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Table II-7. Energy costs in the Washington, D.C. area (1975 prices)

Residual 0il

Percentage Sulfur Cost per Barrel Differential
.5 - 1.0 $ 13.10 ---
1.0 - 2.0 $ 12.25 $ .85
2.0 - 2.8 $ 11.25 $ 1.85
> 2.8 $ 10.25 $ 2.85
Utility Steam Coal
Percentage Sulfur Cost per Ton Differential
.5 - 1.0 $ 42.00 ---
1.0 - 2.5 $ 35.00 $ 7.00
> 2.5 $ 30.00 $ 12.00
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includes coal handling, combustion system modifications and the necessary changes
in the particle emission control system (30).*

Another factor of importance is that much of the low sulfur coal found in
the west has an appreciably lower heat value than the Eastern coal. Heat values
as low as 7,500 BTU/1b commonly occur, compared to 12,000 BTU/1b (independent
of sulfur content) for Eastern coal. Thus, the advantage of low emission from
western low—sulfur éoal is offset by the fact that more coal must be burned to
get the same electric output. Transportation charges may also make use of Western
coal unattraétive. It is, therefore, not evident that use of low sulfur coal
would be cost—competitive with other pollution reduction methods (see also Table
I1-10).

Cleaning of Coal

Sulfur is either c¢hemically bound to hydrocarbon constituents of the coal
(organic) or occurs in minerals (pyrite) associated with the coal (inorganic).
Some of the sulfur éan be removed from the coal, either by mechanical or chem—
ical cleaning.

In the mechanical cleaning process (33), the coal is crushed and the in-
organic impurities are removed by screening and washing, based on the differ-
enée in specific gravity between coal (about 1.3) and the pyrite (about 5.0).
The organic sulfur cannot be removed by this process,

In Appalachian ¢oal, pyritic sulfur can be as much as 40-80 percent of the
total sulfur. Up to 80 percent of the pyrite can be removed by physical clean-
ing, leaving about 50 percent of the total sulfur (see Figure 1I-14). Since this
coal often has a sulfur content of 2.5 to 3 percent, it can therefore not be
reduced below the level required to meet the NSPS without additional emission
control. Because coal with inherently low sulfur content contains most of its
sulfur in organi¢ form, physical cleaning does not work (see last three cases
in Figure II-14). Concurrent benefits from the cleaning operation are increases
in heat value** (from 12,000 BTU/1b to 13,400 BTU/1lb), and removal of approxi-
mately one half of the ash content.

Washing of ¢oal is done routinely, although percentages of coal cleaned
has decreased from about 65 percent (332 million tons) in 1965 to 49 percent
(289 million tomns) in 1973 (32). Cost of mechanical cleaning (ranging from
$2.50 to 4.00 per ton) has increased by a factor of four to five since 1968,
mainly beéause of new government regulations of air and water pollution (32).
Capital cost for a coal cleaning facility, including cost of environmental
controls, may typically be the equivalent of an additional $12/kW in power
plant capital cost. Additional costs may be incurred to upgrade power plant
electrostatié¢ precipitators. Operating cost is in the range of $0.10 to
$0.20 per million BTU (corresponding to 1-2 mills per kW hr) (30),.

* Changes in fuel characteristics often necessitate changes in the emission
control systems.

*% Some coal is also removed in the cleaning processes so that there is a loss
in the basic resource although the energy content per unit coal as-burned
has increased.
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Figure II-14. Washability of some West Virginia coals. From U.S. Bureau
of Mines test at 3/8 inch x 0 size and 80 percent yield.
Note small reduction in sulfur content for the coals with
low inherent sulfur content (last three coal beds).
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Chemical cleaning of coal consists of grinding the coal into fine par-
ticles, which are treated with a reagent under controlled conditions of
pressure and temperature. Both inorganic and organically bound sulfur can be
removed by this process. The removal efficiency depends on a number of
phvsical and chemical properties of the process and the coal. The technology
is not commercially available, but is being pursued as an EPA development program
(34). Chemical coal cleaning will probably be expensive and not available until
the 1980's (see Table II-10).

Conversion by Coal Gasification

There are several ways of producing gas from coal (34,35). Generally, the
coal is crushed and screened before being subjected to high temperatures
(1,000 to 3,000 °F) and pressures (atmospheric to 1,000 psi). The end product
of the various processes usually fall into one of the following categories:

e low BTU gas, heat values 100-200 BTU/cu ft
e medium BTU gas, heat values 300-500 BTU/ecu ft

e high BTU pipe line quality, synthetic natural gas (SNG), heat value
around 1000 BTU/cu ft.

Coal gasification technology for power plants probably can not be devel-
oped until the middle 80's, although numerous small systems are in operation
around the world. The economlcs of coal gasification have been studied exten-
sively (30,35). Although great uncertainty exists in the projections, it now
seems that these systems will not be cost—effective in comparison to other
available fuel and control options (see Table II-10).

Conversion by Coal Liquefication

Liquid fuels can be prepared from coal by several different processes.
For power plant applications, several processes that hydrogenate coal to a
liquid have shown promise (34,35).

Commercial application of coal liquefication for power plant use is pos-
sible by the mid 1980's. Cost estimates are uncertain, but it appears that
costs will be high, and the technique will probably not be competitive with
the other techniques shown in Table II-10.

