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Environmental Impacts of
Power Generation
Most environmental impacts can be classified into those that primarily affect our
air, water, or land.  For example, emissions of nitrogen oxides (NOx) from power
plant stacks may affect smog levels; discharges of heated water into rivers and
the Chesapeake Bay affect fish populations.

Some activities at power plants can affect air, water, and land resources simulta-
neously.  Acid rain, for example, arises partially from air pollutants that are
released from power plant stacks, transformed in the atmosphere and then fall to
the ground affecting lakes, rivers, and forests.  Radiological releases from nuclear
power plants enter the air, water, and river sediments.  Each of these topics, as
well as other environmental impacts of concern, are discussed in this chapter.

Air Impacts
The combustion of fossil fuels to generate electricity at power plants in Maryland
results in the release of air pollutants that can potentially degrade air quality,
both locally and regionally.  Since the 1970s, the U.S. Environmental Protection
Agency (U.S. EPA) has taken action through provisions of the Clean Air Act
(CAA) to monitor and control the effects of air pollutants from power plants and
other sources.  The first comprehensive CAA was passed in 1970.  It has been
amended twice, once in 1977 and again in 1990.

The U.S. EPA has established National Ambient Air Quality Standards
(NAAQS), which are maximum ambient air concentrations of six pollutants
known as criteria pollutants.  NAAQS have been established to protect human
health (primary standards) and welfare (secondary standards).

Currently in Maryland, measured ambient levels of the criteria pollutants sulfur
dioxide (SO2), nitrogen dioxide (NO2), particulate matter (PM), lead, and carbon
monoxide (CO) are within the standards set by the U.S. EPA.  Regions of the
state in which the criteria pollutants are within standards are said to be “attain-
ing the NAAQS,” and are thus known as attainment areas.  On the other hand,
many areas of Maryland are not meeting the NAAQS for ozone, making ozone
one of three air quality issues of particular concern in Maryland.  The ozone issue
and the other two key issues—acid rain and toxic air pollutants—are discussed
in the following sections.

Ozone Pollution and NOx Emissions
Of the major pollutants for which the U.S. EPA has set NAAQS, the most perva-
sive problem continues to be ozone, an important component of urban smog.
One of the main goals of the CAA is to bring areas that are not attaining the
NAAQS into attainment with the standard.  In the past, ozone reduction strate-
gies focused on controlling emissions of certain hydrocarbons, such as volatile
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organic compounds (VOCs).  However, recent studies indicate the need to
control both VOC and NOx emissions to attain the ozone NAAQS.  Combustion
sources, such as fossil fuel-fired power plants, are among the largest category of
stationary sources of NOx.

Ozone Levels in Maryland

Maryland’s ozone air pollution is a significant concern.  The ozone problems in
the Baltimore and Washington, D.C. areas, along with other major metropolitan
areas of the United States, are among the worst in the nation.  The Maryland
Department of the Environment (MDE) monitors ozone at various locations in
Maryland to identify areas of concern and develop appropriate ozone pollution
control strategies.

Figure 3-1, based on
MDE's ozone monitoring
program, indicates the
number of monitored
“exceedances” of the
ozone NAAQS in Mary-
land over the last few
years.  Under the U.S.
EPA’s classification
system for indicating the
magnitude of ozone
pollution, the Baltimore
area is designated a
“severe” ozone
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Figure 3-1
Number of Monitored One-hour Ozone Exceedances in Maryland, 1983-1996

Since the early years of air quality management,
air quality rules and regulations in the United
States have been based on a set of air quality
standards known as the National Ambient Air
Quality Standards, or NAAQS.  The NAAQS
represent a maximum concentration or “thresh-
old level” of a pollutant in the air above which
humans or the environment may experience
some adverse effects.  The actual threshold levels
are based on years of epidemiological, health,
and environmental effects research conducted by
EPA.  There are two types of NAAQS:  primary
standards, which are set at levels that are
designed to protect the public health; and
secondary standards, which are designed to
protect the public welfare (such as vegetation,
livestock, building materials, and other elements
of the environment).

EPA has established NAAQS for six pollutants
since the concept of NAAQS was established in
the CAA Amendments of 1970.  Each has been
reviewed periodically, and several have been
revised; however, no new pollutants have been
added to the list.

National Ambient Air Quality Standards

Criteria Averaging Primary NAAQS Secondary NAAQS
Pollutant Period  (µg/m3) (µg/m3)

PM10 (Particulate matter Annual 50 50
<10 microns) 24-hour 150 150

PM2.5 (Particulate matter Annual 15 15
<2.5 microns) 24-hour 65 65

SO2 (Sulfur dioxide) Annual 80 —
24-hour 365 —
3-hour — 1,300

NO2 (Nitrogen dioxide) Annual 100 100

Ozone* 8-hour 157 157
1-hour 235 235

CO (Carbon monoxide) 8-hour 10,000 40,000
1-hour 10,000 40,000

Lead Quarterly 1.5 1.5

*EPA is phasing out and replacing the previous 1-hour primary ozone standard
(0.12 parts per million, ppm) with a new 8-hour standard (0.08 ppm) to protect
against longer exposure periods.

Air Standards for Criteria Pollutants
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nonattainment area, and the Washington, D.C. area
is designated a “serious” ozone nonattainment area
(Figure 3-2).  The rest of the State of Maryland, and
much of the East Coast from Virginia to Maine, is
classified as the “Northeast Ozone Transport
Region.”  The entire Region is treated as an ozone
nonattainment area in recognition of the fact that
ozone pollution is a regional phenomenon that is
affected not only by emissions of NOx and VOCs,
but also by weather conditions—wind patterns
affect the transport of the precursor pollutants
throughout the Region, while the amount of
sunlight available largely governs the rate of ozone
formation in the air.

Under the CAA, the U.S. EPA is required to review
all NAAQS every five years.  If the U.S. EPA’s risk
assessments show that existing standards are not
protecting the public health adequately, the agency
may revise the standard.  In July 1997, in response
to its extensive review of the existing NAAQS, the
U.S. EPA revised the NAAQS for both ozone and
particulate matter.  The revisions make the NAAQS
substantially more stringent than the current
standards.  Many areas of the country that have
been meeting the existing ozone standard will be
classified as nonattainment areas because moni-
tored ozone levels are above the new, more strin-
gent ozone NAAQS.

Figure 3-2
Ozone Nonattainment Areas in Maryland

Figure 3-3
VOC Emissions Contribution in the Baltimore
Area During the 1990 Baseline Year

Figure 3-4
NOX Emission Contribution in the Baltimore
Area During the 1990 Baseline Year
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Power Plant Contributions to Ozone Pollution

The two most important pollutants to the formation of ozone are VOCs and
NOx, known as ozone precursors.  Each year, as part of its program to address
the ozone problem in Maryland, MDE collects information on VOC and NOx

emissions from all types of sources in the state, including power plants.  The
emissions information, along with monitored ozone levels, is used to develop
strategies to reduce ozone levels in Maryland.

As shown in Figure 3-3, MDE's emissions inventory indicates that mobile sources
(accounting for about 54%) are the largest source of VOC emissions.  Power
plants are responsible for less than 1% of the total VOC emissions.  On the other
hand, power plants are significant emitters of NOx, which is formed mainly by
high-temperature chemical reactions during the combustion of fuels.  These
emissions consist primarily of nitric oxide (NO).  Some of the NO converts to
NO2 in the atmosphere.  NOx (pronounced "nox") refers to the combined
amounts of NO and NO2 in the atmosphere.

Power plant emissions account for about 35% of the total NOx emissions in
Maryland, depending on the particular area of the state (Figure 3-4).  Power
plants are the largest point source contributor of NOx in Maryland.  However,
mobile sources (automobiles, trucks, construction and farm equipment, etc.)
account for as much or more of the NOx in the state.

Particulate Matter NAAQS Revision
On 17 June 1997, the U.S. EPA published its new National Ambient Air Quality Standards (NAAQS) for both ground-level ozone (smog)
and particulate matter (PM) pollution based on scientific health risk assessment studies.  The “PM NAAQS” sets new standards for very
fine particulate matter, known as PM2.5 (dust and aerosol particles less than 2.5 microns in diameter).  There is a new daily standard (65
µg/m3 on a 24-hour average basis) and an annual standard (15 µg/ m3).  PM2.5 has not been regulated in the past, and so there is very
little information available anywhere on PM2.5 pollution.

Annual PM2.5 Predictions at Existing
PM10 Monitor Locations

In 1997, PPRP conducted a
study to evaluate PM2.5
emissions in Maryland and to
predict areas of the state in
which monitoring may show
exceedances of the new PM
standards.  Sixteen individual
locations in Maryland were
predicted to experience
exceedances of the annual
standard; there were no
projected exceedances of the
new daily standard.

In this study, PPRP conducted
modeling to predict PM2.5
levels, but did not monitor
actual PM2.5 levels in the air.
Under the NAAQS regulations,
MDE must establish a monitor-
ing network across Maryland to
identify potential PM2.5
problem areas in the state.
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Regulatory Approaches to Reducing
NOx Emissions

The CAA Amendments of 1990 address the ozone problem by
requiring reductions in emissions of ozone precursors.  The
CAA requires all states, including Maryland, to submit plans,
known as State Implementation Plans (SIPs), to the U.S. EPA
that demonstrate the measures the states will take to meet the
ozone NAAQS.  Beginning in mid-1995, the SIPs had to include
both VOC and, for the first time, NOx emissions control and
reduction as part of the solution to the ozone problem.  This
was significant for utilities, because their combustion units are
relatively large sources of NOx emissions but minor sources of
VOC.

Among other measures to reduce ozone pollution, the SIPs
outline specific pollution controls or emission limits, represent-
ing a level of pollution control known as Reasonably Available
Control Technology (RACT), to reduce NOx and VOC emis-
sions from existing facilities.  Most utilities and many other
large combustion sources in the Northeast were required to
implement NOx RACT programs in 1995.  Proposed new
facilities whose NOx and VOC emissions will exceed certain
levels are subject to even stricter control requirements, known
as Lowest Achievable Emission Rate (LAER) technology.
Additionally, a proposed new source must identify a means to
offset its new NOx and VOC emissions with reductions from
other sources in the area.  The offset ratio must be greater than
1 to 1—there must always be a larger quantity of emissions
reduced than the amount of new emissions added.  Depending
on the severity of the ozone nonattainment area, different offset
ratios are imposed.  For example, in the Baltimore area, the
required offset ratio is 1.3 to 1.

Air Pollution Modeling
One of the most difficult aspects to understand about air
pollution is how pollutant emissions from specific
smokestacks affect overall air quality.  In fact, it is
surprisingly difficult to relate air emissions from a
specific stack directly to concentrations of pollutants in
the ambient air.  The two fundamental approaches to the
problem are to use mathematical air quality dispersion
models that predict concentrations, or monitoring
systems that measure pollutant concentrations in the air.
Computerized air quality dispersion models are the most
commonly used tools for predicting pollutant concentra-
tions because they are much less expensive to maintain,
and they allow users to ask questions such as “What will
happen to the air quality if I reduce emissions from this
stack?”

PPRP has a number of air quality modeling projects
underway that attempt to determine the air quality
impacts of pollutants emitted from power plant
smokestacks.  In one project, PPRP sponsored a detailed
evaluation of the new AERMOD model that will soon
become the U.S. EPA’s primary model for determining
impacts to air quality from all stationary smokestack
sources in the U.S., including power plants.

The results of PPRP’s findings on draft versions of the
model have been communicated to the scientists
involved with the development of AERMOD.  In fact, the
final version of AERMOD will include revisions
suggested by PPRP’s work with the draft model.  It is
anticipated that the use of AERMOD for assessing the
impacts of power plants in Maryland will increase the
accuracy of the predictions and the confidence that the
State’s impact evaluations are based on the best
scientific information available.

Ozone Smog Pollution Modeling:  Developing a Screening Tool
Scientists and regulators use computer air quality dispersion models to predict the level of ozone pollution (or smog).  These models account
for the transport of pollutants from thousands of individual pollution sources, such as power plants, industrial facilities, and automobiles,
over large distances and simulate the complex chemical reactions that lead to ozone formation.  One major drawback to most models
commonly used to predict ozone concentrations is that they require enormous amounts of computer resources.  These models are so large
and complex that it is impossible to evaluate more than just a few ozone “episodes” (periods of time with high levels of measured ozone
concentrations, ranging from a few days to a few weeks) to determine the effect of different pollutant control strategies.

