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CHAPTER II1

ATR IMPACT

The quality of the air around us is measured in terms of the ground-level
concentration of certain pollutants. Changes in this air quality 1s the result
of several factors such as emission of pollutants, the atmospheric transport
and dispersion of the pollutants, and chemical and mechanical processes acting
on the pollutants. The impact of the pollutants on man and materials depends
on frequency, duration, and level of exposure, and on the chemical reactivity
of the pollutants, as well as the susceptibility of the receptors to damage.

To protect man, primary air quality standards have been established while sec—
ondary standards protect against damage to materials. The interplay of these
various factors 1s discussed in this Chapter.

In sections A to D, we will discuss the nature of power plant emissions,
the health effects of the pollutants, standards protecting human health, and,
finally, the present levels of pollution. Section E will focus upon emission
control of S50,, the major power plant pollutant. Mathematical modeling of
pollutant plume dispersion, often a central factor in licensing procedures,
is discussed in Section F. Finally, the provisions and implications of the
Clean Ailr Act Amendments of 1977 are reviewed in Section G.

A. Sources and Nature of Emlssions

Airborne wastes from power plant combustion include sulfur oxides (SOX),
possibly mixed with sulfates and sulfuric acid mist, nitrogen oxides (NOX),
particulates, and, to a lesser degree, hydrocarbons, carbon monoxide, flourides,
carbon dioxide, and traces of organic and metallic compounds. The rate of
release depends on the type of fuel, power level, the type of boiler firing, and
the efficiency of pollution control devices such as precipitators and scrubbers.

During combustion, sulfur in coal and oil is almost completely converted
to 504 and emitted through the stack, unless it is absorbed in a scrubber. The
preponderance of NO_, emitted is due to reactions between 0, and N, in the air
at elevated temperatures. Thus, NOx emission rates are sensitive to flame
temperature and amount of excess air entering the furnace. Particulates, mainly
non-combustible fuel residues (silicates, metal salts, sodium chloride) and
incompletely burned organic materials, are often removed from the flue gas by
precipitators.

Table II-1 shows Maryland area power plant (Figure II-1) emissions for 1974
and 1975 and the total state emission inventory (1) by socurce category as
obtained from measurements and theoretical calculations. Tt can be seen that,
of the five major pollutants emitted by all sources in Maryland, power plants
contribute negligible amounts of carbon monoxide and hydrocarbons, about 30
percent of the NOX, 32 percent of the particulate, and 69 percent of the sul-
fur oxidess Power plant contributions to ground-level concentrations of these
pollutants are, however, much smaller than these emission data indicate {see
Section D).
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B. Health Effects

Numerous investigations have sought to document the health effects of
exposure to air pollutants for concentrations normally encountered at ground
level (2).

Scientific consensus on the interpretation of dose-response data has led
to enactment of Federal and State Ambient Alir Quality Standards, which include
sufficient safety margins (as a hedge against uncertainty in the data) to
protect even the most sensitive segments of the population (3). Emission stan-—
dards and fuel use regulations have also been promulgated as a means of obtain-
ing compliance with Ambient Air Quality Standards by regulating pollution at
its source.

There 1s an increasing realization that few of the pollutants for which
standards have been established act directly or alone in producing medical
effects. Toxicological studies indicate that the chemical transformation pro-
ducts of S0,, mainly sulfates, are more likely than 50, alone to be responsible
for many of the adverse health effects associated with ambient sulfur oxides.
In the absence of other pollutants, such as ozone and particulates, 502 is a
mild respiratory irritant; but there is evidence that certain sulfate compounds
(especially sulfuric acid aerosols) are more severe irritants (4).

For instance, epldemiological studies in several U.S. cities have associ-
ated high daily or annual sulfate levels with increased frequency of asthma
attacks, intensification of symptoms in cardio-pulmonary patients, decreased
ventilatory function in school children, and symptoms of acute and chronic
regpiratory disease in children and adults. Taken together, findings of the
toxicological and epidemiological studies suggest that sulfate compounds may
be the agents responsible for the observed excess mortality associated with
high 50, levels (3).

Similarly, many hydrocarbons have been found not to be medically harmful,
but they take part in a chain of photochemical reactions with NO_ and other
atmospheric constituents to form oxidants, such as ozeone (03), which are major
irritants (6).

