cc-eomnao > Higher
Color Black (--=-r-esmosmocm e < Brown
Luster Shiny (-===-cooommce e mmem—————eo— < Dull
Constituents Not Obvious ¢----------cccmmcmcce e < Obvious
Poroaity Higher ¢------- < Lowast >-------c--cmcnanoo » Higheat
Strength Lowar »-------- > Highest (--~--r--ccccccuen- < Lower
Reflectance Higheat (---------eccoccmcm e < Lowest
Chemical

Chemical properties of coal are determined by either ultimate or proximate
analyaes. Ultimate anelysis quantifies elemental coaposition and proximate
analysis various compounds. The elements typically measured are carbon,
hydrogen, nitrogen, oxygen, sulfur and ash. Coal has a higher amount of ash
relative to other fosail fuels making utilization much more difficult.
Various trace slements (for example, chlorine, iron, sodium and potassium)
preaent in either the organic or inorganic conastituenta of coal may also be
neasured to characterize ash behavior during combustion. The com{ounds
usually quantified are water, volatile matter, fixed carbon and¢ aah. Sulfur
content and heating value may aiso be included in proximate analysis. These
analyses are used for ranking coal and are particularly helpful in the
selection of appropriate combustion and pollution abatement aystems.

The percentages of the various elementa and compounds found in coal ahow
definite trends when compared with rank. The trends for fixed carbon,
volatile matter and heating value are shown above in Table 1. The trends for
hydrogen, oxygen, nitrogen, sulfur, water and ash are shown below in Table

3. Because of sulfur’s aignificance as a major air pollutant, it is important
to note that it occurs in both inorganic (pyrite) and organic forms. A
aignificant portion of the inorganic portion of the sulfur can ba easily
remnoved during coal preparation; however, very little reduction in organic
sulfur occurs with standard coal preparation techniques.
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TABLE 3. PERCENTAGE RANGES FOR SELECTED CHEMICAL PROPERTIES OF COALS®

PROPERTIES ANTHRACITE BITUMINOUS  SUBBITUMINOUS  LIGNITE
Hydrogenb 1.8-3.4 3.9-5.9 3.8 2.8-3.1
Oxygonb 0.7-2.2 1.8-10.6 12.2-13.2 12,1-12.4
Nitrogenb 0.6-1.5 0.9-2.0 1.0-1.3 0.7-0.8
Sulfurb 0.5-1.7 0.5 4.3 0.3-0.4 0.5-0.7
Wataerc 2.1-5.4 i.4-14.1 19.6-23.2 33.7-34.8
AshC 6.9-19.6 2.8-13.9 3.8-4.0 6.2-7.3

a Analyses done on coal #é received.
b Percent ultinate ansliysis.
€  Percent proximate analysis

Engineering

The coal properties described abuove are useful for establighing preliminary
criteria in connection with design and performance parameters for coal utili-
zation equipment and facilities. More specific information is needed on coal
behavior under utilization conditiona, however, baefore final criteria can be
prepared. These data typically come from the engineering data for actual
opsraticns. This section will discuss the effects of various coal mining
technologies, aampling procedures, preparation practices and propertiea on
utilizaticn.

Mining Technologiocs., The primary goals of any coal producer are high
production rates, meeting the neede of the user, minimal production coste and

satisfying the aafety and environmental requirements of various regulatory
bodiea. No one coal mining technology is superior at meeting all these goala
under all mining conditicrs. Therefore, the producer must weigh the advan-
tages and disadvantages of eech technology based on the conditions and
constraints associated with each mine. Table 4 summarizes sore of the Rajor
advantages and disadvantsges of surface and underground aining.

Although mechanized mining technolcgiea (suriace, continuous and longwall
mrining) have aeveral disadvantages, this is the current trend. The higher
production rates, lower product costs, lower labor requirements and overaill
increased safoty to miners outweigh the lower coal quality (due to the greater
percentage of noncorbustibles), increased dust and mathane levels, and
environmental problems. Undergrourd machine mining produces smaller coal
resulting in increasad dust and methane levele at the coal face. For surface
mining, larg~ areas of land are teaporarily removed from productivity and may
be significantly altered from their original condition. These latter problema
can be minimized by ventilation and reclamation. The increased costs
associated with these aitigative measures do not increase production costs
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sufficiently to warrant less productive technologies. Additionally, these
technologies are less labor-intensive and therefore fewer miners are affected

by mining accidentas.

TABLE 4.  RELATIVE ADVANTAGES AND DISADVANTAGES OF SURFACE AND UNDERGROUND

MINING TECHNOLOGIES

UNDERGROUND

PARAMETERS MANUAL CONVENTIONAL CONTINUQUS LONGWALL SURFACE
Production Coate Higheat ¢------c-cocmc e < Loweat
Labor Requirerents Highest <~--------cccccmmm e < Lowest
Production Rate Loweat >-------cmccmec e el > Highesat
Mining Efficiency Lowaat >--------mcmmccm el > Highaest
Safoty to Miner Loweat >-------ocmme el > Highest
Impacta to Environment Loweat >--~~-e-mmccc e e > Highest
Equipment Failure Impect Loweat >------ccmcmrr e > Highest
to Production@
Coal Quality Highest ¢------cccoomcm e < Lowest
Coal Dust Production Lowest »--------ccccmnmmaaoo > Highest Nab
Coal Size Largeat <¢--------c-cccccuannan < Smallest NA
Methane Release Rate Lowest >----~--cccccmcwcanao. > Highest NA

@ For example, failure of longwall miner stops production until repaired.

b Not Applicable.

Sampling. The purpose of cosl sampling is to determine the characteristics of

coal under utilization conditiona.

The rasults from this sampling, in turn,

are used for the deaign and operation of combustion ayastems and selaection of

preparation practicea.

the two procedures in general uae.

Special-purpose-sampling and Commercial-sampling are

Special-purpose-sampling haas a high degree

of accuracy and is used to characterize coals from new deposits or aids in the

development of new ttilization fscilitiea.

Because of the high level of

technical competence required and nigher costs, this procedure is not used

coumonly.,

Commercial-sampling is more commonly used to monitor routine
production gquality for compliance with specified operating conditions.

These

latter procedures have been standardized by the American Society for Teating

Materials (ASTM).
are shown in Table 5.

Appropriate ASTM standards, specificsations and definitions
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There are inherent properties of coal that make sampling and application of
the results difficult, even with atandardized procedures. Coal at reat in
storage piles or rail cars will be subject to size segregation and may lose or
absorb moisture. A series of samples of the same coal must be analyzed in
order to minimize the effects of such biases. Sampling of coal in motion
(conveyor belts and chutes) provides more representative results and ie,
therefore, more desirable.

Preparation. Raw coal generally undergoes varying degrees of preparation
before utilization. The principal purposes of this preparation are to reduce
shipping costs and to upgrade the quality of the mined coal by reducing
nonconbuetible materials and moistura. These properties add weight and little
or no heating value to the shipped coal and decrease utilization efficiences.

Upgrading of ccal quality through preparation generally involvea grinding,
washing and drying. Grinding produces smaller more uniform coal and liberates
the heavier, harder noncombustibles allowing them to settle out during washing
with water or a dense medium liquid. The coal is then generally dried to
remove water absorbed during washing. The resultant coal has a higher heating
value per unit weight and produces less ash. Although these are very
desirable conditions for keeping down shipping cost and increasing utilization
efficiencies, they can create other problemas. The drying of the c>al can make
it more difficult to grind prior to utilization. The greater surface area of
the coal can also affect ita moisture content during shipping and storage,
altering its grindabil.ty and heating value. Therefore, it i& important that
the properties of prepared coal be known or specified before utilization
equipment specifications or coal .ontracts ara praepared.

Utilization. Combustion experiences to date indicate that coal grindability,
Rroigture and ash properties are controlling parameters. Grindability and
moisture are important parameters for onsite movement and pulverizirng of coal,
while moisture and ash influence utilization efficiencies.

As shown in Table 6, grindability is important in pulverized firing. The coal
is generally pulverized in a mill just prior to firing. The mills are
designed for coals with specified Hardgrove Grindability Indices (meaasures of
coal softnesa compared to a standard of 100). Pulverizing coals that fall
below the specified range can result in mills wearing out earlier or malfunc-
tioning. This in turn can cause less than optimum combustion conditiona or
outages.

As mentioned in the previous section, moisture can affect the heating value of
the coal and ita grindability. Combustion asyatena generally operate most
efficiently at certain temperatures and require appropriate quantities of coal
to achieve thease temperatures. Increases in noisture content require
increased quantitiea of coal to maintain the optimal operating temperatures.
This places an additional load on pulverizer capacity which can decrease its
performance or exceed its ability to supply sufficient coal to maintain full
load. Also, mills are designed to operate at certain Hardgrove Grindability
Indices and variation in moisture can effect their performance since the index
may decrease (coal becomea harder to grind) at both low or high moiature
levels.
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ASTM DOCUMENTS RELEVANT TO COAL PROPERTIES.

ASTM Standards for Testing Coal

D 1736 Carbon Dioxide in Coal D 2639 Plastic Properties of Coal by
Automatic Gieseler Plaatometer
D 2361 Chlorine in Coel
D 1397 Sampling and Fineneas Test of
D 291 Cubic foot weight of Crushed Powdered Coal
Bituminous Coel
D 271 Sarpling and Analysis, Labora-
D 440 Drop Shetter Test for Coal tory, of Coal and Coke
D 347 Dustineas, Index of, of D 492 Sampling Coals Classified
Coal and Coke According to Ash Content
D 1857 Fuaibility of Coal Ash D 2234 Sampling, Mechanical, of Coal
D 1412 Equilibrium Moisture of Coal D 2013 Samples, Coal, Preparing of
at 96 to 97X Relative Anslyais
Humidity and 300G
D 410 Screen Analysis of Coal
D 2014 Expansion or Contraction of
Coal by the Sole-Heated Oven D 311 Sieve Analysia of Crushed
Bituminous Coal
D 720 Free-Swelling Indax of Coal
D 310 Size of Anthracite
D 409 Grindability of Coal by the
Hardgrove-Machine Method D 431 Size of Coal, Deaignating from
its Screen Analysis
D 2015 Gross Calorific Value of
Solid Fuel from Adiabatic D 1757 Sulfur in Coal Ash
Bomb Calorimeter
D 2492 Sulfur, Forma of, in Coal
D 1812 Pleatic Properties of Coal
by the Gieaeler Plastometer D 441 Tumbler Teat for Coal
ASTM Specifications
D 388 Clagsification of Coals D 323 Perforated-Plate Sieves for
by Rank Testing Purposes
D 11 Wire-Cloth Sieves for Teating Purposes
Definition of Terma
D 121 Coal and Cokae D 407 Groas Calorific Value and Net
Calorific Value of Solid and
D 2796 Lithological Classea and Liquid Fuels

Physical Componenta of Coal
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TABLE 6 CONTROLLING COAL PROPERTIE3 FOR FIRING.

PULVERIZED STOKER COAL CYCLONE
PROPERTY COAL FIRING FIRING FURNACE FIRING
Grindability YES NO NO
Rank YES YES YES
Noiature (meximum X) 15 15-2¢ 20
Volatiles (minimum %) 15 15 15
Ash (maximum X) 20 20 25
Ash-Seftening Temperature NO YES YES

Source: Steam, Babock & Wilcox Company, New York, 1972.

Ash remaining aftev coal has been fired repreaents the noncombustible mineral
matter so common in coal. Approximately 95 percent of the ash is composed of
oxides of silicon, alumina, iron, calcium and magnesium. Small amounts of
oxides of sodium and potassium are also present and these act as fluxes in
fusing ash. This ash is undesirable baecause it accumulates in the furnace and
requires removal and disposal equipment. Because it can accumulate on furnace
waterwalls and heat transfer surfaces, it affecte furnace sizing (volume, plan
araa and fuel-burning zone), the amount of convective surfaces and their
apacing, and the number of furnace wall cleaning devices (sootblowers).
Depending on the ash properties and temperatures, these accumulations are
referred to as slagging or fouling. Slagging reaults when ash becomes fluid,
fuses and then bonds tightly to the furnace walla (or other surfaces exposed
to predominantly radiant heat or excessively high gas temperatures). Fouling
occurs when ash deposits are bondead on convective aurfaces, such aas
superheater and reheater tubes and furnace walla at lower than slag-producing
temperaturea. Fouling can also lead to corrosion or erosion of the effected
surface. Slag is very difficult to remove while fouling depoaite are more
easily removed with cleaning devices such as sootblowers.

The potential for corrosion, fouling end slagging can be szsessed by Reasuring
ash fusibility temperatures, iron content and type, basa/acid ratio,
iron/calcium ratio, activa alkali content and quantity (pounds/million Btu).
As a rule, lower ash fusibility temperatures are associated with higher
slagging. Coalas with a high iron pyrite level and non-uniforam distribution of
iron in the coal matrix produce ashes with a high slagging potantial.
Base/acid ratios of 0.4-0.7 and iron/calcium ratios of 0.2-10 are indicative
of low ash fusibility temperatures; slagging potential decreases as these
ratios becomes larger or smaller. Activa alkala content is used to determine
fouling potential and is usually expressed as the percent of volatile

sodium. Values greater than thres percent generally indicate a severe fouling
potential. High sulfur levels and chloride levels greater than 0.3 percent
can also increase fouling. Fouling can give rise to corrosion if the

10
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deposited material is high in alkali-iron -trisulfate (NagFe(3504)3). Finally,
the higher the ash content the greater tha potential for corroaion, fouling
and slagging.

Standard coal preparation practices can sconomically reduce ash by 50-75x%,
This raduction does not eliminate the problems creatad by ash and combustion
systems and ash handling and diaposal facilities will have to be designed
accordingly. Although higher levels of ash reduction are technically
poasible, current coata are prohibitive and it is less costly to adjuat the
furnace sizing and convective surfacea to minimize corrosion, fouling and
slagging effecta.

11
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EXPLORATION

TECHNOLOGY CONSIDERATIONS

The mejor deposits nf coal are aasociated with regions known to have been
ancient coastal, deltaic (delta systems) and fluvial (lowland meandering
streams) environments. Smaller deposits may be found in conjunction with
erosional surfaces, glacially-derived depressions and sinkholes. Therefore,
exploration efforta usually are focused on these regions. Within these, the
sequenice nf exploration activities are:

1) review and evaluation of available geological and geophysical data:

2) identification of surface and mineral righta ownership in promising
areas;

3) examination of the surface to detect coal outcrops and collect
sanples;

4) drilling in suspected deposits;

S) implementing drill sampling programs to determine the Guantity and
properties of the coal:; and

6) mapping the coal resources and reserves.

The first three exploration steps are fairly atraight forward. Drilling 1s
the most commonly used method for determining the presence of coal (step 4),
because of ita simplicity, reliability and low costs. Other practices that
may be employed include areal and surface photography, gravimetric and
magnetic, seisnic, tunneling and down-hole well logging. Theae practices
provide information on relevant surface formations end outcroppings, geologic
structure, subsurface conditions, and geophysical characteristica, respec-
tively.

Once coal deposits have been located a sampling program is developed and
implenented to provide more repreasentative data on overburden and coal
properties. The number of drill samples will be a function of the geologic
complexity of the area, the amount of accompanying gsophysical data and cost
considerationa. Table 7 sunmarizes the data typically derived from explora-
tory sampling programs. Using these data, the geologist can estimate the
total coal resource and the fraction of the resource that is recoverable
(reserves), given current economnics and mining technolcgy. They alsu help
identify potential mine development problums, such as water, gas (methane),
roof/floor stability, faulting, fracturing, intrusions, seam dipping, seam
partings, pyritic zones and previous mining activities. Geclogic maps, cross-
sections, isopach (thickness) maps, fence diagrams, stratigraphic sections and
geophysical logs aumparize the findinga of the exploratory sampling progran
for future use. The information contained in these documents is crucial to
planning an effective mine operation.
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TABLE 7. DATA DERIVED FROM AN EXPLORATORY SAMPLING PROGRAM

Coal-related Overburden-related
Depth Depth
Lateral Extent Faulting
Number of Seanms Groundwater Hydrology
Seam Dipping Stability
Seam Thickness Structure
Chermical Properties

Ash

Carbon

Moisture

Sulfur

Volatile Matter
Physical Properties
Density
Heating Value
Poiosity
Rank

ECONOMIC CONSIDERATIONS

The coasts associated with exploration are typically 4.5-11 percent cf the
total capital requirements of an underground or surface mine with an annual
production rate of one million tona. The variability in these percentages is
a function of the coal rank and seam thickness. Aa coal rank and seanm
thickneass increase, the proportionate cost of exploration decreases.

Drilling costs are a major portion of the exploration costs. These are
dependent on hole depth and size, drilling conditions, project size, and
amount, type and sizing of coring. The construction of roads and buildings to
support exploration activities and sample analyses are the other major costs.

ENVIRONMENTAL CONSIDERATIONS
Environmental impacts associated with exploration are minor and consist mainly

of surface and subsurface physical disturbances and noise aassociated with work
crewa, drilling and tunneling.
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MINING

Coal is mined either underground or at the surface depending on its depth,
seam thickness, rank and propertiea of overburden materiala. Until 1940 about
90X of all coal was produced by underground mines. During the 1960’a, surface
aining increased draatically as a result of the introduction of giant
excavating equipment. In the U.S., surface mining currently accounts for
approximately 60% of the total coal production. Generally, lower-ranked
(6,000-9,000 Btu/lb) coal deposits located at depths less than 150 feet, or
having an overburden t.o seam thickness of less than 153:1, are recovered by
surface mining. Although this trend is expected to continue into the future,
it will not persiat over the long-term aince about two-thirds of the
recoverable resources are too deep to exploit economically with surface
mining.

TECHNOLOGIES
Underground (Deep) Mining

The selection of a particular mining aystem or method 18 a complex procees and
must be done on a mine-by-mine basis since no single mining plan can be
applied universally to all mines. Portal type and location, surface
facilities, rine development and mining syster are Rajor considerations in any
mnining project. The independent and dependent variables listed in Table 8
have o significant influence on these considerations as shown in Table 9.

TABLE 8. INDEPENDENT AND DEPENDENT VARIABLES AFFECTING SURFACE AND
UNDERGROUND MINING METHODS.

VARIABLES UNDERGROUND MINING SURFACE MINING
Independent
Seam Depth Seam Height
Seam Height Overburden Depth
Sean Hardness Overburden Coneistency
Bottom Quality Topography
Roof Quality Water
Methane Liberation
Water
Dependent
Pillar Sizes Drilling and Blasting
Entry Widthe Hining Pattern
Advancing Distance Spoilsa Handling
Percent Recovsry Reclamation Practices
Roof Supporting Eroasion Control
q

e

-

-
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TABLE 9. CONDITIONS FAVORING DIFFERENT UNDERGROUND MINING METHODS.

CONDITIONS CONVENTIONAL CONTINUOUS LONGWALL
Seam Depth (feet) < 1000 < 1000 > 1000
Seam Height (inchea) < 65 inchesa 75-82 48-84
Seam Hardneas Hard Soft Soft
Sean Partings Yes No No
Bottom Quality CGood Poor Poor
Roof Quality Poor Good Poor
Methane Liberation High Low Hoderate

The three types of portals (drift, shaft and slope) for reaching the coal sean
are depicted 1in Figure 1. Drift portals are limited to those seams that
outcrop on the side of a hill or mountain. The choice between the more common
shaft and alope is a functicn of seam depth, overburden condition, and
economics. 3Slopes are genarally used when the coal seam is 300-600 feet deep
and coveyor or haulage from the mine 1a enployed. Shsefte are typical for
sears at depths > 600 feet and when hoists are used to load out the coal.

When ground conditions are poor, shaft portala will be used. The portal site
should be located near the geopraphical center of haulage, free from flooding,
accessible to the worker and near surface facilities. The surface facilites
include bathhouses, parking spaces, preparation plant, refuse disposal and
nine-water treatment ponds ana asupply yards. These should be located on the
most favorable strata for proper support and maintenance.

Nining development 18 the aystematic procedure for preparing a mine for
services and an organized syster of attack. Parallel underground openings,
called entries, are generally driven from the portal in a central location of
the mine. These entries are separated by blocks of coal to provide support.
and their width 1s usually a function of depth. As depth increases the
pressure of the overlying materials also increnses and the width of the
entries must be decreased for safety reasons. The entries are comparable to
the main streets of a city and provide power, piping, haulage, ventilation and
other support services. A large number of these parallel entries are needed
to keep the velocities of air within acceptable limitas, usually 600-800
ft/min. Ideally the entries should extend to the property line with both
sides being mined on the way back (full-retreat system). Using this systemr ,
no active openings need be maintained between caved ground, greatly
&implifying roof control and minimizing roof falls which delay production,
This system ties up conaiderable capital without compensating production.
Producers unable to afford this use a half-advance, half-retreat system, With
this aystem the main entries are driven in sufficiently and then panels 2,000-
3,000 feet long are turned off to one side and extracted on retreat. Panels
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on the other side of the main entries are extracted on advance. Tha
development to production ratio 1s watched very closely because of the high
costs of services relative to the low development extraction (~30%). The
entries are only driven far enough ahead to maintain adequate production.
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FIGURE 1. Three types of underground portals.

The two major mining systems are room and pillar and longwall. A third less
commonly used system is shortwall, which is a modified version of longwall
mining. The room and pillar system may use manual (hand drilling),
conventional or continuous mining methods. Mznual mining is very similiar to
conventional mining; however, men rather than mechines are used for the
drilling and cutting operations. Selected operating features of conven-
tional, continuous and longwall mining methods are listed in Table 10.
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TABLE 10. OPERATING CHARACTERISTICS OF DIFFERENT UNDERGROUND MINING METHODS.

CHARACTERISTIC CONVENTIONAL®Q CONTINUOUSA LONGWALL
Production (tons/shift) 290 300 1000
Production rate (tons/manshift)b 20 33 125
Recovery Efficiency (percent) 50-60 50-60 80-85
Face Crew Size 14 9 8
Face Unit Size (equipment) 6 4 4

@ Sean thickness of 72 inches
b Production divided by Face Crew Size

Room and Pillar Syatea,

The two mining methods currently used in thia ayastem are conventional and
continuous (Figure 2). Conventional mining involves five different
operationa:! cutting, drilling, blaating, loading and bolting. Continuoua
mining combines cutting, drilling, blaating and loading into a aingle
operation done by a single machine.

Conventional mining. This method utilizes special machines in a sequential
mRanner to cut, drill, load, haul and bolt. A coal cutter is used to undercut
the mining face to facilitate blasting by providing room for expansion and
allowing gravity to assist with breakage. The cut is typically about five
inches wide and 8-14 feet in depth. After cutting is complete, the cutter
roves to the next face to be extracted and the drilling machine takes its
place. Blastholes are drilled and loaded with approved explosives. The most
commpon explosive is ANFQ (ammonium nitrate and fuel 0il); however, ordinary
dynamite (diluted with salt to reduce flaming), cartridges of compressed air,
liquid oxygen or carbon dioxide are elao used. The explosiona from these
explosives are slow and light, to break the coal into large lumps, A ramp-
type loader moves in after blasting to load shuttle cars. Clawlike arms push
the coal ontc a conveyor in the middle of the ramp. The conveyor carries the
coal up the ramp and out to & cantilever ars overhanging the shuttle. Loaded
shuttles carry the coal to a tranafer hopper that feeds the main haulage
syasten. Two shuttles are typical, with one mroving while the other is being
loaded. Following removel of the blasted coal, a roof bolting machine moves
in and drills holeas 4-8 feet into the roof. Special bolts with expansive
ends, flat washers and nuts are inserted and put under tension by tightening
the nuts. These provide support to looase chunks of rock and tie overlying
strata together into a thick beas.

