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Chapter 4 – Impacts of Power 
Generation and Transmission

Electricity opens a field of infinite conveniences to ever greater numbers, but they 
may well have to pay dearly for them.

– Winston Leonard Spencer Churchill
Address to the Royal College of Surgeons (1951)

Electricity supply is a public good that has facilitated tremendous 
improvements in human health and safety as well as economic 
development.  However, the benefits of electric power generation and 
transmission are accompanied by a variety of environmental and socio-
economic impacts associated with the construction, operation, and 
maintenance of these facilities.

This figure illustrates some of the primary environmental impacts associated with 
electricity generation and transmission in Maryland.

WATER – Surface and ground water withdrawals may reduce the amount of water available
for other users.  

WATER DISCHARGES
Any generating facility with steam turbines likely utilizes water for cooling purposes. 
Discharges from once-through cooling systems can create thermal plumes (warm areas) 
in receiving water bodies.  Power plant discharges can also carry small amounts of 
chlorine or other chemicals used to control biofouling in cooling systems.    

AIR EMISSIONS
• Nitrogen oxides (N0x)
• Sulfur dioxide (SO2)
• Mercury
• Greenhouse gases
• Particulate matter

SOLID 
BY-PRODUCTS
• Fly ash
• Scrubber sludge

RADIOLOGICAL WASTE
• High-level waste (spent
 fuel):  Spent nuclear fuel 
 is stored on-site under 
 stringent NRC guidelines. 

• Low-level waste:  Solid 
 waste that is contaminated 
 with radiation is trucked 
 off-site for disposal at a 
 licensed radioactive waste 
 handling site.    

•  Similar air emissions to
 those produced from 
 fossil fuel combustion
• Fly ash (if solid waste is
 burned) 

Transmission line
construction can have
significant effects on
plants and animals:  
• Alteration of wildlife
 habitat
•  Forest fragmentation, 
 especially as it impacts 
 bird species
•  Disturbance associated 
 with construction that 
 crosses wetlands or 
 streams

Renewable energy
facilities can affect
plants and animals
and their habitats: 
• Alteration of 
 habitat from 
 impounded rivers
• Loss of wildlife
 habitat from 
 facility installation
• Direct impacts to 
 fish, birds, and 
 bats  
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Hydroelectric, 

LAND USE – The operation of renewable energy and 
transmission facilities requires no fuel or water, but can 
consume and/or alter significant land areas.

FUEL – Potential impacts to water and land can result
from oil and gas drilling, mining for coal and uranium,
as well as accidental spills and releases.  

Fossil Fuel Plant Waste/Biofuel 
Plant 

Nuclear Plant 
Wind, & Solar

Transmission

Large volume withdrawals of surface water for cooling can affect small fish or other aquatic 
organisms drawn into the cooling system 

FUEL – Burning waste or
biofuel to generate electricity
can help reduce the volume
of waste going to landfills and 
conserve other fuel resources.
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This chapter describes each of these impact areas in some detail, and 
discusses PPRP’s efforts to better understand the magnitude of these 
impacts in Maryland and how they can be managed, minimized, 
and/or mitigated. Also critical to reducing environmental impacts is 
controlling the amount of electrical energy we use, and the amount of 
fossil fuel consumed to generate that electricity. Other chapters of this 
report provide more information on how Maryland is promoting energy 
efficiency and the development of more sustainable energy sources.

4.1 Impacts from Generating Facilities

4.1.1	 Air	Quality	Overview
The federal Clean Air Act (CAA) was the first major federal 
environmental law in the U.S. that required the development and 
enforcement of regulations to protect the general public from air 
pollutants known to cause harmful effects to human health.  The year 
2010 marked the 40th anniversary of the CAA, which was originally 
signed on December 31, 1970 by President Nixon, “to foster the growth 
of a strong American economy and industry while improving human 
health and the environment”.18  The CAA authorized the United States 
Environmental Protection Agency (EPA) to develop ambient air quality 
standards — referred to as National Ambient Air Quality Standards 
(NAAQS) — for six common air pollutants (“criteria” pollutants).  The 
NAAQS represent the maximum pollutant concentrations that are 
allowable in ambient air.  “Primary” NAAQS are based on health risk 
assessments and are designed to protect public health, including the 
health of sensitive populations such as asthmatics, children, and the 
elderly.  “Secondary” NAAQS are designed to protect the public welfare 
by preserving visibility and preventing damage to crops, animals, 
vegetation, and buildings.  Table 4-1 lists the current NAAQS.

18 http://www.epa.gov/air/caa/40th.html

Clean Air Started Here
The concern with air pollution in the United States is said to have begun in the small town of Donora, Pennsylvania, 
more than 60 years ago.  Although smog was a predominant problem in large cities like Los Angeles dating back 
to the early 1900s, it was not until October 1948, when emissions from U.S. Steel’s zinc and steel mills were said 
to have killed 22 people and made almost half of Donora’s residents sick, that the government acknowledged that 
air pollution was a problem.  In 1949, following this incident, Allegheny County, Pennsylvania adopted a smoke 
control ordinance.  Soon after, the U.S. Air Pollution Control Act of 1955, the first piece of federal legislation to 
recognize pollution as a problem, was enacted.  To promote ongoing efforts to control air pollution, Donora recently 
commemorated this tragic event by opening the doors to the Donora Smog Museum, whose motto is “Clean Air 
Started Here”.

http://www.epa.gov/air/caa/40th.html
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Table 4-1 National Ambient Air Quality Standards as of July 2011

Primary Standards Secondary Standards

Pollutant Levela Averaging Time Level Averaging Time

CO (carbon monoxide) 9 ppm 
(10 mg/m3)

8-hour

None
35 ppm 
(40 mg/m3)

1-hour

Lead 0.15 µg/m3 Rolling 3-month average Same as Primary

1.5 µg/m3

(1978 standard)

Quarterly averageb Same as Primary

NO2 (nitrogen doxide) 0.053 ppm Annual (arithmetic average) Same as Primary

100 ppb 1-hour None

PM10 (particulate 
matter < 10 microns)

150 µg/m3 24-hour Same as Primary

PM2.5 (particulate 
matter < 2.5 microns)

1.5 µg/m3 Annual (arithmetic average) Same as Primary

35 µg/m3 24-hour Same as Primary

Ozone 0.075 ppm 
(2008 standard)

8-hour Same as Primary

0.08 ppm 
(1997 standard)

8-hour Same as Primary

0.12 ppm 1-hourc Same as Primary

SO2 (sulfur dioxide) 0.03 ppm Annual (arithmetic average)d 0.5 ppm 3-hour

0.14 ppm 24-hourd

75 ppb 1-hour None

Source: EPA, http://epa.gov/air/criteria.html
a NAAQS concentrations are expressed by EPA in different units of measure, depending on the pollutant and averaging 
period:  micrograms per cubic meter (µg/m3), milligrams per cubic meter (mg/m3), parts per million (ppm), 
or parts per billion (ppb).
b The 1978 lead standard (1.5 µg/m3) remains in effect until one year after an area is designated for the 2008 standard, 
except for nonattainment areas for which there are additional requirements.
c EPA revoked the 1-hour ozone standard in all areas of the country; some parts of the country have continuing 
“anti-backsliding” obligations.
d In Decenber 2009, EPA proposed to revoke both the 24-hour and annual average primary SO2 standard and replace 
it with a new short-term standard between 50-100 ppb on a 1-hour average basis.

The six criteria pollutants, most of which are emitted by fossil fuel-fired 
power plants, are as follows:

• Nitrogen dioxide (NO2) – a product of fossil fuel combustion.  The generic 
nitrogen-based exhaust product from power plants and other combustion 
sources is termed NOx and is primarily composed of nitric oxide (NO) and 
NO2.  NOx emitted by combustion sources is primarily in the form of NO, 
which is rapidly converted to NO2 in the atmosphere.  In the presence of 
sunlight and heat, NO2 reacts with volatile organic compounds (VOCs) to form 
ground-level ozone (smog).

http://epa.gov/air/criteria.html
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• Sulfur dioxide (SO2) – also a product of combustion.  SO2 is released when 
sulfur-containing fuels, such as oil and coal, are burned.

• Particulate matter (PM) – dust, soil, and liquid droplets that form during the 
combustion of fossil fuels or in the atmosphere by chemical transformation and 
condensation of liquid droplets.  Particulate matter is defined by the size of its 
particles.  PM10, for example, contains particles smaller than 10 microns in 
diameter.  PM2.5, also referred to as “fine” particulate matter, is composed of 
particles 2.5 microns in diameter or smaller. 

• Carbon monoxide (CO) – formed by incomplete combustion of carbon-based 
fuels during the combustion process.

• Lead (Pb) – a metal emitted into ambient air in the form of PM.  

• Ozone (O3) – is not emitted directly, but forms in lower levels of the 
atmosphere as “smog” when NOx and VOCs react in the presence of sunlight 
and elevated temperatures.  

EPA, along with state and local regulatory agencies, monitor 
concentrations of the criteria pollutants near ground level at various 
locations across the country.  The monitoring locations in Maryland are 
shown in Figure 4-1.  If monitoring indicates that the concentration of 
a pollutant exceeds the NAAQS in any area of the country, that area is 
labeled a “nonattainment area” for that pollutant, meaning that the area 
is not attaining the national ambient air quality standard.  Conversely, 
any area in which the concentration of a criteria pollutant is below the 
NAAQS is labeled an “attainment area” for that pollutant. 

The attainment/nonattainment designation is made on a pollutant-
by-pollutant basis.  The air quality in an area, therefore, may be 
designated as attainment for some pollutants and nonattainment for 
other pollutants simultaneously.  The designation is important because 

Figure 4-1 Maryland Monitoring Station Locations
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Figure 4-2 Ozone Nonattainment Areas in Maryland (1997 Standard)

many air regulatory requirements are based in part on whether a source 
is located in an attainment area, where emissions must be limited to 
ensure the air stays clean, or in a nonattainment area, where emissions 
must be reduced to bring the area into attainment.  As such, air pollution 
control requirements are generally more stringent for sources located in 
nonattainment areas. 