Thus, in many cases, the emitted pollutants are only precursors to the
substances which actually constitute the health hazard. Since these relation-—
ships between precursors and their end products are complex and often poorly
known —-— even the origin of some of the precursors (e.g., hydrocarbons) is not
well understood —— the Environmental Protection Agency (EPA) has found it pre-
mature to establish standards for "ultimate pollutants” such as sulfates.
Until more is known about the reaction processes, it is considered sound and
meaningful strategy to control the five major "criteria™ pollutants: partie-
ulate matter, sulfur dioxide (502)’ nitrogen oxides (NOX), carbon monoxide,
and hydrocarbons.

C. Standards

Ambient air quality is measured and defined as ground-level concentration
of pollutants. Federal and State agencies are attempting to attain and maintain
good air quality by regulation of: (a) pollutant ground-level concentrations,
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through ambient air quality standards, (b) source emissions, through source
emission standards, and (c) the quality of fuels burned, through sulfur con-
tent standards.

Ambient Air Quality Standards have been established by the Federal En-
vironmental Protection Agency for ground—-level concentrations of certain
pollutants.* The National Ambient Alr Quality Standards (NAAQS) (7) are listed
in Table II-2. The National Primary standards are designed to protect human
health (i.e., medical effects of pollution), whereas the secondary standards
are concerned with the protection of human welfare (i.e., the material and
aesthetic effects of pollution).

Emission Standards were established by EPA in December, 1971 under autho-
rity of the Clean Air Act of 1970 for new sources, i.e., sources beginning
operation after 1977 (8). To satisfy the requirements of the Clean Air Act
Amendments of 1977, EPA has proposed new standards of performance for statiomary
sources (8). These standards would apply to utility steam generating units for
which construction is commensed after September 18, 1978. Table II-3 compares
these New Source Performance Standards (NSPS).

Fuel Standards have been imposed by the State in the form of limits on
the sulfur content in coal and oll that can be used in specific power plants
and in oil for home consumption (9).

In addition to the standards, a comprehensive body of guidelines and
regulations have been developed at national and state level to control and
maintaln alr quality. Several of these regulations will be discussed in sub-
sequent sectlons.

D. Status and Trends iIn the Maryland Airshed

In general, all areas of the State are currently in compliance with the
National Ambient Air Quality Standards, except for the hydrocarbon and photo-
chemical oxidant standards which are violated throughout the State, and sus-—
pended particulate and carbon monoxide standards which are violated in part of
the Baltimore area and part of the Potomac Valley (10) in Allegany County.

Trends in ambient air quality can be determined from analyses of ground-
level concentration data from alr quality monitoring stations. The natiocnal
air quality trends presented below are based on data from the U.S5. Environ-
mental Protection Agency's National Aerometric Data Bank (NADB). These data
are gathered primarily from State and local air pollution control agencies
through their monitoring activities (11).

Maryland data are reported by the State's Bureau of Air Quality and Noise
Control (BAQNC) which has stations throughout the State mainly in the urban
areas (12). Because of the non-uniform distribution of stations, the ground-
level concentrations reported may not be representative of the overall status

* Maryland Ambient Alr Quality Standards were repealed by HB 1146 in the 1978
legislative session. The National Ambient Alr Quality Standards therefore
apply to the State.
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Table I1-2. Federal ambient air quality standards

National
Primary Secondary
ug/m3 ppm ug/m3 7pM

Sulfur Oxides

Anmnual Arithmetic Mean 80 0.03

24-hr Maximm(2) 365 0.14

3-hr Maximm(a) 1,300 0.5

1-hr Maximum(b)
Suspended Particulate Matter

Annual Geometric Mean 75 60 -

24-hr Maximm(3) 260 150
Carbon Monixidf 3

8-hr Maximm(?), mg/m 10 9 10 9

1-hr Maximm(®) , mg/m3 40 35 40 35
Hydrocarbons (non-meth?n?) (carbon) (carbon)

3-hr (6-9AM) Maximm'@ 160 0.24 160 0.24
Nitrogen Dioxide

Annual Arithmetic Mean 100 0.05 100 0.05
Photochemical Qxidants (ozone) {ozone)

1-hr Maximm\¢ 240 0.12 240 0.12

(a)Not to be exceeded more than once per year

(b)Not to be exceeded more than once per month

(c)The ozone standard was changed from 160 ug/m® and 0.08 ppm in January
1979 (regulations to be published in Federal Register week of February

5, 1979)
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of air quality, but the trends, or changes, at these stations do indicate the
state-wide trends. However, since many stations have been moved over the years
and the measurement methods have changed, it is sometimes difficult to find
stations with sufficient continuity to establish long—term trends.