In response to this drawback, PPRP has been sponsoring the enhancement of a screening tool, known as the Simplified Ozone Modeling
System (SOMS), which estimates ground-level concentrations of ozone.  SOMS, originally developed by the Electric Power Research
Institute, runs on a personal computer and requires significantly less computer time than other existing models.  Therefore, even though
SOMS is not intended to replace the more sophisticated ozone models, such as "UAM" that MDE and other state agencies use, it is useful for
evaluating a range of different pollutant control strategies for addressing the ozone pollution problem.

PPRP’s initial evaluations of SOMS have revealed that even with its simplified approach to complex atmospheric phenomena, ozone
concentrations predicted by SOMS compare quite well to observed ozone concentrations and to the predictions of more complex computer
models.  The encouraging results of the SOMS evaluations have prompted PPRP to continue in its effort to establish SOMS as an acceptable
tool to help determine the most effective and efficient approaches for Maryland power plants to participate in the ozone attainment effort.
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Under Maryland’s NOx RACT program, affected “major” facilities were required
to achieve RACT by 31 May 1995.  The designation of major is based on the
location of the facility and the facility’s potential NOx emission rate.  The eight
Maryland power plants subject to RACT include all seven of the state’s coal-fired
plants, plus Delmarva Power’s oil-fired Vienna facility (see Figure 3-5).

Ozone Attainment Programs

Ozone attainment demonstrations are made through the use of computer model-
ing that predicts ozone concentrations in the ambient air.  The models use
information on projected future emissions from stack sources (including power
plants) and from mobile and area sources, as well as information on photochem-
istry and meteorology to predict ground-level ozone concentrations.  Recent U.S.
EPA ozone modeling for the entire eastern portion of the country indicates that
even considering reductions in NOx and VOCs from the implementation of
RACT in 1995, additional reductions are needed throughout the region to attain
the ozone standard.

To help address the regional aspects of ozone pollution, the U.S. EPA, 37 states,
various industry representatives, and environmental groups recently partici-
pated in a two-year cooperative effort known as the Ozone Transport Assess-
ment Group (OTAG) process.  In its final report published in June 1997, OTAG
presented recommendations on precursor pollutant reductions from different
type of sources required to reduce ozone levels in the eastern United States.

Using information developed by individual states, through the OTAG process,
and by the Agency itself, the U.S. EPA just imposed significant new NOx reduc-
tion requirements to improve ozone pollution.  The new Regional NOx Emissions
Reduction rule, signed on September 24, 1998, will affect sources in 22 Midwest-
ern and Eastern states and the District of Columbia.  Under the rule, all affected
states will have to develop new, more stringent plans to reduce NOx and imple-
ment those plans by May 2003.  The rules require summertime reductions in NOx

emissions of about 28% (1.2 million tons of NOx) across the 22 states and Wash-
ington, D.C.
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To provide an opportunity for more cost-effective compliance, the new rule
allows states to establish NOx pollutant trading programs.  In addition to indi-
vidual state trading programs, the U.S. EPA is working with states to establish a
multi-state “cap and trade” program for utility and other large combustion
sources to reduce NOx.  As part of its trading program, the U.S. EPA will allow
facilities that “over-control” to sell emission reductions to other facilities that
cannot reduce as quickly or as cost-effectively.  The program will provide
“bonus” credits to sources that reduce pollutants early.  States are now develop-
ing their NOx reduction plans in response to the new rule, and are required to
submit their SIPs to the U.S. EPA in September 1999.

Concurrent with U.S. EPA efforts, ozone modeling studies are being conducted
by states, including the State of Maryland.  The goal of the state studies is to
identify specific areas where NOx and VOC reductions will help achieve the
ozone standard.  In Maryland, MDE, PPRP and the University of Maryland are
working cooperatively to conduct additional, state-of-the-art regional ozone
modeling studies as part of the State's ozone control efforts.  These results will be
critical for designing appropriate control plans for the various source categories,
including power plants, and for determining areas where NOx emissions control
would help in attaining the ozone NAAQS.

Power Plant NOx Control Options

The combustion of fossil fuels generates NOx in two ways:  1) thermal NOx

formation; and 2) fuel NOx formation.  Thermal NOx results from the high-
temperature reaction of nitrogen and oxygen in the air used for combustion.  As
the combustion temperature increases, the amount of thermal NOx that is formed
increases.  Fuel NOx results from the oxidation of nitrogen bound in the fuel
during combustion.  Increasing amounts of fuel-bound nitrogen will result in
higher NOx emissions.

In 1995, power plants in Maryland emitted approximately 110,000 tons of NOx

into the atmosphere.  Nearly 80% of these emissions come from fossil fuel steam
boilers, as opposed to combustion turbines and other generating units.  Most of
the boilers in Maryland burn coal as their primary fuel.  On the other hand,
combustion turbines burn relatively clean fuels, such as natural gas and distillate
oil, and operate for shorter periods than boilers.  The majority of combustion
turbine capacity in Maryland has been constructed since 1990, and therefore is
also subject to New Source Performance Standards (NSPS).  Consequently, the
greatest NOx reductions from stationary sources will be realized by controlling
pre-NSPS utility boilers.

There are generally three ways that NOx emissions from boilers can be reduced:

• Fuel conversions, which reduce NOx emissions by burning fuels with lower nitrogen
contents—for instance, changing from coal to oil or natural gas, co-firing natural gas
with oil, or switching to a lower nitrogen content coal or oil;

• Combustion modifications, which reduce the amount of NOx that is formed during
the combustion process, including such techniques as low-NOx burners or overfire air;
and

• Post-combustion control equipment, which reduces NOx after it has formed by
injecting a reagent (e.g., ammonia) into the exhaust gas to convert NOx into atmo-
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spheric nitrogen and water.  Add-on pollution control devices such as selective
catalytic reduction (SCR) and selective non-catalytic reduction (SNCR) are examples
of post-combustion controls.

Power Plants and Acid Rain
Power plant emissions contribute to another regional air quality problem — the
formation of acid rain.  Acid rain is produced by the reaction of precursor
compounds, SO2 and NOx, with water in the atmosphere to form sulfuric and
nitric acids.

The majority of SO2 emissions, and a significant but smaller percentage of NOx

emissions, arise from the burning of fossil fuels in power plants and other
combustion sources.  In Maryland, power plant emissions account for 35-40% of
the total NOx emissions, by far the largest point source contributor.  Maryland
power plants are responsible for roughly 85% of the total SO2 emissions.

From 1960 until 1970, nationwide SO2 emissions increased by approximately
40%.  Emissions of NOx steadily increased by nearly 50% between 1960 and 1980.
However, emissions of both precursors have generally declined during the past
decade.

Regulatory Approaches to Reducing Acid Rain

Title IV of the CAA Amendments of 1990, the acid rain program, sets forth an
innovative plan to control acid rain precursor emissions.  The program is di-
rected primarily toward coal- and oil-burning utility plants, because of the
magnitude of their SO2 and NOx emissions.

The acid rain program mandates significant SO2 and NOx reductions.  Power
plants must meet a national emissions cap of 8.9 million tons of SO2 per year
from all electric utilities across the United States, a reduction of 10 million tons
per year compared to 1980.  These reductions will be achieved in two phases.  In
Phase I, which began in 1995, the 110 largest utility plants located in 21 eastern
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and midwestern states, including six units at three power plants in
Maryland, were required to meet an intermediate SO2 emissions
limitation.  In Phase II, beginning in the year 2000, the annual emission
limits imposed on the Phase I plants will be tightened, and the number
of plants subject to the limits will be greatly expanded.

The acid rain program also calls for a reduction of approximately two
million tons per year of NOx emissions below 1980 levels.  Utility coal-
fired boilers will be required to meet new emissions standards based on
the installation of low-NOx burner technologies.  Because parts of
Maryland are classified as ozone nonattainment areas, and all of
Maryland is part of the Northeast Ozone Transport Region, utility
boilers here will have to comply with RACT emission limits for NOx

that may be more restrictive than those under Title IV.

The centerpiece of the acid rain program for SO2 control is a pollution
trading system based on the use of marketable emission allowances.
An allowance is effectively a permit to emit one ton of SO2.  Existing
electric utility units are granted annual allowances based on their
historic fuel use and the emission limitations specified in the acid rain
program.  Beginning in 1995, each utility must ensure that SO2 emitted
from its Phase I units does not exceed the total number of allowances
held by those units.  Under Phase II, which begins in the year 2000,
virtually all units will have to hold allowances to cover their emissions,
and utilities must demonstrate compliance on a system-wide basis.
New generating units (units starting commercial operation after 15
November 1990) must obtain allowances before beginning operation.

The market-based allowance approach is designed to allow utilities to
meet their emission control requirements in the most cost-effective
manner possible.  As part of its compliance strategy, a utility may
install SO2 emission controls, switch to fuels that contain less sulfur
(either lower-sulfur coals or oil or natural gas), or purchase allowances
from another utility.  Utilities may purchase allowances from distant
utilities, even ones that are out of state.  For example, an early SO2

allowance trade involved Wisconsin Power selling 10,000 allowances to
the Tennessee Valley Authority.  The rationale behind such long-
distance trading is that acid rain is a regional problem, caused by
emissions over a large area, not by sources concentrated in a particular
location.  Consequently, the specific location in which the emission
reductions actually occur is unimportant, assuming the total regional
reductions are achieved.

In addition to individual private sector trades, Title IV mandates that
the U.S. EPA establish a special allowance reserve containing allow-
ances to be offered for auction or direct sale.  The auction and sales
programs are intended to stimulate the market in allowance trading and help
establish an early market price for allowances.  In the fall of 1992, the U.S. EPA
delegated the administration of the auctions and sales to the Chicago Board of
Trade, which has been holding routine allowance auctions since.

Between early 1994, when allowance trading began, and September 1997, the U.S.
EPA reports that 44.4 million allowances have been traded.  The vast majority of
the transfers of allowances, more than 90%, were transfers within organizations,

SO2 Control
Technologies
Emissions of SO2 from combustion sources
result from the oxidation of sulfur and
sulfates contained in the fuel.  There are
basically three ways to reduce SO2

emissions from combustion sources:

Fuel Switching — A common way to limit
the sulfur contained in the fuel is to simply
switch to a fuel that contains less sulfur.
Most often this involves changing from a
higher to a lower sulfur content coal.  In
general, fuel switching options involve
relatively low capital investment and can
be implemented in a short time frame.  A
potential risk with fuel switching, however,
is the uncertainty in the future cost and
availability of low-sulfur fuels.

Add-on Pollution Control — SO2 emissions
can be reduced by add-on pollution
control devices called flue gas desulfuriza-
tion systems, otherwise known as
scrubbers.  Scrubbers are commercially
proven pollution control systems that can
remove SO2 very efficiently.  However,
potential drawbacks of scrubbers include
additional capital and operating costs,
some loss of generating efficiency of the
power plant, and the production of
relatively large amounts of by-product,
which may present a costly disposal
problem.

Combustion Technologies — Some
advanced combustion technologies, such
as fluidized bed combustion (FBC),
achieve SO2 removal in the combustion
zone as it is being created.  FBC technol-
ogy results in high generating efficiency,
but retrofitting requires significant capital
expenditure, so this technology is
considered mostly for new power plants.
FBC boilers also create a large amount of
solid by-product.
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which means that utilities were “banking” and trading pollutants internally.  Of
the 10% of the transactions that were between organizations, about 65% were
transactions between utilities and independent brokers.  As Figure 3-6 illustrates,
the average cost of an allowance over time has decreased from about $150 per
allowance at the outset of the program in 1994, to a low of less than $80 in early
1996.  In September 1997, the average price of an allowance was back up to over
$100.  It is expected that as the Phase II, year 2000 deadline approaches, the
demand for allowances will increase, causing an increase in their price.

SO2 Control Plans for the Maryland Utilities

Two electric utilities have generating units in Maryland that are now subject to
acid rain controls under Phase I:  PEPCO’s Chalk Point Units 1 and 2 and
Morgantown Units 1 and 2, and BGE’s C.P. Crane Units 1 and 2.  Under Phase II
(beginning in 2000), virtually all fossil fuel generating units in Maryland will be
affected.