The cutter, driller, loader, two shuttles and roof bolter make up a
conventional mining face unit. Such a unit may work as many as 26 mining
faces per shift with 14 miners producing as much as 1500 tons of coal.
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FIGURE 2. Conventional and continuoua underground mining.
(Scurce: U.S. Congresa, 0TA, 1979)

The sequencing of all these machines results in a lower productivity than
other underground mining methods. This disadvantage is offset to a degree by
a greater extraction selectivity, resulling in lower quantities of undesirable
wastes introduced to the coal.

The efficient movement of the different machines is extremely important to
maintaining an optimal production rate. Movement distances, cable handling,
ventilation rerouting, equipment down-times and wait-on-shuttle times must be
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kept minimal. Bottlenecks need to be eased or shifted by using additional
machinea or overtime work. Wait-on-shuttle time is a major factor in
production and thies can be minimized by using additional shuttles, larger
shuttles, improved dumping facilities or multiple dumping points.

Continuous Mining. This method utilizes a continuous miner, haulage systen
and roof bolter. The continuous miner eliminates the need for the cutting,
drilling and blaating operations of conventional mining. It is a basic ramp-
type loader combined with high apeed power driven wheels or chains that
mechanically rip the coal from the face. There are two basic miners, rippers
and borers; the rippers are the moat popular. The ripper type miners have
wheels, studded with cutting teeth, that can be lowered, raised or moved from
side to side to work all parts of the face. Continuous miners are crawler-
mounted and only work a single face during a shift. Ideally, the miner feeds
an extendible-retractable or mobile bridge conveyor connected to the main
haulage system. If these conveyors are not used, the miner wither dumps its
load on the floo. or directly loads a shuttle car. Either of these
compronises 1nvolves extra equipment and is less efficient. After advancing a
specified distance, the miner must leave the face 1in order to let the roof
bolter provide the necessary roof support. Rock dusting machines mayv also be
used to keep coal dust levels at acceptable levels,

Compared to conventional mining, there is less equipment and sequencing of
activities to worry about. Only two faces are usually worked per shift with
face crews of 9. Although the productivity is higher than conventional
mining, the selectivity is much lower reaulting in larger amounts of wastes
being introduced to the coal.

Roof control, ventilation, haulage and maintenance cause major delaya in the
operation of the continuous miner. The available operation time of the miner
averages about 34 percent. Contrary to conventional mining, operations at the
face stop when a continuous miner is not operating. Therefore, when roof
bolting, ventilation reroutin¢ or shuttle cars are being repositioned, no
aining is taking place. A system of concurrent bolting and extension of
ventilation in place will increese miner operating time and production.

Longwall Mining. Longwall mining (Figure 3) consists of driving one or more
entries or gates approximately 300-600 feet apart, mining an 1nterconnection,
and then mining the rib of the interconnection on a longwall. This longwall
face can be mined on advance or retreat. In the U.S., the retreat system is
used almost exclusively while in other countries the advance system is
generally employed. The reasons for adopting longwall mining abroad are
mainly technical, while in the U.S. the reasons are chiefly economical,
Longwall possesses thease advantages over other methods:

1. Productivity is not affected by mine depth.

2. Extraction efficiencies are ve-y high, 80-85 percent.

3. Land subsidence typical of underground mining operations is better
controlled.

4. Mining conditions are safer due to the use of continuous steel roof
supportasa.
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Supplies, ventilation and power are also simplified with a longwall since the
working area is concentrated along a single face.
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FIGURE 3. Longwall mining. (Source: Energy Alternatives, 1975)
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The technical aspecta of longwall mining perait greater latitude of operating
under severe natural conditions. Mining can proceed to greater deptha under
poorer roof conditiona. Productivity can be greatly 1increased through better
mnachine availability and the elimination of roof bolting . As pointed out
earlier these both have major impacts on production and hence economica.
Because seams in the U.S. tend to be flat, contiguous and fairly uniform and
the economics are more fsvorable, longwall is gradually replsacing continuous
mining.

The longwall syster consists of a combination of three basic eguiprent
components: a support system, the mining machine, and a haulage system. The
support system is comprised of interconnected hydratlic jacks with roof and
floor bars that are self-advancing and capable of advancing the face
conveyor. Each support ( either chock or shield types) will have 2-6 legsa
each with a capacity of 150 tons or more. Two types of mining machines are
available, the planer and the shearer. The planer or plow reats on the floor
and is pulled along the face in front of the armored conveyor with a chain.
Shearers are narrow continuous minera which cut by means of rotating drums
with cutting teeth. Each drum can make a 24-30 inch wide cut and the machine
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rides on the face conveyor. Shearers may have single or double cutting drunms
that are either fixed or movable. The face conveyor 18 the most essential
part of the systea. Ite primary function is to haul the cut coal from the
face. To do this it muat be flexible enough to allow snaking of the
conveyor. It must also have sufficient strength to support the shearer which
slides atop it. The length of thia conveyor varies from 600 to 900 feet and
it moves at 1350-250 feet per minute. The conveyor is 30 inches wide and ia
rade in sections five feet long. The face conveyor diacharges onto an
intermediate haul unit (stage loader) which dumps onto the main conveyor
located in the head entry (along the aide of the panel that the shearer starts
mining coal).

After the shearer has moved past a section of supports, positioning cylinders
are actuated pushing the face conveyor the width of the shearer cut closer to
the face. Next the roof support is moved forward by first lowering the
support canopy and then the positioning cylinder is actuated again to pull the
support towerd the face conveyor. Once in place the canopy is raised and
preasurized againat the roof.

A major disadvantage of the longwall retreating syatem 18 the inability to
develop sufficient entries for longwalls, as well as maintain them. With high
capacity jacks, roof control at the face is rarely a problem: however, there
are problems with supporting the tail entries (along the side of the panel
where the shearer completes itas cut). The tail entry is subject to severe
ground pressures because of the superimposition of two major abutment stresses
at that point. There is a side abutment pressure resulting from the
previously minud panel and the face abutment from the active panel. This
often resulte in ao ruch deterioration in the tail entries that considerable
additional support must be installed. To minimize this problem, the commonly
used three-entry systems (with & double row of pillars on each side of the
panel) are giving way to four-entry syatems (with three rows of pillars on
each side of the panel).

Shortwall Mining. This is a modified version of the longwall system where a
continuous miner is used instead of a planer or ahearer. Belt conveyors,
shuttle cars or apecially designed coal haulers replace the fsce conveyor.

The panel is usually only 150-300 feet wide, hence the name of the mining
rethod. After the entries to either aside of the panel have been cut an
interconnection is cut by a continuous miner and the roof support equipment is
set in place. The continuous miner than cuts a 10 foot wide section acroas
the face with the roof supports being udvanced and extended over the miner as
the cut is made., When the miner haa completed the cut it backs out under the
supports and then the supports are moved nearer to the face for the next cut.

This method is not commonly used in the U.S.; however, 1t has several
advantages over continuous and longwall mining. Compared to continuous
nining, shortwall mining offers better roof support, flow of air directed
alonyg the face to reduce dust and methane hazards, higher production rates,
lower production costs, and higher recovery efficienciea. The advantages over
longwall mining include greater flexibility in mining operations, less
development needed, easier integration with continuous mining operations,
lower capital costs, and not as affected by seam partings or rolling. This
Rining method cannot achieve the production rates or lower production costa of
longwall mining and therefore would only be used when se@am or roof conditions
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are not favorable for longwall operations or when the producer cannot afford
the additional capital costs.

Surface Mining

Over the past 30 years, there has been a dramatic increase in the degree of
surface mining. With the introduction of giant excavating equipment around
1960 surface mining became cheaper, easier and more productive than under-
ground mining. The two main types of surface mining are satrip and auger
aining. Strip mining is the moat commonly used method and includes area and
contour mining. Area mining is used in flat terrain and contour in hilly or
mountainous terrain. Auger mining is used only when coal outcrops on s8lopes
to steep for contour mining or in conjunction with contour xining after the
stripping ratio becomes uneconomjcal.

The basic steps are the sare for area and contour mining; however, the
equipnent needs differ. The steps are surface preparation, overburden
blasting (if necessary) and removal, coal extraction and reclamation. Surface
preparation includes the construction of acceass roads and maintenance and
personnel facilities as well as vegetation and topsoil removal. The removal
of vegetation is usually done by bulldozers. If the topsoil 18 not to be
removed and stockpiled and the vegetation is sparse it may be removed with the
overburden. When topsoil is removed and stockpiled separately, bulldozers,
acrapers and loaders are used. The overburden is removed next, either
directly or by blasting with ANFO (amnonium nitrate and fuel oil) and
stockpiled as spoils. Tractors, shovels, draglines or bucket-wheel excavators
are used to expose the coal seam. A deacription of this equipment follows:

- Tractors may be used in small mines or in conjunction with more special-
ized equipment in larger mines, particularly to clean the coal sean
surface. Their principal advantages are maneuverability, ability to
negotiate steep grades and capability to dig and tranaport their own
loads. They are used for clearing, preparing benches, leveling spoil
pilesa and constructing access and haulage roads.

- Large diesel or electrically powered stripping shovels can be used for
scooping up fragmented overburden or coal. They are often designed for
a particular mine application and may have bucket capacities of up to 180
yds3 and a reach of 200 feet. In large surface mines they are used in
conjunction with a dragline to load coal. Although shovels are better
diggers than draglinea, in terms of cost and digging hard materiala, they
can only dig above grade and are more costly at the larger bucket capac-
ities.

- Electrically powered draglines are used for below grade stripping of
overburden. Draglines are commonly used because of their long reach,
versatility and lower cost at lerger bucket capacities, They have
bucket capacities up to 250 yds3 and boonm lengths of 300 feet.

- Bucket-wheel excavators are also used for stripping of overburden,
although leae frequently because of their higher costs, lower maneuver-
ability and ineffectiveness with harder overburden materials. The
bucket-wheel may be more than 50 feet in diameter and have a boonm length
of 400 feet. OStripped overburden materials are dumped on a conveyor
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belt which carries these materials to the in-mine transportation systen,
They are effective for digging above grade and may be used in conjunction
with draglines or stripping shovels.

The exposed coal seam is extracted (after blasting if necessgary) with a coal
digging machine or shovel and loaded into giant trucks (200 tona) for
transport to a preparation plant. The mined out areas are then reclaimed by
backfilling the spoils, either from other cuts (using draglines) or from
stockpiles (using bulldozeras). Following greding and compaction, topsoil may
be hauled and spread over the backfill. Thia area is then seeded and
fertilized.

Area Mining. This method is used when the topography is flat and the coal
seam is parallel to the sviface. Open pits are developed in a series of long
narrow atrips, as shown in Figure 4. A trench is initially cut across the end

Reclaimed land

FIGURE 4 Area mining and associated reclamation.
(Source: U.S. Congreas, 0OTA, 1979)

of the strip using an excavator or dragline. The top soil is removed and
atored for reclametion and the underlying overburden is piled along side the
cut on the side away from the mining areas. The pile forces a ridge called a
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spoil bank. Once the coal seam is exposed a loading shovel loads the coal
(which may have to be blasted first) in large haulage trucks. The excavator
or dragline moves along the atrip in advance of the coal loading activities.
The dragline uases the prepared overburden surface as a workbench, while the
excavator uses the exposed coal seam as a workbench. When the coal has been
removed from one atrip, the excavator or arugline is moved to the next strip
to dig a new trench parallel to the firsi. The removed overburden is
deposited in the mined out cut. The cycle is repeated until the mine
boundaries are reached. A variation in area mining is open pit mining. A
large rectangular area, perhaps 1000 by 2000 feet, is prepared. The
overburden is then removed and stockpiled. After this initial cut, the
overburden from subsequent cuta is stored in mined out areas of the pit. This
type of mining is used for very thick seams.

Contour Strip Mining. This method is used when a horizontal or gently sloping
coal aseam outcrops on the side of a hill or mcuntain. Typically the over-
burden is removed by starting at the coail outcrop and excavating along its
surface into the hill. Following initial excavating operations, the cut is
extended along the hillaside creating a bench ‘at coal sean level), an unslope
highwall and a downslope spoil pile (Figure 5). After the coal is exposed and
renoved from the firat cut, a second cut is made into the hill.
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FIGURE 5. Contour and auger mining.
(Source: U.S. Coagress, OTA, 1979)

The spoils from this are deposited in the first cut. This continues until the
stripping ratio .nverburden to coal seams thickness) becomes uneconomical.
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Either draglines or shovels will be used for these excavations; however, their
capacities will be much smaller than for area mining because of the difficult
terrain and ashorter life apan of this type of mine.

There are several variations on contour mining and theae include box-cut,
block-cut, head-of-hollow and mountain-top removal methods. In the box-cut
method, the initial cut is excavated where the final highwall will be and the
sapoils are deposited downslope. This type of mining creates an upslope and a
downslope highwall. As the coal is extracted, the spoilas covering the asecond
cut are used to back fill the mined out area. This minimizes the amount of
apoil cast downslope. The block-cut is similar tec conventional contour
mining, except that a minimum amount of overburden is placed downslope.
Foirlowing this initisl cut and subsequent coal removal, overburden materials
from the next cut are hauled back to the mined out area. Head-of-hollow
method is used when there is a shallow valley between two adjacent hills with
outcroppinga. The overburden fror above each coal seamn is used to fill in the
vaelley. Mountain-top removal ja utilized when the coal seam is located near
the top of a mountain. 1In this case the entire mountain top is excavated, the
coal removed and the spoila returned to the mined-out area for reshaping.

Auger Mining. Large diameter drills are used to bore horizontally into an
exposrd coal aseam. This method is used when coal outcrops on extrenely steep
slopes or in conjunction with contour mining. Extremely stecp slopes nay
limit contour mining activities and auger mining can cut an additional 150-200
feet into the coal seam after the highwall becomes to high for further contour
rining. Recovery efficiencies are typically 45-50 percent; however, they can
be higher if the seam is level and has no partings. Minimal overburden
removal is required for auger mining. The bloom (exposed coal in outcropping)
is removed and & work bench wide enough for the auger and haulage equipment is
prepared. After the coal has been removed by drilling a series of closely
spaced holes, the area is backfilled and reclaimed. Gas (methane) pockets are
common in this type of mining and extreme caution must be exercised.

Reclamation

Both underground and surface mining activities cause physical disturhances to
the land and curtail their natural productivity. These effects are the result
of the construction and maintenance of facilitiea, mine development activi-
ties, overburden stripping, coal cleaning and waste treatment and disposal.

In the past, little was done to minimize these effecta; however, current
mining operations are required to reclaim the disturbed areas back to some
reasonable level of productivity. This is particularly important for surface
nining, s_.nce large areas of land are affected.

The quantities of materials stockpiled on the surface during underground
mining are generally minor and are derived from mine developrment (portal
excavation) and coal cleaning. The wastes from the cleaned coal represent the
major centribution to these stockpiles. Reclamation of these stockpile areas
can be accomplished by (1) removing the materiala fror the site for disposal
in an approved landfill and seeding the affected area, (2) leveling and
covering the stockpiles with a thick layer of topsoil and then seeding, and
(3) moving the materials into the mine and seeding. This last method can also
help minimize land subsidence so common to underground mining.

15
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Surface mining operations can affect hundreds or thousands of acres of land.
Large areas of land may be removed from productivity during stripping
operations, Fortunately, this loss in productivity is only temporary if
proper reclamation practices are utilized. These practices include initial
roemoval of the topsoil and separate stcckpiling. Once an area has been mined
out, backfilling, restoration of the surface topography, replacement of
topsoil, seeding and fertilizing should be done as soon as posaible.
Reclamation is easiest for area rining and the most difficult for contour
rining. Area mining methods typically backfill mined-out area when excavating
the next cut; thevefore, only grading and reshaping are needed. Because of
the flatter terrain, erosion control measures (surh as, terracing and
diversion ditches) are minimal. Contour mining, on the other hand, usually
requires more backfilling, considerable reshaping activitiea and greater
erosion control.

ECONOMIC CONSIDERATIONS

Coal production costs, on a per ton basis, vary considerably depending on the
particular minina method. For a particular mining method, costs will alao
chenge hased on equipment, seam depth, seam thickness and overburden charac-
teristica. Aa a general rule, costs will increase as seanm depth increases and
decrease as seam thickness increases. Unstable or consolidated overburdens
also increase production coasts. All theae factors have an impact on the
amount of capital investment needed to develop a mine for coal production.
Other considerations being equal, higher capital investments are required for
machinery-oriented (capital-intensive) methods; however, these higher initisl
coste are offset by higher production rates, lower labor costs and lower
production costs per ton of coal. Lower capital investaents are needed for
labor-oriented (labor-intensive) methods: however, these lower initial cosats
are offset by lower production rates, higher labor costs and higher production
costs. When selecting a mining method, given adequate capital and technical
feasibility, the coal producer will generally select capital-intensive methods
since they provide the beat return on investment. If sufficient capital is
not available or technical feasibility prevents the use of more capital-
intensive methods, an appropriate balance between capital-intensity and labor-
intensity will be necessary. Jacobes and Bliae (USAID, 1983) have demonatrated
that such a balance is particularly important in lesaer developed countries.
Although a coal producer would tend to select capital-intensive methods to
maximize the return on investment, auch methods contribute less to the
country’s economy. Foreign exchange considerations, a large pool of available
unskilled workers and lower labor costs favor labor-intensive methods from a
national perapective. The governments in these countries must, therefore,
provide appropriate mechanisms (i.e., tax credits) to ensure reasonable rates
of return on investmenta with more labor-intenaive methods.

Production costs, under norral mining conditions, will be significantly less
for aurface mining methoda. A comparison of selected cost components and
related parameters for area and continuous mining in Table 11, clearly
demonstrates the order of magnitude of these differences. Factora
contributing to the cheaper production costs for surface-mined coal are lower
capital inveetments, lower labor costs, thicker seams, shallower seams, higher
production rates and economies of scala. Surface-mined coal can be extracted
at higher rates with about one-third the work force primarily because of the
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extensive use of large capacity equipment and the relatively easy access to
the coal. Equipment capacities for underground mining are lower because of
more confined working conditions, access to coal 1a more reatricted due to
roof supporting and safety requirements, and a larger work fcrce is required
for maintenance, development and production activities. Therefore, when
mining conditions are suitable, seam depth leas than 200 feet or stripping
ratio less than 15:1, surface mining methodas are the obvious choice from a
coat perspective. As the market value of coal increases or when roof
conditions make underground mining tco costly, surface mining at greater
depths or sastripping ratios are economical.

TABLE 11. COMPARATIVE SURFACE (AREA) AND UNDERGROUND (CONTINUOUS) MINING
COSTS AND COST-RELATED DATA FOR DIFFERENT ANNUsL PRODUCTION LEVELS,

AS OF 1978.
SURFACE MININGE UNDERGROUND MININGD
Annual Production(106tons) 3.0 5.0 4.0 1.2 2.4
COSTS

Capital Investment

Total (106 dollars) 47.83 101.32 67.17 55.95 86.92

Dollars/ton 15.94 20.26 16.79 47.10 36.58

Dollars/10% Btu’s 1.06 1.35 0.80 1.88 1.46
Annual Operating

Total (Dollars/ton) 5.37 6.23 7.17 16.73 15.27

Total (Dollars/106 Btu’s) 0.36 0.42 0.34 0.67 0.61

Labor Only (Dollars/ton)¢ 1.36 1.18 1.40 7.75 7.12

COST-RELATED

Production (Tons/manshift)d 107 124 104 19 21
Work Force Size 121 175 160 284 510
Coal Sean Depth (feet) 60 50 120 800 800
Coal Seam Thickness (feet) 20 10 30 6 6
Stripping Ratio 3:1 S:1 1:1 150:1 150:1
Coal Rank Lignite Subbituminous Bituminous

@ Data derived from Department of Energy Report No. FE/EES-79/6, 1979.
b pata derived from Department of Energy Report No. FE/EES-79/1, 1978
C Includes payroll overhead and various union benefits.

d Annual Production / Work For:e Size x number of working days.

Surface Mining Cost Factors

All things being equal, production costs increase for the three major mining
methods in the following order: auger, area and contour. Table 12 shows the
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relative capital investment and operating costs for each of these methods.
Despite auger mining’s limited application, because of low recovery efficien-
cies and inability to extract more than 150-200 feet into a seam, it utilizes
the least amount of equipment, excavates the leaat amount of overburden and
requires the lowest amount of reclamation; therefore, capital investments and
operating costs are the lowest. Although ares and contour mining both have
higher equipment, excavation and reclamation requirements,

TABLE 12. RELATIVE COMPARISONS OF COSTS FOR VARIOUS SURFACE MINING METHODS.

HINIHG METHODS
COSTS AUGER AREA CONTOUR

Capital Investment

Total Lowest Lower Highest
Dollars/ton Lowest Lower Highest

Annual Operating

Dollars/ton Lowest Lower Highest

Labor Only Loweat Lower Highesat
Recleamation

Dollars/ton Lowest Lower Highest

differences 1n equipment size, overburden characterisatics, stripping ratios
(seam depth/seam thickness)and complexity of reciamation practices account for
the differences in production costa. Because area mines are located in flat
open terrain, overburden ies less difficult to excevate, stripping ratios
remain reasonably constant and reclamation (leveling and grading) ie fairly
simple. These conditions favor larger riring operations and the use of more
coat-effective giant excavation equipment. The regulting econonies of acale
end cheaper reclamation costs result in lower production costa. The
overburden ia more difficult to remove in mountainous or hilly terrain,
stripping ratios increase rapidly and reclamation is more difficult and
complex (contourin¢, terracing, diversion ditches). Thease conditions limit
the size of the mining operation and use of giant excavation equipment., The
more linmited application of economies of scale and greater reclamation costs
regult in higher production costs.

Underground Mining Coat Factors

Production costs per ton of coal go from highest to lowast for the five
underground rining technologies in the following order: hand, conventional,
continuous, shortwall and longwall. The relative capital investments and
annual operating costs for each of these methods is shown in Table 13. Labor,
roof control, recovery efficiency, machinery maintenance, ventilation and mine
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development are all important cost factors. The more capital-intensive
rethoda, such as shortwall and longwall mining, are able to minimize labor,
roof control, mine development, ventilation and machinery maintenance costs by
concentrating the mining efforts at a single large face. At the sase time
they are able to maximize production rates, working time at the face and
recovery efficiencea, thereby keeping production costs lower. Longwall and
shortwall mining methods ars not cost-effective, however, when roof conditions
prevent proper caving, seams are not contiguous or have partinga, or seanm
thickness is variable. Also, at depths greater than 1000 feet, shortwall or
longwall mining may be the only options because of high safety and roof
supporting cost.