Emission data are obtained from estimates of indicators such as fuel
consumption, production rates, control efficiencies, and vehicle miles traveled.
Average emission factors, which relate these indicators to emission rates for
specific source categories, are used to derive total emissions (13).

In the following sec¢tions, national and State trends in air quality are
discussed for the three maln power plant pollutants.

Total Suspended Particulates (TSP)

The national trend for TSP ground-level concentrations shows considerable
improvement from 1960 to 1975 at 95 urban statioms throughout the nation (14).
The urbag composite average 8f the annual geometric mean decreased from about
110 pg/m> in 1960 tg 72 wg/m” in 1975, just below the primary national
standard of 75 ug/m”. In a much broader sample of 2350 stations throughout
U.S.A. (11) the recent trend, from 1970 to 1976 is shown in Figure II-2A.

Peak dally concentrations are shown in Figure II-2B for the same stations.
Corresponding emission trends are shown in Figure II-2C. Additional particulate
emission control is not expected to produce much improvement in air quality,
since many areas have a high background concentration of natural origin (e.g.,
windblown dust and pellen).

There has also been a downward trend in TSP concentrations in Maryland
over the last 10 to 15 years (12). Because of changes in locations and dele-
tion and additions of stations, the trends may not be immediately evident from
an inspection of the amnual air quality data reports. Figure II-3 shows the
number of stations violating state standards for annual arithmetic mean of TSP
out of a group of 35 measuring stations which have been in operation at the
same location for the six years, and where each station has had at least one
violation in one of the six yvears. Improvement is indicated by decreasing
violations. Figure II-3 shows the trends for these stations from 1971 to 1976,
and the trend for all Maryland stations is shown in Figure II-4,

A closer inspeétion of the air quality data from the Bureau of Air Qual-
ity and Noise Control reveals that there are two general non-attainment areas:
along the Potomac Valley from the Bloomington/Luke area to Cumberland, and in
the southeastern part of Baltimore City. The importance of these non-attainment
areas to the siting of future power plants will be discussed in Section G.

The problem in maintaining a satisfactory air quality in the greater
Baltimore area has been investigated (15) through the use of an Air Quality
Display Model (AQDM) (16). This model calculates ground-level concentration
of pollutants using a Gaussian plume model with appropriate atmospheric sta-—
bility and wind conditions established from 53 years of meteorlogical records.
Discrete (e.g., industrial and commercial) and distributed (e.g., home heating)
emission sources are used as inputs to the model. Vehicular emissions are also
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Figure II-3. The bar graph (insert} shows the mumber of violations of the
State standards for total suspended particulates (TSP) for a
set of 35 stations throughout Maryland. These stations have
a continuous record since 1971 and exceeded cne or the other
of the "more adverse range' or ''serious level' State standards
at least once during this period. The graph on the top shows
the composite means of the annual average of TSP for these
stations. (The State Standards have since been replaced by
Federal primary and secondary standards of 75 ug/mo and 60 ug/m3,
respectively.)
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ulates
for the six years shown. The bars indicate the range of values for
the stations.
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accounted for using known traffic density and emission rates per miles travelled.
A set of baseline emission conditions have thus been established for 1973, and
forward projections to 1985 have been made using expected rates of change in
economic activities (including new power plants such as Brandon Shores) and
population shifts, from Department of State Planning data.

The AQDM can only calculate ground-level concentrations under prevailing
average conditions Iin a gross sense, and it does not account for localized
effects (caused by conditions such as local wind patterns, detalled topography
or any shielding effect) at any particular spot where measurements may be
taken at a monitoring station. Although all known major emission sources are
in the model, unknown small sources may be located near a monitoring station
‘and affect its readings, although their 1mpact on overall air quality may be
negligible. Therefore, one must not expect a point by point agreement between
calculated and measured value in any one area, particularly in an urban area.
However, general overall distributions and trends should agree between the
model and field measurements.