Fluidized Bed Combustion

In a fluidized bed combustion system, a grid or distribution plate at the
bottom of the boiler supports a mixed bed of granular limestone or dolomite and
pulverized coal (36,37,38). High velocity combustion air (2-5 fps) is blown up
through the bed suspending or fluidizing it. Because of the thorough mixing
and large contact area of fuel and air throughout the bed, an evenly distributed,
complete combustion can be supported at a lower temperature than in a conven-
tional boiler. The heat generated in the bed can be removed by heat exchanger
directly in the bed as well as in the heated gas flow.
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Most of the SO, produced by the combustion is removed by reaction with
the limestone or the dolomite in the bed. The limestone or dolomite cn be regen—
erated for repeated use in the boiler. The advantages of the fluidized bed
system over ¢onventional boilers include:

e high heat release rates and transfer rates in the bed which

-~ allow lower temperatures to be used (e.g., 1550-1750° F) than in a
conventional boiler (e.g., 2700° F) resulting in lower NO_ emissions

== allow boiler size to be reduced by as much as 50%Z resulting in lower
construction éost

e removal of S0, direetly at the combustion source.

Sulfur removal efficiencies of 90-95 percent have been measured on exper-
imental units using a limestone or dolomite sorbent. Nitrogen oxides are gen-
erally emitted at levels of 0.3-0.6 1lb/million BTU, well below the NSPS of
0.7 1b/million BTU. Particulate emissions can be high for fluidized bed systems,
and are very sensitive to bed operating conditions.

Fluidized beds can be operated at atmospheriec pressure or pressurized.
In a pressurized system, a gas turbine cycle can be combined with the steam
turbine cycle, with possible operating efficiencies in the 40% range. The
feagibility of thils system depends on adequate removal of particulates up—
stream from the gas turbine.

Atmospheri¢ pressure fluidized bed coal combustion systems for large
power plants will probably be operational in the mid 1980's and may well
prove to be less expensive than current combustion technology (Table 1I-10).

Flue Gas Desulfurization (FGD)

Engineering development of flue gas desulfurization systems (serubbers)
will probably receive a major impetus from the NSPS requirement for 802 reduc-
tion of the uncontrolled emissions. FGD systems use a sorbent, usually lime
{(Ca0) or limestone (CaCO3) to absorb or react with the SO, (39,40,41,42)., The
sorbent can be discarded after the use or regenerated for repeated use. The
most common FGD systems are non-regenerable. The resulting sludge {consisting
of a mixture of fly ash, caleium sulfite, caleium sulfate, and water) must be
disposed of either in settling ponds or (if treated with a fixative) in a land-
£111 tract. This disposal éan be a significant environmental problem.

A typical 1000 MW plant, burning 3.5 percent sulfur coal with 12 percent
ash ¢ontent (as fired) with a lime scrubber removing 90 percent of the S50
will generate about 200 tons of settleable slurry and ash per hour, 60 percent
of which is caléium sollds. The settled material (slurry and ash) has a spe-
cifie gravity of 1.31 gwith 60 percent water content), so that the volume
created is about 140 m”/hr. For a lifetime of pla9t3operation, assumed to be
127,500 hrs, this amounts to a volume of 1.77 x 10'm~, or a settling pond
40 feet deep with an area of about 360 acres. Implicit assumptions in this
calculation are: 75 percent of ash content becomes fly ash, 99.5 percent of
particulates are removed in the preeipitator, heat rate 9000 BTU/kWh, heat
value of coal 12,000 BTU/1lb, giving coal consumption of 375 tons/hr. For a

I1-35

www fastio.com



1imestone system, the éalcium solids are 15 to 20 percent more than for the
lime system (43).

The most important regenerable systems are the magnesium oxide (Mag0x)
and the Wellman-Lord sodium sulfite process. In a regenerable system, the
sulfur is removed from the sludge (or liquid in certain processes) and con-
verted to a marketable product such as sulfuric acid or elemental sulfur,

The sorbent medium is reused. The 1000 MW plant described above will gener-
ate about 775 tons of 98 percent sulfurie acid per day using the Magnesium
Oxide process. In the sodium sulfite processes about 275 tons of sulfur is
generated per day, and about 90 tons of sodium sulfate. About 5500 tons of
particulate slurry (15 percent undissolved solids) representing the ash, will
also have to be disposed of per day. The catalytic oxidation process will
generate about 950 tons of 80 percent sulfuric acid {about 800 tons of dry ash
will have to be disposed of per day) (43).

There has been a great deal of controversy over whether SO, scrubbers are
reliable, and whether or not they constitute "available technology” as opposed
to "experimental technology.” According to the National Academy of Engineer-
ing, FGD can be considered "available technology” i1f it can operate continu-
ously for one year with no more than 10 percent down time. Most of the early
problems with FGD systems are being solved to provide acceptable reliability
and efficiency at the high temperatures and large flow volumes of large steam
electric plants. However, while the terms of the NAE's definition are increas-
ingly being met the fontroversy continues.

The status of FGD systems is shown in Table II-8 (44). There are 139 systems
in operation, under construction, or planned as of July 1978, representing
close to 60,000 MW of generating capacity (total fossil-fueled generﬁting capa—
city of all private and public utilities was about 532,000 MW in 1978) of which
250,000 MW, or 47 percent is éoal-fired. Serubber systems are installed on
about 6 percent of present coal-fired capacity. The SO, removal efficiency is
generally in the 80-90 percent range, and reliability of the more recent install~-
ations approximates 90 percent (44).

Table II-9 shows the various processes selected as of 1978, and a projec-
tion to 1986. It can be seen that the preferred system is, and will continue
to be, limestone. Non-regenerable lime and limestone systems constituted 96
peréent of FGD systems installed in new plants and 83 percent of FGD systems
retrofitted into old plants (44). About 80 percent of present installations are
on new power plants (the remainder are retrofits), and by 1986 the percentage
of new installations will increase to 84 percent. Present projections (44)
indicate that by the end of 1986, 16 percent of the coal-fired capacity will be
controlled by FGD. This situation could be changed if the 85 percent scrubbing
requirement is retained in the New Source Performance Standards.