Both PEPCO’s and BGE’s strategy for Phase I included substantial SO2 emission
reductions at the Conemaugh plant located in Pennsylvania, a plant in which
both utilities (in addition to others) share ownership.  The owners of the
Conemaugh units elected to install high-efficiency SO2 scrubbers on two generat-
ing units.  This measure reduced emissions beyond the level required in Phase I,
thereby generating excess allowances that could be applied elsewhere or sold.
PEPCO and BGE have been using some of these excess allowances and have
burned lower sulfur fuels (lower sulfur coals and/or natural gas) to comply with
Phase I.

Generally, Maryland utilities have emphasized flexibility in their acid rain
compliance plans.  To date, no utility has proposed a scrubber to achieve SO2

reductions for any existing generating units in Maryland.  The cost of lower-
sulfur coal, which will likely increase due to increased demand, and the market
price of allowances will have a large impact on the future compliance actions
taken by Maryland utilities.  PPRP has had continuing contact with the utilities
on the status of their compliance plans, and participated in hearings before the
PSC on PEPCO’s Phase I proposal.  PPRP is tracking the progress of the utilities
in addressing acid rain requirements by ensuring that all facets of compliance
alternatives are considered.

Air Toxics
The State of Maryland, the U.S. EPA, and other federal agencies and groups, such
as the Department of Energy and the Electric Power Research Institute (EPRI),
are actively involved in evaluating the emissions, deposition, and impacts of
toxics from power plants.  Although fossil fuel-fired power plants emit toxic air
pollutants, power plants have not been considered among the more significant
sources of air toxics nationwide.  Until passage of the CAA Amendments of 1990,
emissions of toxic substances from power plants had not been regulated specifi-
cally either by the federal government or by most states, including Maryland.

Many of the new federal toxics initiatives driven by the CAA may result in the
regulation of toxics from power plants at the federal level.  The next few sections
provide a brief summary of these U.S. initiatives.  In addition to the federal
programs, PPRP has initiated a number of air toxics programs involving the
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evaluation of both the emissions of air toxics, especially mercury, and the deposi-
tion of and impacts to Maryland natural resources.  Deposition monitoring is
discussed further in Section 4 of this report.

U.S. EPA’s “Utility HAP Report to Congress”

Because of the uncertainties in the health impacts of power plants, Congress
specifically mandated the U.S. EPA under the CAA Amendments of 1990 to
perform studies to evaluate toxic emissions from fossil fuel-fired electric utilities,
and provide its findings in a Report to Congress.  The results of the report will
eventually be used to formulate federal regulations for controlling hazardous air
pollutants (HAPs) from power plants.  HAPs include a specific list of 189 toxic
chemicals that Congress has elected to regulate under the CAA.

After some delays, the U.S. EPA published its draft Report to Congress, referred
to as the Utility HAP Report, in June 1995 and its final version in February 1998.
For the Utility HAP report, the U.S. EPA conducted extensive studies to estimate
HAP emissions from utility generating units across the country.  Using the

Beginning in 1999, many coal-fired electric utility power
plants will begin reporting on releases of toxic chemicals
under the national Toxic Chemical Release Inventory (TRI)
program.  Because coal often contains naturally high levels
of chlorides, and large portions of the chlorides are
converted to hydrochloric acid (HCl) when the coal is
burned, utilities may end up reporting large emissions of
HCl to the atmosphere.

The first graph to the right shows the top ten Maryland
companies in terms of TRI chemical emissions in 1995.
The second graph illustrates how power plants may move
into the category of top ten emitters, based on PPRP’s
preliminary estimates of potential HCl emissions.

Even though potential HCl emissions to air may be large,
HCl is highly water soluble, and readily transforms into
relatively harmless inorganic salts soon after leaving a
power plant smokestack.  For this reason, emissions of HCl
may not pose a health risk.  Utilities may be faced with a
public relations challenge beginning in 1999 when they
will be required to start publishing the TRI emissions
information, including HCl information.

Power Plants and Toxic Chemical Release Inventory Reporting:
HCl Emissions
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emissions estimates, EPA conducted a series of screening level hazard/risk
assessments of 67 HAPs.  Based on the screening assessment, EPA identified 14
“priority HAPs” (including metals, such as arsenic, mercury, and nickel; acids,
such as hydrogen chloride and hydrogen fluoride; dioxins; and radionuclides)
that merited further study.  The U.S. EPA evaluated the priority HAPs in more
detail, primarily through inhalation and multipathway risk assessments.  The
Agency’s summary and conclusions presented in the Utility HAP Report to
Congress indicate that mercury is the HAP of greatest concern.  Mercury was the
subject of a separate U.S. EPA study (see the discussion of mercury beginning on
Page 38).  A few other HAPs, including dioxins and arsenic from coal-fired units,
and nickel from oil-fired units, were identified as HAPs of potential concern.  In
all instances, the U.S. EPA indicated that there are significant data gaps and
uncertainties in the risk assessments that suggest HAPs from utility generating
units require additional study.

Although the goal of Utility HAP Report to Congress, under the CAA mandate,
was to identify control strategies for toxic emissions from utilities, the U.S. EPA
concluded that it did not have sufficient information at this time on which to
base toxic air pollutant standards.  The U.S. EPA was scheduled to present
additional utility HAP information in November 1998; however, it does not
appear that additional information will be presented this year.

New Federal Toxic Chemical Reporting Requirements

Title III of the Superfund Amendments and Reauthorization Act of 1986 (SARA),
also known as the Emergency Planning and Community Right-to-Know Act of
1986, provides a means for informing the public of the existence, quantities, and
releases of hazardous substances.  This law directs states, communities, and
industry to work together to plan for chemical accidents, develop inventories of
hazardous substances, track toxic chemical releases, and provide public access to
information on hazardous substances.

Most manufacturing industries in the United States have been reporting emis-
sions of toxic chemicals to the environment under a SARA program known as
the Toxic Chemical Release Inventory (TRI) since 1988.  Electric utility power
plants were exempt under the initial regulations.  However, under a new regula-
tion effective for calendar year 1998, power plants that handle toxic chemicals
above threshold amounts will now also be required to report toxic chemical
releases to air, water, and land.  Affected facilities must report annual toxic
releases, in pounds per year, of any of the more than 650 substances on the list of
regulated TRI chemicals that the power plant uses, produces, or emits in certain
minimum quantities.

Among the substances on the list of regulated TRI chemicals are several metals,
such as lead, manganese, nickel, arsenic, vanadium, and cadmium, that are
commonly emitted by coal-fired and oil-fired power plants.  Other substances
that coal-fired power plants emit that may be reported under TRI include hydro-
chloric acid and hydrogen fluoride.

Mercury

The concentration of mercury in the atmosphere has been increasing at least
since the Industrial Revolution.  Elemental mercury vapor can circulate in the
atmosphere for months, and can thus be dispersed globally over time.  After
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mercury is emitted to the atmosphere, it is deposited to the ground and to
surface waters in rainwater and possibly through dry deposition.  Mercury is
readily emitted back to the atmosphere, as either dust or vapor, and can be re-
deposited elsewhere over time.  As mercury cycles through the environment, it
undergoes physical and chemical reactions, so that most of the mercury in
surface waters, soils, and fish and other wildlife is in the form of inorganic
mercury salts and organic mercury (such as methylmercury).

Mercury is of particular concern, and has been the subject of intense study
internationally, because it accumulates efficiently in the food chain and can cause
toxic effects on the nervous systems of people and wildlife that eat contaminated
food.  Methylmercury, in particular, is the species of most concern for health
risks.  Fish consumption is the dominant pathway for mercury exposure for
humans.  Because of mercury contamination of fish, the U.S. EPA’s Office of
Water has issued advisories in 39 states against consumption of certain types and
amounts of fish.

There are many unanswered questions about the environmental fate and effects
of mercury.  They include questions about how much mercury is released during
combustion, the chemical and physical properties of the released mercury, the
transformations that occur after it is released to the environment, and the toxico-
logical effects on people and wildlife.  In response to the growing concern, the
CAA Amendments of 1990 required the U.S. EPA to identify mercury emission
sources, evaluate the contributions of power plants and municipal incinerators,
identify control technologies, and evaluate the toxicological effects of eating
mercury-contaminated fish.

The U.S. EPA published its Mercury Study Report to Congress, as required by the
CAA, in December 1997.  The Agency identified three types of mercury
sources—natural sources, anthropogenic sources (e.g., boilers and incinerators),
and re-emitted mercury (deposited mercury compounds, either from natural or
anthropogenic sources, that re-enter the atmosphere).  The report indicates that
there are still great uncertainties in mercury emissions estimates.  However, it
appears that emissions from anthropogenic sources of mercury in the United
States totaled about 160 tons in 1995, accounting for between 50 and 75% of the
total annual mercury input to the atmosphere.  Among the various types of
anthropogenic sources, combustion sources (utility, commercial, and residential
boilers; and hazardous, medical, and municipal waste incinerators) account for
about 87% of the total mercury emitted.  As Figure 3-7 illustrates, utility boilers
are the largest single source of anthropogenic mercury emissions, at 33% of the
total amount emitted.  Coal-fired boilers account for nearly all of the utility boiler
mercury emissions.

The U.S. EPA investigated potential mercury emission control strategies as part
of the Report to Congress, and identified three techniques that may be applicable
to utility boilers.  These techniques vary in their removal efficiencies, costs, and
other considerations.

• Coal cleaning — Coal cleaning can reportedly reduce mercury emissions from 0 to
65%, depending on the type of coal and the cleaning process employed.  The mercury
removed from the coal prior to combustion ultimately ends up in waste slurries, which
are disposed of on land; the fate of mercury compounds in the slurries is not fully
understood.
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• End-of-pipe control systems — Some pollution control systems, such as wet
scrubbers, have been shown to be technically feasible and effective on utility boilers.
Scrubbers can be 90% efficient in removing some types of mercury compounds, but
have no effect on other types of mercury (for instance, elemental mercury).  Other
control technologies are undergoing testing before installation on actual operating
units.  Bench-scale tests of an activated carbon injection system indicate mercury
removal efficiencies of between 50 and 90%.  The carbon injection systems have the
added benefit of removing other pollutants as well as mercury.  However, these
systems significantly increase the amount of particulate matter that must be collected
from the flue gas and disposed of elsewhere, usually in landfills.

• Co-control — Utility boilers are subject to regulations that require control of a
variety of pollutants, including SO2 and particulate matter.  The devices installed to
control these and other pollutants in some instances also control mercury (“co-
control”).  The U.S. EPA estimates in its Report to Congress that by installing
scrubbers or switching from coal to natural gas to meet new particulate matter
NAAQS, electric utilities will coincidentally reduce mercury emissions by 11 tons per
year (compared to the 52 tons per year that coal-fired utility boilers emitted in 1995).

Add-on pollution control systems are typically capital intensive.  The U.S. EPA
evaluated the costs of potential mercury control strategies, and found that
application of activated carbon injection systems on coal-fired boilers in the
United States could result in potential annual costs for mercury control of about
$5 billion.  This represents about $70,000 per ton of mercury removed.

PPRP has initiated its own studies to determine whether mercury is a significant
toxic chemical issue in Maryland, and to analyze atmospheric mercury emissions
in the state.  PPRP determined that three major sources contribute more than 90%
of mercury released to the atmosphere:  municipal incinerators burning batteries
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and other household products containing mercury, latex paints containing
mercury, and coal-fired power plants.  This is consistent with the U.S. EPA’s
estimated anthropogenic mercury contributions (Figure 3-7).  PPRP’s studies
indicated that, although coal-fired power plants contribute to mercury emissions,
the resulting concentrations are not high enough to adversely affect humans or
other organisms.  At present, the importance of local atmospheric sources
relative to out-of-state sources is not known.

There are gaps in the available data on mercury emissions, speciation, and
deposition, which limit our ability to understand and effectively control risks
from mercury in the environment.  In part, the data gaps are due to the fact that
mercury presents unique sampling and analytical problems.  In 1997, PPRP
initiated an innovative study to characterize mercury emissions from two
significant types of emission sources:  a coal-fired power plant and a municipal
waste combustion unit.  The goal of the study is to determine types and quanti-
ties of mercury compounds potentially emitted by these two classes of emissions
sources.  PPRP’s study is using state-of-the-art sampling equipment and analyti-
cal techniques.  Results of the study, expected in early 1999, will provide valu-
able data to assist in the evaluation of mercury pollution.