Currently, all of Maryland is in attainment with the NAAQS for most of 
the criteria pollutants (SO2, NO2, PM10, CO, and lead).  The entire State 
of Maryland is designated attainment for the 24-hour PM2.5 standard; 
however, the Baltimore, Washington, D.C., and Hagerstown areas are 
designated nonattainment for the annual PM2.5 standard.  In addition, 
much of the urbanized portion of Maryland, like densely populated areas 
across the eastern U.S., is not meeting the NAAQS for ozone.  Ozone is 
recognized as a regional pollutant, rather than a local issue, thus in the 
CAA, Congress recognized that ozone pollution and its precursors can 
be transported from state to state.  The Act created the Northeast Ozone 
Transport Region (OTR), comprised of 12 states (including Maryland) 
and the District of Columbia.  As part of the OTR, the entire State must 
follow nonattainment area requirements as if all counties were ozone 
nonattainment areas, even though ozone monitoring indicates that 
many counties are in attainment.  Figure 4-2 depicts current ozone 
nonattainment area designations in Maryland.
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EPA routinely evaluates the NAAQS to determine whether more stringent 
or different standards are warranted.  For example, EPA has lowered 
the standard for ozone several times in recent years.  EPA had been 
considering setting a new, lower standard for ozone in 2011; however, in 
September of that year, the Obama Administration announced that they 
would withdraw ozone NAAQS at this time.  The 2006 ozone standard 
will be reviewed in 2013, as planned.  In one of the more significant 
changes to the NAAQS in recent years, EPA finalized new, short-term 
(1-hour) ambient standards for NO2 and SO2 in 2010.  The standards 
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are stringent and many affected sources are having a difficult time 
demonstrating that new and modified operations are not affecting the 
ability of states to meet the new ambient standards.  In other recent and 
upcoming NAAQS actions, EPA is scheduled to review and possibly 
revise ambient standards for CO, NO2, SO2, and PM during 2011.

While the NAAQS themselves do not directly affect stationary sources, 
lowering of the ambient standards means that EPA and states must 
eventually establish more stringent emissions limits and control 
technology requirements for larger sources, which in turn, likely means 
another round of regulation.

Air Quality Regulatory Challenges Facing Coal-Fired Power Plants
Over the course of 2011, EPA intends to propose or promulgate a series of new air quality regulations related to greenhouse gases (GHGs), hazardous air 
pollutants (HAPs), and NOx and SO2 emissions that have significant implications for power plants and other large stationary sources.  Each of these regulations 
could require significant capital investment by power plants for the installation and operation of new air pollution control systems.  In addition to new air quality 
requirements, EPA has plans to implement new cooling water intake structure requirements under Section 316b of the Clean Water Act, and is actively evaluating 
the regulatory framework to address coal ash management.  These regulatory initiatives could also require substantial investments by plants to comply with the 
new requirements.  This confluence of regulatory initiatives has led many to speculate on the future of coal in the U.S.

Among the most significant new air regulations that will affect power plants are:

• GHG Tailoring Rule for the first time, beginning in January 2011, requires Prevention of Significant Deterioration permit review, including Best Available 
Control Technology (BACT) level of pollution control, for major sources of GHGs.

• Cross-state Air Pollution Rule (CSAPR), formerly referred to as the “Transport Rule” or the “Clean Air Transport Rule” (CATR),  is EPA’s replacement program 
for the original federal multi-pollutant regulation known as the Clean Air Interstate Rule (CAIR).  CSAPR is the latest cap-and-trade program for NOx and SO2 

emissions from power plants in the eastern half of the U.S. designed to address issues related to ozone and PM2.5 pollution.  CSAPR requires substantial 
reductions in NOx and SO2 emissions from affected power plants beginning as early as 2012.  In Maryland, CSAPR pollutant caps are lower than the already 
stringent NOx and SO2 limitations on coal-fired power plants established under the Maryland Healthy Air Act (HAA) of 2006.

• New Source Performance Standards (NSPS) for GHGs will establish standards for GHGs from new power plant sources, and emissions guidelines for GHGs 
from existing power plants.

• Maximum Achievable Control Technology ( or “Utility MACT”) Standards for HAPs from power plants was proposed by EPA in March 2011, and replaces the 
former federal power plant mercury rule, the Clean Air Mercury Rule.  The new “Utility MACT” establishes stringent emissions limits for mercury and other 
metallic toxics, acid gases, and organic air toxics from coal- and oil-fired electric generating units.  

• National Ambient Air Quality Standards (NAAQS)—During 2011, EPA is scheduled to review and possibly revise ambient standards for ozone, CO, NOx, SO2, 
and PM.  While the NAAQS themselves do not directly affect power plants and other sources, lowering of the ambient standards means that EPA and states 
must eventually establish more stringent emissions limits and control technology requirements for larger sources like power plants. 
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Emissions from Power Plants
Power plants in the U.S. are a major source of air emissions.  They 
contribute about 19 percent of all NOx, 66 percent of SO2, 72 percent of 
mercury, and about 39 percent of CO2 emissions emitted by all industrial 
sectors, including transportation (based on 2008 emissions data)19.  These 
emissions are often discussed in terms of three classes of pollutants:  
criteria pollutants, hazardous air pollutants (HAPs), and greenhouse 
gases (GHGs).

Criteria	Pollutants:		SO2,	NOx,	and	PM	Emissions

Among the six criteria pollutants, SO2 and NOx from power plants are 
among the most stringently regulated by EPA because they are the 
principal pollutants that react with water vapor and other chemicals in 
the atmosphere to create ozone smog, cause acid precipitation, and impair 
visibility.  Recently, there has also been an increased focus on PM (both 
PM10 and PM2.5) emissions, as EPA has recognized that particulates are 
associated with adverse health effects, including premature mortality, 
cardiovascular illness, and respiratory illness.  EPA continually tries to 
better understand which attributes of particles may be causing these 
health effects, who may be most susceptible to their effects, how people 
are exposed to PM air pollution, how particles form in the atmosphere, 
and what the contributions are from various sources in the different 
regions of the country.  
This research has allowed 
EPA to shift its focus over 
time from regulating 
emissions of total 
suspended particulates to 
PM10, and most recently  
to PM2.5.

Coal-fired power plants 
are significant contributors 
of SO2, NOx, and PM10 
emissions nationwide and 
in Maryland.  Figures 4-3 
through 4-5 show trends 
in SO2, NOx, and PM10 
emissions, respectively, 
from coal-fired power 
plants in Maryland during 
the years 2006 to 2010.  
The emissions of SO2 and 
PM10 are dependent on the 
types and amounts of coal 
used at these generating 
units and the type, age, 
and configuration of 

19 M. J. Bradley & Associates (2010).  Benchmarking Air Emissions of the 100 Largest Electric 
Power Producers in the United States. 

Figure 4-3 Maryland Coal-Fired Power Plant Annual SO2 Emissions

Note:  Fort Smallwood includes the co-located Brandon Shores and H.A. Wagner power plants.
Source:  EPA’s Clean Air Markets (http://www.epa.gov/airmarkets).
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existing air pollution 
control equipment.  Most 
coal-fired power plants 
in Maryland recently 
installed state-of-the-art 
pollution control systems 
for SO2, NOx, and mercury 
to meet requirements of 
the Maryland Healthy Air 
Act (HAA) (see page 84).  
For example, a wet gas 
flue gas desulfurization 
(FGD) scrubber, sorbent 
injection systems, and 
fabric filters were installed 
at Brandon Shores in 
late 2009 and Wagner 
switched to burning lower 
sulfur coal in 2010.  With 
these changes, these two 
co-located facilities (known 
as “Fort Smallwood”) 
have significantly reduced 
their SO2 emissions.  C.P. 
Crane also switched to 
burning low sulfur coals 
in 2010, which should 
result in significant 
decreases in SO2 emissions.  
Similar significant SO2 
reductions can be seen at 
Morgantown, Dickerson, 
and Chalk Point due to 
the installation of FGD 
scrubbers at those facilities 
as well.

Annual emissions of 
NOx also depend on the 
types and amounts of 
coal burned and pollution 
control systems in place.  
However, unlike SO2 and 
PM10 emissions, NOx 
emissions have been 
regulated more stringently 
and for a longer period 
of time.  NOx emissions 
from power plants have 
been declining due to 
installation of control 
equipment and process 

Figure 4-4 Maryland Coal-Fired Power Plant Annual NOx Emissions

Note:  Fort Smallwood includes the co-located Brandon Shores and H.A. Wagner power plants.
Source:  EPA’s Clean Air Markets (http://www.epa.gov/airmarkets).
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Figure 4-5 Maryland Coal-Fired Power Plant  
Annual PM10 Emissions

Note:  Fort Smallwood includes the co-located Brandon Shores and H.A. Wagner power plants.
Source:  MDE Emission Summary Reports.
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changes.  NOx emissions from Fort Smallwood (Brandon Shores and 
Wagner) began to be reduced in 2009 with operation of the existing 
selective catalytic reduction (SCR) systems year-round, which previously 
operated only during ozone season, on Brandon Shores Unit 1 and Unit 
2 and Wagner Unit 3.  Additionally, a selective non-catalytic reduction 
(SNCR) system was installed on Wagner Unit 2 in 2009.  NOx emissions 
from Crane and Morgantown decreased prior to 2009 due to process 
control/process optimization software installed at Crane and SCR 
systems installed on both of the large coal-fired generating units at 
Morgantown.  Additionally,  SNCR systems were installed on C.P. Crane 
Unit 1 and Unit 2 and operations of the systems began in 2009. 

Hazardous	Air	Pollutant	Emissions

In 1990, Congress amended the CAA to regulate a class of pollutants that 
cause or might cause an adverse impact to health or the environment.  
These pollutants are referred to as hazardous air pollutants, or HAPs.  
There are currently 187 pollutants on EPA’s list of CAA HAPs.  Although 
some HAPs can occur naturally (such as asbestos or mercury), most 
HAPs originate from mobile or stationary industrial sources such as 
factories, refineries, and power plants.

Although fossil fuel-fired power plants emit HAPs, chemical plants and 
petroleum refineries that use and emit highly toxic compounds have 
historically been considered more significant sources of air toxics than 
power plants.  Prior to the CAA Amendments of 1990, EPA regulations 
did not apply to HAP emissions from power plants, and even with 
passage of the Amendments of 1990, power plant HAP emissions were 
addressed differently by Congress than those from other industrial 
sources.  Many states, including Maryland, have developed toxic  
air pollutant (TAP) regulations, fuel burning sources in Maryland  
are exempt from State  
TAP regulations. 

Among the HAPs emitted by 
power plants, mercury is a 
pollutant of particular concern 
because of its significant 
adverse health effects.  Coal-
fired power plants account 
for nearly 75 percent of the 
total mercury and mercury 
compounds emitted in 
Maryland in any given year.  
Figure 4-6 presents annual 
emissions of mercury from 
Maryland’s coal-fired power 
plants from 2006 through 2010 
based on information in EPA’s 
Toxic Release Inventory (TRI).   