The cost of S0, control technologies have been studied extensively (43,
45,46), Costs to be considered are not only capital costs and operational
costs in the conventional sense, but also costs associated with the environ-
mental impacts each one of the methods will create. As discussed above, for
non-regenerable scrubbers, there will be waste disposal problems; for regen-
erable scrubbers, some waste disposal may be necessary; for coal processing,
there may be problems of water availability and pollution. Disposal of solid
waste, such as fly-ash and sludge will be covered by regulations to be
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Table II-8. Status of SO scrubber system applications as of July, 1978

Number of .
Status Units MW Capacity
Operational 40 14,440
Under Construction 42 16,834
Planned:
Contract Awarded 21 10,708
Letter of Intent 3 1,960
Requesting/Evaluating Bid 4 2,255
Considering only FGD systems 29 13,232
TOTAL 139 59,429

Table II-9. SO; scrubber system selection in terms of MW capacity

Total MW of Installations

Process 1978 1986
Lime 6,070 15,581
Limestone 7,426 26,766
Lime/Limestone 20 680
Magox 120 846
Wellman-Lord 429 1,855
Others 375 2,546
Not Selected --- 11,155

TOTAL 14,440 59,429
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promulgated by EPA under authority of the Resource Conservation and Recovery
Act of 1976 (RCRA). There are indications that EPA may designate fly-ash and
scrubber sludge as hazardous wastes. If so, disposal cost could reach $25 to
§30 per ton of fly ash or sludge (47). Cost recovery through sale of useful
by~products from some of the processes also present an estimating uncertainty.
Equipment maintenance problems present another area of uncertainty.

Although many scrubber systems are in full scale operation there is
little solid cost experience to build on because so many of the installations
involve retrofitting, with all its site specific conditions, or developmental
installations, often with shared financing, which makes it difficult to assess
true costs of installation and operation. '

Table II-10 gives an overview of the effect of 80, control techniques on
the cost of electric power. The values are developed from a number of sources
(33,46,48) and provide a rough indication of relative costs. The absolute cost
figures have considerable uncertainty attached to them and also depend on factors
which are highly variable, such as fuel costs and transportation costs.

The ¢urrent situation regarding SO, abatement can be summarized as follows:
Choice of an S0, control strategy is complicated by the interaction of opera-
tional and economié faétors, the availability of low sulfur fuel, the uncertain-
ties associated with the new NSPS requirements for 50, scrubbing and the variabi-
1ity of emission regulations throughout the U.S. However, several conclusions
can be drawn from the ¢urrent knowledge of 50, emission control technology.

Using currently available technology, all coal-fired electric power plants
in Maryland ¢ould operate in compliance with present State emission standards
by 1985.

Between now and 1985, only about half of the projected national coal demand
can be supplied with low sulfur coal. Therefore, SO, emission standards can
only be achieved through a combination of low sulfur coal use, coal-cleaning,
and FGD technology. The utilities in Maryland will reflect this mix in their
plant design and operations.

In new installations there is no major economic penalty associated with
FGD (as opposed to retrofits which are much more expensive). Cost of FGD
starting with high sulfur coal is comparable to, or slightly below, the price
of electricity using low sulfur coal, despite the large differential in capi-
tal costs.

F. Mathematical Modeling

Mathematical modeling is becoming inereasingly important for air quality
predictions and maintenance studies. Section 320 of the 1977 amendments to
the Clean Air Act (49) recognizes modeling as a necessary tool, especially as
it relates to the problems of prevention of significant deterioration (PSD)
of air gquality.

The Gaussian plume equation is currently the most widely used model (50).
It is based on the idea that, over a short time, a plume of pollutants will
tend to move with the wind iIn suc¢h a manner that the average density has a
normal (i.e., Gaussian) distribution about the mean wind direction both in the
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lateral direction and in altitudz. It is further assumed that the pollutant is
conservative, i.e., that there is no loss of pollutant due to chemical reac—
tions or ground deposition, and that the plume will be perfectly reflected

from the ground.

Attraétive features of the Gaussian plume model are its simplicity, and
the fact that the required input parameters are readily measurable. More complex
models for pollution dispersion, based on flow field analyses and solution of
standard turbulent diffusion equations, have been developed (51). However, they
require input data that are not readily available, and they do not, in general,
give consistently better results than the simple Gaussian model.

In the Gaussian model the ground-level concentration (GLC) is directly pro-
portional to the emission rate, which again is directly proporticnal to the
sulfur level in the fuel and to the fraction of S0, not removed by the scrubber.
Therefore, the data presented can easily be scaled to other values of sulfur
content and scrubber efficiency through use of the factor

F = S(1- scrubber efficiency in percent)
100 ’

where S igs the sulfur content of the fuel.

The general shape of the ground-level concentration along the plume
centerline as a function of the downwind distance x 1s shown in Figure II-15.
We can see thatr ¢, the GLC, is zero near the source, rises to a maximum, ¢
at a distance x , and then slowly decreases to zero as x Increases (for
large values of x the applicability of the model is in question, as will be
discussed later). In general, Cmax is inversely proportional to the emission
rate ¢ whic¢h in turn is proportional to the power level and the F factor dis-
cussed above. As a general approximation, ¢ ax is inversely proportional to
the square of the effective stack height (heT. The dependency on wind speed, v,
1s more complex since h, also depends on wind speed. The effective stack height
is also a function of the difference, AT, between stack gas temperature and
the ambient temperature, in such a way that h_, decreases with decreasing AT,
Therefore, a decrease in AT generally will result in an increase in ¢ x*

Thus, it is conceivable that a flue gas scrubber, while removing SO, ??.e.,
reducing the emitted quantity of pollutants) may lower the flue gas exit tem—
perature (and therefore the effective stack height) to the point where the

GLC ac¢tually increases. This is a paradoxical situation, where removal of
pollutants decreases the ambient air quality. These basic parametrie relation-
ships are important to the subsequent discussion of air modeling results as
they apply to future siting decisions.

max ?