Water Impacts
Nearly all modes of electric power generation may cause or contribute to adverse
effects on water resources.  Hydroelectric power plants require that water be
impounded by damming to create the hydraulic capacity to generate electricity.
Impacts of damming include the inundation of riverine habitats, blockage of
rivers to movement of aquatic biota, and changes in surface water quality both
upstream and downstream from these facilities.  Steam generating power plants
use large volumes of surface water for cooling.  In Maryland, the Chesapeake
Bay and its major tributaries are the primary sources of this water.  The Bay also
receives most of the effluents (wastewater discharge) from the state’s power
plants.  Both withdrawal and discharge of water at power plants can adversely
affect surface water quality and the biota that reside in these waters.  Finally,
power plant withdrawals of ground water, and releases of pollutants to aquifers,
have the potential to adversely affect ground water resources.

This section focuses on the nature and extent of these types of impacts attribut-
able to Maryland power plants.  Because they have distinct modes of impact on
water resources, this section discusses hydroelectric facilities and steam electric
plants separately.

Hydroelectric Facility Impacts
Nine hydroelectric projects are operating in Maryland.  The largest facility is the
Conowingo Hydroelectric Station, with a capacity of 512 MW.  The second
largest is Deep Creek Station, with a capacity of 19.2 MW.  Seven smaller projects
around the state have a combined capacity of 3 MW.  Development and opera-
tion of hydroelectric facilities can cause three types of impacts—alteration of
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water quality, fluctuations in water level and flow, and direct adverse effects on
fish populations.

• Alterations of water quality—Impoundments created by the construction of
hydroelectric dams and modifications of river flow implemented for the
purpose of generating electricity can result in changes in natural water clarity,
dissolved oxygen (DO) concentration, and water temperature upstream and
downstream of the dam.

• Fluctuations in water level and flow reductions—Operating hydroelectric
facilities in a peaking mode (that is, not continually but in response to peak
demand for electricity) produces unnatural, and frequently extreme, water
level fluctuations in impoundments and in aquatic habitats downstream of
dams.  Small-scale hydroelectric projects may also divert some streamflow
away from the natural streambed.  Fluctuations in water level and flow may
reduce fish abundances and the abundance of food important to fish growth
and survival.

• Direct adverse effects on fish populations—Dams constructed for electricity
generation may prevent the natural upstream and downstream movement of
both resident and anadromous (migrating) fish species.  Entrainment of fish
attempting to move downstream past the dam may result in mortality in the
turbines.  The type of turbine, the proportion of flow diverted through the
turbine, and the size of fish affect mortality.

Each of these modes of impact has been found to be
significant at hydroelectric facilities in Maryland.
The following discussion presents three case
studies, describing the impacts caused by these
facilities and the manner in which these impacts
have been mitigated through the cooperative efforts
of PPRP, other state and federal agencies, and the
facility operators.

Case Study—Anadromous Fish Passage
on the Susquehanna River

Historically, the Susquehanna River supported
large spawning runs of anadromous species such
as American shad, river herring, and striped bass.
However, the massive anadromous fish runs that
generated migrations extending as far upstream as
Binghamton, New York were eliminated with the
construction of four major hydroelectric facilities on
the lower Susquehanna River in the early 1900s
(Maryland’s Conowingo Dam, and Holtwood, Safe
Harbor, and York Haven dams in Pennsylvania).

The Federal Energy Regulatory Commission
(FERC) is the federal agency that licenses hydro-
electric facilities throughout the country.  PPRP is
the lead agency for the State of Maryland with
regard to FERC licensing of hydroelectric facilities

Hydropower and Eels
The American eel is a species common to estuarine and fresh waters
throughout Maryland.  This species is unique in its life history,
growing and maturing in fresh and brackish waters, then migrating
to the Sargasso Sea in the equatorial Atlantic Ocean to spawn, with
the larvae migrating from the ocean into the inland waters.  This
migratory behavior differs from that of other important species in
Maryland, such as striped bass and American shad, that grow and
mature in the ocean and return to inland waters to spawn.

Eels have become an increasingly important commercial fisheries
resource, with adults being harvested for sale in Europe, and
juveniles (elvers) being harvested and shipped to Japan to support
aquaculture operations.  In recent years, apparent declines in eel
populations along the east coast of North America have caused
concern among scientists and fisheries managers.

The Atlantic States Marine Fisheries Commission is in the process of
developing an interstate management plan for eels that will likely
recommend stricter harvest regulations and mitigation for hydroelec-
tric impacts.  Because of eels’ migratory nature within river systems,
hydroelectric dams have come under increasing scrutiny as a
potential major source of impacts to both adult and juvenile eels.
FERC has recently required project licensees in Virginia and Maine
to study eel turbine entrainment and mortality and to install eel
passage facilities.  The Susquehanna, Patuxent, and Potomac Rivers
in Maryland host both hydroelectric dams and eel populations.
Thus, PPRP will be addressing means of ensuring that impacts to the
populations of this important commercial species are minimized.
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in the state.  Restoration of anadromous fish to the Susquehanna River was a
major issue that arose when the FERC licenses for the four Susquehanna River
hydroelectric facilities came up for renewal in the early 1970s.  Participants in the
FERC license proceedings have included PPRP, on behalf of the State of Mary-
land; the State of Pennsylvania; the U.S. Fish and Wildlife Service; and several
non-governmental organizations (NGOs).  The ultimate goal of the resource
agencies and NGOs is the restoration of anadromous fish populations to the
entire Susquehanna River drainage system.  The primary means for achieving
this goal include  the installation of fish passage at all four dams, the implemen-
tation of an active restoration program involving trapping and transport up-
stream of adult fish, and hatchery production of young fish for stocking.

Construction of an experimental fish lift at Conowingo Dam in the early 1970s
provided an opportunity to evaluate the potential effectiveness of lift facilities for
restoring American shad and other species and for gathering extensive informa-
tion on fish populations and passage behavior.  Stock restoration activities began
at about the same time.  These activities included:  1) transporting adults from
other east coast rivers and releasing them into the Susquehanna River; 2) trap-
ping adults at Conowingo, trucking, and releasing them upstream of the dams;
and 3) using shad eggs from many different shad stocks to propagate larvae and
juveniles, and releasing them into the Susquehanna River and its tributaries.
These different approaches were monitored for their effectiveness, and the
findings from the monitoring were used to modify existing programs and
develop new programs.

Perhaps the most significant development in the Susquehanna restoration was a
1988 settlement  on fish passage at Conowingo reached by PECO Energy, which
operates the hydroelectric plant at Conowingo, and the resource agencies.  In
accordance with this agreement, a permanent east side fish lift was completed in
the spring of 1991, in time for the spring shad run.  A further breakthrough in
achieving the fish restoration goal was reached in October 1992, when the State
of Maryland, the U.S. Fish and Wildlife Service, the Pennsylvania Fish and Boat
Commission, NGOs, Safe Harbor Water Power Corporation, and Pennsylvania
Power and Light (which owns Holtwood) agreed on construction and operation
of fish passage facilities at Holtwood and Safe Harbor by 1997.
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Growth of the Susquehanna River shad stock in response to the restoration
efforts and fish passage construction to date has been dramatic, culminating in
1997 in the largest number of American shad to ever be passed over Conowingo
Dam, 104,000 (Figure 3-8).  Numbers of shad passed at Holtwood and Safe
Harbor in 1997, their first year of operation, were 28,000 and 21,000 respectively,
representing the first shad to swim upstream to Pennsylvania’s portion of the
Susquehanna River since before 1900.

The total number of fish passed in 1998 was somewhat smaller than in previous
years, with about 46,000 American shad passing through the Conowingo lift,
8,000 through Holtwood, and 6,000 through Safe Harbor.  This decrease is
attributed to a compressed spawning season caused by higher than normal
precipitation (and resultant river flows), coupled with unusually warm tempera-
tures.  These factors, rather than a decline in returning stock, resulted in a
reduced ability to attract fish and operate lifts at Conowingo.  As evidence of the
compressed season, 92 percent of Conowingo's total shad passage occurred on 20
days in May.  In fact, the single-day record at Conowingo was set on 21 May,
when 9,151 shad passed through the lifts.

GPU, which operates the York Haven Dam upstream of Safe Harbor, has agreed
to construct a passage facility that will be operational by the year 2000.  Con-
struction of its facility on the east side of the river is scheduled to begin in the
summer of 1998.  With its completion, the entire Susquehanna River will be open
to migratory fish for the first time since the dams were constructed, creating the
potential for shad and other species to move as far upstream as New York State.

Case Study—Water Quality and Flow Regulation at
Conowingo Hydroelectric Station

PPRP has devoted substantial effort for more than 20 years to addressing the
impacts of the Conowingo Hydroelectric Station on water quality and aquatic
habitat in the downstream portion of the Susquehanna River.  Operation of the
Conowingo facility controls water levels and flows to downstream aquatic
habitats, thereby affecting fish abundance and the amount and type of food
organisms available for fish.  During peak electricity demand periods in the
summer, river water upstream of the dam, if released unconditioned, often has
low DO, which can cause poor water quality downstream of the dam.  These
issues were addressed together with fish restoration in the negotiations and
litigation discussed above for fish passage.  In the 1988 agreement, the State of
Maryland and PECO Energy resolved most water quality and flow issues
through implementation of the following actions:

• Water Quality—During the 1960s, large fish kills occurred downstream of
Conowingo Dam as a result of fish being exposed to water discharged from
the generating turbines that contained very low levels of DO.  From the early
1970s through the 1980s, PECO Energy evaluated several different means of
improving the DO levels in water released from Conowingo generating
turbines:

- bubbling of air through the water column in front of the turbine intakes,

- the injection of oxygen into the water column in front of the turbine intakes,
and
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- turbine venting, a procedure in which an intake is constructed that allows air
to be entrained into the water passing through a turbine to increase the
oxygen content of the water.

Studies conducted by PPRP in cooperation with PECO Energy to establish the
effectiveness of turbine venting led to the adoption of this measure to correct
the low DO problem.  To date, venting has proven effective in providing
water below the dam that meets Maryland’s DO standard.

•  Water Flow and Downstream Habitat—Another issue addressed in the 1988
settlement agreement was the level of minimum flow that should be released
from the Conowingo Dam throughout the year to protect and enhance aquatic
biota.  The flow releases specified in the agreement are seasonal, varying from
a high of 10,000 cubic feet per second (cfs) in the spring to as low as 3,500 cfs
in the winter.  At the time of the settlement agreement, there was a consensus
of all parties that existing data were insufficient to select an appropriate
permanent flow regime for winter months (December through February).  As
a result, PPRP conducted additional studies of winter flow regimes from 1988
through 1993.  The alternative flows studied were:

- a continuous flow of 3,500 cfs,

- an intermittent regime that allowed PECO Energy to shut off the 3,500 cfs
flow for up to 6 hours at a time, and

- a peaking flow regime that allowed the operator to shut off the 3,500 cfs flow
for unlimited time periods, depending on generation needs.

Results of the 5-year study showed that the intermittent flow regime did not
harm communities of aquatic invertebrates, but that the peaking regimes did
adversely affect some organisms.  These findings will lead to a modification in
the FERC license to permit an intermittent flow regime during the winter.

The extensive studies and monitoring work performed by PPRP in cooperation
with PECO Energy, its contractors, and other agencies have significantly en-
hanced water quality and aquatic habitat below Conowingo Dam relative to
conditions that existed following construction of the dam.

Case Study—Water Quality and Recre-
ational Use Conflicts at the Deep Creek
Hydroelectric Project

The 3,900-acre Deep Creek Lake was formed in 1925 by
construction of a rock-wall dam across Deep Creek, a
tributary of the Youghiogheny River.  The Deep Creek
Hydroelectric Project includes two turbines that have a
combined generating capacity of 19.2 MW.  When both
turbines are operating, the hydroelectric project
discharges water to the Youghiogheny at a rate of 630
cfs.  Power generation has the potential to affect lake-
side recreation through changes in the lake’s water
level, as well as the downstream environments of the
Youghiogheny River due to discharge from the
hydroelectric project.  The Youghiogheny is
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Maryland’s only designated “wild” river—it supports a developing trout fishery
and one of the most challenging kayak-ing and rafting runs in the country.

Penelec, the owner-operator of Deep Creek Station, received an operating license
for the Deep Creek Hydroelectric Project from FERC in the 1960s.  In 1988,
Penelec initiated the operating license renewal process with FERC.  PPRP partici-
pated in the FERC relicensing process as the lead agency for the State of Mary-
land.  The State sought to ensure that the operation of the hydroelectric plant
minimized potential impacts to Maryland’s natural and recreational resources
while still allowing for the economical generation of electricity.