Figure 4-7 presents annual 
emissions of HAPs, 
as reported to EPA by 

Figure 4-6 Maryland Coal-Fired Power Plant  
Annual Mercury Emissions

2006

2007

2008

2009

2010

Em
is

si
on

s 
(tp

y)
 

C
.P

. C
ra

ne

C
ha

lk
 P

oi
nt

S
m

al
lw

oo
d

M
or

ga
nt

ow
n

R
. P

au
l S

m
ith

W
ar

rio
r R

un

D
ic

ke
rs

on Fo
rt

0

100

200

300

400

500

600

Note:  Fort Smallwood includes the co-located Brandon Shores and H.A. Wagner  
power plants.
Source:  EPA’s Toxics Release Inventory Reports (http://www.epa.gov/tri).

http://www.epa.gov/tri
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Morgantown STAR Project Fly Ash Beneficial Reuse Project 
– Air Quality Impacts
On January 31, 2011, the Maryland Public Service Commission (PSC) granted a Certificate of Public Convenience and Necessity 
(CPCN) authorizing GenOn Mid-Atlantic, LLC to construct and operate a fly ash “beneficiation” project at the Morgantown Generating 
Station in Charles County, Maryland.  The proposed project includes the installation of a proprietary technology, called a “Staged 
Turbulent Air Reactor” or STAR reactor, designed to thermally process fly ash from the Morgantown and nearby Chalk Point power 
plants.  The STAR project would handle approximately 360,000 tons of fly ash per year produced primarily at Morgantown and Chalk 
Point, thereby diverting a substantial quantity of high-carbon fly ash, which would otherwise be sent off-site for landfilling, into a 
low-carbon material more suitable for commercial reuse as road-building materials.

Morgantown STAR Process Flow Diagram
Although the project has significant environmental 
benefits, it is not without its air quality concerns.  
GenOn is equipping the STAR reactor with high 
efficiency fabric filters to control PM emissions, and 
an FGD scrubber system to reduce potential SO2 
and other acid gas emissions.  Due to the variability 
of mercury concentrations in fly ash, potential 
mercury emissions from the STAR process reactor 
were closely evaluated.  In an effort to reduce 
Maryland’s contribution to mercury deposition 
impacts in northeastern U.S. waterways, mercury 
emissions from the STAR facility are limited by 
license to no more than 5 lb/year.  

Figure 4-7 Maryland Coal-Fired Power Plant  
Toxic Pollutant Emissions

Note:  Fort Smallwood includes the co-located Brandon Shores and H.A. Wagner power plants.
Source:  EPA’s Toxics Release Inventory Reports (http://www.epa.gov/tri).
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Maryland’s coal-fired power plants under the TRI program.  The quantity 
of HAPs reported in the TRI database by power plants is significant, 
due in large part to the volume of hydrochloric acid (HCl) being emitted 
from coal-fired power plants.  In response to the Maryland HAA, many 
coal-fired power plants in Maryland are installing FGD scrubber systems, 
primarily for SO2 control; however, the scrubbers also reduce HCl and 
other acid gas emissions.

Greenhouse	Gas	Emissions

A GHG is broadly defined as any gas that absorbs infrared radiation in 
the atmosphere.  Common GHGs include water vapor, CO2, methane, 
NOx, ozone, hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).  EPA 
recently issued a Greenhouse Gas Reporting Rule and other regulations 
(see Section 5.2 for details) that address GHGs.  The principal GHGs that 
enter the atmosphere above natural levels due to human activities are:

• Carbon dioxide (CO2)—Carbon dioxide enters the atmosphere through the 
burning of fossil fuels (oil, natural gas, and coal), solid waste, trees and wood 
products, and also as a result of other chemical reactions  
(e.g., manufacture of cement).  

• Methane (CH4)—Methane is emitted during the production and transport of 
coal, natural gas, and oil.  Methane emissions also result from livestock and 
agricultural processes and from the decay of organic waste in municipal solid 
waste landfills. 

• Nitrous oxide (N2O)—Nitrous oxide is emitted during agricultural 
and industrial activities, as well as during combustion of fossil fuels and  
solid waste. 

• Fluorinated gases—Hydrofluorocarbons, perfluorocarbons, and sulfur 
hexafluoride are synthetic, powerful GHGs that are emitted from a variety of 
industrial processes.  Fluorinated gases are sometimes used as substitutes for 
ozone-depleting substances (i.e., CFCs, HCFCs, and halons).  These gases are 
typically emitted in smaller quantities, but because they are potent GHGs, they 
are sometimes referred to as “High Global Warming Potential” gases.20 

According to EPA, total GHG emissions in the United States increased by 
7.3 percent from 1990 to 2009; however, GHG emissions decreased by 6.1 
percent from 2008 to 2009.  The primary factors contributing to the recent 
decrease in GHG emissions are the decrease in energy consumption due 
to decrease in economic output, increased usage of lower carbon intensity 
fuels to generate power, and the increase in natural gas usage due to 
lower costs.3  As Figure 4-8 illustrates, the four major sectors contributing 
to CO2 emissions from fossil fuel consumption (as defined by EPA) are 
transportation, industrial, residential, and commercial.  The EPA report3 
breaks down the major sectors even further into electricity generation 
(power plants) and combustion. Figure 4-9 illustrates CO2 emissions from 
Maryland power plants for the years 2006 through 2010.  In 1990, the 
electricity portion accounted for 38.4 percent of the total GHG emissions; 
in 2009, the electricity portion accounted for more than 41 percent  
of total GHG emissions.  

20 EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2009. 
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Maryland	Power	Plant	Emissions	Relative	to	
Other	U.S.	Power	Plant	Emissions

To put Maryland’s power plant emissions in 
perspective, Figures 4-10 and 4-11 present a 
comparison of SO2 and NOx emissions from 
coal-fired power plants in Maryland with 
emissions from coal-fired power plants in 
other states.  These figures represent the 
emissions (in pounds per megawatt-hour 
(MWh) of power generated) from states 
in which coal represents a significant 
proportion of the fuel mix, as reported in 
EPA’s Clean Air Market database.  As seen 
in Figure 4-10, Maryland’s power plants in 
2008 were collectively among the highest SO2 
emitting plants; however, beginning in 2010, 
emissions decreased dramatically with the 

implementation of the HAA.  Maryland’s coal-fired power plants were 
among the lower emitting NOx sources in 2008; NOx emissions were 
reduced further in 2010 under the HAA.

Figure 4-8 Breakdown of Annual  
CO2 Emissions by Source Type

Note:  Emissions as reported in Inventory of U.S. Greenhouse Gas Emissions 
and Sinks: 1990-2009, April 15, 2011, EPA Office of Atmospheric Programs  
(http://www.epa.gov/climatechange/emissions/usinventoryreport.html).

Figure 4-9 Maryland Power Plant Annual CO2 Emissions

Note:  Monitored emissions as reported in Clean Air Markets Data  
(http://www.epa.gov/airmarkets).
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Figure 4-10 Coal-Fired Power Plant SO2 Emissions for Maryland 
Compared to Other High-Emitting States

Figure 4-11 Coal-Fired Power Plant NOx Emissions for Maryland 
Compared to Other High-Emitting States
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Impacts from Power Plant Air Emissions

Acid	Rain

Acid rain occurs when precursor pollutants, NOx and SO2, react with 
water and oxidants in the atmosphere to form acidic compounds.  These 
acidic compounds are deposited with precipitation (“acid rain”) or as dry 
particles (“dry deposition”), acidifying lakes and streams, harming forest 
and coastal ecosystems, and damaging man-made structures.  

EPA’s Acid Rain Program (ARP) was established under the CAA 
Amendments of 1990 with the goal of reducing acid rain by limiting 
NOx and SO2 emissions.  The program capped total SO2 emissions from 
power plants at 8.95 million tons nationally by 2000.  The ARP for SO2 
was the first federal cap and trade program and many of the mechanics 
of pollutant trading systems were established under the ARP.  As with 
regional or national cap and trade programs, SO2 emissions are controlled 
with an allowance trading system, under which affected power plants are 
allocated a certain number of tons of SO2 annually.  These plants must 
either reduce emissions to stay under the allowance cap or purchase SO2 
allowances from power plants that have “over-controlled” and banked 
excess SO2 credits.  NOx emissions under the ARP are controlled with 
rate-based limits (in units such as pounds per million Btu, lb/MMBtu) 
applied to certain coal-fired electric facilities.  

Efforts to reduce acid rain have been largely successful nationwide.  At 
the end of 2009, national SO2 emissions totaled 5.7 million tons, which 
represents a reduction of more than 67 percent from 1980 levels and 64 
percent from the 1990 levels, and is below the annual SO2 allowance of 
9.5 million tons.  The majority of the reductions from 2008 to 2009, (about 
1.89 million tons), came from only six states.  Phase II of the ARP limited 
NOx emissions from affected facilities, which were either allowed to meet 
an emissions rate or comply with an emissions averaging plan.  As of 
2009, all 960 units covered by the ARP achieved compliance with the NOx 
emission limitation requirements.  NOx emissions were reduced from 
1990 levels of 5.5 million tons to 1.9 million tons by 2009. 

The National Acid Deposition Program has been measuring deposition 
of oxidized nitrogen and sulfur species for over 20 years, and has 
noted a dramatic decrease nationally in deposition of sulfur species 
corresponding to the decrease in emissions, as well as a decreasing trend 
in deposition of oxidized nitrogen species over this time period.

Ozone

The persistent ozone “smog” problem in many areas of the country 
has been one of the most important drivers for regulation of power 
plant NOx emissions over the past decade.  Ozone exists naturally in 
the upper levels of the atmosphere (from 6 to 30 miles above the Earth’s 
surface) and protects the Earth from harmful ultraviolet rays.  Although 
ozone is helpful in the stratosphere, it is harmful when it occurs in the 
troposphere, the layer closest to the Earth’s surface.  Ozone is an invisible 
and reactive gas that is the major component of photochemical smog.  It 
is not emitted directly into the atmosphere in significant amounts but 
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instead forms through chemical reactions in the atmosphere.  Ground-
level ozone is formed when the precursor compounds — NOx from both 
mobile and stationary combustion sources (such as automobiles and 
power plants, respectively) and VOCs from industrial, chemical, and 
petroleum facilities and from natural sources — react in the presence 
of sunlight and elevated temperatures.  Ozone levels are consequently 
highest during the summer months when temperatures are higher, the 
hours of daylight are greater, and the sun’s rays are more direct.  