TABLE 13. RELATIVE COMPARISONS OF COSTS FOR VARIOUS UNDERGROUND MINING
METHODS,

MINING METHODS

COSTS HAND CONVENTIONAL CONTINUOUS SHORTWALL LONGWALL

Capital Investment

Total Lowest >-=-------ccccccm el > Highest
Dollars/ton Highes. ¢---=----oomorccccm e > Lowest

Annual Operating

Dollars/ton Highest ¢-------ccccmccmm e ¢ Lowest

Labor Only Highest <---=----o--vmomcmmm e < Lowest
Developnent

Dollars/ton Highest (---==---c--mccmmom e < Lowest

The more labor-intensive room and pillar methods, auch as hand, conventional
and continuous mining have higher labor, roof control, mine development,
ventilation and machinery maintenance coat because aeveral amaller faces are
being worked simultaneously. At the same time, recovery efficiencies,
production rates and working time at the face are low, thereby keeping
production costs high. Inspite of the higher production costs, these methods
are still appropriate when seams are not contiguoua or contain partings, seanm
thickness is variable or roofing conditions do not permit proper caving. Of
the three room and pillar methods, continuouas mining has the lowest production
costs, because it can achieve higher production rates with a smaller face
crew. Hand mining is rarely done ir the U.S. and conventional mining 1s
rapidly being replaced by continuous miners. They are still more cost-
effective in shallower minee when roof conditions are poor, since the
continuous miner must stop mining during roof bolting operations. Alsc, hand
and conventional mining methods are not aa affect:d by machine maintenance and
malfunctions, provide a higher quality of coal and have greater flexibility in
nining operations. These can be important factors to mining cost analyses.
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ENVIRONMENTAL CONSIDERATIONS

The major environment considerations are acid-mine drainage, leaching and
runoff from spoils and coal waste piles, erosion of mined areas, elimination
or altersation of habitats as a result of stripping and stockpiling activities,
and land subsidence. Table 14 provides a quantitative comparison of these
impacts for underground and surface mining activities as well as ways to
minirize these impacts (mitigation) MNoise and air pollution do occur but are
considered to b2 of minor significance. For underground mining, dust and
methane levels are major concerns in terms of the health and safety of the
nine personnel.

TABLE 14. GQUANTITATIVE COMPARISONS OF IMPACT SOURCES FROM UNDERGROUND AND
SURFACE MINING ACTIVITIES AND METHODS OF MITIGATION.2

MINING
IMPACT SOURCE UNDERGROUND SURFACED MITIGATION

Waaste Disposal

Tons/year 3.6 x 104 1.5-3.0 x 106 Reclamation

Acres/year <1 27-55
Water Use

Gallons/year 1.0 x 107 Minimal, Road Collection, and

Dusting Only Treatnent

Erosion

Tons/year S 165-10,350 Reclamation
Land Disturbance€

Acres/year 45 120-2,100 Reclamation
Acid Drainage

Tons/year 17,250 2,100 Collection &

Neutralization

Q@ Based on a production level of 1,000,000 tons/year.

b Lower values for waste disposal and land disturbance are based on thicker
seams and lower values for erosion and acid drainage on lower rainfall.

€ For underground mining this is due to subsidence.

Underground Mining

Acid drainage, water use and land subsidence are the major undergrouncd mining
impacts.. Water is used at the face to help minimize dust during mining
operations in order to minimize health and safety impacts to the face crews,
Too much duat in the air can lead to dust explosions or increased lung
diseaases (Black Lung). The resultant coal-water mixture becomea acidic
because of the presence of sulfur and various trace elements within the

coal. If this water is not collected and treated, it will eventually find 1its
way into ground and surface watera. This can cause deterioration of drinking
water quality or alter the pH of aurface waters sufficiently to make them less
suitable for the more asensitive aquatic biota. Typically, this water 1s
collected and treated to remove solida and to neutralize the acid, thereby
minimizing any adverse impacts to ground and surface waters.
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Land subsidence impacts are much more difficult to control because they occur
over = longer period of time. The problem is more critical with the room and
pillar mining method. Typically, the pillars are left intact to support the
increased weight of the overburden as a result of coal extraction. In time
these pillars can give way and the roof between the pillaras can collapse. The
affected overburden will either gradually or suddenly subside after an unknown
period of time. Thia can create aafety hazards to people residing over these
areas or nake the land unusable for farming, etc. Once the land subsides,
there is little that can be done other than trying to fill it in. The problem
can be minimized through controlled caving (longwall and shortwall mining), by
mining a lower percentage of the coal, and reclaiming mining wastes stored on
the surface to support critical arcas,

The major impacts to the health and safety of the miners are related to dust
and methane liberation. Extraction of coal from the face creates considerable
fine dust and, in some cases, liberates methane gases trapped in the sean,
particularly with current continuous mining equiprent. Because of their
flammable and explosive nature, they have to be carefully controlled to
protect the miners. Additionally, the fine coal dust is easily respired by
the miners and with prolonged exposure, this can cause considerable damags to
the lung tissue. The levels of dust are controlled by spraying the face with
water during extraction and dusting the surfaces of mined-out areas with a
non-flammable powder, i.e., lime. Ventilation is also used to dilute dust and
methane gases, particularly at the face. Another method of controlling dust
and methane levels ie to minimize the number of working faces so that
ventilation is more easily directed through the working areas. Modern
continuoua mining methods operate on this principle.

Surface Mining

The major impacts associated with surface mining are the large areas of
disrupted surface area and erosion. As shown in Table 14, in excess of 2000
acres per nmillion tons of mined coal can be removed from productivity. The
thinner the sear, the more land that will be impacted, since larger areas will
have to be mined to extract a given quantity of coal. This can either
permanently or temporarily eliminate aquatic and terrestrial habitats,or
preclude former land uses. The biota associated with these habitats are
either destroyed or displaced to nearby habitats. Areas that are valuable
agriculturally, environmentally or recreationally will require more
reclamation work since overburden materials may have to segregated, surface
waters 1erouted and original vegetation restored. In most cases, proper
reclamation procedures will minimize permanent losses; however, the original
level or type of productivity may not be achieved. Areas that originally have
a low productivity can actually be more productive after mining if reclamation
is carried out properly.

More subtle effects include erosion and the resultant runoff into surface
watera. Surface preparation, excavation and atockpiling of overburden all
expose large quantitiea of loose materials. Without a cover of rooted
vegetation to prevent erosion, runoff from these materials during and after
rainfalla can tranapo.t conaiderable quantities of suspended and diasolved
solids into local surface waters. These materials can reduce the natural
productivity of these waters by reducing the light needed for photosynthesis,
smothering bottom dwelling organisms, making feeding and breeding areas
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unsuitable and damaging the breathing apparatus of organisms residing in the
water column. Also increased levels of toxic chemicala can be introduced in
the form of diessolved solida and theae can have acute (death) or chronic
(lower growth, reproduction, etc.) effects. Eroaion will be of particular
concern in areas where contour mining is used, because of the hilly or
mountainous terrain, as well as areas of high precipitation. Fortunately,
runoff can be controlled through compaction of the spoils areas and erosion
control ditches. The runoff is usually collected in a settling pond to remove
suspended and dissolved solids before discharge to local surface waters. This
is only a temporary solution to the problem, however, and revegetating the
areas as soon as possible is the beat method for reducing runoff.
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PREPARATION

Nost coal producers have a coal preparation plant as an integral part of the
mine in order to size and upgrade the coal to the cuatomera’ requirements.
Raw coal has varying quantities of clay, pyrite, rock and debris depending on
the mining method or inhe:ent properties. Hand and conventional mining are
more selective and lesa non-combustibleas fron aeam partings, the roof and
bottom are introduced into the coal. The rore productive machinery-oriented
methoda (continuoua, longwall and aurfsce), on the other hand, are leas
selective and introduce considerable quantities of non-combustibles to the
coal., In eddition to the materisla from mining, some coals have inherently
higher moisture, mineral and sulfur levels. Preparation planis are required
to remove these increasing quantitiea of non-combustibles and reduce coal
impurities.

The major users of coal are the electric utility and coke industries and their
requirenents determine the degree of coal preparation. Based on these
requirementa, most coal is at least reduced in size and screened. About 50
percent of the coal in the U.S. is washed to reduce ash, sulfur and refuse and
upgrade the heating value. Figure 6 showa the reasulta of a typical coal
cleaning.

speclfic gravity

& cleancoal................ 1.50

& middlings................ 1.65
Q refuse (rock, slate, shale) . 2.00

ash......... 15%
molsture .... 5%

&

clean coal middlings refuse

heat ........ 12,0008tu/Ib heat ........ 7,000Btu /b heat ..... 500Btu/Ib
ash......... 6% ash......... 25% ash...... 95%
molsture . . ., 10%

FIGURE 6. Typical Improvements in Raw Coal by Coal
Preparation. (Source: Department of Energy, 1983)

Coal cleaning benafits the uaer in the following ways:

- Lower quantities of coal are required to meet Btu requirements as a
reault of the increased heating value.
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- Less corrosion, fouling and slagging in boilers and furnaces due to
lower ash content.

- Longer pulverizer life since less of the higher Btu coal must be
pulvarized to meet Btu requireamcnts.

- Smaller qusantities of ash to collect and handle.

- Ability to meet emission standards with less pollution abatement
equipment.

- Better product uniformity (coke industry).

As the demand for coal continues to increase, these benefits will become more
important and the amount and levels of preparation will increase.

TECHNOLODGIES

There are five levels of preparation used to meet the requirements of the
stear and metallurgical coal markete. The important aspects of theae five
levela are summarized in Table 15, Each of these levels will include one or
more of the following operations: size reduction, aizing, cleaning and
dewatering and drying. The equipment used for the operations at each level of
preparation is ashown in Table 16. As the level of preparation increasas, so
does the number of operationa and arount of equipment required. Level I ia
generally used for stear coals that have low ash and sulfur contents and
involves size reduction to apecified market aizes. Levels II-V wash

TABLE 15. COAL PREPARATION LEVELS AND CHARACTERISTICS,

LEVELS
CHARACTERISTICS I II III IV v
Kind of Cleaning Crushing Coarase Coarse, Coarse, All Sizes
Only & Fine Fine &
Ultrafine
Ash Removal Minor Fair to Good Good to Excellent
Good Excellent
Sulfur Removal None None to Fair Fair to Excellent
Fair Good
Yield Weight, percent 98-100 75-85 60-80 60-80 60-80
Recovery Btu, percent 100 90-95 80-90 80-90 85-95

Source: M. Laurila, Arthur D. Little Company, February 1983.

24



Technologiesa

progressively smaller-eized coals based on the ash, sulfur, moisture and
haeating value specifications of the user. As a general rule, the level of
preparation increases as specifications become more stringent or as the ash
and sulfur contents of run-of-mine increase. Currently, Level III ia the most
commonly used for stear coal and Level IV primarily for metallurgical coal
(Figure 7). Level V is atill at the demonstration atage in the U.S.

TABLE 16. EQUIPMENT USED FOR FIVE LEVELS OF CCAL PREPARATION.

LEVELS
EQUIPMENT I II III Iv v
Size Reduction
Scalping Screens X X X X X
Rotary Breakers, Roll Crushers,
Inpact Crushera or Cage Millas X X X X X
Sizing
Vibrating 3creens X X X X X
Cleaning
Baur Jigs or X X X X
Dense-Medium Vessels or X X X X
Batac Jiga, Hydrocyclones, or
Concentrating Tables X X X
Froth Flotation X
Multi-stage Flotation X
Dewatering and Drying
Screene or aieves X X X X
Centrifuges, Vacuum Filters, Filter
Preases or Static Thickeners X X X
Thermal Dryers X X

Size Reduction

This operation is used for all levels of preparation to reduce coal to market
#izes and to liberate impurities, such as rock or pyrite particleas, that are
imbedded in or adhered to larger pisces of coal. As the coals are crushed to
spnaller sizes more impurities are liberated; however, the coal becomea more
difficult to waah.

3ize reduction is accomplished by rotary breakers, roll crushers, impact-type
crushers or multiple roll crushers. Table 17 presents the important features
of each type of size reducer. Rotary breakera can cruah coal down to 1.5
inches and are typically used for coals with Hardgrove Indices greater than
55, low moisture, and low clay contamination. Coals not meeting these
criteria can be crushed to 3-4 inches using roll crushers. When smaller sizes
(down to about inch) are needed for run-of-mine coal, impact-type crushars
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are used. Nultiple roll crushers are usually used to crush cleaned coal or
middlinga (coals with specific gravities intermediate to the cleaned coal and
refuse).

R-O-M Cosl

——— Rt COM
——— Product
—— AEtuse
-—— - Water

Mins Rock

Lrushing ana
Screening

8" (4" x 0

4

-

‘v]I Cru_s.nmg |

28 Mesn x 0

— — —

Cewatenng .
e e e
" x 0
Clean Coal
3 ¥ Storage -
l Retuse Disoosal Unit Tratn
Loaag Qut
R.C-M Coat
' e, Raw Cca
. Ming Raex :r_usnmg ang — Product
Jcreanming Astuse
_— o Water
Pt B "y
I 4 20
Wet Scroen n >
'°_J Y v
| S T
Oewatenn L ] X
9 Oewatenng l '
h___i__"“n_______J i | Crusmng ]
| 14 1 28 Mesn
|
ﬂ Dewatenng dewatenng }— 1:“!;"28 >
I‘_____‘-_______‘ L 28 Mean x 0 4 ‘.:.
i f-———-gm o
l esn x
L. — e — — I_. _{ Thickeming ] L Oewatenng 1_. ..J
I ‘ ) P v
. v
- I Cewatenng TS;'I:‘: s

y
' l Cisan Coal
I —
Unit Train ‘]
I L.oad Out

FIGURE 7. Flow Diagrama of Operationa for Level III (A) and
Level 1V (B) Coal Preparation. (Source: World Coal, June 1978)
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Sizing

Following £ize reduction, &creens are used at all preparation levels to
separate the coal into distinct size ranges for feeding washing units or
transporting to markets. Sizing is important for effective coal cleaning
because @ach type of washing unit is designed tc perform optimally at specific
size ranges. As the level of preparation increases the amount of screening
also increases. Sharper aize separations result in better performance of
these unite. The significant features of various eizing acreena are ahown in
Table 18.

TABLE 17. SIGNIFICANT FEATURES OF PREPARATION EQUIPMENT USED FOR COAL SIZE

REDUCTION,
REDUCTION FEED FINAL ADVANTAGES &
REDUCTION UNIT METHOD COAL SIZE DISADVANTAGES
Kotary Breaker Impact Raw < 6-8 Low coal fines and carbon
inches rejection. Soft, low
moisture, low clay con-
tamination coale only.
Roll Crusher Compression Raw <6 Low coal fines and both
& cleaving inches hard and soft coals.
Low reduction in size
ratio (6:1).
Inpact-type Impact Raw < 6 High reduction in size
Crusher inches ratio (30:1). Higher
coal fines.
Multiple Roll Compression Clean <2 Low finee and good size
Crusher & cleaving Middlings inchea uniformity. Sensizive to

Raw moisture and feed sizes.

Cleaning (Waahing)

Cleaning is done at Levels II-V with the amount and type of cleaning varying
with coal size. As mentionad above the equipment used for cleaning will vary
with coal &ize ranges. Coarse (0.25-6 inches) coal cleaning , Level 1I, is
done by Baum Jigs or Dense-Medium Veesels (Figure 8). Batac Jigs, Dense-
Medium Vescels, Dense-Hadium Cyclonas, and Concentrating Tables sre used for
fine (0.02-0.25 inches) coal washing, Level III (Figure 9). Single stage
(Level IV) or Multi-stage (Level V) Froth Flotation is used for cleaning
ultrafine (0.0-0.02 inches) coals (Figure 9). The significant featureas of
these cleaning unity are listed in Tabla 19.

Baum Jigs separate impurities from the coal on the brsis of differences in
specific gravity. Coal has specific gravities of 1.3-1.5, while the
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impurities have values greater than 2.0. The Baum Jig stratifies the bed of
raw coal in water by pulsation. The lighter coal particles move to the top
and the heavier refuse sattles to the bottom for collection and disposal.

Although it can clean a wide range of coal ¢ 'zee it’s most affective at 0.25-1
inches. These )igs are used more frequently than Densze-Melium Vessels because
of their larger cepacities and cheaper costs. Dense-Nedium Veasuls alao
operate by speciZic gravity differences; however, rather than using water as
the separatior. medium, a suspension of magnetite and water is used. This
suspencsion has a specific gravity between that of coal and the refuse and
batter separation can be obtained. A modification of the Baum Jig is the
Batac Jig which is used for clsaning fine coals. The coal is stratified by

TABLE 18. SIGNIFICANT FEATURES OF SIZ{WG SCREENS USED IN COAL PREPARATION.

SIZING SCREENS PASS-THROUGH SIZES FUNCTION

Scalping < 6 inches Removes small coal sizes
baefore raw coal fead
enters rotary breaker or
roll crushers.

Raw Coal or Pre-Wet € 0.25 or < 0.125 Removes fine coal before
inches coarse coal washing.
Desliming < 0.02 inches Removes ultrafine coal

before fine coal washing.

Dewatering < 0.005 inches Removes free moisture irom
cleaned coal.

TABLE 19. SIGNIFICANT FEATURES OF WASHING UNITS USED TO PREPARE COAL.

CAPACITY SIZE RANGE SPECIFIC RELATIVE

WASHING UNIT (tons/hr) (inches) GRAVITIES Cco3Ts
Baua Jig 1000 0.25-6.0 >1.5-1.6 Inexpenaive

Dense-Nedium Vessel 800 0.25-6.0 1.3-1.9 Expenaive

Dense-Medium Cyclone 100 0.02-0,25 1.3-1.9 Expensive
Concentrating Tables 10-15 0.0-0.38 > 1.5 Inexpensive

Froth Flotation Cells - 0.0-0.02 - Expensive
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FIGURE 8. Coesl cleaning equipment: A) Beum Jig; B) Densa-Kedium Veasel.
(Source: Department of Energy, 1983)
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bubbling air directly through the coal-water-refuse mixture in this cleaning
unit rather than uaing air pulsations on the water surface (Figure 8A).

Dense-Nedium Cyclones clean coal by accelerating the dense-medium, coal and
refuse by centrifugal force. The coal exits the cyclone from the top and the
refuse frcx the bottor. Better saparation of smallar-sized coals can be
achieved with this method.

Concentrating Tables are tilted and ribbed and move back and forth in a
horizontal direction. The lighter coal particles are carried to the bottom of
the table, while the heavier refuse particles collect in the ribs and are
carried to the end of the table. Fine coal can be cleaned inexpensively with
this unit; however, the capscity is quite small and they are only effactive ca
particles with specific gravities greater than 1.S5.

Froth Flotation Ceils utilize the differences in asurface characteristicsy +f
coal and refuse to clean ultrafine coal. The coal-water mixture is
conditioned with chemical reagents so that air bubbles will adhere only to the
coal and float it to the top, while the refuse particlea =ink. Air is bubbled
up through the slurry in the cell and clean coal is collected in the froth
that foras at the top. This type of cleaning is very complex and axrenaive
and ia principelly for metallurgical coals.

Dewatering and Drying

After the coal has been cleaned at Lavels II-V, it ;% neccsary to remove ths
free moisture by either mechanical or evaporati~a (thermal) saparation.
Screens, filtara, centrifuges and static thickeners are used in dewatering
operations. Water passes through tho screwns, filters and centrifuges, due to
gravity, suction or centrifugal forces, reaspectively, leaving the coal

behind. Static thickeners are large circular settling ponds with mechanical
rakes Lhat slowly revolve near t%# aloping bottom. The coal particles which
settle out are pumped from the bottom and the water overflows at the top.

As the level of preparatior increases mnre dewatering steps will be involved
and different types of units will be used depending on the coal sizes and the
dezired degree of surface water removal. Screens can reduce moisture levels
of the dewatered product to 20-60 percent for 0.01-0.23 inch purticles,
filters 20-40 parcent for 0.0-0.03 inch particles, centrifuges 7.5-35 percent
for 0.002-0.25 inch particles and static thickeners 60-80 paorcent for 0.0-0.02
inch particlea. At the higher level of preparation the dewatered coal is
dried in a fluidized-bed dryer. Using this rapid drying method, the moisture
level of the dewatered coal can be reduced to S percent.

Following dewatering and/or drying the coal is conveyed to storage silos.

ECONOMIC CONSIDERATIONS

The major economic benefits of using cleaned coal are transportation,
pulverizer, boiler and related equipment maintenance and ash disposal cost
savings. These benefits are the result of the higher heating value and lower
ash and sulfur content of these coals. The consumer has a specific annual Btu
requirement that must be met and higher heating values mean less coal to meet
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FIGURE 9. Coal cleaning equipment: A) Dense-Medium Cyclone;
B) Concentrsting Table; and C) Froth Flotation Cell (Source:

Department of Energy, 1983).

this nead. The higher heating value also raduces the amount of coal that must
be pulverized prior to combuation. Ash can cause corrosion, fouling and
slagging in the furnace or boiler: this reduces operating efficiency. The
minerals in the coal that produ.e the ash can decrease ita grindability.
Additionally, the ash mus: be collected and disposed of properly to meet
environmental standards. Therefore, reductions in ash can increase operating
performance and raduce maintenance needs and ash collecting and handling
requirementa. Reduced sulfur levels Ray be required to meet emiassion
at.andards and in sone cases may elipinate the need for amission abatement
equipment. As shown in Table 20, the resultant cost savings can be
considerable.

Coal Preparation Costs

The cost savinga derived from coal preparation are dependent on the level of
preparation. Theoretically, as the level of preparation increases the
benefits to the consumer should also increase. As shown in Table 21, these
benefits come at significantly higher costs, however, and must be balanced
against the savings in transportation,etc. In the above example where a low
Btu coal was upgraded using Baum Jigs and Dense-Medium clsaning, savings of
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TABLE 20. A CONPARISON OF THE AFFECT OF COAL CLEANING ON CAPITAL AND
OPERATING COSTS (1982 dollars) OF A S00 MWwe POWER PLANT.®

CATEGORY CASE 1 CASE II CASE 111

Coal Preparation Leval Nonae Baum Jig Denae-Medium
Coal Needs (106 tons/yaar) 1.71 1.28 1.23
Coal Properties

Percent Ash 28.3 10.6 8.2

Percent Sulfur 3.2 2.6 2.6

Heating Value (Btu/lb) 8,270 10,940 11,300
Costs (106 dollars)
Capital Investment

Direct Capital 384.4 367.4 365.4

Indirect Capital 248.8 237.2 235.9

Working Capital 11.1 9.8 9.6

Total Capital 644.3 614.4 610.9
Operating

Variable Costs 68.2 58.0 S57.2

Fixed Costs 152.0 145.0 144.1

Total Oparating 220.2 203.0 201.3
Annual Cost Savings

Total Base 17.2 18.9

Dollars/ton Base 13.4 15.4

8 Source: M. Laurila, Arthur D, Little Co., February 1983.

$13.40-13.490 per ton of coal are projected even after the preparation costs
are factored in. The preparation resulted in coal cost increases of
approximately £6.30-7.7C/ton. These costs are relatively inexpensive compared
to the amount of heating value increase (32-37 percent) and ash reduction (62-
71 percent) for Cases II and III. Preparation costs at higher levela would be
conajiderably more expensive and with much smaller gaina in heating value and
ash reduction. The effect of increased cleaning (i.e., lower cleaning plant
yields) on raw coal costs is demonatrated in (Figure 10).