Figure II-5 shows the expected distribution of annual average TSP for the
Baltimore area in 1973, 1980, and 1985, based on model runs {15). Used as
trend indicators, the model runs show that the air quality of the region will
change little over the next 10 years, and that the existing pattern of viola-
tions of the annual average will continue unless control efforts are intensi-
fied.

Other calculations for the 24-hour average indicate that this standard
also will be violated regularly throughout a sizeable part of Baltimore City
and the suburbs surrounding the industrial area (Essex, Sollers Point,
Lansdowne, and Glen Burnie) unless corrective measures are taken (15).

An additional problem with the TSP levels (not considered in the model
runs) has resulted from the federal coal conversion program. At the present
time, Morgantown, Dickerson, and Chalk Point Units 1 and 2, are burning 100%
coal (as coal deliveries and emission constraints allow), as opposed to a coal
/0il mixture. 1In the Baltimore area, Wagner Units 1 and 2, Riverside and Crane,
are now burning oil and are under active consideration for coal conversion. The
Department of Energy (DOE) {s studying the impacts of these conversions and is
expected to announce the results of its study by the end of 1979.

To meet State emission control limitations at these three plants would
require substantial investment in precipitators. Recent estimates range from
18 to 30 million dollars per unit (17). Even with this equipment, the addi~-
tional impact of coal burning on the Baltimore  Airshed may be sufficient to
warrant a negative decision for conversion of one or more of these plants.
The DOE study will include an evaluation of this impact.

Two power plants, Chalk Point and Dickerson, are presently not in compli-
ance with particulate emission limitations. The precipitators on the older
units at these plants need to be upgraded to modern standards. Plans have been
submitted that will achieve final compliance by July 1, 1979 in accordance with
the Clean Air Act Amendments. The new Chalk Point #3 unit was recently damaged
by fire. Final repairs and upgrading started in January 1978. No final
compliance deadline has been set. '
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Control
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Sulfur Dioxide (302)

From 1964 to 1975 there was a decrease of about 60 percent In the composite
annual S0, arithmetic means from 32 stations throughout the U.S. (14). Most of
the improvement (a 50 percent decrease 1n the composite mean) occurred between
1964 and 1971 and was much greater for the "dirty"” areas than for the "clean"
areas. In the indugtrial northeast, the "dirtiest”™ region, the annual mean fell
from almost 90 pg/m” in 1964 to a little above 40 pg/m” in 1971.

Recent trends (1970-1976) are shown in Figure 1I-6 for a much broader sam-—
ple of 722 stations throughout the U.S.A. (11). Plots of national emissions
(Figure TII-7) show that, during the period when 50, ground-level concentrations
decreased by 50 percent (1964 to 1971), the total S50, enissions increased by
more than 20 percent (27 to 33 million tons per year). This apparent incon-
sistency can largely be explained by the following consliderations. First, most
air quality monitoring stations are located in urban areas whereas large power
plants, the most important source of the increase in emission (Figure II-7),
are increasingly being located in rural areas. They contribute little to urban
pollution levels because of distance, their tall stacks, and high buoyancy flux;
all of which increase the 302 dispersion. Secondly, the 802 emissions in and
around the cities have decreased markedly as clean fuels, such as low sulfur
0il and gas, have replaced coal and high sulfur oil for space heating in resi-
dential and commercial establishments. The effect of this fuel replacement is
small on national emissions but large on local air quality.

Maryland 502 data generally follow the national trends up to 1970 (12).
Since 1972, there has been zome improvement in 802 ground-level concentrations,
which have been in compliance with the air quality standards. Figure II-8 shows
the trend at several stations across the State since 1973, Figure II-9 shows a
seasonal trend in the 80, concentration (measured by the flame photometric
method). Higher levels in the heating months (first and fourth quarters) further
indicates that a large contribution to the 302 level comes from local sources,
primarily space heating units (most Maryland power systems have higher summer
than winter loads, see Chapter I).

Predictions by the AQDM for 1973, 1980, and 1985 (see Figure II-10) indicate
that the 502 air quality will change little through these years, and that no
violations of current 302 standards are expected (15). As with TSP, the heavi-
est 304 pollution will be in the industrialized southeastern part of the city
and the adjoining suburbs.