Weather plays such an important role in the formation of ozone that 
EPA has established an “ozone season” for each of the states, and has 
developed regulations that require power plants to restrict NOx emissions 
during the summer months.  Maryland’s ozone season extends from  
April through October (per MDE, 2009).

Ground-level ozone is a problem, not only because it creates unsightly 
smog and inhibits visibility, but also because of the adverse human health 
effects it can cause.  Breathing air with high ozone concentrations can 
cause chest pain, throat irritation, and congestion; it can also worsen pre-
existing conditions like emphysema, bronchitis, and asthma.  Children 
and the elderly are especially vulnerable to health problems caused by 
ground-level ozone. 

Since the mid-1990s, there have been a series of federal NOx reduction 
regulations, implemented at the state level, that have resulted in 
significant reductions in summertime (“ozone season”) emissions of 
NOx from power plants in Maryland and surrounding states.  One of the 
most significant — referred to as the “NOx SIP Call” because it called for 
affected states to update their State Implementation Plans (SIP) to address 
ozone issues —is based on a NOx cap-and-trade program that allows 
sources to acquire “allowances” to emit a certain quantity of pollutants; 
sources can actually reduce emissions or purchase allowances from 
plants who have reduced emissions below their caps.  In some states, 
including Maryland, emissions exceeded statewide NOx allocations for 
many years in the first decade of the 2000s, meaning that some plants 
in these states were buying NOx allowances rather than reducing plant-
level NOx emissions.  The allocation exceedance in Maryland is likely 
attributable to the fact that not many sources had installed state-of-the-art 
controls such as SCR systems over the period.  Several of the coal-fired 
generating units in Maryland, which are among the larger NOx sources in 
the state, have since installed SCR systems.

Another significant federal regulation targeting reductions of NOx 
and SO2 from power plants is the Cross-state Air Pollution Rule 
(CSAPR) finalized by EPA in July 2011.  See page 90 for additional  
details on CSAPR.

Visibility	and	Regional	Haze

Fine particulate matter, or PM2.5, consists of particles (such as dust, soot, 
and liquid droplets) that are about 1/30th the diameter of a human hair.  
PM2.5 can be emitted directly from stacks or created when gases react 
to form particles during transport in the atmosphere.  PM2.5 is different 
from many other air pollutants in that it is not a chemical compound 
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itself, but is comprised of various compounds in particle form.  Common 
sources include:

• Smoke and soot from forest fires;

• Wind-blown dust; 

• Fly ash from coal burning; 

• Particles emitted from motor vehicles;

• Hydrocarbons associated with vehicles, power plants, and natural vegetation 
emissions; and 

• SO2 and NOX emitted from fossil fuel combustion.

PM2.5 affects visibility, but is not the only contributor to decreased 
visibility and regional haze.  Certain gases and larger particles can also 
interfere with the ability of an observer to view an object.  In general, 
visibility refers to the conditions which can facilitate the appreciation 
of natural landscapes.  The national visibility goal, established as a part 
of the CAA Amendments of 1977, requires improving the visibility in 
federally managed “Class I areas”.  These areas include more than 150 
parks and wilderness areas across the United States that are considered 
pristine air quality areas (see Figure 4-12 for Class I areas near Maryland).  
Since 1988, EPA and other agencies have been monitoring visibility in 
these areas.  

Since 2004, PPRP has participated in a coordinated effort with the 
Northeast States for Coordinated Air Use Management (NESCAUM) 
and the State of Vermont to evaluate impacts of visibility-impairing 

Figure 4-12 Class I Designated Pristine PSD Areas Near Maryland
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sources in the eastern United States.  The study evaluated the tools and 
techniques currently available for identifying contributions to regional 
haze in the Northeast and Mid-Atlantic regions.  PPRP was involved with 
the application of a dispersion model, CALPUFF, for estimating visibility 
degradation in Class I areas.  The model identified the contributions 
of sources in different states in the eastern United States to visibility 
impairment in various Class I areas in the region.  PPRP continues to 
support and contribute to this ongoing work.  PPRP also evaluates the 
impacts of new power plants on Class I visibility to ensure that growth in 
the electrical generating sector does not contribute to impairment in these 
important areas. 

Nitrogen	Deposition

The Chesapeake Bay is the largest estuary in the United States.  
Protection and restoration of living resources in the Bay has been the goal 
of the Chesapeake Bay Program since its inception in 1983.  The program 
is a regional partnership which comprises the states of Maryland, 
Pennsylvania, and Virginia; the Chesapeake Bay Commission; EPA; and 
other participating advisory groups.  

Reducing nitrogen input from controllable sources is a high priority 
because excess nitrogen is one of the major sources of eutrophication 
— caused by the increase of chemical nutrients, typically containing 
nitrogen or phosphorus — in the Chesapeake Bay.  Eutrophication is a 
process whereby water bodies, such as lakes or estuaries, receive excess 
nutrients that stimulate excessive plant and algal growth and, ultimately, 
reduce the dissolved oxygen content in the water, thus limiting the 
oxygen available for use by aquatic organisms.  The 1987 Chesapeake 
Bay Agreement established a goal of reducing controllable nitrogen by 
40 percent compared to 1985 levels, and program participants reaffirmed 
that goal in their 2000 agreement.  Although these goals were once again 
reaffirmed in the 2010 agreement, the Chesapeake Bay partners have 
acknowledged that the goals would not be met and EPA has initiated  
a process of developing a total maximum daily load (TMDL) target for  
the Bay.21  

The Chesapeake Bay Program estimates that approximately 30 percent 
of the nitrogen load to the Bay comes from atmospheric deposition and 
subsequent transport of nitrogen through the watershed.  Much of this 
loading comes from NOx emissions from power plants, industrial sources, 
and mobile sources.  Increased efforts have been devoted recently to the 
role of ammonia in deposition processes.  

For more than a decade, PPRP has evaluated the regional sources of 
NOx emissions and their impacts on the Chesapeake Bay.  As a part of 
this effort, advanced computer modeling systems are used to simulate 
the transport and subsequent deposition of emissions from these 
regional sources to the Chesapeake Bay.  The actual loading to the Bay is 
calculated using a methodology similar to that used by the United States 

21 Details on the Chesapeake Bay TMDLs and Maryland’s Watershed Implementation 
Plan can be found at http://www.mde.maryland.gov/programs/Water/TMDL/
ChesapeakeBayTMDL/Pages/programs/waterprograms/tmdl/cb_tmdl/index.aspx. 

http://www.mde.maryland.gov/programs/Water/TMDL/ChesapeakeBayTMDL/Pages/programs/waterprograms/tmdl/cb_tmdl/index.aspx
http://www.mde.maryland.gov/programs/Water/TMDL/ChesapeakeBayTMDL/Pages/programs/waterprograms/tmdl/cb_tmdl/index.aspx
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Geological Survey for its land-to-bay models.  The model allows PPRP to 
evaluate the relative contribution of Maryland sources and other regional 
sources to deposition totals.  As a part of this study, PPRP has developed 
a screening tool to evaluate the potential reductions in nutrient loading 
to the Bay waters due to different emission control policies in different 
states.  Using this scheme, regional and local planning agencies can better 
develop emission reduction strategies to meet Bay restoration goals.

In a recent update to the modeling analysis, PPRP updated the emissions 
inventory used in prior modeling analyses with more recent data 
from the National Emissions Inventory (NEI) for the year 2002.  The 
meteorological data was also updated to a prognostic meteorological 
data for the year 2002.  Based on the modeling analysis, the total nutrient 
load to the Bay was predicted to be 31.2 million pounds per year.  Sources 
in Maryland contribute approximately 6.6 million pounds of the total 
load, with mobile sources contributing the most.  Other states, which 
contribute significantly more to the nutrient loading to the Bay than the 
sources in Maryland, include Virginia and Pennsylvania.  

Chesapeake Bay TMDL
The Clean Water Act has a goal to preserve the quality of water bodies and keep them fishable and swimmable.  TMDL refers to the maximum amount of pollutants 
that can be received by a water body and continue to maintain water quality standards.  Until December 2010, the Chesapeake Bay was one of the largest and most 
complex water systems for which EPA had not established a TMDL, although there are TMDLs for many of the tidal segments within the Chesapeake Bay.  

The TMDL established by EPA requires significant reductions in the total load of nitrogen, phosphorus, and sediments in Bay waters by the year 2025, with most 
of the reductions to be achieved by 2017.  The Chesapeake Bay watershed covers six states (Maryland, Pennsylvania, Delaware, Virginia, West Virginia, and New 
York) and the District of Columbia.  The development of the TMDL was a coordinated effort of the affected states, EPA, and the Chesapeake Bay Commission.  The 
process of developing the TMDL required in-depth understanding of watershed characteristics, transport and fate characteristics of pollutants, best management 
practices (BMP), and sources of pollution.  A timeline on the TMDL development process for Chesapeake Bay is shown below.

The limits set under the TMDL include 185.9 million pounds of nitrogen, 12.5 million pounds of phosphorus, and 6.45 pounds of sediments per year.  The allowable 
nutrient load is then apportioned between the different jurisdictions.  States have the responsibility of determining appropriate pollution control measures and 
developing Watershed Implementation Plans (WIPs) to ensure progress towards achieving the TMDL.  The progress made will be reviewed during a two-year 
period and appropriate measures will be taken to mitigate impacts further, as necessary.

Total Maximum Daily Load Timeline

Watershed Implementation Plans (WIPs)
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Mercury	Impacts

The primary stationary sources of mercury in the U.S. are, in order of 
decreasing emissions, coal-fired power plants, gold mining, municipal 
waste combustors, chlor-alkali plants, medical waste incinerators, and 
cement plants.  Emissions from some source categories — notably medical 
waste incinerators — have decreased dramatically in recent years due to 
stringent EPA regulations.  

Since power plants contribute approximately 75 percent of the total 
mercury emissions in Maryland, PPRP plays a significant role in 
supporting scientific research on this topic.  PPRP has been actively 
involved in the study of regional sources of mercury emissions and their 
impacts on the Chesapeake Bay.  In cooperation with the University 
of Maryland, PPRP has sponsored several deposition monitoring 
programs and continues to evaluate the impacts of toxic emissions from 
power plants in Maryland.  A mercury monitor has been in operation 
in Beltsville, Maryland, since June 2004.  In June 2005, PPRP initiated a 
project to measure ambient air mercury concentrations at the Piney Run 
monitoring site in Garrett County, Maryland, using a continuous mercury 
monitoring instrument.  This state-of-the-art monitoring effort provides 
valuable data to the mercury research community.  