As a result of these increases in preparation costs relative to incremental
upgrading, most useraz of steam ccal purchase coals cleaned at Levels II and
III. When emission standards or spacifications cannot be met with lower
levels of preparation, economic considerations may be secondary to
technological or environmental considerations. This is particularly true of
metallurgical coala which must be cleaned more fully in order to achieve the
properties critical for good coke formation. Steam coal users in areas where
sulfur emissions are severely restricted may have no choice but to usa coals
Cleaned at Level IV.
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FIGURE 10. Incremental increases in coal cost with
increasing level of coal cleaning (decreasing yield).
(Source: M. Laurila, Arthur D. Little, Co., February 1983).

TABLE 21. CONPARATIVE COST (1982 dollars) DATA FOR THE FIVE LEVELS OF COAL

PREPARATION.2
LEVELS

COST CATEGORIES Ic 11 III 1v v
Capital Investment

Total (106 dollars) 8-10 17 28 35 70

Dollars/Ton of Raw Coalb 0.30-0.32  0.56 0.84 1.16 2.32
Operating

Dollars/Ton of Raw Coal 0.11-0.14 0.35 0.84 1.40 2,80
Totald

Dollars/Ton of Raw Coal 0.41-0.46 0.91 1.68 2.56 S5.12

8 Source: World Coal, July 1978,
b 3,000,000 tons/year or 1,000 tons/hour.

C Lower values for rotary breakers, higher values for roll crushers.
d Add about #1.40/ton for thermal drying.
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Cost Savinga

The savings in transportation, ash disposa), and other operational costa are
calculated on the basis of the higher heating values and reduced coal
requirements and ash production. If & user consumes 3.75 x 1010 Btu’s per
year, 3.75 x 10® tons of 10,000 Btu/lb run-of-mine coal would be required. If
the coal is cleaned and the resultant heating value is 11,500 Btu’s/1b, only
3.25 x 106 tons are needed. Assuming a shipping cost of 30.01/ton mile and a
travel distance of 500 miles, the savings on transportation coste would be
(300,000 tone x 0.01 x 500) divided by 3.25 x 106 or sbout #0.75/ton.
Transportation aavings can also be approximated uaing percent Btu increase to
selact an appropriate amultiplier factor for shipping coats (Figure 11),.

Similar calculations would be done to determine pulverizer savings based on
the number of tons a pu'verizer can grind bafore maintenance or replacement is
needed. The savings in ash disposal would be determined by calculating the
quantities of ash for the raw and cleaned coals, and calculating the
respective costs of handling and dispoaing of these. Other savings such as
furnace and boiler performance would be calculated on the basis of previous
exparience with coals of different heating value and ash contents and
comparing raw coal and claaned coal cosat projections.
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FIGURE 11. Savings in transportation costs with increasing
level of coal cleaning (increasing Btu percentage). (Source:
M. Laurila, Arthur D. Little Co., February 1983).
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All the savings would be added together on a per ton basis and compared to the
additional cost of cleaning the raw coal. This type of analysis would be done
for more than one lavel of preparation in order to optimize performance and
oparating costa.

ENVIROMNENTAL CONSIDERATIONS

The primary environmental considerations for coal preparation are vary similar
to those for mining: land disturbance, water consumption, erosion, acid-
drainage, discharges to surface waters and airborne particulates. The sources
and magnitude of the impacte differ in mosat caaesa. While land diaruption,
runoff and acid drainage are major environmental considerations for mining,
these are minimal compared to the magnitude of water consumption and use for
coal preparation. The considerations are quantified for a representative coal
preparation opaeration in Table 22.

Approximately 1500 gallons (about 6 tona) of water are required for each ton
of coal that is cleaned. Fortunately about 80 percent of thie ia recycled,
with the remaining water being discharged (about 15 percent) to surface waters
or evaporated during thermal drying (S percent). The diacharged water may
contain as much as 4-5 percent coal finea. These fines can cause mechanical
and physiological damage to aquatic biota in the affected atreams. The
particles can amother bottom organisms and cause abresions to breathing

ENVIRONMENTAL IMPACTS OF A REPRESENTATIVE LEVEL III COAL
PREPARATION PLANT. QUANTITIES ARE ON A PER MILLION TON RAW

COAL BA3IS.2

TABLE 22.

IMPACT SOURCE QUANTITIES LEVEL OF IMPACT
Water Use (Gallons/year)
Total 1.7 x 109 Potentially serious
Recirculated 1.2 x 109 because of coal fines
Discharged 2.2 x 108 in discharge water.
Evaporation 5.1 x 107 Clarifiers may be needed.
Erosion and Runoff (Tona/year)
Dissolved Solids 98 Minor, can be collected
Suapended Solida 190 in settling ponds.
Acid Drainage (Tona/year) le3 Minor, can be collaected
and neutralized.
Waste Disposal (Acres/year) 4.5 Minor, materials can be
buried in the mine.
Airborne Particulates (tons/year) 210 Minor if precipitators

used.

4 Derived from EPA No. 68-01-0561, March
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apparatuses. Additionally, these particles can alter the water quality (i.e.,
lower pH and increase concentrations of trace elements known to be toxic)
sufficiently to cause death or, more likely, limit growth, reproduction and
feeding activities. Effects at this level are generally limited to those
surface waters having merginal water quality, low flows and poor mixing
conditions. 1If at all possible these latter type of surface waters ahould be
avoided, otherwise additional efforts may be necessary to reduce the quantity
of coal fines prior to discharge.

Erosion, runoff and waste disposal are minor problems because of the smaller
quantities of materials involved. The wasteas contain particulates and toxic
substances that can enter local surface and ground waters via runoff and
leaching. Commonly used erosion control practices can substantially reduce
these problems. Also, these wastea are often returned to the nine for
disposal.

Thermal drying in fluidized beds generates considerable particulates because
of the turbulent nature of the bed and small coal aizea. These particulatea
are discharged to the atmosphere at the rate of about 20 lb/ton of dried coal
if precipitatora are not used. When precipitators are used up to 90 percent
removal is posaible.
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TRANSPORTATION

Coal fror the mine or preparation plent can be transported to the end-user by
one or more systems: barge, ship, train, pipeline, conveyor, or truck. The
factors that influence asystem selection are geographical location of coal
source and end-user, shipping distance, annual tonnage volume (throughput),
volume of individual shipments and costs of competing aysteme. Becauae
transportation coets can account for one-third to one-half of the delivered
cost of coal, the end-user will want a aystem that optimizes cost, reliabil-
ity, flexibility and efficiency.

TECHNOLOGIES

A transportation system is comprised of three functions, loading, hauling and
unloading. The elements of loading and unloading include atockpilea, storage
ailos, reclaiming equipment, acalea, conveyorsa, surge bins, loading chutes,
loading tunnels/structures, electrical energy and labor. Unloading would
differ in that it is custom built and interfaces with a second transport
system in tandem such as a loading dock, pipeline terminal or process plant.
Hauling involvee the unita such as bargea, ehips, traina, pipelines, conveyors
and trucks and support equipment and traveling aurfaces.

The unit sizes, optimum shipping distances and optixum annual tonnagea for the
major tanaportation systems are presented in Table 23. In the U.S. over 74
percent of the coal is shipped by rail, 11 percent by wster, 11 percent by
highway and 4 percent by conveyor and pipeline.

TABLE 23. UNIT SI2ES, OPTIMUM SHIPPING DISTANCES AND OPTIMUM ANNUAL TONNAGES
FOR MAJOR TRANSPORTATION SYSTENMS.

OPTIMUN OPTIMUM

TRANSPORTATION SYSTEM UNIT S5IZES DISTANCES ANNUAL TONNAGES
Ships 15-200 x 103 pwra Unlimited Unlimited
Barges 500-30,000 DWT < 1000 miles Unlimited
Trains 50-100 Tons 50-1500 miles 0.25-30 x 106
Conveyor 36~72 inch Widths < 25 niles 2-10 x 106
Trucks

Highway 15-20 Tons 15-50 miles < 2 x 106

0ff Highway 60-200 Tons <5 miles <5 x 106
Pipelines 12-48 inch Diameter 500~-1500 miles 5-30 x 106

8 DWT - Dead Weight Tons
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Trains

Transportation of coal by trains may be in the form of a singls car, multiple
car, or unit train shipment. Single hopper cara with a capacity of 100 tons
are used primarily for shipments from amall mines, or to amall conaumers, and
are hauled in combination with other freight. The nain disadvantage of aingle
car movement of coal is ita low efficiency in termas of nanpower, equipment
utilization, and turn around time. MNultiple car shipments usually originate
from mines of medium to large size or to medium size consumers. Several
hopper cars are transported in combination with other freight. Better overall
efficiencies are achieved but atill less then unit train operations.

The unit train delivers coal to large consumers such as power plants and steel
milla. More than 50 percent of the coal-fired power plants in the U.S.
recaive their coal by this means. A typical unit train consists of about 110
cars plus 3-35 locomotives, depending on grades and curvea, with each car
carrying 100 tons of coal. The two types of cars most commonly utilized are
solid bottom gondolas and hopper cara. Standard locomotive aize is 3000
horsepower. The unit train continually operates back and forth between the
source of coal and the generating plant. Basically, the unit train has one
origin, one destination and the car equipment remains as a unit and operates
aa a shuttle. Railroads use predetermined achedules for train loading,
haulage volumes, mine departure, plant arrival, tucrnaround and mine return
time to optimize operating conditiona. Traveling apeeds average about 50-60
miles per hour.

The unit train is used for long distance hauling when large throughputs are
required and the terrain is not too steep. They have the lowest cost per ton-
mile, high availability and operate continually. Car utilization is 5-6 times
higher than other types of trains. The major drawbacka are the high capital
coat, windage loss and inebility to handle steep grades.

Loading and Unloading. The amount. of time spent loading and unloading coal
affecta delivery timea, coats and efficiency. HNinimization of these times
leads to more deliveries/unit time and better utilization of eguipment which
in turn help reduce coata. Loading and unloading systema for unit traina are
much more elaborate and aophiaticated then those for single or multiple car
syatems because of the smaller amounts of coal. Since most coal in the U.S is
tranaported by unit trains for large concumera, and other tranaportation
syatems are typically used for smaller users, the following diacusaion will be
limited to loading and unloading of unit traina.

Turnaround times for loading and unloading unit trains are typically 3-4
hours. Loading may be done on either aingle or parallel tracka, while
unloading is done on aingle tracks. The movement of cars past the loading and
unloading station may be controlled by the locomotive or various positioning
devices that attach to the train and run parallel to the tracka. Loading

of the cars will be by tripper conveyors or overhead chutes (flood loading).
Unloading is by rotary dump or bottom-dump hopper cars. Rotary dumping
(Figure 12) involves positioning one or two cars on a revolving platforn,
clenping the car in place and rotating the car 140-160 degrees, while still
coupled, to dump the coal out the top of the car. The bottom-dump hopper cars
move over undertrack pits or treatlea and discharge the coal from the bottos
through gates while moving (Figure 13).
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FIGURE 12.

FIGURE 13.

Technologies

Rotary car dumper at beginning of rotation cycle.

Trestle unloading of rapid-discharge hopper cars.
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Bottom-dump hopper cars are effective in warm weather climates; however, they

require special equipment, such as thaw houses, vibrators or shakers, in cold

weather environmente where coal may freeze. Under ideal conditiona, a 110-car
unit train can be unloaded in 40 minutes; however, when the coal is frozen the
unloading time is 3-4 hours. Also, no Lt:low ground hopper is needad aince the
coal accumulates below the track in long narrow piles ready for reclaiming.

Rotary car dumpers can unload a car in about two minutes; therefora, a 110-car
unit train normally requirees about 3-4 hours for unloading. Deapite this
apparent disadvantage compared to bottom-dump systems, rotary duaping is more
effective in cold environnents.

Bargea and Ships

Barges ara used for hauling coal on inland waterways and ships on larger open
water bodies such lakea, oceans and seas. Where feasible, barge tranapor-
tation ia perhaps the most practical, and is second only tc shipa in lowest
cost per ton-mile. Several barges (usually 15) and a tow boat (from 3,G00-
10,000 horaepower) coaprise a "tow". Theae "towa" ray be combination and unit
“tows". The open hopper Frarges vary in size from 900 to 1400 tonas depending
on channel depthe, current velocitiea, and lock widths. When 15 barges are
used, they are arranged 3 across and 5 long. Larger numbers (i.e., 25-30) of
barges can be hauled on the larger rivers where there are no deama. The actual
number will depend on safe handling at a given horsepower. Traveling ajnved
averages 3-12 miles per hour.

The major limitation on quantity of coal that can be carried by barges is lock
size. The amallest lock aize will determine the maximum size of the barges.

A pajor dieadvantage of bargea are their vulnerability to ice-jams, floods,
and rough watera. Floods and rough waters can result in temporary shipping
delays, while ice-jam related delays can laast weeks or even months. Unlike
ground based transportation, grades are not a problem since most loaded barges
travel downstreanm.

Ships can vary from 60,000-200,000 DWT for ocean going vessels, to 15,000-
60,000 DWT for large lakea and seas. They achieve the cheapeat tranaportation
coats of all hauling modes. A major disadvantage is their vulnerabiliiy to
climatic conditions such aa atorms and ice-janms.

Loading and Unloeding. Barges are loaded by tripper conveyors and pant-leg
barge loaders and unloaded by clamshell bucket, continuous ladder (Figure 14),
continuous bucket and rotary elevator belt. Loading rates vary from 3,000 to
5,700 tons/hour and unloading ratesa from S00 (clamshell bucketa) to 5,000
(continuoua ladder) tons/hour. A serieas of sheet piled cells are used to
guide the barges and provide support for the loading or unlo~ding fac.ility.
The barges moved back end forth under these facilities by w. re ropes and
winches located on the sheet piled cells. Barge poasitioners and shuttle
barges may be used to facilitate bargs movenment.

High capacity (5,000 tons/hour or more) unloading facilities utilize a double
continuous ladder to unload more rapidly and efficiantly. The diggings heads
are kept together for the firat pass down the center of the barge. They are
then extended to the width of the barge for the second pass. On the third and
final pass the heads are together again to remove the remaining coal located
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in the center of the barge. When unloading rates of 500-2,000 tons/hour are
adequate the clamshell bucket unloader is effective.

N

.
Continuous bucket ladder barge unloader.

FIGURE 14.

In addition to the above methoda of loading and unloading, ships may also be
self-unloading (Figure 15). Internal conveyor systems located below the coal
bring it from below deck &nd an on-deck conveyor depositas the coal onahore.

FIGURE 15. Self-unloading ship used on the Great Lakes.

Trucks

Trucks are typically used to transport coal from mining areas to preparation
or atorage areaa, froam the mine to adjacent power plantas (mine-mouth planta)
and to smaller power plants within 50 milea of the coal aource. O0ff highway
trucks are used for within mine transportation of coal at surface mines,
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hauling to preparation plants, mine-mouth power plants, railroad sidings or
waterway docks. Highway trucks are for offsite tranaportation to amall end-
users

Trucks are most effective for short,low tonnage hauls over moderate terrain
(grades up to 20 percent). They can operate continuously, respond quickly to
changing needs, and permit extenaive product distribution. These attributea
make trucks particularly suited to hauling coal to more efficient rodes of
tranaport, such as railroads, barges, pipelines, etc. The major disadvantages
are the high coats/ton-mile, need for good road maintenance and dependence on
waather and human elements.

Loading and Unloading. Loeding and unioading operations for trucks are quite
simple. Loading involves little more than driving under a chute for flood

loading. Urloading may require duaping the coal directly on the active out-
door storage pile or into a receiving hopper below grade.

Conveyorsa

Overland conveyor belts are used almost axclusively to transport coal from the
mine to a mine-mouth power plant. 4 aseries of “flighta" or straight conveyor
runs are used to carry the coal distances of 8-10 miles. Each flight is an
individual conveyor unit, with its own head and tail pulleys, belt take-up
arrangerent, motor, speed reducer and drive machinery. The full ayatem ias
normally designed for automatic szequential atart-up or shut-down from a
central control unit. Local manual controls are located at tranafer
terainals.

These overland conveyors are most effective for short, high tonnage hauls over
difficult terrain (grades up to 32 percent). They cen operate continuously,
require relatively little power and interfacing with existing facilitiea, have
low labor needa, and are available about S0 percent of the time. The primary
disadvanteges are the high costs/ton-aile, complete system shutdown when
conveyor belt breaks, and require additional equipment to spread the coal at
the end of the conveyor aystea

Frequently, a combination of trucks and a conveyor system is used when both
moderate an<d difficult terrains are involved, particularly at mine-mouth power
plants. The trucke haul coal on the moderate grades and the conveyors over
the difficult terrain. This helps raduce operating costs,

Pipelines

Coal transportation by water-based slurry pipelines involves three stages:
coal preparation, slurry tranemission and slurry dewatering at delivery point.
The coal is firat ground to a specified gize with water being added during and
after grinding until the alurry ia 45-55 percent coal by weight. The alurry
is then atored in mechanically agitated tanks to keep it in auspension. From
the tankas, the slurry is pumped through the pipeline system by poasitive
displacement reciprocating pumps located at intervals of 50-150 miles.

Holding ponds may be constructed at various points along tha way to hold the
slurry if there is a ayatem shut down. At the delivery terminal, the alurry
is dewatered by natural settling, vacuum filtration, or centrifugation.
Additional drying is often required before the slurry is used or transported
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by another mode.

Slurry pipelines are most effective for long, high tonnage hauls when water is
abundant and the coal has good dewatering characteristice. The major
advantages of this transportation system are the low cost/ton-mile, continuous
operations, low labor requirement, high availability and more direct routing.
The m&in drawbacks are the high capital coat, the need for product dewatering
and the ability to tranaport only one product (dedicated operation).

ECONOMIC CONSIDERATIONS

The selection of a transportation system is based primarily on economic
considerations. Shipping distance and tonnage requirementa contribute
significantly to these considerations since they will determine the capital
investment and operating costs associated with each system. Higher capital
investments are warranted when shipping distancea and tonnagea are high
because of lower operating costa. For short distance and low tonnage
transport, the higher capital investments will take too long to recover and
are only used when no other options exist. Transportation costs for each
transportation system are presented in Tabl2 24. In many casees a combination
of transportation syastems will be used (i.e., truck and barge, train and
bsrge, etc.) and costs will vary accordingly.

Bargeas and Ships

For long, high tonnage hauls, this form of transportation is the cheapest.
Cepital costs are high for the tugs (about $4 million each) and bargea (about
8300 thousand each for 1500 DWT); however, labor coeste are relatively low and
there are no costs for supplying or maintaining right-of-ways. This mode of
transportation is particularly cost-effective for users located on major
rivers. This transportation system in combination with trucks or unit trains
is still cost-effective for uaers located away from najor waterways when
direct unit train operations are not posaible from the source of coal.

Traina

Unit trains are the cheapest form of overland transportation for long, high

tonnage hauls. Capital costs are high for the unit train (about $7-8 million)
and track (about $0.6-1.7 million/mile). Labor coats are alao high; however,
when the end-user is too far from a major waterway or transportation by train
is more direct, thie transportation system is usually the most cost-effactive.

Pipelinaes

This transportation system is potentially competitve with unit trains. The
capital costs are high (about §0.5-1.5 million/mile of pipelina) but the labor
coats are very low. This system has not gained wide acceptance because of the
lack of operating experienca, high capital costs and the need for dewatering
the coal before further shipment or use. MNore diract routing is possible with
this mode of transport and this could make it more cost-effective then unit
trains, particularly for distancea greater than 100 miles.
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TABLE 24 COSTS OF SHIPPING COAL BY DIFFERENT TRANSPORTATION SYSTENS.

TRANSPORTATION SYSTEM CENTS/TON-MILE FACTOR ABOVE BASE
Large Ship ¢ > 120,000 DWT) 0.06-0,12 Base (1)
Small Ship 0.20-0.80 S
Barge 0.40-0.80 7
Pipeline 0.50-1.10 9
Railroad
Unit Train 0.60-1.40 11
Combination Train 1,80-2,80 25
Convayor 3.0-10.0 72
Truck 8.0-13.0 115

Source: W. Stevens, Bechtel, February 1983.

Coveyorsa

Coveyor transport of coal is expensive arnd is only justified for short, high
tonnage haula over difficult terrain. Overall capital costs are low; however,
they are quite high on a per mile basis ( about $2.4-3.1 million). This
system is used alrmost exclueively for mine-mouth power plant operationa.

Trucks

Capital costs are low for this system (about %80-100 thousand per 20 ton
truck) but high labor costs, low availability and high fuel cocts make this
form of transportation expensive. Inspite of these high costs it is the
cheapest mode for short, low tonnage hauls over moderate terrain. Trucking is
particularly cost-effective for mine-mouth plant operations and as a meana of
transport between other tranaportation aystenms.

ENVIRONMENTAL CONSIDERATIONS

The primary environmental considerations are land and water use. Rights-of-
way are raquired for roads, train trackas, slurry pipelines and conveyora.

This altera or eliminates about 7-14 acres for every new mile of right-of-
way. The magnitude of these impacta will depend on the importance of the land
as ecological, agricultural or recreational resources. The use of exiating
rights-of-way or routing around sensitive areas can minimize these impacts.

Barges, ships and slurry pipelines impact water use. Barges and ships may
loose up to 0.1 percaent of the coal and discharge small amounts of pollutants
to the waterways during operation. They also can stir up bottos sediments.
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These effects can decrease water quality to a minor extent. Slurry pipelines
utilize large quantities of water (2-2.5 x 108 gallons/million tons of

coal). Although most of the water can be recovered during dewatering it nay
be several hundred miles from its point of origin. This will probably
prohibit the use of this mode of tranaport in areas where water is limited.
Also, the water from the dewatered coal will contain increased levels of
potentially toxic subatance and coal particles and will have to be treated
before release into surface waters of marginal water quality or that are
environnentally sensitive.

There will be some minor coal dust and diesel emisaions from barges, ships,
trains and trucks and dust froer off-highway trucks.
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CONVERSION

Coal can be combusted directly or converted to gasoous (gasification) or
liquid (liquefaction) fuela and then combusted. Currently conversion
tachnologies are not competitive with naturally produced gaseous and liquid
fuels. As tha price of these fuels continue to rise, due to their limited
supply, thase conversion technologies will becoae price competitive and
necessary to support industries built around gaseous and liquid fuels,
particularly the tranaportation industry. These gasification and liquefaction
technologiss produce cleansr burning fuels that gre convenjiantly astored and
transported. Emiassion levels from combustion of these fuals ere more
acceptable from an environmental perspective as shown in Table 25.

TABLE 25. MAJOR EMISSION LEVELS FROM THE COMBUSTION OF COAL, GAS AND OIL.