In view of its cdentral position in air quality assessments, the limita-
tions of the Gaussian pollutant dispersion model must also be understood. There
ig a limit to the distance over which the model can be applied with any degree
of confidence even for flat terrain. Two basic factors must be considered:

e The caleculations are usually based on meteorloglcal conditions at a
point at or near the emission source. It is unlikely that these con-
ditions persist over an infinite range downwind of the source. Both
wind direction and the state of the atmosphere with respect to
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Figure II-15. Representation of the Gaussian plume equation.

www fastio.com

aoz/Z e (-%) bl
c = _Q_ ..&.___.. when o = 1 +
max{ a.a o

va;a, (hz/az b,

The a's and b's are coefficients determining the dispersion
parameters

UY 1

I
M
~

bz

il

o} a, X

z 2

The graph has been normalized to present ratio of actual ground-
level concentration ¢ to the maximum c_, as a function of actual
distance x to the distance at which the maximum concentration
will occur. The numerical values apply to Brookhaven C stability
class. Note logarithmic scales.

II-42



turbulence and other parameters affecting mixing will change. The
functional form assumed for the dispersion parameters (o's) can also
not be expected to hold indefinitely for larger values of x.

e The assumption of a conservative pollutant does not hold ad infinitum
because of dry ground deposition, wash-out, and chemical processes.
This problem is currently under investigation and some of the conversion
processes were discussed earlier in connection with the sulfate problem
(p. I1-24).

Other problems with the Gaussian plume dispersion model appear under
certain meteorological conditions. These conditions include low wind speed,
where the concept of a continuous plume is not valid and stable atmospheric
conditlions, where the "standard” dispersion coefficients to an elevated plume
rising from a tall stack are not necessarily applicable.

There is also a problem in applying the Gaussian model in rough {non—-flat)
terrain where topographical features strongly affect the air flow. A number of
Gaussian rough terrain models are in common use (51). Most of them are rather
primitive, in the sense that they take the Gaussian plume and modify the effec—
tive height of the emitting source by some fraction of the height of the terrain
at the point of plume impingement. This type of model generally does not agree
with measured GLC, [e.g., Power Plant Siting Program studies at Luke, Maryland
(52)].

The general Gaussian model has been tested extensively in the Maryland
Power Plant Siting Program for three different power plants and for various
algorithms for determining stability classes, dispersion parameters and plume
rise. For flat terrain the best model was found to agree with measured con-
centrations to within a multiplicative factor of 2 in about 70 percent of the
126 cases that were tested (53).

The thrust of current development in the Siting Program is toward mathe-
matical models that consider actual flow patterns. Flow patterns, air pressure
distributions and velocity profiles are studied in wind tunnels simulating
the existing meteorological and topographic conditions. It is expected that
this ongoing work will lead to a better understanding and formulation of the
underlying physical principles of dispersion. In practice, the influence of
local features (i.e., local emissions, and local topography and meteorology)
can create great differences between actual point measurements and model pre-
dictions.

Plume measurements have generally been confined to ground level. It is
possible to make airborne measurements, but these are expensive and beset with
practical problems such as helicopter rotor downwash interference and instru-
ment time response problems from fixed wing aircraft. Improved measurement
methods are expected to aid materially in future model development. The Power
Plant Siting Program, in cooperation with NASA, has been using Lidar {(a laser-
type remote sensing instrument) for plume measurements (54). The Lidar is
useful in studying details of plume rise (near the stack), vertical plume struc-
ture, and three dimensional development along the plume. The demonstrated
capability of Lidar to track particulates is currently being extended to chem-
ical pollutants such as S0, and photochemical oxidants.
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G. Regulatory Effects

The Clean Air Act Amendments of 1977 are of major importance in that they
give specific legislative direction to “prevention of significant deterioration,’
one of the most controversial concepts of air pollution control.

The amendments also give focus to other control approaches which have devel-
oped over the years since the previous amendment to the Clean Air Act was passed
in 1970, Some of the most significant areas of importance to power plant siting
and operation are discussed below.

Stack Height and Intermittent Control

One of the air pollutant control techniques proposed (and in some cases
implemented) by electric utilities was the use of tall stacks, switching of
fuel, and switching of load between plants In such a manner that the air shed
impact, in the form of pollutant GLC was minimized.

EPA argued against the acceptability of this method on the ground that
tall stacks and switching of load to other plants in a utility system did not
diminish emissions, although a better air quality, as defined by GLC was
attained by spreading the pollutants.

The new act essentially eliminates the use of these dispersion techniques
by denying credit for pollution abatement by these techniques. In particular,
credit is denied for stack height exceeding "good engineering practice,” which
is "the height necessary to insure that emissions from the stack do not result
in excessive concentrations of any air pollutant in the immediate vicinity of
the source as a result of atmospheric downwash eddies and wakes which may be
created by the source itself, nearby structures or nearby terrain obstacles.”
(Section 123 of the Act) EPA has recently proposed a set of regulations per-
taining to tall stacks (55). The height for good engineering practice is inter-—
preted as the height of the structure plus 1.5 times the lesser height or width
of the structure. “Nearby" is taken to be a distance up to 5 times the height
or width of the structure, but not more than 0.5 miles (0.8 km) away unless a
greater height is necessary to avoid the excessive concentrations referred to
above.