Subsequent to working with Penelec on the conditions for the FERC license, the
Deep Creek Hydroelectric Project was found to be outside FERC’s jurisdiction.
Penelec and the State then agreed to integrate the discussions and negotiated
conditions that had been part of the FERC relicensing effort into a Maryland
water appropriations permit administered by MDE.  This permitting process
afforded the State an opportunity to develop a plan that controlled the timing
and quantity of water released from the hydroelectric project.  The conditions
attached to the water appropriations permit, issued to Penelec in 1994, were
designed to achieve two objectives:  1) provide a reliable and economical source
of electricity; and 2) enhance Deep Creek Lake’s and the Youghiogheny River’s
natural and recreational resources.

Environmental and Recreational Issues

Because the interests of various users of Deep Creek Lake’s resources are often
conflicting, it was a difficult task to develop an operational plan to balance the
following complex environmental and recreational issues with economical
operation of the plant.

• Lake Levels—Recreational lake users wanted minimal and consistent draw-
down of the lake during summer, and a higher than historic level in the fall to
extend the boating season.  Historically, Penelec lowered the water level in the
fall and winter to prevent ice damage to the spillway, resulting in an annual
water level change of about 9 feet.

•  River Fisheries—High water tem-
peratures in the Youghiogheny River
and low DO levels in the hydropower
project’s discharge historically
limited trout habitat.  The discharge
from the hydroelectric project is
cooler than the river because it draws
cold water from the bottom of the
lake.  The timing and volume of cool
water discharges from the hydroelec-
tric project could be manipulated
during periods of high temperatures
in the Youghiogheny to improve
trout habitat and assure that the
growing trout population would
not be subjected to lethal temperature
extremes.

Figure 3-10
Trout Population in the Upper Youghiogheny, 1987 - 1995
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• Whitewater Recreation—The Youghiogheny River is an excep-
tional whitewater recreation resource almost totally dependent
upon releases from the Deep Creek Project in most summer
months.  Whitewater boaters need certain flow volumes and
timed, dependable releases from the hydroelectric facility to plan
trips in advance.  The “Upper Yough,” which runs from Sang
Run to Friendsville, is the key section of the river for whitewater
boating that is affected by the Deep Creek Project.  During dry
periods, the Upper Yough may be the only whitewater resource
in the area available to boaters.

Resolution of Issues

PPRP and Penelec developed the following measures as part of the
water appropriations permit that best balance fishery and recre-
ational interests with the need to maintain reliable and economical
power generation.

•  Lake Levels—A computer model of historical lake inflow, stor-
age, and generation was developed to simulate historical opera-
tion and to evaluate alternative operating strategies.  Using the
results from the model, Penelec and PPRP developed monthly
operating rules for the Deep Creek Hydroelectric Project that
balanced providing reliable electricity with enhancing lake and
river resources.  Figure 3-9 illustrates the new rules for operating
the project to maintain the desired lake levels and thus accommo-
date the needs of recreational lake users.

•  River Fisheries—PPRP developed a protocol for the Deep Creek Hydroelectric
Project operators that predicts maximum daily river temperature during the
summer.  The protocol uses river flow and temperature changes, and available
predictions of maximum air temperature and cloud cover for the region.
During low flow conditions in the late summer, plant operators follow the
protocol in the morning and afternoon to predict river temperature.  The goal
is to make sure the river temperature never exceeds 25°C.  Based on the
temperature predictions, the operators decide whether to make a release to
cool the river and thus enhance temperature habitat for trout.  If the operators
decide to make a release, they make this information available to the public on
a telephone recording so that whitewater boaters can also take advantage of
the release.  The trout population has been increasing since Penelec imple-
mented the protocol in 1994 (Figure 3-10).  In addition to enhancing trout
habitat through water temperature regulation, Penelec also installed struc-
tures to provide a continuous minimum flow to the Youghiogheny River and
aerate discharge water to alleviate the low-DO problem.

• Whitewater Recreation—Penelec now schedules generation of electricity to
provide:  1) whitewater boating whenever possible; 2) at least three-hour
periods of release particularly during low river flow conditions during the
whitewater boating season (April 15-October 15); 3) suitable flow for boating
at fixed times on all Fridays and Mondays during the whitewater recreation
season, except when lake levels are too low; and 4) suitable boating flow on at

Deep Creek For Sale
As part of its corporate restructuring plan, GPU
Energy announced in October 1997 its
intention to divest its non-nuclear generating
facilities.  These 26 fossil fuel and hydroelectric
operating stations are owned by three GPU
Energy companies, one of which is Penelec,
the operator of the Deep Creek Lake hydroelec-
tric project.  The sale of these assets, including
Deep Creek is expected to be completed by the
end of 1998.    GPU will offer to prospective
bidders the hydroelectric station, the dam, and
the intake and discharge structures and
property.  The State of Maryland has entered
into an exclusive bargaining agreement with
GPU to purchase the lake buffer strip.
Maryland's purchase and continued manage-
ment of the lake property will ensure that this
valuable natural resource will be protected and
preserved regardless of who becomes the new
owner of the generating facility.  PPRP and
MDE will assist in assuring that future project
operation continues to provide an appropriate
balance among economic interests and
recreational and natural resource benefits.
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least one Saturday per month and during other special events on a prear-
ranged schedule.

The Future

The impending sale of the Deep Creek Project creates some uncertainty with
respect to future stewardship of natural and recreational resources of the lake
and the Youghiogheny River.  However, Maryland is fully committed to preserv-
ing this invaluable Western Maryland treasure for future generations and will
take all steps necessary to ensure that future operation and ownership are in the
best interest of its citizens.

Steam Electric Facility Impacts
Power plants that incorporate a steam cycle must have some means of cooling
and condensing their steam after it passes through the turbines so it can be
recirculated as boiler feedwater.  The steam cycle thus gives rise to cooling water
requirements, typically served by surface water withdrawals, and boiler makeup
requirements, frequently served by ground water withdrawals.  Some steam
electric facilities may affect water resources by discharging toxic substances to
surface or ground water.  Generating facilities that burn fossil fuels (which can be
either simple cycle combustion turbines or steam electric plants) also contribute
to varying degrees to the formation of acid rain, with its associated impacts to
surface water and aquatic biota.  Finally, oil- and coal-fired power plants have
the potential to degrade ground water quality through the storage and handling
of fuel oil, coal, and coal combustion by-products (CCBs).  The following section

Mixing Zone Model Evaluation
Thermal dischargers must comply with a complex set of mixing
zone criteria to protect aquatic life.  Historically, expensive and
time-consuming thermal plume studies were used to determine the
mixing zone.  Mixing zones may need to be reevaluated due to
changes in operating conditions or for new power plants.

PPRP co-funded development of the U.S. EPA model CORMIX
(CORnell MIXing Zone Expert System) and sponsored studies using
historical measured thermal plume data from several Maryland
power plants to provide data for testing the model and demonstrat-
ing its utility and limitations.  Results for Calvert Cliffs show
reasonable agreement with the plume direction and centerline
temperature values, for both the ebb and flood tide cases.

Map of thermal plume at Calvert Cliffs at an
ebb tide in May 1978.  Blue lines show 1
and 2°C measured temperature increases,
while red area shows modeled plume and
centerline temperature increases.
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discusses all of these types of impacts and describes PPRP’s work aimed at
understanding, preventing, and mitigating them.

Cooling Water Withdrawals

In a steam electric power plant with a once-through cooling system, water is
drawn continuously from a source water body to cool the condensers.  The
heated cooling water is then discharged into a receiving water body (usually the
same as the source).  Once-through cooling systems require large volumes of
water; a fossil fuel-fired plant with once-through cooling uses about 1.4 million
gallons of cooling water per day for each MW of electricity produced.  Nuclear
power plants, such as the Calvert Cliffs plant, generate more waste heat than
fossil fuel plants and therefore use more water per MW for once-through cooling.

Three major Maryland power plants, Brandon Shores, Chalk Point, and Vienna,
use closed-cycle systems for all or part of their cooling water requirement.  These
systems recycle cooling water and typically require only 2 to 25% of the water
needed for once-through cooling systems.  However, as much as half the water
withdrawn is consumed (used and not returned) due to evaporation.  Steam
electric plants in Maryland consume nearly 70% of the total freshwater con-
sumed in the state by all sources.

In Maryland, most cooling water is drawn from the Chesapeake Bay or one of its
tributaries.  Although there is ample water available for cooling purposes,
adverse environmental effects can result from withdrawing, heating, and dis-
charging large volumes of water.  The ways in which power plant operations can
impact aquatic organisms include:

• Entrapment—accumulation of fish and crabs (brought in with cooling water) in the
intake region;

• Impingement—trapping of larger organisms on barriers such as intake screens and
nets;

• Entrainment—drawing in of plankton and larval or juvenile fish through plant
cooling systems; and

• Discharge Effects—adverse impacts of exposure to heated effluents and toxic
discharges.

PPRP and Maryland’s utilities have evaluated impacts at 12 major power plants
in the state over the last two decades, conducting several dozen studies on the
nature and extent of entrainment, impingement, and discharge effects.  These
studies were used to evaluate the relative impacts of power plant operations on
the aquatic environment in the state, with special emphasis on the Chesapeake
Bay.  Some studies were also used as the basis for modifying operating proce-
dures at the plants to reduce impacts and to provide quantitative cost estimates
of unavoidable losses in aquatic biota.

Results of these studies show that while operations of individual power plants
impact various ecosystem elements in various ways, those impacts, taken to-
gether, have had no identifiable substantive cumulative impact on Maryland’s
aquatic resources to date.  Although large entrainment losses of some types of
aquatic organisms have been measured frequently, no consistent depletions in
numbers of organisms have been found, or the loss is being mitigated.  For
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example, at Chalk Point, PEPCO has initiated a program to rear and stock fish in
the Patuxent River and to remove blockages to migratory fish as mitigation for
mortalities of bay anchovy populations in the river.  At Wagner (located in
Baltimore’s outer harbor), data from field studies revealed that actual entrain-
ment impacts are substantially less than projected by computer screening mod-
els, and PPRP concluded that mitigative measures at this facility are not war-
ranted.

In addition, intake technologies and modifications to operating practices have
been developed to reduce entrainment or impingement impacts at steam electric
power plants.  However, few can reduce both entrainment and impingement
impacts.  PPRP has investigated the applicability of several intake technologies to
Maryland’s power plants and ecosystems and found the following:

• Physical barriers, such as screens or nets, are the most successful and economi-
cal for reducing both entrainment and impingement.  Wedge-wire screens
keep entrainment low and essentially eliminate impingement.  Such screens
are likely to be included in the design of any new proposed facilities that
would use Bay water for cooling.

• Collecting and releasing organisms after impingement is only partially
effective at reducing impingement losses.  Some of the collected organisms,
particularly those in early life stages and juveniles, are sensitive to handling
and abrasion.  If they are returned to the receiving water body near the intake
structure, they may be susceptible to reimpingement.  As a result,
Morgantown power plant redesigned its system to return fish to either side of
the intake structure depending on the direction of the tide.  Similarly, the fish
return system installed at BGE’s Wagner power plant places impinged fish
into a channel leading away from the intake screens.

Modification of plant operations is also a cost-effective approach for reducing
many aquatic impacts.  Two operating practices previously evaluated by PPRP
were modifying intake screen wash cycles and discontinuing the use of auxiliary
tempering pumps.  Intake screens at Maryland power plants are rotated on a
frequency of anywhere from once per day to continuously.  Increasing the
frequency of rotation does not alter the rate of impingement, but it can reduce
the time organisms are exposed to scavengers and conditions leading to suffoca-
tion.  Auxiliary tempering pumps withdraw surface water to mix with the plant’s
discharge and reduce thermal impacts.  However, studies by PEPCO and PPRP
showed that discontinuing their use would reduce entrainment and impinge-
ment and not significantly increase downstream mortalities.

Sometimes an adverse environmental effect cannot be minimized or eliminated
through procedural or engineering modifications.  In such cases it may be
appropriate to employ other types of mitigation to offset certain impacts from
power plants.  Although mitigation with resources similar to those lost is most
desirable (in-kind mitigation), situations arise where mitigation using different
resources (out-of-kind mitigation) is the only possible or practical alternative.
In-kind mitigation means providing or managing substitute resources that are
physically and biologically similar to those lost due to plant construction or
operation.  Out-of-kind mitigation means providing or managing substitute
resources that are physically and biologically different from those lost.  Both
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in-kind and out-of-kind mitigation have been applied at PEPCO’s Chalk Point
facility and have been included as a license condition to the Dorchester power
plant on the Nanticoke River.