EHISSIONS COAL GAS OIL
Sulfur Dioxide 660-4390 0.6 830-920
Particulates 60-9440 S5-13 140-720
Nitrogen Oxides 670-2440 80-700 130-760
Carbon Monoxide 44-88 17-20 40
Hydrocarbona 13-44 1-8 7
Source: Primer on National Gas and Methane, November 1579,

TECHNOLOGIES

Coal conversion to gaseous and liquid fuels is accomplished by addition of
hydrogen and rejection of carbon as carbon dioxide. The differences between
the various gasification and liquefaction technologies ara based on the
methods by which the Hydrogan/Carbon ratios in the feed matsrials are
transforsed to the desirable ratio in the fuel product. These different
ratios are achieved by using different contacting mechanisas batween
reactante, operating temperatures and operating pressures.

Gasification

The basic reactants for gasifying coal include coal, steam and air (or
oxygen). Coal supplies the needed carbon, steam the hydrogen and air the
oxygen. The required heat for gesification is supplied directly by combustion
of coal or externally. Direct heat is thermally more efficient and less
complicsted operationally than external heating. Gasification processas may
burn mined and prepared coal (above-ground gasification) or coal in place
(underground gasification).
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- There ara three basic gasification process schemes
(Figure 16), one for low Btu (130 Btu/standard cubic foot) gas and two for
medium Btu (300-300 Btu/scf). The combustible gases produced by these process
are carbon monoxide, hydrogen and aethene. MNethane has a heating value of
about 1000 Btu’s/cubic foot while the other two gasos have about a third of
this value. Principal noncoabustible guses are carbon dioxide, hydrogen
sulfide and nitrogen. Air is used as an oxidizing medium in the low Btu
process, oxygen and oxygen plus external heat in the Synthesis and medium Btu

gas proceases.

COAL
AIR ~——o] LOW-Blu GAS
sTEAM ——o] GASIFIER €O, Hy, €Oy, Ny, HS (BO-150 Biu/SCF)
COAL . c°21- HS
OXYGEN ——- SYNTHESIS GAS
STEAM —e| GASIFIER PURIFICATION [— o Hp (300-320 Blu/SCF)
OXYGEN —f €02 HaS
STEAM —o] GASIFER 1 MEDIUM- Bty GAS
CO, H,,CHy
{300-500 Biu/SCFY CATALYTIC HIGH-Blu GAS
COAL PURIFICATION UPGRADING _*cn,(sso-
1000 Btu/SCF)

STEAM — GASKFIER

EXTERNAL
HEAT

FIGURE 16. Siaplified process schemes for coal gasification.
(Source: S. Babu, IGT, February 1983)

Low Btu gases consist mainly of carbon monoxide, hydrogen, carbon dioxide and
nitrogen. Because of their low hesting values, they are not suitable for
distribution and must be used onsite. Using oxygen instead of air aliminates
the noncoabustible nitrogen and produces a higher heating value synthesis gas
conposed of carbon monoxide and hydrogen. The uase of oxygen plus external
heat produces a medium Btu gas containing carbon monoxide, hydrogen and
methane. The higher heating value of medium Btu gas makea it amonable to
short distance aistribution ( <10 miles) and central processing plants to
serve local industrial users are feasible. This latter gas can be
catalytically upgradoed to high Btu (1000 Btu/scf} gau. The high heating value
nakes high Btu ges suitable for long distance distribution. All the gasas
raquire some degree of purification (cleaning) or upgrading before they can be
usad. The moat common applications for gases are presented in Table 26.
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TABLE 26. APPLICATIONS OF COAL GASIFICATION PRODUCTS.

Low Btu Gas Industrial Fuel Gas
Reducing Gss for Ore Procassing

Synthesis Gas Fual Cells
Substitute for Liquid Fuels (such as Bethyl fuels
and gaeoline)
Hydrogen
Chenicals
Fertilizers

Nedium Btu Gas Pipeline Industrial Fuel Gas (for boilers, kilns
combined cycle power, fuel cells)
Reducing Ges for Ore Processing
Town Gas
Syntheais Gas and High Btu Gas

High Btu Gas Substitute Natural Gas for Domestic and Industrial Uses

The types and properties of cosl-derived gases are a function of the design of
each gasification process. The alternative processss will be a function of
the reactor and bed type as well as operating pressures and temperatures.
There are three types of reactor vessels: gasifiers, hydrogasifiers and
devolitilizers. Gasifiers produce gas by reactions between coal and water at
elevated temperatures. MNethane is produced by reacting hydrogen and coal
under pressure in hydrogasifiers. Devolitilizers decompose large coal
molecules through reactions with hydrogen. The three bed types are fixed (or
moving), fluidized and entrained. Gratza are used to support coal, through
vwhich steam or hydrogen is passed, in fixed-bed systens. Fluidized-bed
systeas use fine coals that are suspended by gases passing through them.
Finely sized coal is &lso used in sntrained systors; howvever, the coal ia
transported to the reactor in steam or oxygen. The advantages and
disadvantages of thess bed types are sumrarized in Table 27. Systen design
features of low-, medium- and high-Btu systoms can be found in Table 28.

The previous processes require coal that has been
mined and prepared for usas. Gasification of underground coal seaams ia
posaibla although more difficult because the roactions are controlled by the
coal quality, direction of flow, shapa of “reactors”, heat loss and rate of
“feed" imposed by underground conditions. Air and/or steams is forced
underground to support the controlled combustion within the coal seam. There
are two basic underground gasification proceases, classified according to the
method utilized to reach the coal seam: shaft and shaftless. Shaft sycstens
require extensive underground mining in preparation for gasification and are
used principally in Russia. Shaftleass systems utilize drilled access openings
to supply air, steam or oxygen and to collect produced gas and sre under study
in the U.S.

Before the coal can be coabusted, the permeability of the seam must be
enhanced between the inlet and outlet. This is done by directional drilling,
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ADVANTAGES AND DISADVANTAGES OF COAL GASIFICATION BED TYPES.

BED TYPE

ADVANTAGES

DISADVANTAGES

Fixed (Moving)

Fluidized

Entrained

Excallent counter-current
contact

Facilitstes thermal
gradients

Good control of residence
times

Easy to operate

Excellent heat transfer

Desirable for catalysis

Suitable for gas-solid
reactions

Simple in Design

Easy to scale-up

Can handle agglomerating
solids

Precise control of resi-
denca time

High solid conversions
possible

Poor transfer rates

Cannot handle fines

Cannot handle agglomerating
aolids

Complicated solids handling

Produces unwanted byproducts

Difficult to scale-up

Low throughput

Cannot handle agglomerating
asolids

Jerious attrition of friable
e0lids

Back-aixed solids pereit
faed losases

High pressure drop

Difficult to maintain tem-
perature gradients

Deaign of gas distributors
ia critical

Complex pressure balances in
integrated operation

Massive reactor dimensions
Linited surge capacity
Complicated reactor design
Difficult to scale-up

Source: S. Babu, IGT, February 1983

ccuntercurrent (reversing) combustion, electrolinking, hydrofracking and

explosive fracturing.

coal sean.

Directional drilling involves drilling holes in the
Countercurrent combustion burne a narrow channel between the inlet

and cutlet by establishing a narrow flama front moving in the opposite

direction aa the forced airflow.
in electrolinking.

Electric current is usad to carbonize coal
Water and chemical explosives are smployed to fracture the

coal in hydrofrecking and explosive fracturing, respectivaly.

There are three underground coal gasification concepts under study in the

U.S.: linked vertical well, longwall generator and packed-bed.

The linked

vertical well (Figure 17) employs countercurrent combustion to link two

High volumes ¢f low pressure air sre injected down the well
that served as the production outlet during linking and the fire zone moves
back touvsrd tha other well where the produced gases are collected. The
reaction front expands vertically as it moves toward the production well. For

adjacent wells.
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TABLE 28. SELECTED DESIGN FEATURES OF COAL GASIFICATION PROCESSES.

REACTOR PRESSURE HYDROGEN OXYGEN
PROCESS TYPE BED TYPE {LB3/5Q@ IN) SOURCE S30URCE HEAT PRETREATMENT COAL INPUT
Low-Nedium Btu
Lurgi Gasifier Rodified 300-450 Stear Air/ Direct 3izing Noncaking,
fixed Oxygen Burning coarse
Koppera- Gasifier Entrained Atmosph. Stean Oxygen Diract Pulverizing Caking or non-
Totzek Suspension Burning caking, < 0.003"
BuHines Gasifier Hodified Atroaph.- Stesn Air Direct Pulverizing Caking or non-
fixed 300 Burning caking, coerse
or fine
Westinghouse Gasifier Fluidized 200-300 Stean Air Direct & Pulverizing Caking or non-
internal drying, caking, < 0,003"
exotheraic integrated
g reactiona devolatileas/
desulfurizers
Ash Gasifier Fluidized Stean Air Direct Fulverizing Caking or non-
Agglomerating Burning caking, < 0.003"
High Btu
Lurgi Gasifier Rodified 300-500 3teanm Oxygen Direct 3izing Noncaking, Coarss
fixed Burning
HYGAS Hydrogasifier Fluidized 1,000 Hydrogen Oxygen Direct Sizing, slurry All fine cosls
Burning and hsating
BI-Gas Gasifier and Entrained 1,000 Stean Oxygen Direct None Liquid to Rank A
Hydrogasifier Flow Burning bitum., < 0.003"
Synthane Gasifier or Fluidized 1,000 Stean Uxygen Direcc 3izing, heat All fine coals
Devolatilizer Burning and volatilize
CO2 Gasifier or Fluidized 150 Stean Air Direct and 3izing Lignite of Sub-
Acceptor Devolatilizer Indirect bituminous, 1/8"
Burning

Source: Enerqy Alternatives, University of Oklahoms, 197S.
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a sear 30 feet thick, the front can advance 1-2 feet/day consuming all the
coal over & distance of 40-50 feet wide. The product gas has a low Btu value
becauss of high psrcentages of nitrogen (45-30) and carbon dioxide (10-13),
The longwall generator process utilizes directional drilling to drill six inch
boreholas on an incline to the coal aeam eand then horizontally through the
asan for distances of up to 3500 feet before being connected to the surface.
Additional holes will ba drilled at 100 foot intaervals betwsan thy entry and
exit boreholes. Several of these borehols aystems will be drilled parallel to
ona snother about 100 feet apart. Every other syatem will be used for gasifi-
cation and aystema in batwsen will collect the gases aa the reaction fronts
expand laterally. This process also produces low Btu gas. The packed well
concept employa explosive fracturing to prepare the coal ssam for
gasification. Gas-collecting wells are drilled to the bottom of the fractured
coal zone. The holes drilled for fracturing are then used to inject oxygen
and start a combustion zone on the surface of the fractured coal. After good
combustion is esteablished the injected oxygen is replaced by oxygen-water or
oxygen-steam mixtures. This product gas has a medium Btu valua and is easily
upgraded to pipeline quality Chigh Btu).

GAS HIGH PRESSURE
___ PRODUCTION AR INJECTION

;
=

* " DOWN HOLE

ELECTRIC HEATER |5
== ==

ET AR s A v O T —h
25, ] gl d e

-l "
RS aE

(A} VIRGIN COAL (B) IGNITION OF COAL

HIGH PRESSURE CAS LOW PRESSURE GAS
AIR INJECTION PROOUCTION AIR INJECTION PROOUCTION

" \ ST
{C)  COMBUSTION LINKING FRONT PROCEEOS TO (0} LINKAGE COMPLETE WHEN COMBUSTION ZONE
SOURCE OF AR NEACHES INJECTION WELL (SYSTEM READY
FOR GASIFICATION)

KIGH VOLUME GAS HIGH VOLUME GAS
ATR INJECTION PRODUCTION AIR INJECTION PRODUCTION

(E)  COMBUSTION FRONT PROCEEDS IN THE SAME (F) COMBUSTION FRONT EVENTUALLY REACHES
DIRECTION AS INJECTED AIR PRCUUCTION WELL

FIGURE 17. 3Schematic repressntation of Linked Vertical Well
underground coal gasificstion. (Source; S. Babu, IGT, 1983)
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The advantages and disadvantages of underground gasification are as follows;

——— Advantages —Disadvantages
Utilizes coal not econvmically Potentially unreliable due to under-
ained. ground conditions.

Einimizes health and safety Possible disruption of aquifers and
probleas. polliution of groundwater.

Produces less asurface disrup- Potential damage due to subsidence.

tion due to sclid wastes.

Low heating value gas
Consumes less wvater.

1f oxygen injection not posaible
Generates leas atmoapheric no synthetic natural gas.
pollution.

Reduces capital investment
and gas costs by about 25 percent

Liquefaction

There are two types of liquafaction processes, indirect and direct. Tha
indirect (synthesis) process utilizes synthesis gas, from hydrogasification,
and catalytic conversion to produce methanol, gasoline, or other liquid

fuels. Direct (degradation) liquefaction processes start with a coal slurry
and produce various liquid fuels depending on whether hydrogenation, pyrolysis
or solvent refining methods are employed in subsequent steps. Simplified
liquefaction process schemes are shown in Figure 18 and system design features
of various processes are presented in Table 29. The potential uses of coal-
derived liquids as substitutes for petrolaum-derived fuels is summarized in

Indirect
Medium Shitt
${ Gaailication > Btu | and
Gas Purlification
Oxygen Steam ¥
]
[}
» Fischer M Methanol - M-
v Tropsch > Synthaesis - > Gasoline
Gasoline
f,:;' amm —p Retining — Diesel
: Jet Fuel
Direct
Solids’
- Slurry N Lique- N o
> Liquid =i Synerude
Prep. v trction Separation
4
Process H,
Solvent

I
e

FIGURE 18. 3implified coal liquefaction process schene.
(Source: A. Talib, MITRE, March 1983)
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Netal-based catalysts are used extensively and thare is considerable recycling
of gases and solids in liquefaction processes. The essential steps to both
types of processes are (1) addition of hydrogen, (2) hydrocracking to lower
molecular weight compounds, (3) removal of sulfur, oxygen and nitrogen as
hydrogen sulfide, vater and ammonia, and (4) separation of unconverted coal
and ash from clean liquid fuels.

indirect Liguefaction.

This process starts with a hydrogasification stage to produce synthesis gas.
The synthesis gas is then purified to remove undesirable components, including
potential catalyst poisons. A combination of blending with recycled gas and
the "shift" reaction (steam is reacted with carbon monoxice in the presence of
a nickel-based catalyst) are used to adjust the carbon nonoxide/hyd-ogen
ratio. The carbon dioxide that results from this adjustaent is subsequently
removed. The resultent product gas undergoes catalytic conversion (Fischer-
Tropsch reaction) in the presence of iron-based catalysts to produce mainly
paraffinic hydrocarbons. These can be refined and upgraded o produce
gasoline, diesel fuel, jot fuel and pipeline gas. MNethanol and high Btu gas
can also be produced from the purified synthesis gas.

TABLE 29. SYSTEM DESIGN FEATURES FOR COAL LIQUEFACTION PROCESSES.

REACTOR REACTOR
PROCESS TEMPERATURE PRESSURE COAL INPUT
(°F) (LB5/3Q. INCH)
Hydrogenation
Synthoil 850 2,000-4,000 Pulverized, dried,
caking or noncaking
H-Coal 830 3,000 Pulverized, dried,
caking or noncaking
Solvent RNefined Coal 800 1,000 Pulverized, dried,
caking or noncaking
Consol Synthetic Fuel 800 1,000 Pulverized, dried,
caking or noncaking
Pyrolysis
COED 600-1600 6-10 Pulverized, dried,
in 4 reactors caking or noncaking
TOSCOAL 970 Atmospheric Pulverized, dried,

caking or noncaking

Catalytic Conversion
Fischer-Tropsch 600-700 330-360 Depends on gasifi-
cation procesa

Nethanol (NTG) 680-780 320 Same as Previous

S3
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TABLE 30. POTENTIAL COAL-DERIVED LIQUID FUEL SUBSTITUTIONS FOR PETROLEUMN-
DERIVED FUELS.

PETROLEUN DIRECT INDIRECT
DERIVED FUEL SUBSTITUTION SUBSTITUTION
Gssoline Nethanol
Low-energy Value Gas Methanol
Diesel Low-energy Value Gas Hethanol

Fiacher-Tzopsch Liquids

Distillate 0il Low-snergy Value Gas Jolid Fuel
Hedium-energy Value Gas
Figccher-Tropsch Liquida

Residual Fuel 0il Pyrolytic 0il
Coal or Char-oil Slurry
Low-energy Value Gas Solid Fuel
Hediun-energy Value Gas

LPG Low-energy Value Gas
Medium-energy Value Gas
Fischer-Tropach Liquids

The advantages and disadvantages of indirect liquefaction are as follows:

—u  Advantages — . Disadvanteqes

Ability to produce a wide Tharmal efficiency generally lower
variety of products seiectively. than for direct procecsses.

Already technically proven for Producing diesel fusle and kerosenes
large acale gasoline production. difficult with current technology.
More flexible gasifiers un:er Plant needs more equipment than for
development will provide greater direct proceases.

independence from coal type.

Leas severe reaction conditions
than for direct liquefaction

Pixect Liguefaection. Hydrogenation, pyrolysis and solvent refining are the
three processes used to produce liquids from coal slurries. In hydrogenation,

hydrogen gas or a hydrogen-rich solvent is mixed with the coel alurry in the
presance of a cetalyst within the reactor. This process bresks down the
complex coal structures and produces a mixture of gasea, liquids and solids
that are separated as they leave the reactor. Fuel o0il and syncrude are the
principle products. Pyrolysis is used to break chemical bonds between
clusters of coal molecules by applying heat in the absence of an oxidizing

4
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agent. Char, syncrude and gases are the main products. Solvent refining

ias eszentially pyrclysis in the presence of a solvent to obtain a liquified
product. Coal dissolves in the solvent and captures additional hydrogen. A
rapid reduction in prossure is used to drive off the solvent leaving solida,
that are low in ash and sulfur, fuel oils and high Btu gas. An additional
hydrogenation step converts the solids into liquid fuels.

The advant~ges of direct liquefaction include a higher thermal efficiency than
indirect gasification, variable output of high octane gasoline and/or middle
distillates and middle distillates suitable for jet fuel. The overriding
disadvantage of this process is that it has not been demonstrated on a large
scale.

ECONONIC CONSIDERATIONS

Gases and liquids derived from coal are currently very expensive relative to
current coal, natural gas and crude oil prices. As a result, these conversion
technologies are axpected to have limited application for the near future.
Gasification, particularly low and medium Btu, has the best potential for
penetrating the market because of it cheaper costs (Figure 1%).

F-1
(511.72)
2 s
= MTG
< y (58.40) ($9.75)
‘F (89.13) 7
2 /,'
4s7.72) 3
. 4¢‘i,pf’ (s7. (57.80)
; -
o— SKC ($6.61) _
E =" s6.59
coAL - . BuC LIQUIDS LIQUIDS
& e oLy

FIGURE 19. Comparative fuel cost for coal and coal-derived
medium Btu gas (MBG), high Btu gas (SNG), and liquid fuels.
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Thes high costs of coal-derived gaseous and liquid fuels are attributable to
high coal and fixed costs. The proportion of fixed costs to total costs are
much higher for liquefaction than gasification technologies because of the
greater equipaant requirements (Figure 20). Coal costs increase with the
quality of fuel produced but less dramatically.

6
5 - -
Fixed
Costs
= -
4 r— =
] E »
o a 3
S
E Fixed § 3
o - [--}
Costs -
o 3} = & -
[--] Lo
3 ~ -
L 23 . -
A i B
s Costs S
) Oper. w
© 2 Costs Oper. .
Lasts Fixed
Costs
. 0p.
1} Coal Coal Coal : -4
) Coal
0
HeOH SNG Medium Low Btu
Btu Gas Gas

FIGURE 20. Fixed, operating and coal costs for coal-derived
gaseous and liquids fuels. (Source: Amer. Nat. Gas Co., 1977).

Gasification

Capital investment costs vary with the type of gasifier bed, heating value of
gas, production level and coal source. As shown in Table 31, fluidized-bed
and entraincd-beds require capital investments that are about 1.6 times higher
than fixed-bed systems for a given level of production. Higher investaents
are needed for medium Btu facilites than for low Btu facilities up to a
production level of 1.0 x 1011 Btu‘s/day for all bed types. At production
levels greater than 1.0 x 1011 the investment costs are less for medium btu
systems. Capital investment/106 Btu’s decreases with increessed production for
all processes. These investrent costs/106 Btu’s reach minimal levels at
production rates of 1.0 x 1011 for low Btu gas, 1.5 x 1011 for fluidized- and
entrained-bad medium Btu systems and 2.0 x 101l for fixad-bed medium Btu gas.

Capitel investment and production cost for underground gasification systess
are projected to be 25 and 15 percent lower than above ground systeas,
principally because gasifier equipment and mining are not required.
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The estimated paféontagos of total capital investment required for the
different above ground gasification plant elements are as follous:

Coal Handling and Preparation 4
Gasification Systes 10x
Oxygen and Steam Plants 29x
Gas and Effluent Clean-up 37x
Shift and Methanation ox%
Balance 11x

TABLE 31. ESTINATED CAPITAL INVESTMENTS (§ 1978) FOR LOW AND MEDIUM BTU COAL
GASIFICATION SYSTEMS AT DIFFERENT PRODUCTION LEVELS.

PRODUCTION LEVEL FIXED-BED FLUIDIZED-BED ENTRAINED-BED
(109 BTU’S/DAY) LBG MBG LBG MBG MBG

Capital Investment
(106 Dollars)

2.5 8 - - - -
S.0 13 - - - -
10.0 24 60 - - -
25.0 57 94 104 119 -
30.0 102 132 164 174 174
100.0 189 191 300 303 303
1350.0 321 281 456 441 441
200.0 401 340 618 601 601

Capital Investment
(Dollars/106 Btu’s)8

2.3 9.7 - - - -
S.0 7.9 - - - -
10.0 7.3 18.2 - - -
25.0 6.9 11.4 12.6 14.4 -
30.0 6.2 8.0 9.9 10.5 10.5
100.0 S.7 9.8 9.1 9.2 9.2
150.0 6.5 9.7 ©.2 8.9 8.9
200.0 6.1 5.2 9.4 9.1 9.1

Source: N. R. Baker, IGT, January 1979.
2 Pased on 330 production days per year.

Liquefaction

Economic comparisons of liquefaction processes are difficult because of the
variety of possible products and the lack of large scale operating planta.
Current estimatus of capital investment and operating costs for three indirect
and one direct representative process are presented in Table 32. Typically
capital invastmentz and oparating costs will increase as the quality of liquid

57



Technologies

fuel increases because of the additional equipment requirements and recycling
of products. Increasing production levels will decrease the per unit liquid
output costs as & result of econonies of scale.

TABLE 32. CAPITAL INVESTMENT AND OPERATING COSTS FOR REPRESENTATIVE INDIRECT
AND DIRECT LIQUEFACTION PROCESSES.

1981 COSTS IN 106 DOLLARS

PROCESS CAPITAL INVESTMENT ANNUAL OPERATING ARNUAL COAL

Indirect Liquefaction

Methanol (Mobil-N) 2,668 239 3218
Methanol to Gas (MTG) 3,190 286 321
Fischer-Tropsach 3,492 321 321

Direct Liquefaction

H-Coal Syncrude 3,250 209 321

Source: A. Talib, MITRE, March, 1983.
8 Coal iriput is 27,800 tons/day for all processes.