PPRP is also involved with other ongoing projects related to the 
effects of mercury emissions.  The first project involves working with 
the Smithsonian Environmental Research Center and the University 
of Maryland Center for Environmental Science — Chesapeake Bay 
Laboratory to investigate the biogeochemistry of the processes involved 
with the fate of atmospheric mercury and how it ends up in fish tissue.  
In another cooperative project with the Maryland Department of the 
Environment (MDE), researchers are monitoring mercury tissue burden 
in young fish — a long-term effort that will lead to a better understanding 
of trends in mercury impacts.  PPRP also participates in discussions and 
planning sessions with the National Atmospheric Deposition Program 
(NADP) regarding the Mercury Deposition Network (MDN) that 
measures wet deposition of mercury across the U.S. and Canada, and the 
new Atmospheric Mercury Network (AMNet) that collects data consisting 
of speciated mercury concentrations and meteorological data.  AMNet is 
intended to supplement the wet measurement network to lead to more 
complete understanding of total (wet plus dry) mercury deposition 
patterns.

In 2002, Maryland issued a state-wide fish consumption advisory for 
lakes, reservoirs, and other impoundments due to high mercury levels 
in fish.  This advisory is currently still in effect.  PPRP has been involved 
in conducting a complex modeling study to estimate the quantity of 
mercury from Maryland and other regional sources that is deposited in 
water bodies throughout the state.  The location of sources of mercury 
emissions in and around Maryland, and the location of some of the  
water bodies and watersheds evaluated in PPRP’s study, are shown in 
Figure 4-13.  
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As a part of the continuing effort to evaluate impacts of regional sources 
of mercury emissions on mercury loading to Maryland water bodies, 
PPRP conducted a study to determine the reduction in mercury loads 
to the state’s water bodies due to implementation of Maryland HAA 
mercury controls.  This analysis was based on the projected reductions in 
emissions from Maryland power plants, which was approximately  
90 percent from 2007 base year levels.  This analysis predicted that the 
HAA emission reductions would potentially reduce mercury deposition 
to these water bodies by Maryland power plants by an average of 
more than 75 percent.  The analyses also compared the reductions in 
loading to the total loading from regional sources of mercury and global 
background levels.  The modeling analysis predicted that the reduction 
in emissions at Maryland power plants would potentially reduce the 
mercury load to water bodies by 1 to 28 percent, the lower estimate 
being for the western Maryland water bodies, which are predominantly 
influenced by sources from outside Maryland.  An analysis of the 
reductions in load due to actual emissions reductions achieved based on 
the data for the year 2010 is currently underway. 

The Maryland Healthy Air Act of 2006
The Maryland HAA was signed into law in April 2006, and MDE 
developed enabling regulations for the HAA that became effective in 
January 2007.  The HAA requires substantial reductions in emissions 

Figure 4-13 Location of Larger Watersheds (WS) and Mercury Sources  
within Maryland
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of NOx, SO2, and mercury from 15 coal-fired generating units at seven 
power plants in Maryland.  The HAA also requires Maryland to 
participate in a multi-state program known as the Regional Greenhouse 
Gas Initiative (RGGI) to reduce emissions of pollutants, including CO2, 
that contribute to climate change.  HAA-mandated emissions reductions 
take place in two phases; Phase I began in 2009/2010, and Phase II will 
begin in 2012/2013, depending on the pollutant.  

The HAA regulates NOx and SO2 emissions based on a type of pollutant 
cap and trade program in which the State establishes annual, state-
wide total tonnage emissions caps separately for NOx and SO2, and 
then allocates a portion of the annual state-wide caps to each of the 15 
individual coal-fired power plant generating units subject to the HAA.  
Power plant owners can comply by reducing emissions at each unit to 
meet the unit’s cap, or can comply with the caps on a system-wide basis, 
by over-controlling emissions at some plants and trading the excess 
allowances to other HAA plants that the company owns and operates in 
Maryland.  The caps are stringent, so although power plants in Maryland 
have some flexibility in choosing how they will achieve NOx and SO2 
emissions reduction targets, most of the coal-fired generating units in 
Maryland have installed major new air pollution control systems to meet 
HAA NOx and SO2 standards.

The mercury provisions of the HAA require each power plant to achieve 
a percentage reduction in emissions of mercury from a 2002 baseline 
year of at least 80 percent for Phase I (2010) and 90 percent beginning in 
Phase II (2013 and thereafter).  The control equipment installed and other 
pollution reduction changes at Maryland’s coal-fired power plants are 
summarized in Table 4-2 and the emission reductions achieved in the first 
full year of operation of these controls are described below. 

Table 4-2 Emissions Controls Installed at HAA Affected Facilities

Facility
HAA Controls

NOx SO2 Mercury

Brandon Shores Operation of SCR year 
round on Units 1 and 2

Wet FGD on Units 1  
and 2

PAC and co-benefit 
reduction from the SCR/
FGD

Wagner SNCR on Unit 2; 
SCR on Unit 3 Fuel switching ACI on Units 2 and 3

Crane SNCR on Units 1 and 2 Fuel switching on Units 
1 and 2 ACI on Units 1 and 2

Morgantown SCR on Units 1 and 2 Wet FGD on Units 1  
and 2

Co-benefit reductions 
from the SCR/FGD

Chalk Point SCR on Unit 1; 
existing SACR on Unit 2

Wet FGD on Units 1  
and 2

Co-benefit reductions 
from the SCR/FGD

Dickerson SNCR on Units 1, 2, and 3 Wet FGD on Units 1, 2, 
and 3

Co-benefit reductions 
from the FGD

ACI = activated carbon injection; FGD = flue gas desulfurization; PAC = powdered activated carbon; 
SACR = selective auto-catalytic reduction; SCR = selective catalytic reduction; SNCR = selective non-
catalytic reduction.
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HAA	Air	Pollution	Control	Projects

Brandon Shores 

Constellation Power Source Generation (CPSG) operates two coal-fired 
units (Unit 1 and Unit 2) at Brandon Shores that are subject to the HAA.  
In order to comply with the HAA, CPSG installed and began operation 
of wet FGD systems for SO2 and mercury removal, fabric filter baghouses 
for PM control, powered activated carbon (PAC) injection equipment 
for removal of mercury, and sorbent injection systems for the reduction 
of sulfuric acid mist (SAM) on each of the units (Unit 1 in December 
2009 and Unit 2 in February 2010).  In addition, CPSG began year round 
operation of the existing SCR systems on Unit 1 and Unit 2 in January 
2009 to reduce NOx emissions (the SCR systems historically operated only 
during the ozone season). 

EPA maintains a database of continuous emissions monitoring data 
from power plants called the Clean Air Markets Database (CAMD).  
Information in CAMD for the year 2010 shows SO2 reductions of 
approximately 96 percent from the 2009 emissions levels at Brandon 
Shores and NOx emissions of approximately 67 percent from 2008.  
Note that the difference in comparison years is due to the fact that the 
first compliance year for SO2 was 2010 and the first compliance year for 
NOx was 2009.  

Based on stack tests results provided to MDE, mercury emissions from 
Units 1 and 2 were 47 pounds for the calendar year 2010, which is well 
below the HAA Phase I mercury cap effective beginning 2010, and just 
marginally above the Phase II HAA mercury cap of 46 pounds effective 
2013 and beyond. 

H.A. Wagner Generating Station 

CPSG operates two coal-fired units (Unit 2 and Unit 3) at Wagner that are 
subject to the HAA.  In order to comply with the HAA, CPSG installed 
and began operation of activated carbon injection (ACI) systems in 
conjunction with existing electrostatic precipitators to reduce mercury 
emissions in January 2010.  To reduce NOx emissions, CPSG installed 
and began operation of an SNCR system on Unit 2 in January 2009.  
Additionally in January 2009, CPSG began year-round operation of the 
existing SCR system on Unit 3 (the SCR systems historically operated 
only during the ozone season).  According to a CPSG MDE Emission 
Summary report, SO2 emission reductions will be achieved by the use of 
reduced sulfur coals beginning in 2010. 

Based on data reported in CAMD for 2010, it appears that NOx emissions 
were reduced by approximately 70 percent from emissions in 2008.  Based 
on stack tests results provided to MDE, mercury emissions were 28.5 
pounds for 2010, which is equivalent to the Phase II (2013) HAA mercury 
cap for the facility, suggesting that additional mercury controls may 
not be required for CPSG to meet HAA mercury standards.  Although 
add-on controls have not been installed at Wagner, CPSG is currently 
undergoing testing of lower sulfur fuels for compliance with the SO2 
portion of the HAA.
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C.P. Crane Generating Station 

CPSG operates two coal-fired units (Unit 1 and Unit 2) at Crane that are 
subject to the HAA.  In order to comply with the HAA, CPSG installed 
and began operation of activated carbon injection systems in conjunction 
with existing fabric filters to reduce mercury emissions in January 2010.  
To reduce NOx emissions, CPSG installed and began operation of SNCR 
systems on both Unit 1 and Unit 2 in January 2009.  Additionally, CPSG 
received approval from the PSC to burn low sulfur sub-bituminous coal, 
in addition to the existing bituminous coals, to reduce SO2 emissions from 
Crane.  CPSG began burning low sulfur coal in 2010. 

Based on CAMD data for the year 2010, SO2 emission reductions of 
approximately 55 percent from the 2009 levels were achieved at Crane. 
For 2010, NOx emissions were reduced by approximately 51 percent below 
the 2008 emission levels.  Based on stack tests results provided to MDE, 
mercury emissions for 2010 were 7.5 pounds, which is significantly below 
the HAA Phase II cap of 13 pounds per year.  

Morgantown Generation Station

GenOn operates two coal-fired units at Morgantown that are subject 
to the HAA.  Prior to the HAA, coal-fired Units 1 and 2 at the GenOn 
Morgantown Generating Station were equipped with cold-side 
electrostatic precipitators (ESPs) for particulate emission control, and 
a combination of low-NOx burners (LNBs) and separated overfire air 
(SOFA) systems to control NOx emissions.  State-of-the-art SCR systems 
were installed on each unit to provide additional NOx control beginning 
in 2007 (Unit 1) and 2008 (Unit 2).  GenOn’s HAA air pollution control 
project for Morgantown consisted of wet FGD systems and SAM controls, 
as well as associated enhancements of the facility necessary for the 
operation of these systems.  