PPRP is also encouraging the use of treated wastewater as cooling tower
makeup.  This type of water reuse conserves surface water resources and mini-
mizes withdrawals, thus reducing aquatic stresses.  The Panda-Brandywine
cogeneration plant in Prince George’s County uses treated effluent as cooling
water, and PPRP has also determined it to be feasible for BGE’s Perryman site.
See Section 1 of this report for more information on these examples.

Ground Water Withdrawals

High-volume ground water withdrawals have the potential to lower the water
level in an aquifer or cause intrusion of salt water into the aquifer.  The impact of
these withdrawals is a key issue in southern Maryland, where there is a signifi-
cant reliance on ground water.  Maryland’s power plants withdraw ground
water from Coastal Plain aquifers in southern Maryland.  Although large vol-
umes of ground water are available in the Coastal Plain aquifers, withdrawals
must be managed over the long term to ensure that adequate ground water
supplies are available in the future.

Currently, seven power plants in Maryland use ground water for plant opera-
tions.  These plants include BGE’s Calvert Cliffs Nuclear Power Plant and
Perryman combustion turbine, PEPCO’s Chalk Point and Morgantown power
plants, Delmarva Power’s Vienna power plant, SMECO’s combustion turbine
(located at PEPCO’s Chalk Point plant), and Panda-Brandywine’s combined
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cycle power plant.  All of these power plants are located in the Coastal Plain of
Maryland, and with the exception of the Perryman and Vienna facilities, all are
located in southern Maryland.  The five power plants located in southern Mary-
land withdraw ground water from three critical aquifers:  the Aquia, the
Magothy, and the Patapsco.  Three government agencies—the Maryland Geo-
logical Survey, the U.S. Geological Survey, and PPRP—jointly operate ground
water monitoring programs to measure the water levels in these critical aquifers.

Figure 3-11 shows the ground water withdrawal rates of each of the seven power
plants from 1975 to 1996, expressed as daily averages.  There are limited data for
the SMECO, Perryman, and Panda-Brandywine power plants because they came
on line in the past few years.  The power plants typically withdraw amounts of
ground water well below their appropriation permit limits.  For example, the
average withdrawal for all seven power plants in 1996 was 1.9 million gallons
per day (mgd) compared to a combined daily appropriations limit of 2.8 mgd.

Two significant trends in power plant withdrawal rates are evident.

• BGE’s Calvert Cliffs Plant—The withdrawal rates have increased since 1989
and 1990 when the plant was shut down.  The withdrawal rates have risen
back up to pre-shut down levels.

• PEPCO’s Chalk Point Plant—This facility's withdrawal rate from the
Magothy Aquifer between 1986 and 1995 has decreased by almost 40 percent
compared to the period before 1980.  The MDE Water Resources Administra-
tion has required industrial users of the Magothy Aquifer to use deeper
aquifers like the Patapsco to allay concerns over water level declines in the
Magothy.  Chalk Point’s withdrawal from the Patapsco Aquifer has remained
constant since 1980.

Long-term monitoring indicates a steady decline in water levels in the Aquia,
Magothy, and Patapsco aquifers.  However, these declines are considered
negligible compared to the amount of water available in the aquifers.  The
amount of water available is expressed as the aquifer's "available drawdown,"
which is defined in MDE Water Resources Administration regulations as 80
percent of the historic pre-pumping level in the aquifer.  Also, although the
power plants have contributed to the decline in the water levels in these aquifers,
increased withdrawals from municipal well fields in southern Maryland have
caused most of the recent declines.  Water quantity impacts to each of the three
aquifers are summarized below.

• Aquia Aquifer at Calvert Cliffs—Water levels in the Aquia at Calvert Cliffs
have declined 40 feet over the period 1982 to 1995, with most of the decline
occurring since 1990. This acceleration in water level declines is due to with-
drawal from municipal well fields at Lexington Park in St. Mary’s County and
Solomons Island in Calvert County.  The water levels at Lexington Park and
Solomons Island have declined 30 feet since 1990.  The impacts from the water
level decline are considered negligible compared to the 315 feet of drawdown
currently estimated to be available in the Aquia Aquifer at Calvert Cliffs.

• Magothy Aquifer at Chalk Point—Water levels in the Magothy Aquifer at
Chalk Point have declined by about 20 feet from 1975 to 1995.  The rate of
decline has been slower since 1990 due to PEPCO’s decreased withdrawal.
PEPCO’s withdrawals have not seriously affected the available drawdown in
the Magothy Aquifer.
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• Upper Patapsco Aquifer at Chalk Point—The water level surface of the Upper
Patapsco Aquifer declined five feet at Chalk Point from 1990 to 1995.  These
declines will not impact the approximately 740 feet of water available in the
Upper Patapsco Aquifer.

• Lower Patapsco Aquifer at Morgantown—The water level surface of the
Lower Patapsco Aquifer in the vicinity of the Morgantown power plant
remained stable between 1982 and 1995.  Recent water level data, however,
suggest that the water level declined by five feet during the period 1995-1996.
The significance of this trend will become more evident after two additional
years of water level data are available.  By comparison, water levels in the
Lower Patapsco Aquifer have declined 60 to 70 feet since 1990 in the Waldorf
and LaPlata area.

Wastewater Discharges

In addition to withdrawing water for various plant needs, power plants generate
wastewater from cooling operations, boiler cleaning, ash handling, and equip-
ment maintenance.  Power plants frequently need to use chemical biocides to
keep the condenser tubes clean and to keep aquatic organisms from clogging
power plant systems.  Chlorine is the most commonly used biocide, and trace
amounts of it are released in the cooling water discharge.

In the 1970s and 1980s, concern over discharges of chlorine led the U.S. EPA and
states to regulate the concentration and duration of chlorinated discharge.
Chlorine is highly toxic to aquatic life, particularly larval fish.  Although chlorine
is still the most commonly used biocide in power plants across the United States,
a number of facilities have recently conducted trials with alternative biocides,
such as sodium bromide, and are exploring new techniques to reduce the
amounts of chlorine used.

Power plant discharges can also contain toxic metals.  Under the 1987 Clean
Water Act (CWA) Amendments, the U.S. EPA developed lists of waterways
impacted by toxic chemicals, as well as discharges to these waterways.  Ten
power plants across the U.S. were included on the CWA’s list of toxic discharg-
ers.  The power plants were listed primarily because metal concentrations in their
water discharges exceeded established levels.  Two Maryland power plants—
Brandon Shores and Vienna—were included on the list because concentrations of
copper in their discharge water exceeded state standards.  Control strategies are
being developed to reduce or otherwise address these concentrations.

BGE recently requested a permit modification for Brandon Shores, based on use
of a mixing zone and chemical translator as provided in state regulations for
discharge of a toxic substance (copper in this case).  A chemical translator is a
mechanism for establishing the relationship between dissolved concentrations,
which may affect aquatic life, and total recoverable metals concentrations, which
are the basis of NPDES permit limits.  The permit limit applies at the edge of a
legal mixing zone and therefore the chemical translator is also based on the
dilution that occurs at the edge of the mixing zone.  PPRP reviewed BGE’s
mixing zone study and the proposed use of a chemical translator to aid the
evaluation of these methods.

A major issue for utilities in complying with toxic discharge limits is that the
permit limits established to protect aquatic life may not be easily or economically
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measured by standard laboratory methods.  EPRI has submitted a proposal to
the U.S. EPA to establish an alternative approach to determining detection and
quantitation levels for permit limits.  PPRP held a workshop with Maryland
utilities, state regulators, and EPRI scientists to facilitate communication about
the new approach.  PPRP is also making an independent assessment of the
strengths and weaknesses of EPRI’s approach and recommended methodology
for determining minimum levels.

Coal Piles and Coal Combustion By-product Storage Piles

Inorganic constituents, such as iron and sulfate, may enter the environment from
coal storage piles or fly ash landfills, particularly via leaching into water which
passes through the stored material and into ground or surface waters.  PPRP has
monitored such releases and their potential impacts from CCB storage facilities
in a number of projects.  Section 4 of this report also discusses PPRP activities
regarding alternative management methods for CCBs.

PPRP has assessed the potential for coal piles to impact ground water quality at
Maryland’s seven coal-fired power plants.  All of the power plants have placed
low permeability material beneath the pile, and collect and treat the coal pile
runoff to prevent ground water impacts.  Several power plants, such as PEPCO’s
Dickerson and Morgantown power plants and APS’ R.P Smith power plant, did
not have liners or other low permeability material beneath the coal piles when
the power plants began operation.  PEPCO recently installed a low permeability
layer at the Morgantown plant that consists of compacted CCBs and Portland
Cement.

Water quality data indicate that coal pile runoff at several Maryland power
plants has caused localized degradation of ground water quality.  The ground
water quality degradation occurred prior to placement of the liners beneath the
coal piles.  Shallow ground water beneath and downgradient of the coal piles
contains elevated levels of iron, manganese, aluminum, zinc and sulfate relative
to background.  The concentrations of these constituents in ground water de-
crease downgradient of the coal piles, resulting in no adverse impacts to ground
water users or surface water downgradient of the site.

PPRP has also evaluated ground water quality impacts associated with three
PEPCO CCB storage sites and two BGE structural fill sites.  The water quality
data collected from PEPCO’s Faulkner, Brandywine, and Westland coal ash
storage sites and BGE’s Brandon Woods site indicate that shallow ground water
and surface water quality have been degraded with iron, manganese, nickel, zinc
and sulfate relative to background water quality.  No adverse impacts to ground
water users or surface water downgradient of these sites is expected because, in
all cases, these impacts have been confined within the site boundaries.  In
addition, ground water quality data collected over the past 10 to 15 years indi-
cate that these constituents have reached maximum concentrations in ground
water and the levels will decrease over time.

PPRP investigated reports of yellow perch declines in Zekiah Swamp Run in
Charles County, which is near PEPCO’s Faulkner Ash Storage Facility, to assess
whether the reductions in populations might be attributable to impacts from ash
storage runoff.  Monitoring studies showed that ground water collected from
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wells near the facility was contaminated with heavy metals, but that contamina-
tion was limited to an area within about 1,500 feet from the landfill.  The chemi-
cal monitoring studies did not indicate surface water contamination of Zekiah
Swamp.  Other tests conducted in Zekiah Swamp, however, indicated that
yellow perch larvae had difficulty surviving in areas of the swamp within and
outside the range of possible influence of the Faulkner facility.  The study
concluded that many factors are responsible for the poor larval survival and that
the ash facility did not contribute to the observed mortalities.

Effects of Acid Deposition

PPRP has conducted a substantial amount of research over the past 20 years on
the generation and effects of acid deposition in Maryland.  PPRP designed these
projects to complement deposition research conducted at the national level by
focusing on resources unique to Maryland or on topics that are not being studied
elsewhere.

Studies have shown that the deposition of acidified materials can affect aquatic
and terrestrial resources.  The magnitude and type of impact of the acid deposi-
tion, however, depends on a variety of complex factors.  These factors include the
amount of materials deposited, the relative ability of the water body or soils to
buffer the effects of the acidity, the sensitivity of organisms to pH changes, and
the types and amount of vegetation.  The goal of much of Maryland’s acid rain
research is to generate information needed for effective management, including
mitigation, of the acid deposition problem in Maryland.

The statewide, multi-year Maryland Biological Stream Survey (MBSS) was
initiated in the 1990s to assess the status and trends of biological resources.  The
MBSS collects information on aquatic biota (fish and macroinvertebrates),
physical habitat, and water quality to assess the fishability and biological integ-
rity of Maryland streams.  The MBSS will yield a comprehensive assessment of
the extent to which acidic deposition may be affecting critical biological re-
sources within streams of the state.  The Survey is using the Index of Biotic
Integrity (IBI) approach to characterizing stream health, which takes into
account water quality, physical habitat, land uses, and watershed area in inter-
preting biological data.  Initial results have begun to answer key questions about
impacts to biological resources.  For the statewide assessment currently in
progress, the IBI will serve as a useful tool for assessing the impacts of acid
deposition, particularly in the context of other cumulative impacts.