A special study was made using the AQDM to compare the contribution from
BGA&E power plants to the 502 level in this critical industrialized area of
Baltimore to that from a group of 23 industrial sources (17). Table II-4 shows
the calculations of the BG&E plants contributions to the S0, ground-level con-
centration. The detailed data (not shown here) reveal that, as a group, these
power plants are either the second or third largest contributor at each of the
receptor polnts shown. However, their total contribution to the ground-level
concentration {about 17 percent) is far below their contribution to S0, emission
(55 percent). In contrast, the 23 other industrial sources contributeﬁ 70 per-
cent or more of the ground-level SO2 concentration (at most of the receptor
points) from only 31 percent of the total emissions. It appears that distributed
sources, e.g., from home heating units, are not adequately accounted for in the
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Figure II-6. Composite average of annual mean SO; concentrations at
722 U.S. sampling sites.
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Figure II-8. Composite mean of annual arithmetic averages of SOz for
those stations in Maryland with complete data for entire
year. Measurements are by the flame photometric method,
which was introduced in 1972, and has full-year coverage
since 1973. Ranges of values indicated by the bars.
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Figure II-10. Estimates of S0; ground-level concentrations by the
Maryland Bureaun of Air Quality and Noise Control
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Table 1I-4.

Calculate contribution to S0; ground-level concentrations from

BGEE power plants compared to contributions from 23 other
industrial sources at various receptor points in greater

Baltimore.

Receptor Point

Sun and Chesapeake

Fort McHenry

Patapsco Sewage Treatment Plant
Reed Street

Essex

Sollers Point

Riviera Beach

Fort Howard

Sparrows Point High School
Sandy Plains

Cleaners Hangers

Fire Department #22

Percentage
Contribution
from BGEE Plants(®)

Percentage
Contribution
from other named
Pollution Source§b1

1973 Conditions

15
18
12
21
18
12
27
14
17
18
13
15

73
70
79
75
69
79
64
79
76
70
70
70

(a) The plants are:
are rounded to nearest percentage point.

30, in 1973.
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Crane, Riverside, Westport, Gould and Wagner. Calculations
These plants emitted 71,300 tons

(b) A total of 23 individual sources, which emitted 40,800 tons SO2 in 1973.
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calculations, since the total contributions shown in Table II-4 from the named
sources adds up to about 90 percent of the GLC.

Nitrogen Oxides (NO,)

Nitrogen oxides are formed in the power plant combustion process primarily
by interaction of atmospheric nitrogen and oxygen at high temperature. There
has been a national trend toward increasing ground-level concentrations of both
nitric oxide (NO) and nitrogen dioxide (NOZ)‘ Historical data for these pollu-
tants is extremely limited. The Federal Continucus Air Monitoring Program (CAMP)
shows increases of 13, 6, and 9 percent in NO, NO,, and total NO + NO, ground-
level concentrations, respectively, for the period 1964 to 1971 at the five urban
CAMP sites (14).

The NOx emissions from both power plants and motor vehicles have shown an
increasing trend, but since 1976 the emissions from motor vehicles have stabi-
lized because the increase in miles travelled has been offset be decreased
emissions due to automotive pollution control devices (18).

Figure TII-11 shows the trends in Maryland for the annual average ground-—

level concentration of NO2 (12)., It is difficult to separate power plant con-
tributions from those of other sources.

Other Pollutants

Particulate Constituents, There are national and state standards for sus-
pended particulate matter and state standards for settleable particulate matter.
Because particulates are known to cause disease and discomfort, several constit-
uents of particulates are being monitored, although there are no specific stan-
dards for their concentration level. One group of suc¢h constituents is the
benzene soluable organie (BSO) portion (about 3 to 5 percent) of total suspended
particulate matter in the ambient air. Polyeyclic aromatic hydrocarbons, many
of which are present in the BSO fraction, have been linked to cancer in animals,
and one of them, Benzo—a—pyrene (BaP), is believed to be potentially carcinogenic
in humans (19,20).