Based on CAMD data, SO2 emissions from the Morgantown coal units 
were reduced by 92 percent from 2009 emissions levels with use of the 
new FGD system.  NOx emissions were reduced by approximately 37 
percent below 2008 levels with the year-around use of the SCR systems.  
Based on stack tests results provided to MDE, mercury emissions totaled 
17.8 pounds for Morgantown in 2010, which is well below the HAA Phase 
II mercury emissions cap of 66 pounds per year.  

Chalk Point Generating Station 

GenOn operates two coal-fired units at Chalk Point that are subject to the 
HAA.  Pollution control equipment in place prior to the HAA at Units 1 
and 2 included LNB with overfire air for NOx control and ESPs for PM 
control.  A selective autocatalytic reduction (SACR) system was installed 
on Unit 2 for NOx control in 2006.  As part of HAA compliance, GenOn 
installed an SCR system on Unit 1, and brought the system on-line in the 
summer of 2008.  The SCR was designed to reduce NOx emissions by at 
least 85 percent.  To meet HAA SO2 targets, GenOn installed a wet FGD 
system on Units 1 and 2 at Chalk Point; the system commenced 
operations in 2010. 
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Based on the CAMD data for 2010, SO2 emissions from Chalk Point were 
reduced by approximately 94 percent from 2009 levels.  NOx emissions 
were reduced by 47 percent from emissions reported for 2008.  This 
reduction is likely attributable to year-round operation of the SCR system 
on Unit 1, which, prior to the enactment of the HAA was only run during 
the ozone season.  Based on stack tests results provided to MDE, mercury 
emissions from the two coal-fired units at the facility were reported  
at 18.9 pounds, which is well below the HAA Phase II mercury cap of  
54 pounds.  

Dickerson Generating Station

GenOn operates three coal-fired units at Dickerson that are subject to the 
HAA.  Prior to HAA, the GenOn Dickerson Generating Station units were 
equipped with a cold-side ESP and a baghouse for particulate emissions 
control, and a combination of LNBs and SOFA to control NOx emissions. 
As a part of its HAA compliance plan for the Dickerson plant, GenOn 
installed wet FGD systems on Units 1, 2, and 3.  Construction of the FGD 
system and related limestone handling/unloading systems commenced 
in January 2008.  In addition, Mirant (now GenOn) installed SNCR 
systems on all three Dickerson coal-fired units to reduce NOx emissions 
in April 2009. 

Dickerson reported CAMD SO2 emissions reductions of approximately 
90 percent in 2010 from 2009 levels.  The use of SNCR systems on all three 
units resulted in NOx reductions of approximately 14 percent from NOx 
totals reported for 2008.  Based on stack tests results provided to MDE, 
mercury emissions for 2010 were reported at 12 pounds, well below the 
HAA Phase II cap of 37 pounds.  

R. Paul Smith Generating Station 

Allegheny Energy Supply (Allegheny) owns and operates the R. Paul 
Smith generating station in Washington County, Maryland, which 
consists of two smaller (34 MW for Unit 3 and 75 MW for Unit 4) coal-
fired boilers.  In June 2008, Allegheny proposed to replace the existing 
ESP on one of the units (Unit 4) with an Electrostatic Fabric Filter (ESFF) 
technology, which is a hybrid technology (i.e., cross between an ESP and 
a baghouse).  The ESFF would potentially reduce mercury emissions by 
50-85 percent.  The generating units are older and operate at low capacity 
factors, so addition of NOx and SO2 pollution control systems could be 
economically and technically challenging at the plant; however, R. Paul 
Smith was determined to be a “must run” plant to maintain reliability of 
the PJM grid.  In April 2009, MDE revised the emissions caps for NOx and 
SO2 established under the HAA to new limits that represent the highest 
emissions reported for the R. Paul Smith units for the years 2001-2004. 
As a result, the plant was not required to install additional emissions 
controls for NOx or SO2.  

HAA	Air	Quality	Benefits

The implementation of the HAA will result in significant positive effects 
on the environment in Maryland.  Significant reductions in SO2, NOx, 
and mercury emissions from coal-fired power plants in Maryland 
will help the State manage three important environmental challenges:  
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maintaining PM2.5 concentrations at levels below ambient air quality 
standards, acidic deposition of sulfur (i.e., acid rain, mercury), and 
harmful nutrient loading to the Chesapeake Bay.  Also, an evaluation 
of the ozone impacts indicates that the reduction in NOx emissions will 
potentially result in reduction in ambient NOx levels overall.

Recent and Developing National Air Regulatory Drivers Affecting 
Power Plants

GHG	New	Source	Review:		Tailoring	Rule

On May 13, 2010, EPA finalized the GHG Tailoring Rule, which is the first 
federal rule in the U.S. that regulates construction and operation of GHG 
emissions from major stationary sources.  The rule establishes Prevention 
of Significant Deterioration (PSD) and Title V operating permit 
requirements for GHG sources that will affect all new and modified 
power plant projects in Maryland.  The rule regulates ”greenhouse gases” 
as the aggregate sum of six gases:  CO2, CH4, N2O, HFCs, PFCs, and SF6.  

As per the final rule, which became effective on January 2, 2011, EPA 
regulates affected sources in three steps.  Step 1, which began on January 
2, 2011, covers sources that, irrespective of the rule, would be covered by 
PSD and Title V regulations and that emit more than 100,000 tons per 
year (tpy) of GHG emissions.  Step 2 covers new sources emitting more 
than 100,000 tpy of GHG and modifications to existing major sources of 
GHG pollutants (>100,000 tpy) which result in GHG emissions increase of 
greater than 75,000 tpy.  Step 2 of the Rule went into effect on July 1, 2011.  
In Step 3, which begins on July 1, 2013, EPA intends to regulate sources 
emitting more than 50,000 tpy of GHGs; details on the sources to be 
covered in this step will be covered under a separate rulemaking.  

As with all pollutants regulated under PSD, sources that trigger PSD 
for GHGs are required to demonstrate that the project will install and 
operate a level of pollution control known as Best Available Control 
Technology (BACT).  Because regulation of GHGs is new in the U.S., and 
given the limited information on GHG BACT to date, this is proving to be 
a significant effort for affected sources, and for states and EPA regulators.  
EPA issued initial BACT guidance related to GHG emissions under the 
PSD program in November 2010, with an update released in March 2011.22  
The BACT guidance identified energy efficiency and carbon capture and 
storage (CCS) as potential BACT candidates, but acknowledged that CCS 
would often be eliminated due to its current  
high economic impact.  

The Tailoring Rule has significant implications for sources in Maryland, 
especially existing and new power plants.  Existing sources will be 
subject to Title V requirements for GHGs beginning in July 2011, 
depending on potential GHG emissions from the facility; modifications to 
existing sources that trigger PSD for non-GHG pollutants and emit more 
than 75,000 tpy of GHGs will be subject to the Rule. 

22  PSD and Title V Permitting Guidance for Greenhouse Gases, prepared by the 
Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency,  
March 2011.

http://ag.ca.gov/newsalerts/release.php?id=2016&
http://ag.ca.gov/newsalerts/release.php?id=2016&
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Cross-state	Air	Pollution	Rule	(CSPAR)

The Cross-State Air Pollution Rule (“CSAPR” or “the Transport Rule”) 
was finalized by EPA in July 2011 under the CAA to reduce interstate 
transport of PM2.5 and ozone.  The rule was originally proposed in 
July 2010 as the Clean Air Transport Rule (CATR). CATR/CSAPR is a 
replacement for EPA’s 2005 Clean Air Interstate Rule (CAIR), the  
original federal multi-pollutant rule which was challenged in courts.   
On December 30, 2011, the U.S. Court of Appeals for the D.C. Circuit 
issued a ruling staying CSAPR pending judicial review.
The rule targets emissions of NOx and SO2, as precursors to PM2.5 and 
ozone, from power plants in the 27 eastern states that EPA determined 
significantly affect downwind states’ ability to meet PM2.5 and ozone air 
quality standards.  The rule is a “cap and trade” based program in which 
states are allocated state-wide NOx and or SO2 budgets.  Affected power 
plants are then allocated emissions budgets and can reduce emissions 
and/or trade allowances among affected units, as long the state budgets 
are maintained.
CSAPR establishes four separate programs:  an annual NOx trading 
program, an ozone-season (summer months when ozone formation is  
at its maximum due to meteorological conditions) NOx trading program, 
and two separate SO2 trading programs (“SO2 Group 1” and “SO2 
Group 2”).  Group 1 states are subject to more stringent SO2 reductions 
beginning in 2014 than Group 2 states.  Maryland is a Group 1 state.  
The first phase of CSAPR was slated to begin January 1, 2012 for SO2 
and annual NOx, and on May 1, 2012 for ozone-season NOx reductions. 
The second phase of the rule begins January 1, 2014 and increases the 
stringency of SO2 reductions in a number of states.  Given the stay of 
the rule, the schedule for implementation is unknown.  EPA anticipates 
that power plants will comply with CSAPR by some combination of 
maximizing or optimizing use of existing NOx and SO2 controls, such as 
SCR and FGD systems; switching to lower sulfur fuels; and/or adding 
new controls.  
Not only are some of the emissions caps lower than in previous federal 
and state multi-pollutant power plant regulations, but some of the 
provisions around allowance trading in CSAPR are more stringent than 
in previous versions of the rule.  For example, there are no so-called 
“early reduction” provisions in CSAPR, unlike other federal and regional 
cap and trade programs that are in place.  Also, there are no provisions 
to carry over any CAA Title IV Acid Rain SO2 allowances or former CAIR 
annual or ozone season NOx allowances into CSAPR.  
For some power plants in Maryland, allocations for SO2 and NOx in 
CSAPR are significantly lower than emission caps established under the 
Maryland HAA.  In particular, NOx and SO2 allocations for Constellation 
plants are lower in the final rule compared to the proposed CATR rule 
and the HAA emission caps.