The estimated percentages of capital investment required for indirect
liquefaction plant systems are as follows:

Gasifier 22%
Stean and Oxygen Production 29%
Gas Clean-up and 3hift 21x%
SNG Production 2%
LPG and Gasoline Production 16x
Balance 10x

ENVIRONMENTAL CONSIDERATIONS

Coal-derived fuels provide less environmental problems for the user; however,
the process of producing these fuels generates enissiona, liquid wastes and
@olid wastes. Land is also required for coal atorage, waste disposal and
facilities. These impact sources are summarized in Table 33 for gasification
and liquafaction.

The emissions are due primarily to leakage froe the gasifier and are
relatively minor. The liquid wastes from condensation and purification steps
are are potentially hazardous to biote because or the high levels of organic
chemicals, such as phanols and polynuclear aromatic hydrocarbons. Bafore
discharging to surface waters they need be treated by solvent extraction,
biclogical oxidation or carbon adsorption methods to remove the organics.
Fortunately most gesification and liquefaction plants are derigned to either
remove the organics and/or recycle the vwaste waters. Runoff from coal and
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solid waste storage piles can decrease the water quality of local surface and
groundwaters if appropriate control measures are not employed.

The solid wastes, primarily from the reactor vessels, include ash and slag
that ere not considered hazardous and spent catalyata, spsnt sorbents and
biological sludges which may be hazardous. If these latter materials are to
be atored onsite in impoundments they will have to be chemically fixed or the
ponds will require impermeable liners to prevent groundwater contamination.
The solids can be disposed of in an spproved landfill, returned to the mine,
or by despwell injection to ainimize impacts. Thias would also reduce the
amount of impacted land.

TABLE 33. COAL GASIFICATION AND LIQUEFACTION IMPACT SOURCES.

Solids Ash
Slag
Spent Catalysts
Spent Sorbents
Biological Sludge

Liquids Phenols
Aromatic Hydrocarbons
Aromatic Aminea
Alkylated Benzenes
Heavy Metals (As, Cd, Hg, Pb)
Dissolved and Suspended Solids
Biocheanical Oxygen Demand

Enisaions Sulfur Dioxide
Mitrogen Oxides
Carbon Monoxide
Hydrocarbons
Particulates

Land Facilities
Coal Storage Pila
Solid Waste Storage Pile

Source: Electric Power Research Instituto, EPRI AP-224%, 1982.

Quantitstive comparisons of the impact sources for gesification and
liquefaction are difficult since there is considerable variability within each
process and limited experience with commercial scale fscilities. However, for
most of the socurces identified in Table 33, experience with various
demonstration units indicates a great deal of overlap in pollutant quantities
and lend requirements.
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Coal and coal-derived fuels have many uses including electricity and power
generation, primary metals production, cement production, transportation,

substitutes for oil and gaa in existing facilities and as a source of stezsm
and power to various industries.
fuels are summarized in Table 34.
emphasis will be on utility applications since the majority of coal and coal-

derived fuels will be used to generate electricity.

Some of the spacific application of these
In the paragraphs that follow the primary

Transportation

applications of coal-derived fuels will not be discussed since it is unlikely
that there will be much activity in this area for the naar future.

TABLE 34. REPRESENTATI

PPLICATIONS
PROJECTS

ELECTRICITY AND

POWER
GENERATION

LIQuID FUELS FOR
TRANSPORTATIUN &
INDUSTRIAL USES

VE APPLICATIONS FOR COAL AND COAL-DERIVED FUELS.

CEMENT & OTHER
CALCINATION
OPERATIONS

OTHER
INDUSTRIES

Combustiun:

e Coal-fired power and
cogeneration plants

o Coal-otl mixture
combustion

® Fluidized-bed
combustion

Gasification:

o Gasification
retrofit

o Gasification and
combined power
cycle

® Gasification and
chemical synthesis:

~ Methanol
~ Ammonia
- M-Gasoline

e Gasification and
F.T. synthesis

e Direct liquefaction

Augient and
expand existing
utility power
supply system

Retrofit of
existing oil-
fired power
plants

Use of high-sulfur
Tow-Quality coals
in utility

bollers

Retrofit of
ex{sting oil-
fired bollers

Improved coal-based
power generation

Methanol as fuel
for advanced
9as turbines

Distillate fuels

¢ Retrofit of
existing
ofl-fired kilns

o Retrofit of
- existing
oil-fired
equipment

Methanol for
transportation
fuel

Gasoline for
transportation
fuel

Gasoline and ---
diesel fuels for
transportation

sector

Gasoline and

Source of steam
and power for:

- Teatile industry
- Distillertes

- Chemical plants

Retrofit of
ex{sting
ol1-fired
equipment

Use of low-
quality coals

Retrofit of
ex{sting
ofl-fired
equipment

Aamonia
Fertilizer
Mcthanol as

chemical
intermediate

feedstock for
petrochemical
fndustries

Feedstock for

for uttlity other
boilers and transportation f:gﬁ:i:'
turbines fuels Y
LPG for
domestic fuel
consumption
o Carbonization/ felletized .- . Source of
pyrolysis high energy sromatics
density fuel
Pelletized fuel
Pyrolytic for domestic
for utility consump:t fon
boflers
Source: A. Talib, NITRE, March 1983,
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TECHNOLOGIES-ELECTRICITY AND PROCESS STEAN

There are several ateps invoived in the utilization of coal after delivery to
the consumer. For electricity, steam and cement production, these include
handling and storage, pulverizing, coabustion, cleaning of combustion gases,
collaction and disposal of waate materials. Blending, carbonization,
quenching and drying, screening, and pig iron production are the major steps
in steel production.

Handling and Storage

Once the coal has been unloaded, it is transported to the storage pile or
directly to the plant via a system of belt conveyors (Figure 21). Coal not
transported directly fros the unloading facility to the bunkers or silos is
delivered to the yard storage area for future reclaiming. There is typically
an active (live) and a reserve (dead) pile in the storage area. The active
pile usually has enough coal for 3-5 days of operation and the dead pile, 60-
90 days of operation. Either outdcor (open) or covered storage aystems may be
utilized depending on the quantity and dust control requirements (Figure 22).
Reclaiming, sempling and blending are common coal handling operations.
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FIGURE 21, A representative coal handling and storage systes.
(Source: Elactric Power Research Institute, EPRI PE-1865, May 1981)

Qutdoor Storage. The selection of a proper site is an important consideration
in constructing outdoor stockpiles. Loads of 3,500-4,000 lbs/square foot to

the underlving soil require firm, level ground and subsoil of adequate bearing
capacity.
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Common active pile configurations are conical, kidney-shaped, and long
straight piles or windrows. The configuration selected for any givean facility
will depend on the quantity of coal to be stored and the stacking equipment
used.

Conical piles typically are built with a fixed cantilevered, stacker conveyor
equipped with a telescopic chute to restrict dust. Kidney-shaped piles are
built up with a pivoting stacker conveyor with either a fixed boom and
teleacopic chute, or an elevating boom that is raised as the pile height
increases. Long straight piles are laid down with a variety of stacking
equipment. Overhead conveyors, such as a belt conveyor with a traveling
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FIGURE 22. Types of outdoor and covered coal storage. (Source:
Coal Handling and Storage Symposium, 1981.)

tripper, or a reversible shuttle conveyor may be employed. Often a traveling
stacker that is fed by a yard belt conveyor with a traveling tripper is

uzed. The traveling atacker boon may be fixed or movable (alavating or
elavating and rotating). When large active pilaes are necessary, 4 rotating
(slewing) boom stacker will allow two long, parallel coal piles, one on either
side of the conveyor, to be laid down. Finally, the use of a combination
traveling atacker and bucketwheel reclainer with reversible boom conveyor
belt, will permit the stacking of one or two parallel coal piles, or
reclaiming from either pile to feed the in-plant storage bunkers or silos.
The reoserve pile is for long-term storage and must be constructed to minimize
weathering and spontaneous combustion. Weathering is the oxidation of coal
with prolongad exposure to air. Thia can reault is a loss of 1-3 percent of
the heating value and also alter firing characteristics. Weathering alao
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promotes slacking (reduction in size or crumbling), particularly near the pile
surface and for low-rank coals. When oxidation of the coal occurs at a rapid
rate, enough heat can be generated to cause spontaneous combustion. Spaces or
channels in the pile must be restricted to eliminate or minimize this problen.

In laying down & reserve storage pila, coal is placaed in layers 1-2 feet
thick. Each layer is compacted by dozers, graders or spreadars to a densaity
of 63-72 1lba/cubic foot to eliminate air spaces. Tha top of the pila is
shaped in a crown-like manner, and made symmetrical to perait water runoff.
The aides and top of the pile are covered with 12 inches of comapacted fines,
and then caped with 12 inches of sized lump coal to prevent erosion of the
fines. After construction of the pile, it ia chacked on a daily basis for
localizad hot spota.

Covered Storage. Facilities for the enclosed storage of coal include the in-
plant bunkers or silos, and active storaga in silos and storage barns. The
bunkers or ailos are used vo feed pulverizers or furnaces. Enclosed active
storage is generally required when fugitive dust emissions and ccal pile
runoff muat be controlled.

Bunkers are large capacity (e.g., 12-30 hour supply of coal), rectangular-
shaped bins with multiple hopper-type outlets. Thase bunkera are rapidly
being replaced with cylindrical steel silos with conical outlets because they
precent fewer problems with coal hang-up. In newer steas generating plants
each pulverizer has its own silo. These individual silos provide true first-
in, first-out withdrawal, thereby reducing the poasibility of spontaneous
combuation which exists whan coal remains dormant for long periods of time--as
is frequently tha case with bunker storage.

High capacity silos for active storage are usually slip-formed, reinforced
concreta cylinders, Thaey have multiple conical outlets, cut-off gatea end
feeders arranged to discharge onto one or more reclaim belt convaeyors leading
to the in-plant bunkers or silos. Diamaters of 70-80 feet and capacitieas of
10,000~-15,000 tons per ailo are typical. Banka of ailoa may be used when
large quantities of coal must be encloeed. These are capital-intensive
structures and when a bank of 4-5 ailos are required the atorage barn may be a
more coat effective systam.

A storage barn encloses a long, straight coal pile configuration. The barn is
basically an inverted-V shaped building made of metal eiding on a etructural
steel framework. Its aides parallel the natural angle of repoae of the stored
coal. The pile is laid down within the atorage barn by an overhead conveyor
with a traveling tripper, or a reveraible shuttle conveyor. Reclaiming ia by
a belt conveyor in a concrete tunnel below the coal pile. The conveyor
emarges from underground outside the barn and delivers the coal to a tranafer
atation or directly to in-plant bunkers or silos.

Reclaiming, Coal raeclaiming systems are broadly cluassified as below-grade and
above-grade, depending on whether coal is removed from below or above the
storage pile. The tunnel conveyor is the principal method for below-grade
reclaiming and can be adapted to a wide variety of fead systems, including
vibrating feeders, pile dischargers, rotary plow feederas and bulldozersa.

Vibrating feeders and pile dischargers are fixed units mounted at the outlets
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of feed hoppers installed at equally spaced openings through the conveyor
tunnel roof. Rotary plow feedars are traversing feeders uased in slot
reclaiming systems. Slot reclaiming is another form of tunnel reaclaining and
involves a single or double row of slots located along the sides of the tunnel
roof. The floor of the pile is sloped downward to form a V-shaped bunker over
the tunnel. The rotary plow feeder is a multi-arm rotor mounted on a 4-
wvheeled carriage that travels on rails supported by the framing of the
receiving belt conveyor. The rotor has six arma, or plow blades that
specially curved to reduce impact and increase efficiency. The rotary plow
feader provideas effective, virtually continuous reclaiming.

The reserve pile is reclaimad by bulldozer and underground hopper systenm,.
These hoppers are covered with 6 inch x 6 inch ateel grizzly or grillage to
restrict the size of coal agglomerationa. Vibrating feeders below the hoppers
are used to regulate the flow of coal to the conveyor belt.

Above-ground reclaiming systems include the bucket wheel stacker (lower
portion of Figure 22), bridge-mounted bucket wheel and drum reclaimers (Figure
23). The latter two reclaimers are uae almoat excluaively for coal bed-
blending operationa. The bucket wheel astacker-reclaimer is the principal
above-ground reclaimer. This unit can stack coal, delivered by the ground
yard conveyor and trailing tripper, or conveyor reclaimed coal to the in-plant
etorage. The components of this reclaimer are the atacking/reclaining boonm
with reversible belt conveyor, the boonm counterweight, the bucket wheel and
the traveling rail gantry mechaniesm with track wheels. Reclaiming is done by
the bucket wheel which is a series of buckets arranged around the periphery of
the wheel, at a circunferential spacing of 8-10 feet. The bucketa are acoop
shaped with two open faces, one at the leading edge (radial) and the other
vhere the bucket attaches to the wheel (tangential). Coal falls transversally
from each bucket, as it reachesa the highest point of rotation, into a chute-
like cell built into the wheel body, and then downward onto the boom conveyor
belt. Because uniform flowas of coal are poasible with proper operation, thisa
raclaimer is classad among the continuous reclaiming aystenms.

FIGURE 23. Drum reclaimer used for coal blending.
(Source: Coal Handling and Storage Symposium, 1981)

Coal Sampling, NMany plants have sampling systems to analyze coal as it is
received or as it is fired. The as-received sample analysis is commonly the

64

~
=



Technologies

besis for payment as specified in the coal contract. The as-fired sample
analysis is used to ascertain both boiler efficiency and verify that the coal
Reets environmental requireaents. A typical sampling system conaists of a
primary, secondary and tertiary sample cutter, a sample crusher and a asample
collector. Only a small portion of the coal samplaed by the primary cutter is
taken to the laboratory for analysis. The remaining coal is returnecd to the
transporting conveyor by the sample reject system (a bucket elavator or redler
type conveyor).

Goal Bed-Blending. Bed-blending is used %o procduce a horogenous mi:ture of
different types of coal, with sulfur percentages and calorific values

coinciding with design requirements. Usually two or more coals, such as low
and high sulfur, are separately stacked out in individual layers or piles (one
on top of another) of pre-dsterainad quantity, to fors long atraight piles.
Typical croas sections through these piles will consist of a series of
chevron-shaped or windrow-shaped layer~ (Figure 24) containing all the coalse
laid down in the pile. The blending takaes place as the coal ia reclaimed by a
bridge-mounted bucket wheel or barrel reclaimer. These reclaimers travel on
rails moving from one end of the pile to the other, reclaiming from the face
or cross section of the pile, The tranaverse wmovement of the bucket wheels,
and the design and spacing of the scoopa on the barrel reclaimer recover
representative proportions of the various coala in the pile. The blended coal
is then delivered to a cross-conveyor traveling with the reclaiming machine
and diacharged onto a collecting yard conveyor running parallel to the coal
pile,

FIGURE 24. Coal bed-blending configurations.
(Source: Coal Handling and Storage Symposium, 1981)
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Pulverizing

Once the coal has been delivered to a storage bunker or silo it Ray bave to be
pulverized beforea it can be fired. The use of pulverized coal hus increased
markedly over the past 30 years because of its better burning characteristics
and associated reduced labor costs. Puiverized coal burns more like a gas and
ia, therefore, easier to light and control. Alao, almost any kind of coal can
be burned when pulverized,

Pulverized coal is used extensively tn fire large furnaces for electricity and
Process stcam generation and kilns used for cement production. The steps
involved in pulverizing are coal feeding, grinding, drying, and delivery to
furnace.

Coal feeling. There are two basic types of coal feedars, belt and overshot
roll. 7Taw belt feeder is an endless belt running on two separate rollers,
receiving ccal at one end and diascharging it at the other end. The rate of
feed is coatrolled by the belt sweed. This type of fseder is used for stear
generaticn when combuation-contr.l systems require individual coal metering to
the burners. The overahot roll feeder is a multi-bladed rotor that turns
about a fixed hollow cylindrical core. Thia core opens to a feeder discharge
and is provided with heatad air to assist in coal drying and minimize wet coal
accurulations on surfaces. A hinged spring loaded leveling gate ie mwounted
over the rotor to limit the discharge from the rotor pockets. Unlike the belt
feeder thia feeder czn be integrally mounted on the aside of the pulverizer.
The rate of coal fead is controlled by the speed of the rotor. Both feeders
are conmidered highly efficient volumetric feeding devices.

Grinding. The three principal ways of reducing the coal size (comminution)

in preparation for burning are .mpact, attrition and crushing. Ball-tube,
impact, attrition and ring-roll or ball-race nills are the four types of
pulverizers and these use various combinations of these reduction methods.
Table 35 summarizes some of the important features of each of the pulverizers.

A ball-tube mill is a large hollow, horizontal cylinder that ia rotsted on its
axia. Its length ia @lightly lesas to somewhat greater than the diamater.
Heavy cast, wear-reaistent liners fit inaide the cylindrical shell and this is
filled to about one-half with forged steal or caat alloy balls varying 1-4
inches in diameter. Coal is fed into the cylinder through hollow trunniona,
intermingling with the balls as it turns at 18-35 rpm. The continual
cascading of the mixture during rotation pulverizes the coal by impact,
attrition and crushing. Impact results from the balls falling on the coal,
attrition from che particles sliding cver one another and the liners, and
crushing as the balla roll over each other and the liner. The larger coal
particles are broken by impact and fine grinding is done by attrition and
crushing. Hot air flow through the mill dries the coal and removes fines from
the pulverizing zone. A classifier allows the fine particler. to be carried to
the furnace or storage, while oversize particlaes or rejacis are roturned to
the grinding zone.

The impact mill has a series of hinged or fixed hammers revolving in a closed
chasber lined with cast wear-resistant platea. Larger coal is raduced in size
by the impact of the hammers and attrition of the coal particles as they alide
over cne another or the grinding surfaces producaes the finer sizes. Heated
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air flows through the mill to dry the coal.

TABLE 35. A COMPARISON OF SELECTED FEATURES OF THE FOUR MAJOR COAL PULVERIZER

TYPES.
PULVERIZER TYPE
FEATURE BALL-TUBE IMPACT ATTRITION RING-ROLL
Naintenance Needa Low High . High Low
Power Consumption High High High Low
Sensitivity to Meiature High Low Low Low
Size Large Compact Compact Compact
Drying Ability Fair Good Good Good
Control of Coal Fines Fair Fair-Good8 Fair-Goodd Good
Capacity High Low Low tiigh
G6rinding Surface Wear Low High High Low
Capital Coat High Low Low Low

8 Uniformity of fineness is good initially but decreases rapidly wich wear on
grinding surfacea.

Attrition mills contain pegs and lugs mounted on a high speed rotating disc in
a chamber, the periphery of which is lined with wear-resistant platas and
fixed rows of lugs. The rotating lugs mesh within the fixed luge and both
have wear-resistant alloy facings. This typs of mill has characteristics
similar to the impact mill.

Ring-roll and ball-race sills are the most comronly used pulverizers. They
utilize rollera or balla rotating at medium mpeeds over a ring or a race to
crush coal. Large particles may be reduced by impact between the cruahing
surfaces. In addition to crushing, attrition also produces finer particle
sizes aa the particles slide over one another. The roller diametera can vary
in size from 20 to 50 percent of the ring diameter (up to 110 inches), and the
ball diameter from 20 to 35 percent of the race diameter (up to 100 inches).
The face width of the roller may represent 15-20 percent of the ring
diameter. The roller may either be fixed with the ring rotating or vice
versa; although the rotating ring is used most often. Pressure is maintained
on the rolleras or races by heavy springs, or pneumatic or hydraulic
cylinders. Heated air is used to dry the coal and carry the fines away from
the grinding zone.
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Prying and Conveyance. Heated air passes through the different pulverizers to
dry the coal and to entrain the ccal fines for delivery to the furnace for
firing or to a cyclone for storage. This heated air is either drawn through
the pulverizer by suction using a fan (exhauster) located on the outlet aside
of the pulverizer or by pressure from forced air supplied by a fan located on
the inlet side of the pulverizer. The source of this heated air is either
from the combuslion gases or primary air from the room or a preheated air duct
or both. Combustion gases are generally used for direct-firing systems and
primary air or vented pulverizer air for indirect and semi-direct sy&toenms.

The coal from these latter two aystema goes froa the pulverizer to a cyclone
to separate the coal from the heated air. In the semi-direct system the coal
is then mixed with an independent source of heated primary air for tranaport
to the burners. F.r indirect-firing, the coal is transported to a storage bin
for later use. Preheated primary air ie then used to deliver the coal from
the storage bin to the burners.

Direct-firing syatema commonly use furnaces operated under suction (balanced-
draft) and the heated air will be transported through the pulverizer by
Suction. When pressurized furnaceas are used, a preasurized exhauster will
have to be used to convey hwated air through the pulverizer and transport the
entrained coal fines into the furnace.

Conbustion

Combustion for electricity generation is and will continue to be the main use
of coal. Proceas aste~rm for industrial applications (e.g., chemicale) and
cement production aire alaso important uses. The production of electricity
involves the conversion of chemical energy of coal into heat energy in a
boiler. Thie heat energy converts water into steam and the heat energy of the
stear is converted to mechanical energy by a turbine. Finally, the mechanical
energy is changed to electrical energy by a generator (Figure 25). The
production of process steam involves pasically the same steps except that the
steen is typically delivered to another user for various applications. Cenment
production utilizes coal as a heat source and the ash from the combusted coal
aids in the formation of the "clinkers".

High Pressure
High Temperature Steom
Turbine
Generator
Hect Input Elactricol
To Cycle = Botler —+Energy
\Mechomcol Enerqy
High Pressure Output To Generofor
Water Condenser
M\ltljgieetrm Low Pressure
Low Temperoture

Pump Steom
Low Pressure
Water
Blowgown Heot Rejected From Cycle

FIGURE 25. 3Simplified schematic for electricity
generation proceases. (Source: Enerqy Alternstjives, 1975)

The production of electricity or process steam can result from three typee of
combustion systems: pulverized, fixed bed and fluidized bed. The pulverized
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coal-fired boiler furnaces are the most commonly used and these nay be
horizontally, tangentially or vertically fired ayatema. Fixed bed (stoker)
combustion systems are not in general use for electricity generstion, but are
used for industrial process steam production. The four Bajor types are
spreaders, underfeeders, vibrating grates and chain grates. Fluidized bed
combustion systems are still at the demonatration atage and atmospheric and
pressurized are the two main types.