Maryland has conducted a number of research projects to investigate the effec-
tiveness of liming applications to mitigate acidification of Maryland surface
water bodies.  A series of Maryland studies investigated the use of automated
stream liming devices to neutralize acidic episodes in several Coastal Plain
streams.  In these projects, researchers operated dosers in study streams, which
automatically release liming materials at intervals into the streams.  Although the
dosers were able to mitigate acidic pulses during storm events, the devices
experienced mechanical breakdowns and power failures during long-term use.

Maryland has recently investigated two innovative mitigation designs:  diver-
sion wells and constructed wetlands.  Diversion wells have been successful in
Sweden, but have only been implemented at a few sites in the United States.
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They involve diverting the acidic water from the stream into a cylindrical con-
crete well with limestone on the bottom; neutralized water is then returned to the
stream.  Constructed wetlands have never been attempted as a mitigation for
acid deposition, but they could provide an economical means of raising stream
pH, while at the same time contributing wildlife habitat and other benefits to the
landscape.  If successful, these methods can be added to the repertoire of poten-
tial mitigation alternatives for acid streams in Maryland.

PPRP is currently developing a demonstration project for the constructed wet-
land method in the Murley Run watershed in Garrett County.  An ecological
characterization of the streams identified it as a candidate for acid mitigation
owing to the absence of fish but the abundance of suitable habitat and benthic
organisms.  PPRP prepared a conceptual plan for the project that consists of
constructing a limestone wetland on an upstream tributary of the mainstem
Murley Run.  In the second phase of the project, PPRP demonstrated the feasibil-
ity of the concept by confirming that passing actual stream water through
columns of the proposed construction materials would provide enough alkalinity
in the system to allow fish to return.  DNR is currently seeking funding sources
to implement this project as the first demonstration of constructed wetlands for
mitigation of acid deposition impacts.

Terrestrial Impacts
Vegetated, natural terrestrial ecosystems in Maryland include forests, tidal and
non-tidal wetlands, grasslands, and other habitats.  Agricultural land, residential
development, and commercial development have replaced some of Maryland’s
natural terrestrial ecosystems.  A variety of wildlife inhabit Maryland’s terrestrial
ecosystems.  Construction and operation of power plants and their related linear
facilities (transmission line rights-of-way, pipelines, access roads, etc.) can
affect terrestrial resources and the wildlife they support in a variety of ways,
including: 1) physical change or elimination of existing habitats; 2) disturbance
and displacement of wildlife; 3) deposition of particulate matter or gaseous
emissions to the atmosphere; and 4) inadvertent spills and permitted release of
toxic materials.

Forest resources are protected under the 1991 Forest Conservation Act (FCA).
Under the FCA, tree conservation, replanting, and other environmental param-
eters must be considered before any development disturbs forest resources.  An
exemption for rights-of-way and land for construction of electric generating
facilities can be given if a CPCN is issued.  A project may lose its exemption
status if the developer of a site or its linear facilities cannot demonstrate that
cutting or clearing of forest will be minimized.

Power plant construction and operation can adversely affect nontidal and tidal
wetlands.  In the 1780s, Maryland included about 1,650,000 acres of wetlands
(24.4% of its surface area); as of 1989, Maryland included only about 440,000
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acres of wetlands (6.5% of its surface area).  These figures represent a 73% loss of
wetlands in the state.  The State is concerned with such losses, and now protects
these resources.  Through regulations developed under Maryland’s 1991
Nontidal Wetlands Protection Act, many activities in nontidal wetlands are
regulated under a policy of no net loss.  Similarly, activities in tidal wetlands in
Maryland are regulated under the 1994 Tidal Wetlands Regulations.

Compared with residential and commercial construction, power plant construc-
tion has caused minimal direct wetlands impacts since the implementation of
Maryland’s nontidal wetlands law.  Relatively small losses of wetlands were
associated with recently licensed Perryman and Panda-Brandywine facilities.
Wetlands losses were minimized through the CPCN process, requirements of the
Nontidal Wetlands Protection Act, and cooperation from the utilities.  To com-
pensate for wetland losses and to meet the state’s no net loss goal, mitigation is
being required for these projects.  Wetlands mitigation is also underway at
PEPCO's Station H facility.

This section on terrestrial impacts focuses on the various ways power plants and
their related maintenance and operation impact Maryland’s natural terrestrial
ecosystems, as well as the methods used by the state and utility operators for
reducing these impacts.

Steam Electric Power Plants
Fifteen steam electric power plants in Maryland have a capacity greater than 100
MW; 10 are located in rural or semi-rural areas and five are in urban, developed
areas.  The total area of all rural sites is approximately 5,500 acres, most of which
lies within the Coastal Plain province.  This acreage amounts to less than 0.1
percent of Maryland’s total land area (more than six million acres).

Depending on the location of the facility and its design, the project footprint
(buildings, structures, roads, etc.) makes up only a small portion of the total
acreage of a plant site.  From surveys of land use patterns at the 15 steam electric
facilities, PPRP found that the footprints of all of the sites combined average
about 54% of the total acreage, with a range of about 7% at Calvert Cliffs to 100%
at Westport.  The remaining land at the facilities comprises forests, wetlands,
grassland/oldfield, and agricultural land.

As new power plants are sited and constructed in Maryland, it is likely that the
footprint acres/total site acres ratio will become larger than in the past (i.e.,
footprints will be a larger proportion of smaller sites).  This can be attributed
primarily to technological changes in the design of new steam plants, making
them more efficient per unit size than old plants.  In addition, more stringent
environmental regulations such as the Nontidal Wetlands Protection Act and the
FCA limit the number of suitable large sites and can increase development costs.

Hydroelectric Facilities
Nine hydroelectric facilities are currently active in Maryland.  Terrestrial habitats
that are typically displaced by the impoundments created by dams are nontidal
wetlands and riverine forests, which support a diverse and valuable group of
flora and fauna.  The impoundment areas associated with eight of the facilities
(not including Conowingo Reservoir, which is partially in Pennsylvania) total
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about 7,000 acres, representing a small percentage of the total land area of
Maryland.  The loss of existing terrestrial habitats by inundation is accompanied
by the formation of new habitats along the peripheries of the impoundments.
Open water habitats, suitable for a variety of wildlife, including waterfowl, have
also been provided by the impoundments.

The impoundments created by the hydroelectric facilities have not eliminated a
significant portion of Maryland’s total riparian habitat, which is about half a
million acres.  Unaltered rivers, however, are increasingly valuable for recre-
ational and educational purposes.  Electricity is generated by peaking operations
at three of the nine hydroelectric facilities in Maryland, and by run-of-river
operations at the other six.  Peaking refers to the storage and release of water
from the impoundment to the turbines during high demand periods.  Peaking
operations involve rapid fluctuation of impoundment and river water levels that
may have adverse effects on wetlands vegetation and wildlife.  Rapid water level
fluctuations can expose and freeze plant roots in the winter, strand bird
hatchlings on mudflats, and increase streambank and impoundment erosion.
Run-of-river operations are generally less ecologically harmful than peaking
operations because they simulate natural river flow by passing a minimum flow
through the facility at all times, and do not involve rapid, severe changes in
water levels.

Combustion By-Product Landfills
Five active CCB landfill sites in Maryland occupy a total of about 1,000 acres.
There are more than 30 inactive, smaller ash landfill sites around the state.  The
smaller sites are typically 50 to 100 acres in size, but vary depending on the type
of coal used and the generation facility.  The capacity of some of these sites may
be 20 years; others may possess only a 5- to 10-year capacity.  Over the next 40
years, Maryland’s coal-fired plants could require between 1,100 and 2,300 acres
for ash disposal.  With several landfill sites near capacity, either additional
landfill space or new uses for combustion by-products need to be identified.
Several candidate landfill sites next to existing sites are being considered as
potential new landfill areas.  Ash utilization techniques that may reduce the
amount of landfill space required are discussed in Section 4 of this report.

Terrestrial impacts of ash landfills are prolonged by the fact that landfills are
rarely managed for habitat restoration purposes after closure.  These sites are
designed to be dry and elevated above the water table.  Owing to the operation
of the landfills, the fly ash and other materials are usually highly compacted,
which tends to inhibit deep root growth; this precludes establishment and
survival of woody vegetation.  One closed landfill site in Anne Arundel County
has been partially developed into a business park and has been landscaped, but
this is an exception to the rule.

Transmission Line and Pipeline
Rights-of-Way
Electric transmission line and pipeline rights-of-way are located throughout the
state.  Both temporary and permanent impacts can arise from transmission line
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and pipeline corridor construction and maintenance.  Forested communities are
particularly prone to impacts from construction of rights-of-way, especially
where fragmentation of large parcels occurs.  To construct these corridors, land
must be cleared of vegetation, and sometimes graded.  Once the linear facilities
have been installed, the rights-of-way are typically maintained in herbaceous or
shrubby vegetation, resulting in permanent impacts to forest, wildlife, and
wetlands resources.

With appropriate planning and construction techniques under ideal conditions,
nontidal wetlands (excluding forested systems) can recover from linear facilities
construction in as little as two years.  Recent investigation by PPRP has shown
that construction of electric transmission line rights-of-way has had relatively
little impact on nontidal wetlands in Maryland.  Transmission line construction
accounted for only 1 of the 92 wetlands permits and about 7 of the 682 Letters of
Authorization approved by DNR from January 1991 (when State nontidal
wetlands permitting activities began) to May 1994.  In the same period, the
construction of new transmission line rights-of-way has permanently impacted
only about one acre of nontidal wetlands and temporarily impacted about eight
acres.  Many of these impacts represent conversion of one type of vegetation to
another; for example, forest is converted to a scrub/shrub habitat.  To put these
numbers into context, permanent nontidal wetlands impacts for all projects in
Maryland authorized from January 1991 through December 1993 totaled 76.9
acres.  Temporary impacts authorized during that time totaled 93.6 acres.

Under Maryland’s nontidal wetlands regulations, permanent impacts to nontidal
wetlands must be mitigated (i.e., new wetlands created, other disturbed wet-
lands restored, or payment made to the Wetlands Compensation Fund) at
various ratios depending on the type of wetlands affected.  A ratio of 3:1 is
applied to scrub/shrub and forested wetlands of special state concern, a 2:1 ratio
to scrub/shrub and forested wetlands and to herbaceous wetlands of special
state concern, and 1:1 for emergent wetlands.  Mitigation ratio requirements are
similar for state tidal wetlands.  Temporary impacts and impacts to wetlands
buffers do not usually have to be mitigated.

When transmission line corridors go through forested areas, individual trees are
lost, and the natural forest community is often fragmented.  Fragmentation of
forest habitats may affect biodiversity.  Forest-dwelling species that require large
tracts of intact forest—such as migratory songbirds—may be eliminated through
predation or parasitism by edge species that invade the corridor.  While the total
number of species in the local area may increase as a result of the invasion of
common species with an affinity for brushy or oldfield habitats, the regional
diversity will usually decrease as rarer forest-interior species are eliminated.

PPRP recognizes the importance of reducing forest fragmentation caused by
transmission line corridors and is working with utilities to encourage manage-
ment practices that reduce edge effects, such as fostering of shrubby, low-
growing communities.  Such communities will help to provide a more natural
transition into the remaining forest adjacent to the right-of-way.  It is also hoped
that such low-growing communities will help prevent colonization of rights-of-
way by invasive species.  Section 4 of this report describes in more detail the
methods PPRP is developing to evaluate and promote biodiversity.

PPRP is also developing a siting model for new transmission lines that takes into
account the need to preserve large tracts of intact forest.  This model uses GIS
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map overlay techniques to “grade” points on the landscape as to their suitability
for construction of power facilities.  Sensitive resources (including intact forest)
at each location combine to produce higher avoidance scores, while existing
infrastructures produce favorable siting scores.  Following the appropriate
algorithm, multiple transmission line routes can be drawn and evaluated.  This
model will provide an effective tool to assist siting decisions, once the model is
validated and economic factors are included.

Right-of-Way Maintenance
Growth of woody vegetation on transmission line and other rights-of-way (such
as natural gas pipelines) can present public safety hazards.  Trees or branches
that grow too close to power lines (danger trees) could fall on the lines and deep
roots jeopardize the integrity of underground pipes.  Utilities manage vegetation
through a combination of mechanical and chemical treatments.  State regulations
permit the utilities to use only U.S. EPA-approved herbicides.  These herbicides
pose little danger to the terrestrial environment if properly applied.

The herbicides most commonly used by Maryland utilities, those with
glyphosate as the active ingredient, persist in the environment for less than two
months and are generally not toxic to wildlife when applied appropriately.
Improper use of chemical herbicides, however, can result in excessive amounts
being carried by runoff or wind transport into areas outside the right-of-way,
and may damage untargeted vegetation and wildlife.