The height of the source, i.e., the structure of a power plant, is typi-
cally such that stack height is limited to the 500 to 600 feet range. It is
not clear at this time whether cooling towers (which range up to 430 feet tall)
are to be included as source structures. If they are (and there are often good
engineering reasons for including them), then the law provides no practical
limitation upon stack heights. If they are not, then the stack height limita-
tion may be important to meeting the prevention of significant deterioration cri-
teria as will be discussed below.

Non—Attainment Areas

When an area exceeds Federal ambient air quality standards, it becomes a
non-attalnment area, and no further growth in pollutant emissions from ma jor
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sources is allowed.* To permit new Industries to locate in such regions, the
EPA (under the Clean Air Act) has promulgated a policy of "emission offsets”
(49). A new power plant, if it wishes to locate in such a region, must not only
meet an emission limitation specified as the Lowest Achievable Emission Rate
(LAER) for that source, but must also provide for sufficient reduction of
emissions from other sources (its own or others) in the area to offset its new
emissions, so that "reasonable progress toward attainment of the applicable
NAAQS" is made.** Any power plant, outside the non-attainment region, producing
a "significant” decrease in the air quality of the non-attainment region, is also
subject to an offset requirement.

Although the idea behind this policy is to satisfy the competing needs
of growth and maintenance of air quality, it entalls several significant con-
sequences. First, it appears to give industries now emitting major amounts
of pollutants the power to sell "pollution rights.” That is, they could sell
the right to clean up their output levels to whomever they chose {or refuse
to do so) for more than the price of the control equipment. In fact, it is
possible for a company to be economically responsible for the operation and
maintenance of another company's pollution controls. Another consequence is
that the economic burden of controls, both for its own plant and the offset
plants, would be borne by any new source (as opposed to the sources already
located in the area). Thus, unless there are compelling economic considera-
tions for locating in a particular region, power plants will tend to locate
far enough away from non-attainment areas so that they will not be subject
to an offset.

In Maryland there are presently four pollutants for which non-attalnment
areas exist: particulates and carbon monoxide (Baltimore and Western Maryland),
hydrocarbons, and photochemical oxidants (Baltimore, Washington, and scattered
areas elsewhere). Bacause of the differing sources and nature of these pollu-
tants, different offset policies have been developed.

Any source increasing the goncentration of particulates in a non—attain-—
ment area by more than 1.0 ug/m” (annual average) or 5.0 1g/m~ (24 hour
average) 1s subject to an offset (49). To estimate the implications of this
policy for power plants, a typical 1000 MW coal-fired generating station
emitting at the new source performance standards (Table IT-3) was modeled for
“worst—case” conditions. The results indicated that, to aveid an offset,
such a plant would have to locate 10-15 miles from the border of a non-attain-
ment area, depending upon the local meteorology.

Photochemical oxidants, because of the regional nature of their emissions

and their slow reaction/deposition rates, have been approached from a larger
geographic scale. According to a draft EPA policy (56) any major source

* Although the present discussion will center on power plants, the conclusions
will be valid for all large emission sources with similar characteristics.

** The applicant must also certify that all the existing major sources he owns
or operates in the same state are in compliance with the applicable emission

limitations or are meeting the target dates of a compliance schedule.
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(greater than 50 tons/year) locating within an 85 mile circle of Baltimore

or Washington would require an offset. When similar circles around Pittsburgh
and Philadelphia are considered, most of the State (all except the tip of
Garrett and Worcester Countles) is subject to an offset. In this case, the
offset is not the for primary pollutant (O,) but is for a percursor,
non-methane hydrocarbons (NMHEC). A typica% 1000 MW generating station produces
ahout 250 tons/year of NMHC.* The major difficulty in this offset policy is
finding controllable stationary sources that can produce an offset. Table II-3,
the State—wide total emissions inventory, shows that 77 percent of the NMHC
emissions (in 1975) come from mobile sources (automobiles and trucks). When
road resurfacing is added, the transportation sector produces 85-90 percent

of the total emissions. Clearly, any strategy to control hydrocarbons should
include this sector.

These policies are now being used to evaluate the proposed expansion at
Sollers Point (100-600 NW of gas turbinmes). The proposed site is a non-—attain-
ment area for particulates, hydrocarbons, and photochemical oxidants. The
preliminary site investigation (37) indicates that the plant will have to meet
the offset requirements listed above. An output of six hundred megawatts,
previously proposed by BG&E, has been ruled unsuitable by the Department of
Natural Resources. A detailed site evaluation study now in preparation by
Applied Physics Laboratory of Johns Hopkins University will more clearly
define available options and requirements. In the 1978 Ten-Year Plan, BG&E
listed a proposed installation of only 100 MW (58).

Thus, the existing non—attainment areas in Maryland will influence the

siting of future fossil-fueled power plants eilither by requiring use of an
offset or by requiring the plants to locate outside the affected region.

Prevention of Significant Deterioration (PSD)

The most significant change within the Clean Air Act relates to PSD (39,60).
The law establishes upper limits on allowable air quality changes for S0, and
particulates. It designates three classes of areas with differing restrictions
on increases in pollution levels. The allowed increases (increments) for each
area and the comparable standards are shown in Table II-11. The total increments
caused by all users must stay within the specified limits.

The Class I area designation is reserved for regions where it is desir-
ahle to maintain the present alr quality. Automatically classified within
this category are international parks, national wilderness and memorial parks
over 5000 acres in size, and national parks over 6000 acres in size. Other
areas may be added to this list by the State, in some cases at the suggestion
of the Federal Land Manager. Maryland has no Class I areas at this time,**
although there are several such areas in nearby Virginia and West Virginia.
Figure II-16 shows the mandatory and discretionary areas in and near Maryland
that have been mentioned by Federal agencies for possible Class I designation.

* Emission factor under revision by EPA (28).