The basic compcnents of all these different firing syatem are the furnace,
boilar, superheater, reheater, economizer, condenser and combustion gas clean-
up end discharge (Figure 26). Combuation of the cosl occura in the furnace.
The furnace has water walle (boiler) which abaorb approximately 50 percent of
the heat. The water within the tubea running through the furnace wall is
partially converted to steam. This steam is transportad to the superheater to
raise its temperature above the saturated temperature level, through increased
pressure. After the superheated asteam has been used it is returned to a
reheater to increase ita temperature for reuse. Before returning to the
boiler, the stear must be converted back to water and this is done LY passing
it through a condenser. The economizer circulates boiler feedwater through
the flue gas to absorb additionai heat thereby increacing boiler efficiency.
After the cozbuation gaa has bzen utilized for steanm production and heating
the boller feedwater, flyash must be ccllected by filtering the gases through
beg houses or electrostatic precipitators and/or sulfur dioxide removes by
Zlue gas desulfurization.
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FIGURE 26. A typical pulverized coal furnace

system. (Source: Enerqy Alternatives, 1975)
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Pulverjzed Coa) Fjiring. These combustion systems are highly efficient,
producing about one kilowatt-hour for every pound of coal. This high
efficiency is achieved by using mechanical turbulence to increase the contacts
between molecules of the combustion reactants. Thie is done through multiple
or single flame envelopaes. Horizontally fired syetems use the multiple
envelop concept and tangentially fired systems the aingle envelop concept.
Vertically fired furnaces coabine featurea of both conceptsa.,

Horizontal fired asysteme utilize rows of burners located on the front wall
only or on both front and rear furnace walls. The pulverized coal is mixed
with hot combustion air in individual burner registera and enters the
combustion zone in a rotating manner. The rotation is the result of the cual
and primary air be intoduced tangentially to the coal nozzle. The degree of
resultant airswirl, coupled with the flow-shaping contour of the burner
throat, eatablishes a recirculation pattern extending several throat diameters
into the furnace. The hot products from the combuated coal sre directed back
towarc the nozzle, by the opposing furnace wall or flames to provide the heat
needed for atable combustion.

Tangentially fired ayatema have vertical rows of burners located in each
corner of the furnace. The pulverized coal and combustion air are projected
from the corners along a line tangential to a esxall circle, lying in a
horizontal plane, at the center of the furnace. A great deal of mixing occurs
where theae streams meet, creating a rotative motion similar to that of a
cyclone. This aotion apreads the flame body out to £ill the furnace area.

The coal nozzlea can be tilted up or down to burn different grades of coal,
control furnace exit-gas temperatures for variations in load, and to
compenaate for the effecta of ash depoaits on furnace wall heat absorption.

Vertically fired systems are used to fire coals that cannot be ignited easily,
such aa those with moisture-and-ash-free volatile matter less than 13

percent. They require less supplementary fuel than the horizontal or
tangential ayatess, but have more complex opersting characteristica. The
pulverized coal and combustion air is directed toward the floor of the furnace
from burners located on arched furnace walla. A long, looping flame is
produced in the lower furnace, with the hot gases diacharging up the center of
the furnace. Thia type of flame provides the long residence times needed for
combustion of less volatile coals.

Fixed Bed (Stoker) Coal Firing. These firing systems were in use long before
pulverized firing systems. They utilize much larger coal sizes (1-1 inches)
and burn the coal on grates within the furnaces. Stokers are less effective
than pulverized coal firing systems, requiring about 1.5 tons -8r kilowatt-
hour. Because of this lower efficiency they are less cost-effective than the
pulverized firing systewa at high production (electricity or steam) levels.
They are coast-effective for smaller production levels and are particularly
suitable for industrial proceas steam generation.

Spreader stokers employ rotating impellers to distribute coal across a grate
that roves toward the feeder. The finer coal particles are burnad while
suspended over the fuel bed, while the heavier particles are combusted on the
bed which liea on the grate. As the grate carries the coal through the
furnace it burns out and is discharged st the aame end as the coal feeder.
These stokers can produce 10,000-300,000 lbs. of steam/hour.
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Undaerfeed stokers utilize rotary screws or pushers to feed a retort from below
the fuel bed. Ae the coal rises into the bed the volatile gases are distilled
and mixed with air. This mixture is combusted it moves upward through the bed
igniting the coal. Combuation continues until the coal ias burned out and the
ashes are diascharged over the top of the retort as a result of new coal being
introduced from below the bed. Theae stokera can produce 5,000-50,000 lba. of
stean/hour for a single retort and 40,000-300,000 for aultiple retort systems,

Vibrating grete atokers have stationary grates. The coal is moved forward
along the grate by vibrating or reciprocating motions inparted to the grate.
These grates are water-cooled to increase the heat transfer surface. A wider
range of coal grades can utilized with this type of stoker than with spreader
or underfeed stokera. Steam production ranges from 10,000 to 200,000 lba. of
steam/hour.

Chain grate stokers are similar to vibrating stokers except a grate consisting
of bara joined together like a chain moveas the coal forward. The coal is
ignited by hot combuation gaases located above the fuel bed. The ignition
front moves downward through the bed leaving burning coke above. As the coke
is carried forward, it is consumed leaving a bed of aah that is diacharged at
the far end of the grate.

Fluidized Bed Firing. Fluidized bed principlea have been utilized for several
decades in non-combustion reactions; however, it has only been in recent yeare
that these principles have been applied to combustion reactiona. A bed of
inert materials (usually limestone) is kept in turbulent motion by bubbles
created by air being forced into the bed from below. Coal ia then added to
this bed and burned under atmoaspheric or elevated (3 to 10 atrpospheres)
pressures.

The system is initially fired by an ignition system to bring bed temperatures
up to a level that will sustain firing. The bed temperatures can then be
controlled by submerged tube banka that absorb heat. Introduced coal mixes
with the heated inert bed meterials and is quickly heated and combusated by
their churning actions. This highly turbulent condition and a high degree of
surfece area contact between particles permits more efficient corbustion of
the coal at lower temperatures (1550-1750°C) then conventional furnaces ( »
2,0009F). Such conditions also allow ths burnirg of lower grade coals. These
lower temperaturea reduce the formation of undesirsble nitrogen oxidaeas and
minimize slagging by keeping the ash well below its softening temperature.
Sulfur dioxide emissions are minimal with fluidized bed firing because they
combine chemically with the inert bed material (limectone).

Inspite of theem potential advantages of fluidized bed firing, the lack of
experience with commercial size furnaces and the current costs of the
technology have limited its application. In the U.S., it will be several
years before there will be appreciable commercial utilization and this will
primarily be induatrial applications.

Cleaning of Combustion Gases
The use of coal from a resource and economic point of view, relative to
natural gas and petroleum, has considerable benefits; however, because of its

high ash end sulfur content there are considerable environmental costs.
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Combustion of the coal in various firing gystems creates lerge quantities of
ash and in some cases sulfur dioxide. The ash that is entrained in the flue
geses is small enough to be respirable and can create serious health impacts
if controcl ssasures are not used. Sulfur dioxide may have come health
implications; however, its primery impact is the formation of acid-rain.

These two problem arsas have to be controlled by the preparation or combuation
process or by cleaning of the flue gases. Currently, moet control measures
are centered around the later approach.

Particulate Removal. The fly ash or particulates are removad from the flue
gas by dry cyclone or wet scrubber collectors, fabric filters or elactrostatic
precipitatora. The dry cyclone and wet acrubber collectors separate the fly
ash from the flue gas by mechanical means. Dry cyclone collectors remove
particulates by centrifugal, inertial, and gravitational forces developed in a
vortex separator. The particulate laden gas is admitted either tangentially
or axially over whirl vanec to create a high velocity in the cylindrical
portion of the mseparstor. This asubjects the particulates to an outward
centrifugal force. Mear the bottom of the cylindrical section the direction
of the gaa is reversed and the resultant inertia and gravity cause the
particulates to fall into a collection hopper. Efficiencies are high for
particulates greater than 20 microns and drop of very rapidly as the aize
approaches 10 microns. In wet scrubber systems, ash is forcefully bought into
contact with fine droplets of water. The ash particles adhere to theae
droplets and are carried down through & diffuser into a separator veasel.
About 95 percent of the ash particles aizes greater than 0.9 microns are
removed by thia scrubbing method.

Fabric filters have been receiving more attention recently because of their
afficiency in handling low sulfur coals which are being used more frequently
in an attempt to meet emigsion standards. The aabric is formed into a
vertically hung tube or slewve closed at the top. Flue gases are drawn
through these bags with the agh particles forming a loosely deposited cake on
the inside. The flue gas must be turned off periodically to remove thia ash
buildup by agitation or air back flow. Woven glass fiber coated with graphite
and fluorocarbon polyaers provide the beat service, but polyeater, cotton and
wool fabrics are also used. The main disadvantage of thease fabric filters is
the higher maintenance cost relative to electrostatic precipitators and higher
operating energy requirements.

Approximately 90 percent of the fly ash collacted at major power stations is
by electrostatic precipitatora. Ash particlea passing through the
precipitator become negatively charged and are attracted to positively charged
plates. Thia charge is imparted by a high DC voltaga wire. The aah particles
are deposited on the positive plates and removed subsequently by phyaical
means. Electrostatic precipitators work quite well with most coals, an
efiiciency of up to 99 percent: however, low sulfur coala interfere with the
eslectrical f :1d (high reaistivity) in the precipitator reducing its capturing
effectiveneas. Larger positive plate or deliberate injection of sulfur
trioxide are two means of countering the effect of these coalr. In spite of
this and other procblems, electrostatic precipitatoras have performed more
effectively and with fewer overall problems.

Sulfur Djoxide Removal, Sulfur dioxide gasas are removed form the flue gases

by flue gas desulfurization. There are wet or dry and throwaway or
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regenerable processes. In the U.S., the wet, throwaway process is used most

frequently.

With this process the flue gases are scrubbed by lime or

limestone slurries (Figures 27 and 28) which react with and absorb sulfur

dioxide. The removal of SO2 in thias manner is 80-90 percent efficient.
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FIGURE 27,

Flue gas desulfurization-Lirestone process.

(Source: Electric Power Reaearch Institute, EPRI PE 1865)

There are several major problems with flue gas desulfurizaticn processes
including high capital cost (& 55-145/kilowett-hour), high maintenance due to

plugging of the scrubbers and large amounts of solid waste (scrubber

sludge).,

Progress is being made on increaaing the cvapture efficiency of the

lime and limestone and developing beiter methods for regenerating the sorbent

materials.

Unfortunately these methods are not currently price competitive

and more emphaais is being placed on using low sulfur coals or using higher

levels of coal preparation to remove moat of the aulfur.

Collection and Disposal of Wastes

Bottom ash, fly ash and acrubber sludge are produced in large quantitiea at
electrical generating facilities and collection and disposal facilities are

required.
in water impounded hoppers.

Bottom ash ias collected from the bottom of the furnace and quenched
The quenched ash is then reduced in size by a

clinker grinder to facilitate tranaport by Jet or centrifugel pumps to

disposal areas.

Fly ash is collected in hopperas located below the fabric filter baghouse or

precipitator and air heaters.

used to transport the fly ash to storage bina for offsite use.
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FIGURE 28. Flue gas desulfurization-Lime process.
(Source: Electric Power Research Institute, EPRI PE 1865, 1981)

Eixed with the fly ash for transport to ash storage ponds or onsite disposal
area. The ash storage ponds are generally used for acrubber asludge (spent
lime or limestone) and bottom ash disposal.

TECHNOLOGIES-CEMENT

Cement is produced by firing a mixture of limestone, cement rock or oyster
shells with shale, clay, sand or iron ore. The firing takes place in a rotary
kiln which produces "clinkers" that are ground with gypsum to produce the
final product. Pulverized coal is the heat source for about 90 percent of the
ceaent produced in the U.S. The ateps involved in cement production are
quarrying and crushing of raw materials, blending raw materials,
pyroprocesaing in a rotary kiln and grinding of the clinkers. These ateps are
depicted in Figure 29 for a typical plant producing 1100 tons of cement/day.

The required calcium oxide (about 65 percent) comes from limestone and the
silica and alumina are derived from clay, shale or the overburden at the
limestone quarry. If iron ore is not present in these materiala, mill acale,
pyrite cinders or iron ore can be added. Industrial products such as slag and
fly ash contain carbonate frez lime, silica and alumina and may algc be

used. These raw materials or industrial wastes are ground in primary and
secondary crushers to a top aize of 0.4-1.0 inches. For wet naterials, kiln
gases may be ewployed for drying during crushing. The ground materials are
atored saparately in bins and proportioned to a grinding mill for blending
into a homogeneous fine powder. Thias fine powder can be stored dry (dry
process) or made into a wlurry (wet process) and then stored.
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FIGURE 29. How cement is produced.
(Sco:rcet: C. Redman, ANL, March 1983)

In wet process kilns, the slurry is introduced into the feed end where it
undergoes heating and drying. Chains are often used in the kiln to promote
heat transfer and evaporation of the slurry fluids. The chains also break up
the slurry into nodules that flow more readily down the kiln. After most of
the moiature has been evaporated, the nodules move down the kiln, gradually
heating to about 10109F. Calcination and clinker formation occur as the
nodulea move toward the firing end of the kiln.
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Kilns, suspension preheaters and precalciners may ba used in the dry

process. Conventional dry process kilns operate in basically the same ranner
as wat kilns; however, drying is not necessary. Additional refractory heat-
recuperative devices, such as crosses, lifters and trefoils. may be

utilized. Although the older dry process kilns were shorter, there is little
difference in size between the newer wet and dry kilns. In suspension
preheaters, the dry pulverized feed passes through a series of cyclones where
it is separated and preheated several times. Tiis partially calcines the feed
which enters the kiln at 1470-16509F. Tha kiln used in this method is much
shorter and haes an excaellent heat exchange. These kilna are also very
efficient (1334 Btu/lb. of clinker). Preheating can cause objectionably high
alkali and sulfur in the clinker and kiln exit gases mray have to be bypassed
which reduces efficiency.

Precalciner systems permit the use of smaller kilns, since only clinkering is
carried out in the kiln. Energy efficiency ia about the aame aa the
suspension preheater; howvever, there is little or no penalty associated with
the bypass of kiln exit gases. In Japan, these kilns can produce up to 11,000
tons of clinker/day as compared with 3,270 tona/day for the largeat long wet
process kiln.

Following discharge to the clinker cooler, the clinkers are conveyed to
storage or mixed with 4-6 percent gypaum and ground to a fine powder in a
finieh mill. The finished product is packaged or stored for ahipping.

TECHNOLOGIES-STEEL PRODUCTION

The production of asteel involves several ateps including coal preparation,
blending, carbonization, coke quenching, pig iron production and steel
production. Coal preparation and blending technologiea have been deacribed
earlier. Briefly, ash and sulfur levels nust be very low and this requires
Leval IV preparation. Usually low and high volatile bituminous coals are
blended together to achieve optimum coking coal characteristics. Theae
blended coals are pulverized to 75-80 percent pasaing through 0.10 inch
nesh. The prepared, blended coal is atored in larry cars above the
carbonization ovens.

Carbonization

Carbonization is the distructive distillation of coal in the absence of air.
The blended coal is fed into slot-type coke ovena (Figure 28) where it ia
exposed to temperatures of 16%50-2190°F for 16-22 hours. The 6lot-type ovens
alternate with fluea that impart heat to the ovens. The oven chambers are
about 46 feet long by 20 feet high and about 1.5 feet wide. Each chamber
holds over 30 tons of coal and there can be up to 100 chasbers per oven. The
ovens operate continually over their lifetime (20-40 years). The volatile
gasea released from the coals during carbonization are drawn off and combusted
in the fluea to provide the needed heat. The flue temperatures may reach
25000F and the chanmber walls 2190°F,

The coals located next to the chasber walls undergo carbonization first. The
coal particles initially melt, then fuse, devolatilize and solidify. The
conducted heat causes a slow progression of these reactions toward the center
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FIGURE 28. Slot-type coking ovens.
(Source: C. Redman, ANL, March 1983)

of the chamber. Once the coal has been converted to coke (essentially carbon
plus ash) it is discharged from the chamber.

Quenching

The coke is discharged, by pusher rams, through the removable self-sealing
doors located at the ends of the chambers. This “pushing™ and the subseguent
“charging"” of the chamber is done by some predeterminaed time and spacing
pattern. The coke is pushed into cars mounted on rails for transport to a
quenching station. At the quenching station the coke ies sprayed with about
260 gallona of water to cool it below its ignition temperaturae. The quenched
coke is then spread on a brick wharf for further cooling. After cooling, the
coke is scres.ed to separate it into sizes suitable for blast furnace feed (-1
X 3 inches) and iron ore aintering and boiler firing ( < 1 inch).

Pig iron Production

Coke, iron bearing material, limestone and air are combined in blast furnaces
(Figure 29) to produce pig iron. The blast furnace Ray have a hearth 46 feet
in diemeter and 197 feet in height, and a daily production rate of 10,000
tons. The materials are added from the top of the furnace, with the coke
providing asupport for the iron-bearing materials and limeatone. The pre-
heated air from the bottom of the furnace burns the coka, providing the heat
and reducing gases neaded to convert the iron-bearing materials to a fluid
state. These fluidas flow to the bottom of the furnace where the pig iron is
separated from the slag and tranaported via a ladle car to thae ateel making
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furnace. Approximately 960 lbs of coke are required for each ton of pig iron
produced.

M e SRR

FIGURE 29. Blast furnace operations. (Source: C. Redman, AKL, March 19§:.
Steel Production

The basic ateps in producing steel are 1) the refinement of the molten pig
iron, 2) charging the open-hearth furnace with limestone, iron ore and scrap,
3) heating this mixture, 4) adding the molten pig iron to the hearth mixture,
and 5) oxidation of the molten materials to produce steel. The hearth (Figure
30) ia a shallow rectangular basin that is heated by burning liquid or gaseous
fuels. These haarthe can produce 100-600 tons of steel in about 10 hours.

The liquid steel is drained from the hearth into a ateel ladle and then into
molde from the nozzle at the base of the ladle.
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ECONOHIC CONSIDERATIONS

The production of stear for electricity generat:on is the major application of
coal throughout the world. Capital investment, fuel and operating coata for
producing thias electricity are mainly a function of the type and size of coal-
firing systems and coal rank and quality.

Current coal prices favor pulverized cval-firing systema and, therefore, they
are the most commonly uzed. Stokar firing systems are toc inefsicient, at the
larger steam production levela required for central electric generating
stations, to ba cost competitive with pulverized firing systems. Fluidized
bed coabuators and integrated gasification-combined cycle systems are
attractive from a technological and environmental perspecztive; however, these
technologies are currently under development and will not be available for
commercial application until the 1580’a. These two technologies are less
sensitive to cw2l rank and quality and emit significautly less pollutants to
the atmosphere than current pulverized firing systess. Comparative cost
projectionsa for these three systems in Table 36, indicate that inspite of
lower coal costs and pollution abatament equipment custs, fluidized bed
combustor and integrated gasification-combined cycle aystems are more cosatly.

Detailed operating and coal and capital investment costs for 100 and 200 MWe
pulverized coal-fired &ytems are shown in Tables 37 and 38, repectively.
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TABLE 36. CONPARATIVE COSTS FOR THREE TYPES OF COAL-FIRED POWER PLANTS®.

PULVERIZED FIRING PRESSURIZED INTEGRATED

COSTS FLUIDIZED BED GASIFICATION

Total Capital £ 5.0 x 108 $ 6.0 x 108 $ 5.5 x 108
Spucific Capital (8/kWh) 995 1,130 1,150

Annual O&M, levelized 5 2.7 x 107 s 3.9 x 107 $ 3.1 x 107

Annual Coal, levelized $ 6.6 x 107 £ 6.2 x 107 & 5.9 x 107

Coat of Electricity

(mills/kWh) 45.9 48.6 48.1

Source: Argonne National Laboratory, ANL/FE 83-9, 1983.
@ Plants have a nominal rating of S00 MWe and use bituminous coal.

Economies of scale are obvious in these costs, since a tripling of output is
achieved at roughly a doubling of costs. Direct capital, indirect capital,
contingency and money coste represent about 49, 25, i0 and 26 percent of the
total cepital inveatment for each unit size. Equipment, labor and materials
are approximately 52, 30 and 18 percent of direct capital coste for the 100
MWe unit and 54, 30 and 16 percent for the 300 KWe unit. Fuel costs represent
about 38 and 56 percent of the annual expenses for the 100 and 300 NWe unita,
reapectively, and account for over 74 percent of the increased annual expensaes
for the 300 KUe unit.

TABLE 37. AKNUAL OPERATING AND FUEL COSTS FOR TYPICAL 100 AND 300 MWe POWER
PLANT UNITS UTILIZING BITUMINOUS COAL.

KMILLIONS OF 1983 DOLLARS
COST CATEGORY 100 KWe 300 HWe

Operating and Maintenance Costs

Labor 6.0 8.2
Haintenance NMaterials 2.2 3.0
Suppliea and Expenaes 3.0 3.8
Limestone 0.4 1.1
Waste Diepoaa) 0.4 1.1
Total Operating Coata 12.0 17,2

Coal Coats 7.4 2.1
Total Operating and Coal Costs 19.4 39.3

Source: E. Fox, Oak Ridge National Laboratory, March 1983.
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TABLE 38. DETAILED CAPITAL INVESTMENT COSTS FOR 100 AND 300 MWe POWER
PLANTS FIRED WITH PULVERIZED COAL.

MILLIOMS OF 1983 DOLLARS

COST CATEGORIES 100 Mwe 300 NUe

Direct Capital Costs

Land and Land Rightsa 5.0 5.0
Structures and Improvements 23.7 44.0
Boiler Plant 77.8 151.1
Turbine Plant 26.7 61.1
Electric Plant 18.9 33.0
Heat Rejection System 3.7 10.4
Miscellaneous Plant S.8 _12.9
Total Direct Coats 165.6 317.5
Indirect Capital Coats
Construction Services 14.4 28.0
Home Office Engineering 9.8 18.4
Field Office Engineering 6.7 14.5
Owner’s Cosat 19.0 37.6
Total Indirect Coats 49.9 98.5
Contingency 31.7 61.8
Money Coats 89.0 171.0
TOTAL CAPITAL INVESTMENT 336.2 548.8

Source: E. Fox, Oak Ridge National Laboratory, March 1983.

Flue gas desulfurization and precipitator systems are generally required to
control SO2 and particulate emissiona, particularly in larger urban areas. As
indicated in Table 39, thease syastems can account for as much as 24 percent of
the direct capital costs. Therefore, substantial savings in plant coate are
possible if the unitas can be sited in areas not requiring emission abatement
equipment.

Table 40 contains data showing the relationship between coal rank and quality
and steam generator and desulfurization coets. These data are from 15
operating 1000 MWe plants in the U.S. Steam generator and desulfurization
costs decrease significantly with incresased heating value and decreased sulfur
content. A steam generator designed for lignite can coat over % 24 million
more than one designed for bituminous coal. Desulfurization costs, on the
other hand, typically increase 8 13-14 million for each additional percentage
point of sulfur over one percent. Therefore, considerable cost savings can be
achieved by using coal with a high heating value and a low sulfur content,.
Unfortunately, naturally occuring coals that satisfy these requirements are
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TABLE 39. CAPITAL COSTS FOR EMIJSION CONTROL EQUIPMENT FOR TYPICAL 100 AND
300 KWe POWER PLANT UNITS UTILIZING BITUMINOUS HIGH SULFUR COAL.

MILLIONS OF 1983 DGLLARS

EQUIPMENT/HATERIALS 100 MWe 300 Mwe
Scrubber 19,3 37.
Precipitator 5.7 11.3
Lime Feed 5.3 10.5
Waste Disposal 8.6 16.5
Total Coats 38.9 75.8
Percent of Total Direct Capital Costs 23.5 23.9

Source: E. Fox, Oak Ridge National Laboratory, March 1983.

rare and coal cleaning is generally required to either increase the heating
value or decrease the sulfur.