Several of Maryland’s electric utilities have initiated maintenance programs to
improve wildlife habitats in rights-of-way.  Under these programs, stable
oldfield (i.e., weedy, shrubby) habitats are established with tree species that do
not have the potential for becoming danger trees.  This is typically accomplished
by spot treating potentially undesirable trees with glyphosate herbicide every
three to five years, instead of annual mowing or broadcast spraying of herbi-

cides.  Results provided by the utilities
indicate that such selective programs
have created better, more stable habitats
for wildlife, and have saved thousands
of dollars in annual maintenance costs.

Mechanical cutting of vegetation in
rights-of-way is not necessarily benign;
it can disturb and kill wildlife, and has
the potential for polluting surface
waters, depending on the type of
equipment used.  Right-of-way manage-
ment, whether it is accomplished by
mowing or by herbicides, often affects
wildlife by altering the original vegeta-
tive community.  Most Maryland
utilities indicate that they use a combi-
nation of selective herbicide application
and mechanical cutting rather than
exclusively one or the other.

Figure 3-12
Estimated Effective Radiation Dose from Natural and
Manmade Sources
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Radiological Impacts
Production of nuclear power in the United States is licensed, monitored, and
regulated by the U.S. Nuclear Regulatory Commission (NRC).  Provisions in the
operating licenses of each plant allow utilities to discharge low levels of radioac-
tive material to the environment.  The kind and quantity of releases are strictly
regulated and must fall within limits defined in federal law.  The NRC regulates
releases from power plants according to the principle that radiation exposure to
the environment and humans be kept “as low as reasonably achievable.”

Pathways of exposure to radioactive material in the environment are similar to
those for other pollutants.  An aqueous pathway dose (water dose) is received by
ingesting radioactive water and seafood and by exposure to contaminated
sediments and water.  An atmospheric pathway dose results from exposure to or
inhalation of radioactive gas or airborne particles or ingestion of radionuclides
deposited on or assimilated by terrestrial vegetation and animals.

Nuclear power plants are minor contributors to radiation exposure in the United
States.  As Figure 3-12 illustrates, natural radiation sources account for more than
80% of the average radiation dose.  Of the approximately 18% of radiation doses
arising from manmade sources, only 1% is attributed to nuclear power plants.

Figure 3-13 shows the locations of nuclear power plants in and near Maryland.
Calvert Cliffs Nuclear Power Plant, in Calvert County, is the only nuclear station
in the state.  The next closest plant, Peach Bottom Atomic Power Station, is on the

Figure 3-13
Nuclear Power Plants in and Around Maryland
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Susquehanna River just north of the Pennsylvania/Maryland
border.  These two facilities both release radionuclides into
Maryland’s environment.  PPRP, MDE, and the utility
operators conduct environmental monitoring programs near
both plants.  These monitoring programs are used to assess
the radiological effects on the environment attributable to
each of the power plants.

Calvert Cliffs Nuclear Power Plant
BGE owns and operates the Calvert Cliffs facility, on the
western shoreline of the Chesapeake Bay.  Each of its two
units is a pressurized water reactor with a generating capac-
ity of approximately 860 MW.  The units began service in
May 1975 and April 1977.

Calvert Cliffs routinely releases low-level gaseous and liquid
radioactive effluents into the atmosphere and the Chesapeake
Bay.  The level of radioactivity of these effluents at any given
time depends on many factors, such as plant operating
conditions and conditions of the nuclear fuel.  Since Calvert
Cliffs has been in operation, releases of radioactivity to the
environment have been well within the regulatory limits.

Radioactive noble gases, primarily xenon, krypton, and
argon, constitute most of the radioactive material released to
the atmosphere from Calvert Cliffs.  Noble gases are chemi-
cally inert, are not readily incorporated into biological
tissues, and are not bioconcentrated.  They are readily
dispersed in the atmosphere, and most have short half-lives
decaying rapidly to stable forms.  For these reasons, the noble
gases do not represent a significant threat to human or
ecological health.  The most recently compiled results from
environmental monitoring (for the years 1994 and 1995)
indicate that releases of radioactivity to the atmosphere by
the Calvert Cliffs plant were not detectable in air, precipita-
tion, or vegetation.

In the plant’s aqueous releases to the Chesapeake Bay, the
environmentally significant radionuclides are primarily
forms of radioactive cesium, cobalt, and silver.  These radio-
nuclides are notable because biota, such as oysters, accumu-
late them readily.  They also can be trapped in sediments at
the bottom of the Bay.  Through the food chain, these radio-
nuclides in sediments may ultimately contribute a radiation
dose to human populations.  However, the quantities of
environmentally significant radionuclides released and
subsequently detected in fish and Bay sediments were quite
small (approximately 1% of all radioactivity includes historic
fallout and naturally occurring radionuclides).

Bay oysters are ideal indicators of environmental radionu-
clide concentrations because they do not move and they

Calvert Cliffs License
Renewal
On April 10, 1998, BGE filed an application with the
NRC for a 20-year renewal of the operating licenses for
both units at Calvert Cliffs.  This filing has been
anticipated for several years.  PPRP has been involved
extensively with BGE and the NRC in both the
rulemaking related to the license renewal process and
the development of BGE’s application.  Calvert Cliffs
will be the first nuclear power plant to be considered by
the NRC for license renewal.

BGE decided to pursue relicensing and replacement of
the steam generators following an eight-year evaluation
of options for safely and competitively maximizing the
life of Calvert Cliffs.  The power generated at the plant
makes up a large portion of the electricity used by
Maryland residents—it supplies 40% to 50% of the
power generated by BGE, and in 1996 generated 27%
of the power produced in the State of Maryland.  During
the same year, coal-fired generators produced about
62% of the power generated in Maryland.  While it
seems that the expiration of the licenses for Calvert
Cliffs’ two units are a long way off (16 and 18 years),
BGE must have sufficient time to get through the license
renewal process and to pursue alternative sources of
power to replace the plant if that should become
necessary.

In accordance with NRC regulations, BGE’s application
for license renewal has two parts:  1) a safety analysis
that describes the procedures for managing the effects of
aging on plant components; and 2) an environmental
report that analyzes environmental impacts of renewal,
with an emphasis on 22 issues or resources that the
NRC has determined must be evaluated for each
relicensing application.  The NRC has determined that
BGE’s application is complete, and is in the process of
preparing a supplemental environmental impact
statement (SEIS).  The SEIS presents the NRC’s indepen-
dent analysis of the environmental impact of license
renewal, and compares these impacts to the environ-
mental impacts of the alternatives.  In its application,
BGE evaluated alternatives to relicensing Calvert Cliffs,
which include constructing new coal- or gas-fired
generation and purchasing power generated elsewhere.

The NRC will draft an SEIS and solicit comment and
input from other federal agencies, state agencies, and
the interested public, following a process established by
the National Environmental Policy Act.  PPRP will
continue to coordinate Maryland’s input to this process,
interacting with both BGE and the NRC.  The NRC will
integrate comments received in the draft SEIS into a
Final EIS.  On the basis of the environmental impact
statement and the safety analysis information, the NRC
will determine whether to issue a license renewal; this
decision is expected in the year 2000.
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readily ingest and concentrate metals.  Oysters are commercially harvested near
Calvert Cliffs, and they have the greatest potential for providing a human
radiation dose through seafood consumption.  PPRP routinely monitors the
uptake of radionuclides in test oysters placed on platforms on the Bay floor, in
the vicinity of the Calvert Cliffs discharge.  The oysters are collected at scheduled
time intervals and analyzed for radionuclide content in tissues.  Radiosilver
continues to be the principal plant-related radionuclide accumulated by oysters;
it has consistently been detected in test oysters as well as oysters on natural beds.

Chesapeake Bay sediments are also useful indicators of environmental radionu-
clide concentrations because they serve as natural sinks for both stable and
radioactive metals.  Sediment samples are collected seasonally by PPRP from
eight transects extending bayward north and south of the Calvert Cliffs plant.
Cobalt-60 was the plant-related radionuclide detected most frequently in Bay
sediments during the 1994-1995 reporting period.  Radiosilver was also detected
sporadically during this period, but generally less frequently and at less concen-
trations than in previous years.

As part of the surveillance program, PPRP estimates doses of radiation to
individuals consuming seafood.  The doses are calculated based on maximum or
worst-case estimates of the amount of plant-related radioactive materials poten-
tially available.  Results indicate that radiation doses attributable to operations at
Calvert Cliffs are well below federally mandated limits.

A comparison of radionuclide concentrations in environmental samples collected
between 1994 and 1995 with levels detected since 1978 shows the following:

•   The levels of plant-related radionuclides detected during 1994 and 1995 are slightly
less than the range of concentrations detected over the previous decade.

• Although radionuclide concentrations fluctuate seasonally and annually, no long-
term accumulation of plant-related radioactivity in Bay aquatic life and sediments is
evident.

• The radioactivity introduced into the environment by Calvert Cliffs is small compared
with background radioactivity from natural sources and weapons test fallout.

• Atmospheric and aqueous releases and radiation doses to humans are well within
regulatory limits.

• Environmental, biological, and human health effects of releases of radioactivity from
Calvert Cliffs are insignificant.

Peach Bottom Atomic Power Station
Peach Bottom Atomic Power Station, located on Conowingo Reservoir just
north of the Pennsylvania/Maryland border, is owned jointly by PECO Energy,
Public Service Gas and Electric Company, Delmarva Power, and Atlantic
Electric Company.  PECO Energy operates the plant.  Its two operating units are
boiling water reactors, each with a currently licensed capacity of approximately
1,150 MW, and have been in service since 1974.

Like Calvert Cliffs, Peach Bottom routinely releases low-level gaseous and liquid
radioactive effluents into the atmosphere and the Susquehanna River.  Since the
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plant has been in operation, all liquid and atmospheric releases of radioactivity
have been well within regulatory limits.

Information from monitoring programs shows that in recent years radionuclides
of xenon and krypton accounted for nearly all of the radioactivity released to the
atmosphere by the plant.  These particular radionuclides are chemically inert
and, therefore, are of little environmental concern.  Based on environmental
monitoring from 1994 and 1995, no radioactivity attributable to atmospheric
releases by Peach Bottom was detected in air samples collected from the plant
site and distant locations.

Of the radionuclides released by Peach Bottom to the Susquehanna River in 1994
and 1995, 99% was tritium (a radioactive form of hydrogen) in a form that is not
bioaccumulated and is of limited environmental concern.  Very small quantities
of radioactive cobalt, zinc, and cesium accounted for most of the remaining
radioactive material released in liquid effluent.  These particular radionuclides
are environmentally significant because they can be readily accumulated by
aquatic life such as mussels and finfish.

Finfish collected from the Conowingo Reservoir area contained both plant-
related and fallout-related radionuclides.  Peach Bottom plant-related radioactiv-
ity was also detected in sediments collected down-river of the plant, at slightly
lower levels than in previous years.  Concentrations of radiocobalt and
radiocesium were highest in the Conowingo Reservoir area, as they have been in
previous years.  It is estimated that less than 20% of the radioactivity released in
Peach Bottom water discharge is found in sediments of the Conowingo Reser-
voir.  The remaining radionuclides are transported downstream to the Chesa-
peake Bay.

Estimates of radiation doses to individuals consuming fish were calculated using
the maximum plant-related radionuclide concentrations, similar to the studies at
Calvert Cliffs; however, because the Susquehanna River is a source of drinking
water, its ingestion, in addition to fish consumption, may potentially contribute
to a human radiation dose.  The annual total body doses associated with the
consumption of finfish and drinking water are well below federal limits.

Comparing PPRP’s radiological monitoring of Peach Bottom-related radioactiv-
ity of aquatic life and sediments collected from 1994 to 1995 with monitoring
results since 1978 shows the following:

• The low levels of plant-related radioactive material detected in aquatic life and
sediments represent a small portion of the radioactive material in the Susquehanna
River-Chesapeake Bay system compared with that from natural sources and weapons
test fallout.

• No long-term accumulation of plant-related radioactive material in river biota is
evident.

• Long-term operation of Peach Bottom has not caused significant accumulation of
radioactive material within the Conowingo Reservoir.

• Atmospheric and aqueous releases and radiation doses to humans are well within
regulatory limits.

• Environmental, biological, and human health effects of releases of radioactivity from
Peach Bottom are insignificant.