*#% Fort McHenry has been proposed as a Class I area by the National Park
Service.
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Table II-11. Prevention of significant deterioration of air quality.
Maximm allowable increase in ground-level concentration
of particulate matter and sulfur dioxide under the provi-
sions of the Clean Air Act Amendments of 1977*

Maximum Allowable Increases ug/m3

Area Designation Class I Class II Class III

Pollutant:

Particulate Matter

Annual Geometric Mean 5 19 37

24-hr Maximm 10 37 75
Sulfur Dioxide

Annual Arithmetic Mean 2 20 490

24-hr Maximum 5 91 182

3<hr Maximum 25 512 700

* The allowable concentrations must in no case exceed the concentrations
permitted under the national primary and secondary ambient air quality
standards.
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Clags II areas have increments allowing moderate industrial growth. All
areas of the country not originally classified as Class I start out in this
category.

Class IIT areas are less restricted and may allow fuller industrial devel-
opment. A Class area may he redesignated Class III only after a process
involving the Governor, the legislature, and "general purpose units of local
governments.” The actual procedure is not determined at this time.

When the allowable increment for an area has been used, an offset policy
will probably come into effect. EPA is presently formulating this policy (61).
Thus, it may be important to keep this ultimate possibility in mind while
evaluating specific plant designs. For example, any coal-fired facility which
now burns high-sulfur coal or oil may, during its lifetime, be expected to
eventually burn low-sulfur coal or oil (perhaps cleaned to that level). So,
it may be advantageous to ensure that the equipment is compatible, or easily
convertible, to that type of fuel.

Although the PSD presently applies only to 802 and particulates, EPA must
establish regulations by August 1979 regarding PSD for hydrocarbons, carbon
monoxide, photochemical oxidants, and nitrogen oxides. If national amblent air
standards are established for other pollutants at some future date, corresponding
PSD regulations must be promulgated within two years of that date.

For power plants which are required to switch to coal as a result of an
order under the provision of the Energy Supply and Environmental Coordination
Act of 1974, the added concentration due to increased emission will not be
applied against the allowable increment for a period of five years. The same
congideration applies to plants converting from natural gas as the result of a
natural gas curtailment plan implemented under the Federal Power Act.

With the PSD restrictions the question of long-range, interstate trans—
port of pollutants becomes important because a large coal-fired plant, located
in Marvland, could use up part of the available increment for up to four states.
It is not clear at this time what recourse a state affected by the siting of a
source in a neighboring state (and not causing a violatlion of standard) would
have. The present amendments (Section 126) call only for "written notice to all
nearby states...at least sixty days prior to the date on which commencement of
construction is to be permitted.”

To investigate the potential impact of the Clean Air Act Amendments upon
power plants within the State, several representative cases have been modeled,
using the Gaussian plume model for typical power plants in the following range
of variables:

¢ plant capacity: 100 - 1500 MW
o stack height: 100 - 700 feet
e exit temperature difference: 30°C and 90°C

The lower exit temperature difference Is typical for a power plant where
the flue gas is not reheated after passing through the SOZ scrubber, while the
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higher AT corresponds to a moderate reheat. (It is not yet known whether

EPA will allow reheat to be considered in calculations). The 1000 MW power
plant used in the modeling has a stack diameter of 35 feet, an exit velocity of
41 feet per second, burns two percent sulfur coal, and utilizes a ninety-nine
percent efficient particulate precipitator and an eighty percent efficient S0
scrubber for emission control. With these parameters, the numbers quoted for
sulfur dioxide concentrations can be converted to particulate levels by divid-
ing the quoted concentration by 5. The 50, ground—level concentrations scale
directly as power level, sulfur content of the coal, and percent of 50, emitted
from the scrubber. The calculations are for flat terrain, and thus would not
apply in the rough terrain of western Maryland (in rough terrain, the specific
locations of mountains, valleys, and stacks must be considered in each indi-
vidual case).

The annual average ground—level concentration depends primarily on meteor-
ological conditions, as defined by the annual windrose {(counsidering stability
class and wind persistency); by the difference AT, between the flue gas exit
temperature and the ambient temperature; by the physical stack height; and by
the power plant emission rate (which depends on power level, in addition to the
sulfur content and scrubber efficiency as discussed above). Using the windrose
at the Baltimore-Washington International Airport (BWIA) as a representative
case for Maryland, the annual average ground-level concentrations were calculated
for several plant configurations. These results are summarized in Figures II-17
and II-18, which show the maximum annual average of S0, as a function of power
generated and stack height. In all cases for moderate stack heights (500 feet),
the increase in concentration is less than twenty-five percent of the Class II
increment.

Two meteorological situations have been considered in order to establish
the worst situation to compare to the 24-hour average increment.

1) Neutral atmospheric stability with high wind (8m/sec) and persistent
wind direction.

2) Unstable atmospheric conditions with light wind, typically for 8 hours
followed by persistent wind direction and stable conditions for 16 hours.

These conditions occur rarely in Maryland (only a few times a year), but,
depending upon location, may occur frequently enough to be the determining
factor in a plant siting decision. Results of calculations for these meteoro-
logical conditions, shown in Figures II-19 and II-20 for a plant employing reheat,
indicate that a 1000 MW plant with a 500 foot stack would be allowed in a
Class II area, although a significant percentage of the allowable increase (up
to fifty percent) in Class IT regions would be used. Thus, depending upon the
local frequency of these meteorological conditions, the siting of a power
plant might lead to future sources requiring an offset. For conditions other
than the two named above, 24-hour average concentrations would typically lie
below 30 ug/m° for a 1000 MW plant with a 500 foot stack.

Calculations for the three-hour average indicate it 1s not a restraining
factor for PSD in a Class II area.