TABLE 40. EFFECTS OF COAL RANK AND QUALITY ON STEAM GENERATOR AND FLUE GAS
DESULFURIZATION COSTSe,

HEATING YALUE (Btu/lb) STEAM GENERATOR COSTS (10® Dollars)
Average Range Average Range
¢, 230 5,790-6,670 131.9 129.3-134.5
7,955 7,400-8,250 118.7 114.4-134.5
9,515 8,570-9,450 110.4 107.0-121.4
10,490 9,860-11,510 107.4 107.2-107.9
11,905 11,680-12,130 106.8 106.3-107.2
SULFUR CONTENT (percent) DESULFURIZATION COSTS (106 Dollars)
Average Range Average Range

0.5 0.2-1.0 82.3 73.7-91.0

1.0 0.5-1.3 84.1 77.4-91.0

2.5 1.0-3.4 106.8 91.0-118,9

3.5 3.4-4.0 119.6 117.2-124.,1

5.5 4.0-6.9 146.6 124.1-169.1

Sourcae: Electric Powar Research Institute, EPRI-PE 1865, 1981.
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ENVIRONMENTAL CONSIDERATIONS

Major impacts to land, water and air result from the utilization of coal,
particularly large coal-fired electrical generating stations. The impacts can
result in land use conflicts, groundwater and surface water contasination,
surface water quality deterioration, reduced bioiogical productivity, acid-
rain and increased incidence of lung diseasea or illnesses.

Land

As shown in Teble 41, significant amounts of land are required for station
facilities, coal storage, ash and aludge disposal and heat dispersal. If ash
and sludge are not removed from the site periodically for offsite burial or
use, as much as 65-168 acres of land would be needed over a 30 year plant
lifetime. All the site property is easentially removed from other productive
uses (e.g., agricultural and recreational) for as long as the plant

operatea. Animals residing in the area prior to the atation are either
destroyed or displaced to contiguous habitats. Generally, the alteration of
land uase patterns by a given power plant is not a major problea unless
agricultural or recreational acreage is limited or protected biological
species are involved.

The storage of ash and sludge onsite can be a problem if soils are quite
permeable. High concentrations of toxic metals (e.g., cadmium, RRrcury, lead,
selenium, etc.) are often associated with this material and in permeable soils
these can reach groundwaters and local surface watera. This can create health
hazards or deteriorstion in surface water quality if proper mitigative
measures, such as the use of lining materials (e.g., bentonite and plastic),
are not employed. When human drinking water supplies or surface waters with
important fishery resources are likely to be adversely affected, the storage
ponda should be lined or the ash and esludge moved to more suitable disposal
areas (e.g., mined out areas and landfills).

Water

Large quantities of water are also required to dissipate the heat from the
steam, after it passes through the turbines. Usually, this is done by once-
through cooling in areas where water ic abundant and of good quality. When
water is limited or of poor quality, closed-cycle cooling is employed. Once-
through cooling consumes no water, while water is lost by evaporation in
closed-cycle systems., The heat and biocides (used to keep the walls of the
condenser free from slime) discharged to surface waters can result in asome
localized impacts if water flow is limited and mixing poor. Careful attention
to diecharge design and location can avoid moat serious problems.

Entrainment of eggs and larvae of fishery species through the condenser
typically results in 100 percent mortality in closed-cycle ayastens and 80-90
percent in open-cycle systems. Therefore, care should be taken not to locate
the intake structure in areas of high biological productivity (e.g., breeding,
feeding and nursery areas). Impingment of young-of-the-year, of important
fishery apecies, on the intake water screens is & common occurrence. In

83

‘ﬁ



Technologiee

TABLE 41. ENVIRONMENTAL INPACT SOURCE LEVELS FOR 100, 300 AND 500 MWe COAL-

FIRED POWER PLANTS.Aa

IMPACT SOURCE 100 MWe 300 MWe 500 MWe
Land Requirementa (acras)
Station (fixed) 72.5 131.5 183.0
Coal Storage (fixed) 3.6 5.2 7.0
Ash Disposal (annual) 1.1 1,8 2.8
Sludge Disposal :annual) 1.1 1.9 2.8
Waat? Heat Dispersal
Cooling Towers (fixed) 2.8 7.6 11.6
Cooling Ponds (fixed) 100-200 300-600 500-1000
Annual Water Requirements (tona)
Closed Cycle Cooling 1.0 x 106 3.0 x 106 5.0 x 106
Open Cycle Cooling 8.2 x 107 2.4 x 108 4.1 x 108
Waate Diaspoasal
With Recycle 2,100 6,400 11,0060
Without Recycle 16,000 47,000 78,000
Annual Air Emiasions (tons)
Sulfur Dioxide
With Scrubbers 1,600 5,000 8,200
Without Scrubbers 11,000 33,000 55,000
Particulates
With Precipitator 75 225 375
Without Precipitator 15,000 45, 000 75,000
Annual Heat Rejection (Btu’a)
Surface Waters 2.4 x 1012 8.3 x 1012 1.2 x 1013
Atmosphere 0.5 x 1012 1.7 x 1012 2.6 x 1013

Source: U.S Department of Interior, FWS/OBS-78/29, 1978.
@ Bituminous coal with heating value of 11,400 Btu’s/lb, sulfur content of
3.5 peircent and ash content of 10 percent.

addition to causing serious impacta to the fishery, thias can result in atation
shutdown to remove fish or shellfish from the acreena. Again these potential
problemsa can be minimized if the intake atructure is not located in
biologically productive areas.

Air

Sulfur dioxide, nitrogen oxides, carbon dioxide and particulates (fly ash) are
diacharged to the atmoaphere from the power plant stack. Sulfur dioxide and
nitrogen oxides can combine with precipitation to form acid-rain. This acid-
rain can decrease the productivity of affected crops or forests by destroying
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plant tissues. 1In a few cases, this type of rain has been krown to reduce the
PH in small lakes to levels unsuitable to biological life. Becanase these
oxides are transported great distances, the impacts are often several miles
away from the plant and may actually occur in other states or countries.
Acid-rain is uaually only a problem were air quality has deteriorsted
significantly; however, it is advisable to use low sulfur coal or flue gas
desulfurization to minimize theae impacts.

Carbon dioxide may contribute somewhat to acid-rain; however, its affect on
atmospheric heat is more important. As carbon dioxide levels increase with
greater reliance on fossil fuela, leas of the Earth’s surface heat may esacape
the atmosphere and this could cause a gradual increase in temperature. If the
ocean is not able to buffer this additional carbon dioxide, it is possible
that the resultant climatic changes could significantly affect regional crop
production and couastal water levele. There is little that can be done at any
given power station to mitigate the carbon dioxide production. If there
ahould be a potential for serious effects, the use of fossil fuels, in
general, will have to be limited.

Particulates are of particular concern Lecause of potential human health
impacts. These particulates are small enough to be respirable and can cause
physical damage to lung tissues with prolonged exposure. This is especially
true for humana with chronic respiratory ailments (e.g., pulmonary

emphysema). In addition to causing physical damage to lung tissues, toxic
metals adhare to the surface of the particulates and are readily absorbed fros
the lung tissues into the bloodatream. These toxic subatancea can concentrate
in various tissues and organs, posaibly cauaing deterioration or cancer.
Therefore, it is important that precipitators be used in areas of high
population density and/or poor air quality.
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MINING WORK SESSION
Gereral Instructions
As a team, you are to consider, discuss, and determine the following itewms:
l. The type of mining operaticn to be established.'

€. Production considerations, such as equipmert required and 1ts
availability, erergy requirements and its availability, work
force areas reeded for waste anc spoil piles, movement of materials
and persorrel, water-related problems, sccietal factors, etc.

3. Regulation, such as government policies and permits, 1rnspecticrs.
[ P [

4. Schedule for devvelopmert of the mining cperation and 1is expected
lifetine.

5. Pravision for worker safety, such as ventilati1on, support of roof,
gust cantroly and fire prevention and contral.

€. Ernvirornmental facters, such as temporary storage of material re-
moved from the mine, effects of weather (for example, erosiaon,
si1lting of streams, leachirng of acids from waste piles), effects of
blasting, and reclamaticn of the larg.

In yaur evaluatior, you may assume reascrable values for any ~arameters
required as a basis for a decision., However, you should be au'e to justify
ard explaln your cholces in follow-on discussicons with member of the teams
assigred to octher scerarics in the working sessicns for mini. .. Be aware that
there are rc predetermined or unique ssluticns for the scenarios presented.

Scenarino Number 1

You are to describe the design, development, and operation of a coal mine to
produce 1,%0@ tornes cf coal per day for use in an electrical power plant.
The wine and plant are located in your country, so assume vegetation, crops,
roads, weather conditions, etc., typical of that area.

Ar apprupriate coal ceposit is located 1@ km from the brundary of a moderate-
s.ze town., It 1s accessible by secondary rocads. At present, the land 1s
being used for foresiry and the terrain 1s Ri1lly with gocd surface drainage of
water to nearby streams. Ar adequate work force and supply of electrical
power are available in the nearby towr.

The ccal deposit consists of a three-meter thick seam, ore kilometer wide and
five kilometers in length. The seam 1s expaced and is tilted dowrward at an
angle of five degrees. The coal is lignite.

The overburden contains no rock. Because of this, there 1s a sericus
potential for cave-ins ard 1t 15 estimated that subsidence will cccur at the
rate of approximately three cm per year. There are no toxic or explosive
gases in the seam. Disruption of the current forestry operation should be
minimized.

fiz
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Scenario Number 2

A supply of 3@@ tormes of coal per day is required to support a metallurgical
operation. An appropriate depcsit of coal 1s available 1 a mountaircus
region in a rural area of your country. At present, the land is unused
although it supports vegetation. Drairage 1s rapid. Any residual material
resulting fram the mining operation should be treated so that there is no
significant ernvirormental damage due; for example, to rurn-off from the spoi!l
piles.

The cverburden consists of diart and fractured rock. The probability of sucdder
shifting «f the material above t e seaam 1s considred mocerate. Prelimirary
borings have indicatec trapped ga.es, principally hydrcogern sulfide and
methare.

The deposait 1s located approximately 152 meters underground, but 1ts latera:
extent 1s unkrown and, hence, must be determired. Iritial prabings have
indicated a variable thickress of the deposit rangxng from two to six
meters. The rarnk iz bitumnous

Scenari1c Number 3

Ore hundrec tormes of cecal per day are required for a kiln cperation (for
example, brick production). ARr available deposit 1s located unagerrieath a
swamp 1n a remzte rural area having dirt roads. At present, the swamp 15
being used for an aquaculture operation and 15 1n a moderately flat regicr.
Rssume this area Is 1n your country and at certain times of the year, there 1%
a serious flooding prablem.

The deposit 1s approximately 15 meters below tne surface and has an extent of
[~

approximately 2.5 square kilometers. The averace seam thickness :s are meter
ans the deposit corsaists of peat. The overburaen 1s clay.

There are relativeiy few pecple ir the vicinity and the supply of eiectric
power 1s very limited. No abricrmal health or safety factors are asscociatec
with this particular coal deposit. The mining operaticrn should be confined to
a small area becavse of extersive aquaculture irn tne area. Any soil o soos ]
pi1les should rnot be allowed to change the acidity of the adjacernt waters,

Ecenaric Number 4

A cement plant located rnear a moderate-size town 1n your country requires 5@
tormes of coal per day. Coal 15 avallable very riear to the town 1r an area of
flat larc now used for agricultural activities., Drainage to rearby streans
arnd adjacert navigable waterways 1s good.

The coal 1s subbituminous and it 1s located at slight to moderate (up to 30
meters! depths below the surace. [t exists in a number of 1solated pockete
having arn average area of 3,000 square meters. The thickress of the ceposit
is very large, ranging from € to 15 meters. At the surface, the overburder 1s
well-drairned, high quality so1l, changing gradually toc a mixture of earth anc
gravel with increasing depth. Adequate facilities and workforce are avallable
in tte nearby town, Because the .and is being used currently for agriculture,
the amourt of lard removed from productivity at any time must be minimized ard

8]
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it must be restored promptly to its origivnal use after each pocket of coal 1s
removed.
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PREPARATION WORK SESSION
General Instructions

The following hypothetical situation has been constructed to aid you in
applying the topics to which you have beern introduced during the preparatior
lectures.

You should understand that there 1s ro cre "correct" answer; instead your
group should approach the "problem" using the combired knowledpe of all
members of yow~ group.  Youws task is to suggest a practical "answer" basec
upcon the experience and knowledge of your group--youw can use course materials,
library backs, and lecture notes.

Based upon the information supplied in your scena~ic, you are to glscucss the
following tapice:

(17 Decide what "preparation" 15 rieeded to meet the selected enc-use.

(2) Select preparaticor processes or techriigues to achieve this ilevel of
preparation,

{2) Determine the "requirements" to produce this level of presaration
{(1.e., labor force, power, types of eguipment, and typical plant
des.igr).

(4) What "problems"” wi1ll be ercourterec (armd to wnat cegree) 1in
establishirg the level of preparation (e.g., ecoromic,cperatiora.,
heaith ana safety, envirormentai, and local practices/conditicee:”

{(5) What types of "mitigation" wouldg you suggest to avoad or reduce tre
“probliems” mentiornec 1n item (4) above?

The end-product of your group worring together wiil be a short writtern paper
on how you would suggest a solution to the “situation” posed to you. The
paper containing ycur solutiorn to the "situation” shcould be prepared so 1t cén
be shared with the whole class guring an open dlscussion Sessior.

Scenario Number 1

Your company has beern askec to pulverize coal 1n a marmer acceptaole for
electric gereration. You are requested to remove ore-half of the sulfur. The
sul fur content of the coal 15 S percent of which 1/2 15 pyrite anc &/3 1s
chemically bourd. The follewing list 1s a description of your coal:

MDISTURE  —----  S%
ASH -——— B
SULFUR ——— 5%
BTU/LE ——— 11, 900

!
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Scernaric Number ¢

Your company has beer asked to prepare ccal for a Kilrm operaticrn where arying
is required. Remcval of rock fragments will be riecessary since the ccal
consists of 7@% coal and 3@% rock. Do whatever you feel 13 rnecessary to
prepare the ccal. The following 15 a description of the ccal you will be
working with:

MOISTURE —_—— S2. 4%
ASH — 23. 2%
SULFUR —— Q. 5¥
BTU/LE _— 4,620

Scerario Number 2

Your coal firm has beern askeo to prepare caoal fer a smeltirng coperation, Orne
of your proolems 1s tao remove rock fragments, since the ccal 1s 80% cocal arc
Z@% rock., A descrapticn of your coal 1s as followe:

®

MOISTURE ———  1i3.2
ASH ——— EQL 4%
SULFUR —— R 73%
BTU/LE ——— 9,200

Scenario Number 4

Your company has decided to replace the ci1l 1t has beern using in 1ts stean
generaticr plant with cocal. The sulfur fraction in your coal 1s pyrite; thus
you wiil rneed to remove a large fract:or of tne pyr:ite sulfur, The coal
should be prepared for use in your existing combustor. A description of the
coal you plan to use 15 as follows:

MOISTURE ———— 43,0%
ASH - h. 4%
SULFUR ———— 1. 4%
ETU/LE ———— 5, 90
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TRANSPRORTATION WORH SESSION
Gerneral Instructicons

Each team will be giver a description (scernario! of a transpartation proolem
to be evaluated. The type ard quantity of ccal to be hanolec, the locaticr of
the mine, the location of the eng-use facility, and the terrairn betweer tre
mirne and the facility will be ircluded 1in the problem description. Each tean
is to determire the mode of transportaticr, evaluate trne requiremente
(equipmert, facilitieg, labor, power, etc.), identify the particular prebiens
(e.g., econmmce, operational, envircrmertal, safety, etc.) that are lirely to
arise ard 1dentify pocssible means of mitigating these prablems.  You are
encouraged to supplement the course material with your cwrn experiernces 1n
addressing these problemns.

Scenaria Number |

You are to supply 15@@ tormes of ligrnite coal per cay to an electric power
piant. This coal 1s to be provided from a single mine that 1s locateo ar av
1slandg approximately 30@ km frowm the power plant. The mire is locatea 1n
hilly, forested terrain approximately 1@ km from the coast. There are rneo
existing transportation facilities betweer: the mive and the coast or between
the mivie arnd a sma.l seaport about S@ ki away. The power plant 15 located on
the coast about 2@ km from a large coastal city,  This city has port
facilities but there are rc coal-termiral facilities.

Scenario Number &

Yiu are to supply 382 tornes of bitumircus coal per oay to a meta:lurgpiceal
faci1lity; located 1n 3 large city 2@2 km from the mire. The mire 1s locates
1n a raral, Mountalnous area with ro existing mades of transportation

nearby. It 1s €0 km from the coast but theve are rna cock facilities in the
vicinity. The city 1n which the metallurgical facility 1s locateo 1s cor

the cecast ard has dock facilities for loading arnd unloading vessels but ro
cocal terminals are an existerce.  About 300 km of coastline separate the city
and the mire. The terrain betweer them varies fram mountains to small hills.

Crernaria Number

You a~e to supply J@@ torres of peat per day to a rumber of kilns located 1+
an 1rndustrial part of a large city. The peat mire :s5 1n a coastal swamp.

The city 15 about 1@@ km 1nland and is laceted along a ravigable river. AR
water rcute betweer the mire ard the city would be about 3@ km lonc. R land
route woulc be about 15Q km long and would pass through moderately hilly
terrair., There are nc modes of land transportaticon in the i1mmediate vicirty
of the mire btut a road 1s about 22 tm away anc a railrecad 1s adbout 4 km away.

Sceriarioc Number 4

You are to determine the facilities reeded to hardle large quantities of
coal that are brought 1n by shup, by rail, ard by truck, The ccal must be
screered and crushed. Scme blending 1s required but rot all ccal i1s to pe
blended. The ccal is to be shipped out by rai1l and truck to an electric
power plant and to several i1ndustrial users.
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PLANT APPLICATION WORK SESSION
General Instructions

In these wcrk sessions you are to apply the principles giver 1n the lecturec
and in the earlier work sessions, Each team will be given a gereralizea ce-
scription of a plant application for coal use. BGiven this infaormation, you
are to determine the input requirements for this facility (fuel, water, labaor,
etc.) and to gererally describe 1ts physical reguirements (e.g., fue: supoply
system, waste handling, land requirements, etc.). You are to getermine the
coal best suited to your application and the optimum level of bereficiaticn.
You are to determine the waste praducts fram your plant arnd to describe whas
abatement techrigues are reeded ta meet tne giver standards. You are to
determire the transportation mode for praviding fuel to your plant., You ars
to select arne of the possible end use sitec for the facility and provide
reascrs for your selection.  You are to estimate the cost of fuel and tre
capital investment rnecessary for youe aoplicaticn.  You may assume tnat
sufficient capital 1s available to construct each facility but you are
expected to optimize these expenditures.

Gerieral coanditicns that appiy to all scernarios:
Particulate emissicon limits: 0.5 1n/196 Btu
- S@% emission limits:
a) 1.2 1b/1@8 Bty within 3@ km of City
b} Nane, 1f site 15 more than 3@ «m from city
- Rdequate water supply at all possidle sites
~ Possible levels af preparation
1) Screening and crushing
&) Screerang, crusring, removal of ES% of ash and 10% of sulfur
3)  Screening, crushing, remavai of S@% of ash and 2% of sulfur

Sceraric Number |
Rpplication: A rew c@@ Mde electric power plant

Possible Ccals: 1} A large mire that could be degicated to this

facility; located in mountaincus, low popula-
tion area 302 wm from city; ccal has 858Q Btu/lpb;
14 sulfury E% ash.  The mire mouth cost of coal 1y
$2/106 Btu,

) Three widely scattered, smaller mines cn an 1sland
3@ km from city; coal has 11,00Q Btu/lb; 1% sulfur;
&% ash. The mine mauth cost of ccal 1s $1.5/106
Etu,

Possible Sites: 1) Near ceal supply
€) Agricultural land 1@ km from city
3) Forest 25 km from city
4) Agricultural land 35 km from city

Possible Combustors: 1) Pulverized coal
= Fluidized bed



Scenarioc Number 2

Applicatior:

Possible Ceoals:

Possible Site:

Combustor;

Work Sescicins

Convert a 200 x 10& Btu/hr cil-fired burrer to coal/
cil, coal/water, or coal/cil/water burrer. Facility has
a 20 year lifetime remaining. If a coal/oil mixture is
used, the fuel can have a maximum coal content of 4%

by weight. If a coal/water mixture is used, the coal
content can be as high as 60%. Price of o1l is $4/10b
Btu.

1) A domestic mine located rnear a large river 10@ km
from city. Coal has 9,0@2 Btu/lb, €% ash, &.3% sul-
fur, ard 20% mcisture. Its mire mouth cost a1s
$2/106 Etu.

&) Imparted ccal of 12,020 Btu/lb, 12% ash; 1% sulfur
and 15% mcisture. Port-of-eriry cost 1s $1.8/106
Etu. The part is in the same city as the plant.

Facility 1s located in a large city.

Retain liquid fue! ccrcept.

Additicnal Considerations:

Scenario Number 3
Applicaticon:

Possible Coals:

Siting Corsideraticons:

Combustor:

Estimate the derating of the facility. An cbjective
of this cornversion is to optimize the plant per-
formance. Determine advantages or blending coal
types.

New plant producing 20@ tonnes of steel per day.

1) Imported coal of 13,000 EBtu/lb, 4% sulfur, 10%
ash, 3% moisture, 12% volatile matter. Cost of
mire mouth is $2.5/1@6 Btu at port-of-entry.

2) Domestic coal is 10,000 Btu/lb, 3% sulfur, 8% ash,
2% moisture, and 35% volatile matter. Coast 1s
$2/106 Btu.

3) Domestic coal of 3,@00@ Btu/lb, 1.5% sulfur, S% ash,
20% moisture, and 35% volatile matter. Cost at mire
meuth is $2/106 Btu,

Market for steel is in large, cocastal city
Dowestic mires are 180 km rnorth of city.
Iron cre supply 15 20@ km socuth of city
Possible sites

1) Near mine-mouth in rural area

2) Near ore supply in rural area

3) In city

4) Agricultural iand 1@ ki from city

9) Agricultural land 33 km from city

Coke burning, steel production furnace

\‘ \\ , ‘h
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Additional Considerations:
Consider advantages of coal blending

Scenario Number 4

Applicatior: A new cement plant producing 32@ tornes of cemert
per day.
Possible Coals: 1) A mire located i1n hilly terrair 1@@ km from the

city. Coal has 7,502 Btu/lp, ©.8% sulfur, S% ash
and 25% moisture. Mine-mouth cost is $2/10€ Btu.

) A mine located in flat, forrested terrain about
12@ ki frocm the city. Coal has 10,000 Etu/lo,
1.5% sulfur, 5% ash, and 20% moisture. Mirne-
mouth cost as €1.8/106 Btu.

Possible Sites: 1) Mine-mouth
€) Limestore source 2@ km from city in cppasite
direction as mires
3 In caty
4) Agricultural land 1@ km from city
3) Forest 28 km from city

Combustor: Cement kiln

1@