Power plants have relatively low hydrocarbon emissions because of their
efficient combustion process, and the main sources of BSO are probably burning
coal for space heating. A decérease of 50 percent of this activity from 1960 to
1970 (see Figure II-12) was probably the major reason for the declining trend in
BSO and BaP (20). Controls on automotive combustion may be another factor.
Since power plant coal consumption doubled from 1960-70 (Figure II-12) while the
BS0O level decreased, it is evident that power plants must have a minor effect
on urban BSO levels. A definite seasonality in the BSO ground-level concentra-
tions is also evident.

Sulfates. The sulfur emitted into the atmosphere is ultimately removed
primarily by precipitation and dry deposition on the ground. Most of the 30,
is converted to sulfate, elther before or during this removal process. Global
mass balance estimtaes yield atmospheric residence time for sulfur compounds
in the range of 1 to 8 days, suggesting that long-range transport of sulfate is
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Figure II-11. Composite mean of annual arithmetic averages of NO, concentrations
(measured by 24-hr gas bubbler) for Maryland since 1971. Ranges
of values are indicated by the bars.
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Figure 11-12. Trends in national power plant and retail coal consumption,
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and in BSO and BAP anrmual averages. Utility coal consumption
anmual cumulative growth rate is approximately 7.2 percent
from 1961 to 1971.
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possible (21). A major concern s the possibility of long-range transport
from the industrialized midwest into Maryland.

The various meéhanisms for sulfate formation are poorly understood. The
oxidation of 502 and its ultimate transformation iInto sulfates involve several
reactive agents, such as fine particulates, ammonia, catalytic metals, and
photochemical reactants. Sulfate formation rates are usually enhanced by
high humidity and temperature. Rates of SO2 oxidation in the ambient air are
thought to range between 0.035 and 11.7 percent per minute (22),

It has been observed that S50, oxidation rates in power plant plumes for
distances of up to 30 miles are 1 to 2 percent per hour for coal-fired plants
and 10 to 20 percent per hour for oil-fired plants (23). This difference is
explained as follows. In oil-fired plants, more metallic catalysts (e.g.,
vanadium) are present and accelerate the oxidation. Additionally, in the coal-
produced plumes, SO, oxidation is originally inhibited by high concentrations
of NO (nitrie oxide%, which will be preferentially oxidized to N02 by background
oxidants. However, as the plume progresses downwind, several other factors
enter into the oxidation process: N0 is depleted as more ambient oxidants are
encountered, N02 participates in a photochemical process leading to oxidation
of SOZ’ and ammonia {possibly of rural origin) in the ambient air acts to con-
trol one of the more important conversion mechanisms. Thus, the extent of 302
oxidation can depend more on concentrations of other precursors than on the
concentration of 802 itself. Therefore, a reduction in ambient S50, level may
not always produce a corresponding decrease in sulfate production, 1f these
precursors are limited (24).

Nationwide, there has been a general decrease in urban 50, levels of more
than 50% between 1960 and 1970, but there is no consistent trend for urban
sulfates (14). A combination of long-range transport and the complex precursor
relationship may account for this. The decreased SO, emissions in the cities
reduce the local sulfate component, whereas the increased rural emissions,
mostly from power plants, may have caused an influx of transported sulfates
of f-setting the decrease in the locally formed sulfates. Figure II-13 shown a
comparison of Maryland quarterly averages of S0, and sulfates from 1976, when
the sulfate measurements began (12).

Although there is mounting evidence of health hazards, no sulfate ground-
level concentration standards have been established. EPA's current position is
that not enough is known about sulfate formation and its health effects to war-
rant immediate establishment of standards (25). While standards are being form—
ulated, control of sulfates will be attempted through maintenance of control of
the precursor pollutants: 502 and particulates. Enforcement of state imple-
mentation plans for control of 502 and particulates, and increasing application
of new source performance standards to power plants are thus relied on to reduce
the rate of increase in the ambient sulfate levels.

Photochemical Oxidants and Hydrocarbons., Photochemical oxidants, mainly
ozone (03), are pollutants of increasing concern. The mechanism of ozomne
formation in the atmosphere is not completely understood. There is complex rela-
tionship between precursor pollutants, particularly non-methane hvdrocarbons
(NMHC) and NO_, possibly transported over considerable distances, and the crea-
tion of 04 (2%). In this respect, the situation is analogous to the SOz-sulfate
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