The final area of conecern, long range transport of S0, into Class I areas,
is a difficult area to analyze. The Gaussian plume model is not accurate at
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distances beyond 20-30 miles (as explained in Section F), the meteorological
data necessary for realistic calculations (high level and profiles every 20-30
miles) are not available, and the Interaction of pollutant plumes from various
sources 1s not well understood. One indication of this difficulty is the large
difference in the annual windrose from National Airport, Dulles Airport, BWI,
and Patuxent Naval Air Station (as shown in Figure II-21). Despite the fact
that all four airports are located within a 50 mile radius, the windroses are
different. A plume emitted at National might change direction by the time it
reached Southern Maryland or Baltimore, and vice-versa. Still, by looking at
various limiting cases, we can gain insight into the effect of a Class I area
upon power plant siting. The two meteorological conditions mentioned above
give upper limits to the "zone of influence” (the maximum distance) from which
a power plant would be excluded. A more common condition, medium winds

(5 m/sec) for 10 hours followed by stable conditions, gives the minimum exclu-
sion distance. The exact exclusion area {to be determined by site specific
meteorological studies) would be somewhere between the two. The results of
these calculations are shown in Figures II-22 and TII-23. Although the Gaussian
plume model is not adequate to deal with tramsport over these large distances,
we obtain the following indications (see Figure II-24).

A 1000 MW power plant using a 500 foot stack and burning two percent
sulfur coal with an eighty percent scrubber could not be located closer than
90 (and possibly not closer than 200) miles to a Class I area. If the same
plant burned one percent sulfur coal, the plant could not be located closer
than 40 (and possibly not closer than 75) miles to a Class I area. Thus,
the designation of a Class I region in, or mearby, Maryland could:

e limit a substantial portion of the State to allow only the siting
of small fossil-fueled plants,

e make the operation of new plants more expensive by requiring the
use of low-sulfur in addition to scrubbing, and

e encourage the use of nuclear power because of the two points made
above.

In summary, the effects of the PSD provisions of the Clean Air Act will
be to:

e limit the increase in pollutant levels,

e require power plants to locate moderate distances away from each
other and from other major emission sources, and

e establish power plant exclusion zones around Class 1 air quality
reglons.
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502 in the Atmosphere: A Wealth of Monitoring Data, But Few Reaction
Rate Studies. Urone P. and Schroeder, W.H. Environmental Science
and Technology, Vol. 3, No. 5. May 1969.

Conversion Rates of 504 to Submicron Sulfate in the Plume of a Coal-
Fired Power Plant in the Western United States. Wayne 0. Ursenbach
et al. Presented at 70th Annual Meeting of the Air Pollution Control
Associatisn. Toronto, Ontario, Canada. June 20-24, 1977.
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24, Seasonality and Regional Trends in Atmospheric Sulfates. Neil H.
Frank and Norman C. Possiel, Jr. Presented Before the Division of
Environmental Chemistry, American Chemical Society, San Francisco,
California, August 30 - September 3, 1976,

25. Report to Congress on Control of Sulfur Oxides. February 1975.
EPA 450/1-75-001.

26. Determining the Geographical Area for Supplementing Oxidant Control
Strategies. U.S,., Environmental Protection Agency. January 1977.

27. Baltimore Oxidant Study 1977, Gary M. Klauber, Power Plant Monitoring
Program, August 1978,

28. BAQNC/personal communication.

29. Electrostatic Precipitation of Fly Ash, Harry J. White APCA Reprint
Series, July 1977. Air Pollution Control Association, Pittsburgh,
PA 15213.

See Also:

Air Pollution Control for Industrial Cost Fired Boilers, by Allen H.
Jones in Power Generation: Air Pollution Monitoring and Control
K.E. Noll and W.T. Davis. Ann Arbor Scilence (1976).

Electrostatic Precipitation: Predicted vs Actual Efficiencies, by
Kenneth Stamper and K.E. Noll.

3o, 802 Control Methods, Ponder, W.H, et al. The 0il and Gas Journal.
December 13, 1976, pp. 58-68.

31. Coal Reserves in Maryland — Potential for Future Development. Weaver,
K.N. et al. Department of Natural Resources, Maryland Geological
Survey, Information Circular 22, 1976.

32, Survey of Alternative Air Pollution Control and Fuel Strategies for
the PEPCO System 1975-2000. J. Pfeffer Project Leader. MITRE Techni-
cal Report MTR-6934, April 1975, MITRE Corp. McLean, VA 22101,

33, Coal Cleaning with Scrubbing for Sulfur Control. U.S5. Environmental
Protection Agency, August 1977. EPA 600/9-77-017.

34. Industrial Research Laboratory - RTP Annual Report 1976, Office of
Energy, Minerals, and Industry; Office of Research and Development.
U.5. Environmental Protection Agency. Research Triangle Park,
N.C. 27711.
See Also:
Publication List, May 1978, Electric Power Research Institute (EPRI),

Research Reports Center P.0. Box 10090, Palo Alto, California 94303,
Gives an extension list of EPRI reports available on these technologies.
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35.

36.

37.

38.

39.

40.

41,

42,

43-

Ly,

45,

46.

47.

48,

Coal Processing Technology, CEP Chemical Engineering Progress, Vol.
73, No. 6, June 1977,

The U.S. Environmental Protection Agency's Fluidized-Bed Combustion
Program. FY 1976. EPA 600/7-77-012. February 1977.

The U.S. Environmental Protectlion Agency Program for Envirommental
Characterization of Fluidized-Bed Combustion Systems. D.B. Henschel.
Presented at the Symposium onr Health/Environmental Effects and Control
Technology Aspects of Energy Research and Development. Sponsored by
EPA, Washington, D.C. February 9-11, 1976.