Utility	MACT	Standards	for	HAPs

On March 16, 2011, EPA proposed a new Maximum Achievable Control 
Technology (MACT) standard (called the “Utility MACT”) intended 
to reduce emissions of HAPs from power plants.  The rule establishes 
emission standards for new and existing fossil-fueled electric utility 
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steam generating units (EGUs) with generating capacities greater than 
25 MW.  Specifically, the rule is intended to reduce emissions of heavy 
metals (mercury, arsenic, chromium, nickel), acid gases (hydrogen 
chloride (HCl) and hydrogen fluoride (HF)), and other organic HAPs 
(formaldehyde, benzene, and acetaldehyde) from coal- and oil-fired  
power plants. 
For all new and existing coal-fired EGUs, the rule establishes numerical 
emission limits for mercury, limits for PM serving as a surrogate for toxic 
non-mercury metals, and limits for HCl or SO2 as surrogates for toxic acid 
gases.  For existing and new oil-fired EGUs, the rule establishes numerical 
emission limits for total metals, HCl, and HF.  
For affected power plant sources in Maryland, it is likely that add-on 
pollution control systems, such as wet FGD systems installed for HAA 
compliance, may be sufficient for compliance with the Utility MACT 
mercury and other organic and metal HAPs standards.  Based on a 
preliminary review of select stack tests conducted at power plants in 
Maryland in 2010, mercury emissions from power plants in Maryland 
were generally below the proposed MACT standards for all power 
plants except H.A. Wagner, which may take the opportunity to use 
the emissions averaging provisions of the rule.  Existing sources 
would be required to meet emission limitations and implement work 
practice standards within three years of final adoption of the rule 
signed December 16, 2011; new affected sources would be subject to the 
standards at start-up.

GHG	NSPS

On December 23, 2010, EPA announced its intention to regulate GHG 
emissions following the settlement of two significant lawsuits under 
the U.S. Court of Appeals (New York v. EPA and American Petroleum 
Institute v. EPA).  Both cases involved numerous states and environmental 
groups urging EPA to adopt new GHG emission limits for existing 
combustion sources.  The settlements in these cases required EPA to 
propose a GHG standard in the form of a New Source Performance 
Standard (NSPS) for new sources and emission guidelines for existing 
sources by July 26, 2011 with final action by May 26, 2012 for electric 
utility generators.23  EPA has yet to propose a rule.
NSPS apply to new and modified facilities, and are adopted on a source 
category basis.  It is unknown at this time what these emission limits 
will be; however, it is likely that the NSPS and existing source emissions 
guidelines will rely upon energy efficiency and possibly CCS.   

Boiler	MACT

On February 21, 2011, EPA finalized four related rules that regulate HAP 
emissions from non-utility boilers, process heaters, and commercial and 
industrial solid waste incinerators (CISWI).  The most significant among 
these rulemakings, which could potentially impact non-EGU boilers at 
power plants, is the National Emission Standards for Hazardous Air 
Pollutants (NESHAP) for Industrial-Commercial-Institutional (ICI) 
Boilers, which is codified under 40 CFR Part 63 Subpart DDDDD.  This 
rule is commonly referred to as the “Boiler MACT” regulation.  EPA 

23  http://ag.ca.gov/newsalerts/release.php?id=2016&
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proposed revisions to the final rule on December 23, 2011.  Sources at 
power plants that could be affected by this rule include auxiliary boilers 
and other similar boilers/process heaters not used for power generation.  
The emission limits and the compliance demonstration requirements in 
the final rule are dependent on the type of fuel fired and the type of fuel 
handling and feeding systems.  The rule includes emission limits for HCl, 
mercury, PM, and CO, and work practice standards for dioxin/furans.  
In addition to complying with emission limits and other monitoring 
requirements, the final rule requires facilities to conduct a one-time 
energy assessment of the boiler and the boiler fuel handling system.  
Existing facilities are required to comply with this rule three years after 
publication of the final rule in the Federal Register. 

4.1.2	 Impacts	to	Water	Resources
Other than a small segment of western Maryland and small estuarine 
water bodies of the Atlantic Shore, the bulk of Maryland’s drainage 
system feeds the Chesapeake Bay.  All of Maryland’s primary rivers drain 
into the Chesapeake Bay: Potomac, Patuxent, Patapsco, Susquehanna, 
Chester, Choptank, Nanticoke, Blackwater, and Pocomoke Rivers.  
Together, these rivers and the Bay extend over a large geographic area 
and encompass a broad range of aquatic habitat types, including marine, 
estuarine, and freshwater rivers and lakes.
All steam electric power plants in Maryland are located in the 
Chesapeake Bay watershed.  Power plants are significant users of water 
in Maryland, and their operation can affect aquatic ecosystems as well 
as the availability of water for other users.  This section describes the 
volume of water used in Maryland for power plant operation, potential 
resource impacts, and methods for minimizing any adverse impacts.

Withdrawal and Consumption Impacts
Most electricity is produced in Maryland by four types of generating 
technologies:  steam-driven turbines, combustion turbines, combined 
cycle facilities (a combination of steam and combustion turbine units), 
and hydroelectric facilities.  Power plants utilizing steam tend to have the 
largest water withdrawals because of the need to cool and condense the 
recirculating steam.  Typically, a power plant will obtain cooling water 
from a surface water body.  The other, much smaller water needs of the 
power plant, such as boiler makeup water, are met by on-site wells or 
municipal water systems.
Table 4-3 lists all major steam generating power plants in Maryland 
(excluding self-generators) and quantifies their water withdrawals and 
consumption for 2009-2010.  Cooling water withdrawals at steam electric 
facilities represent the majority of surface water usage in Maryland.  
In 2010, combined water withdrawal for all steam generating power 
plants in Maryland is estimated at 6 billion gallons per day.  All other 
non-power plant users in the state have a combined appropriation of 
less than 4 billion gallons per day.  By comparison, the Potomac River 
has an average discharge of roughly 7 billion gallons per day, and the 
Susquehanna River discharges an average of about 23 billion gallons 
per day (actual daily flows in both the Susquehanna and the Potomac 
fluctuate greatly, both seasonally and from year to year).
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Table 4-3 Surface Water Appropriations and Use at Maryland Power Plants  
with Steam Cycles

Power Plant
Surface Water 
Appropriation 
(average, mgd)

2009 Actual 
Surface 

Withdrawal 
(average, mgd)

2010 Actual 
Surface 

Withdrawal 
(average, mgd)

Estimated 
Consumption 

(mgd)
Water Source

Once-Through Cooling 

Calvert Cliffs 3,500 3,333 3,257 18 Chesapeake Bay

Chalk Pointa 720 590 584 N/A Patuxent River

C.P. Crane 475 293 273 2.0 Seneca Creek

Dickerson 401 322 344 1.3 Potomac River 
(non-tidal)

H.A. Wagner 940 297 280 1.6 Patapsco River

Morgantown 1,503 1,159 1,237 2.4 Potomac River

Riverside 40 1.59 2.06 0.01 Patapsco River

R. Paul Smith 70 14.8 31.6 0.28 Potomac River 
(non-tidal)

Wheelabrator 50 22.2 16.4 N/A Gwynns Falls

SUBTOTAL  7,699 6,033 6,025  25.6

Closed-Cycle Cooling

AES Warrior 
Runb 0.021 0 0 N/A City of 

Cumberland

Brandon Shores 35 0 0 N/A
Patapsco River 
(Wagner 
discharge)

Montgomery 
Co. Resource 
Recovery Facility

1.342 0.73 0.77 N/A

Potomac River 
(Dickerson 
Station’s 
discharge 
canal)

Panda 
Brandywineb 3 0 0 N/A Mattawoman 

WWTP

Vienna 2 0.37 0.02 N/A Nanticoke River

SUBTOTAL  41.4 1.1 0.79  0

TOTAL 7,740 6,034 6,026  27

Source:  MDE WMA

mgd = million gallons per day

a Chalk Point has two units on once-through cooling and two on closed-cycle cooling.  The appropriation of 
720 mgd covers all four steam units; data on each cooling system individually are not available.

b AES Warrior Run and Panda Brandywine do not have direct surface water appropriations for their total 
water use, since their cooling water needs are met indirectly through third parties (the city of Cumberland and 
the Mattawoman wastewater treatment plant, respectively). The surface water appropriation for AES Warrior 
Run is for back-up water use only. AES Warrior Run used an average of 0.27 mgd of City of Cumberland water 
in 2009 and 0.25 mgd in 2010. Panda Brandywine used an average of 0.50 mgd of Mattawoman WWTP effluent 
in 2009 and 0.41 mgd in 2010. 

� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
� http://water.usgs.gov/watuse/
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Four steam power plants in Maryland – AES Warrior Run, Brandon 
Shores, Panda Brandywine, and Vienna – use closed-cycle cooling 
(cooling towers) exclusively instead of once-through cooling.  (Chalk Point 
has multiple steam boilers, two of which use once-through and two of 
which use closed-cycle cooling.)  Closed-cycle systems recycle cooling 
water and withdraw less than one-tenth of the water required for once-
through cooling; however, depending on plant design and operating 
parameters, 50 to 80 percent of the water evaporates from the cooling 
tower and does not return to the source, thus representing a consumptive 
use.  According to data reported by the Electric Power Research Institute 
(EPRI), closed-cycle cooling systems consume on average about 1.5 times 
more water per MWh than once-through systems.

Nuclear power plants also fall within the steam generating category; 
however, they use nuclear reactions instead of fossil fuel combustion 
to create the thermal energy.  The existing fleet of operating nuclear 
facilities generate more waste heat than fossil fuel-fired plants of the same 
capacity, and according to data from the Nuclear Regulatory Commission 
(NRC), require 10 to 30 percent more cooling water to produce the same 
energy.  Nuclear stations generally operate at a lower steam temperature 
and pressure compared to fossil fuel-fired generating plants, which 
causes a somewhat lower efficiency in the conversion of thermal energy 
to mechanical and, ultimately, electrical energy.  Consequently, more 
thermal energy is rejected to the cooling system per MWh generated 
than would be in a fossil fuel plant, and more cooling water is needed to 
absorb that waste heat.

Maryland has one nuclear power plant operating on the western shore 
of the Chesapeake Bay, Calvert Cliffs, which withdraws an average 
of 3.3 billion gallons per day from the Bay.  This is the largest single 
appropriation of water in the State of Maryland, 13 times more than the 
municipal supply for the Baltimore City metropolitan area of 250 million 
gallons per day (mgd).  While the majority of this water is returned to the 
Bay, an estimated 18 mgd of Bay water is lost to evaporation as a result 
of the heated discharge (see Table 4-3).  The proposed Unit 3 at Calvert 
Cliffs would utilize a cooling tower and thus would not withdraw as 
much Bay water as Units 1 and 2, although its water consumption due to 
evaporation will be greater.