Environmntal Assessment of the Fluidized-Bed Combustion of Coal --
Methodology and Initial Results. K.S. Murthy et al. Paper No. 77-26-6.
The 70th Annual Meeting of the Air Pollution Control Associlation,
Toronto, Ontario, Canada, June 20-24, 1977.

A History of FGD Systems Since 1850 (a condensation of history from
the status of flue gas desulfurization applications in the United
States, Vol. 27 Wo. 10, pp. %48-961. October 1977.

The Status of S0, control systems. H.S. Rosenberg et al. Chemical
Engineering Progress. Vol. 71, No. 5. May 1975. pp. 66-71.

The Status of Flue Gas Desulfurization Applications in the United
States. A Technical Assessment. Federal Power Commission. July 1977.

Proceedings: Symposium on Flue Gas Desulfurization. New Orleans,
March 1976. Vols. I and II. EPA 600/2-76-136b, May 1976, EPA
Research Triangle Park, NC 27711.

Detailed Cost Estimates for Advanced Effluent Desulfurization Processes.
G.C. McGlamery et al. EPA 600/2-75-006. January 1975.

EPA Utility FGD Survey. June-July 1978. EPA 600/7-78-051d. November
1978.

Simplified Procedures for Estimating Flue Gas Desulfurization System
Costs. Thomas C. Powder Jr., et al. PEDCO Environmental Specialists,
Inec. EPA 600/2-76-150, June 1976.

Advances in 302 Stack Gas Scrubbing. F.T. Princiolla. CEP (Chemical
Engineering Progress), February 1978.

Electrical World. Vol. 190, No. 8. October 15, 1978, p. 4.

Comparing New Technologies for the Electric Utilities ERDA 76-141
(Revision A). December 1976,

See Also:
Clean Cost: What Does It Cost at the Bus Bar. EPRI Journal 76-141.

December 9, 1976.
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49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60l

The Clean Alr Amendements of 1977. P.L. 95-95, August 7, 1977 with
Technical Amendments to the Clean Air Act, P.L. 95-190, November 16,
1977.

Atmospheric Diffusion. Pasquill, F.A. John Wiley and Sons. New York,
N.¥. 1974.

Lectures on Air Pollution and Environmental Impact Analyses. Duane
A. Haugen, Coordinator. American Meteorological Society. September 1975.

See Also:

Interim Guidelines oﬁ Air Quality Models. EPA Guideline Series,
OAQPS No. 1-2—080. October 19770

Report to the U.S. EPA on the Specialists' Conference on the EPA
Modeling Guideline. Organized by Argonne National Laboratory.
Chicago, Illinois. February 22-24, 1977.

Testing of Rough Terrain Dispersion Models at the Westvaco Corporation's
Pulp Mill in Luke, Maryland. Jeffrey C. Weil. January 1978. PPSP-MP-20.
Baltimore, Maryland.

Evaluation of the Gaussian Plume Model at Maryland Power Plant.
Jeffrey C, Weil. March 1977. PPSP-MP-16. Baltimore, Maryland.

Stack Plume Characterization and Model Assessment with Lidar DAta.
Jeffrey C. Weil, NATO/CCMS, 9th International Technical Meeting on
Air Pollution Modeling and Its Applications. Toronto, Canada.
Augusta 28-31, 1978.

Proposed Regulatory Revision, 1977 Clean Air Act Amendments for Stack
Heights. Federal Register, Friday, January 12, 1979. p. 2608.

There may be a major change in EPA's Approach to Photochemical Oxidant
Standards. See: Environment Reporter, Vol. 9, No. 7, June 16, 1978.
p. 235 and also Science, Vol. 202, No. 4371, December 1, 1978. p. 949.

.Preliminary Site Investigations. Soller's Point Site. 600 MW Gas

Turbine Facility. Maryland Power Plant Siting Program. Letter to
PSC, July 28, 1976.

1978 Ten—Year Plan of Maryland Electric Utilities, Possible and Proposed
Plants, 1978 through 1987 Public Service Commission of Maryland.

Prevention of Significant Deterioration. A Critical Review. Arthur
C. Stern. Journal of the Air Pollution and Control Association.
Vol. 27, No. 5, May 1977, pp. 440-453.

The Clean Air Act Amendments of 1977. Erie B. Easton and Francis

J. 0'Donnell. Journal of the Air Pollution and Control Association.
Vol. 27, No. 10. October 1977. pp. 943-47.
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61. The latest EPA Regulations for PSD became effective June 19, 1978
(43 FR 26380). See: FEnvironment Reporter, Vol. 9, No. 8, June 23,
1978, p. 335. The publication of the emission offset policy has
been delayed, probably, until January 1979. See: Environmental
Reporter, Vol. 9, No. 28, NovemberlO, 1978, p. 1277 and p. 1295.

II-63

ClibPD www fastio.com



IT-66

ClibPDF - www . fastio.com



	C:\willdata\4820\ARIEL.tif
	image 1 of 36
	image 2 of 36
	image 3 of 36
	image 4 of 36
	image 5 of 36
	image 6 of 36
	image 7 of 36
	image 8 of 36
	image 9 of 36
	image 10 of 36
	image 11 of 36
	image 12 of 36
	image 13 of 36
	image 14 of 36
	image 15 of 36
	image 16 of 36
	image 17 of 36
	image 18 of 36
	image 19 of 36
	image 20 of 36
	image 21 of 36
	image 22 of 36
	image 23 of 36
	image 24 of 36
	image 25 of 36
	image 26 of 36
	image 27 of 36
	image 28 of 36
	image 29 of 36
	image 30 of 36
	image 31 of 36
	image 32 of 36
	image 33 of 36
	image 34 of 36
	image 35 of 36
	image 36 of 36