While water withdrawal is fairly straightforward to determine and 
well-documented by individual facilities, the net or consumptive use is 
a more complex analysis.  By definition, the consumptive use is water 
that is withdrawn, but not returned directly to the surface or ground 
water source and is unavailable to other users.  In water-limited or 
highly regulated systems (rivers with multiple dams and reservoirs), 
consumptive use is a critical factor in determining allocation and under 
what conditions competing uses have to be curtailed or prioritized.  This 
directly affects the use of a waterway for power plant siting or expansion 
not only for cooling water supply, but induced evaporation due to the 
return of heated water to a surface water body. 

For power plants with closed-cycle cooling systems, the evaporative 
losses to the atmosphere can be calculated as the difference between 
water withdrawn and water discharged.  However, most steam plants 
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in Maryland use once-through cooling, in which cooling water is 
continuously drawn from a water source, used, and then continuously 
returned to (usually) the same source.  While water losses within the 
cooling system are negligible, the release of heated water results in 
elevated evaporative losses in the receiving waters – and these losses are 
not easily measured.  PPRP’s assessment of consumptive use is largely 
based on work conducted in the 1980s by the Interstate Commission 
on the Potomac River Basin (ICPRB), which found that the in-stream 
evaporative loss caused by heated discharges can range up to 2.5 percent 
of the discharge volume with an average of about 0.6 percent during the 
summer and 0.5 percent during the winter.

The U.S. Geological Survey (USGS) develops water use reports for the 
United States every five years.24  USGS has recognized the importance of 
consumptive use data collection and analysis methodology so that policy 
decisions regarding increasingly stressed water resources can be based 
on facts and sound science.  One of the areas of exploration is a task to 
improve methods for evaluating consumptive use from power plants.  
Consumptive use can be evaluated through:

• A statistical analysis of collected data and application of those relationships 
to determine consumptive uses based on a few driving variables (e.g., cooling 
process and basic meteorological data);

• A deterministic approach by calculating heat transfer in systems and 
calculating the evaporation and induced evaporation; or

• A combination of these methods.

USGS has performed a data assessment based on reported data 
and factors affecting consumption, mainly cooling system design.  
The resulting analysis indicates that the industry reported data is 
inconsistent with expected consumptive use based on heat transfer 
analysis (deterministic).  USGS is comparing existing data statistically 
using lumped driving variables (such as type of cooling system), but 
plans to expand the analysis.  Other factors that affect consumption 
are meteorological data and the condition and configuration of the 
receiving water body.  USGS is exploring ways to collect additional 
data on consumptive use drivers and variables to support a statistical 
consumptive use model.

In addition to cooling systems, air pollution control systems at power 
plants can also require substantial amounts of water.  As a result of 
the Healthy Air Act, Maryland’s four largest coal-fired power plants – 
Brandon Shores, Chalk Point, Dickerson, and Morgantown – have begun 
operating wet FGD systems.  Typically, about 85 percent of the water 
used in these systems is consumptively lost through evaporation out of 
the stack.  Operation of the FGD systems at Maryland’s coal-fired power 
plants results in an additional evaporative loss of approximately 8 mgd 
combined.  This additional loss is not significant in the tidal estuarine 
environments at Brandon Shores, Chalk Point, and Morgantown.  GenOn, 
the operator of the Dickerson plant, is required to provide on-site water 
storage to minimize the potential impacts of its FGD system’s water use 

24 http://water.usgs.gov/watuse/

� http://water.usgs.gov/watuse/
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on other users of the Potomac River (see discussion of low-flow issues in 
the next section).

Low-Flow	Issues

Consumptive users of water in the nontidal portion of the Potomac 
River must comply with Maryland’s consumptive use regulations for 
the Potomac River Basin (COMAR 26.17.07).  The intent of this regulation 
is to ensure that during low-flow periods, upstream users allow 
sufficient water to continue downstream to supply water demands in the 
Washington, D.C. metropolitan area.

The consumptive use regulations require users consuming more than 1 
mgd of water from the Potomac River to maintain low-flow augmentation 
storage, and release water from this storage to offset their consumption 
during low-flow periods.  Alternatively, users can comply with the rules 
by reducing consumptive use to less than 1 mgd during low-flow periods.  
The consumptive use regulations specify the amount of augmentation 
storage that must be secured to avoid the potential for curtailment of 
water withdrawals during low-flow periods.

A power plant developer can build ponds or tanks to store cooling water, 
which could carry the facility through a short-term drought.  However, 
it is typically not feasible for plant developers to construct on-site 
storage that could supply enough water to support operations through 
a prolonged period of withdrawal restrictions.  Plants that propose to 
withdraw cooling water from nontidal waters of the Potomac, therefore, 
accept the risk that severe drought conditions may require them to curtail 
their operations.  It is recognized that severe drought conditions correlate 
quite well with conditions of heavy electricity consumption, but the goal 
of providing on-site water storage is to reduce the risk of curtailment, not 
entirely eliminate it.

As an example, Mirant (now GenOn) agreed to incorporate on-site water 
storage to meet Potomac River low-flow requirements as part of the 
2007 licensing case to modify the Dickerson Generating Station for the 
installation of a wet scrubber.  Mirant projected that operating at peak 
load for 24 hours could create a consumptive use of water slightly over 
1 mgd.  In addition, there are two combustion turbines at Dickerson 
that consume additional water under certain operating conditions.  To 
comply with the consumptive use regulations, Mirant proposed to limit 
Potomac River water consumption to 1 mgd for the FGD unit and the 
two combustion turbines.  In addition, Mirant proposed to use an on-site 
pond with a capacity of 4.5 million gallons to supplement the water 
supply during periods of low flow to minimize the risk that generation 
would be curtailed.  PPRP and MDE agreed with this approach for 
complying with the consumptive use requirements, and the Maryland 
PSC issued a CPCN with conditions reflecting the approach.

Cooling	System	Alternatives	and	Advances

With increasing pressures to minimize water withdrawals, power plant 
developers are finding more efficient means of cooling.  Once-through 
cooling, the original standard for power plants, is not a viable option for 
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new power plants, particularly in light of EPA’s current regulations for 
new facilities under the Clean Water Act (CWA) Section 316(b), designed 
to reduce ecological effects of cooling water withdrawals.  Closed-cycle 
cooling towers have become standard on new steam generating power 
plants, reducing water withdrawals substantially compared to once-
through cooling systems.  As noted previously though, their consumptive 
use is somewhat higher.

The reuse of effluent from wastewater treatment plants (WWTP) is 
also becoming more acceptable and viable for power plants.  The 
Panda Brandywine combined cycle facility, located in Prince George’s 
County, currently utilizes about 0.5 to 1 mgd of treated effluent from the 
Mattawoman WWTP for its cooling water needs.  In 2010, Constellation 
began using treated effluent from Anne Arundel County’s Cox Creek 
WWTP to supply the FGD system now in operation at the Brandon Shores 
power plant.  CPV Maryland has proposed a new gas-fired power plant 
in Charles County that would also use treated effluent as its source of 
cooling water.

Effluent reuse has been established as an alternative that can be 
economically attractive and technically viable for sites located near large 
WWTPs.  With respect to environmental impacts, effluent reuse still 
represents a consumptive loss of water resources, since the treated effluent 
that is used and evaporated in the cooling towers would otherwise be 
discharged to surface water.  However, aquatic impacts are reduced 
because effluent reuse does not involve direct withdrawals from a surface 
water body.

Dry cooling systems are also making significant inroads to the power 
industry.  Once thought infeasible due to their large size, aesthetics, 
parasitic power use, required land, and capital outlay, dry cooling towers 
are now being seriously evaluated as potential alternatives to wet cooling 
systems.  Although currently there are no major power plants in Maryland 
using dry cooling systems, a hybrid dry cooling system has been included 
in the plans for the proposed Unit 3 development at the Calvert Cliffs 
power plant.  Hybrid dry cooling systems combine both a “wet” portion, 
like traditional closed-cycle systems, plus an air-cooled “dry” portion.  
As appropriations for cooling water become more restricted, dry cooling 
becomes a more attractive option.

Ground Water Withdrawals
The use of ground water for process cooling is severely restricted in 
Maryland, but some of Maryland’s power plants are significant users 
of ground water for other purposes.  Ground water is used for boiler 
feedwater in coal-fired power plants, inlet air cooling, emissions control 
in gas- and oil-fired combustion turbines, and potable water throughout 
the power plants.  High-volume ground water withdrawals have the 
potential to lower the water table of an area, thus reducing the amount of 
water available for other users.  Excessive withdrawals from Coastal Plain 
aquifers can also cause intrusion of salt water into the aquifer.  Although 
large volumes of ground water are available in the Coastal Plain aquifers, 
withdrawals must be managed over the long term to ensure adequate 
ground water supplies for the future.
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The impact of these withdrawals has been a key issue in southern 
Maryland, where there is a significant reliance on ground water for  
public water supply.  Currently five power plants withdraw ground water 
from southern Maryland coastal plain aquifers for plant operations.  
These plants are:  Constellation’s Calvert Cliffs Nuclear Power Plant, 
GenOn’s Chalk Point and Morgantown power plants, Southern Maryland 
Electric Cooperative’s (SMECO’s) combustion turbine facility (located at 
the Chalk Point plant), and Panda Brandywine’s combined cycle power 
plant.  These five plants have historically withdrawn ground water from 
three aquifers in Southern Maryland:  the Aquia, the Magothy, and the 
Patapsco.  GenOn’s Chalk Point power plant began withdrawing ground 
water from the deeper Patuxent Aquifer in 2010.  Two additional power 
plants utilize ground water:  Perryman, located in Harford County 
northeast of Baltimore, and Vienna, located in Dorchester County on the 
Eastern Shore.  Figure 4-14 shows the ground water withdrawal rates 
expressed as daily averages from 1975 to 2010 for each of these power 
plants.  The withdrawal rates and associated appropriations limits are 
also shown in Figure 4-14.  As noted in Table 4-4, power plants typically 
withdraw ground water at rates well below their appropriation permit 
limits.  The average withdrawal for all seven power plants in 2010 was  
2.2 mgd compared to a combined daily appropriations limit of 3.8 mgd.  
The amount of ground water withdrawn by power plants has fluctuated 
between about 0.9 and 2.2 mgd over the past 36 years.

Three government agencies – the Maryland Geological Survey, 
the USGS, and PPRP – jointly operate a ground water monitoring 
program to measure the water levels in these aquifers to ensure the 
long-term availability of ground water.  MDE Water Management 
Administration (WMA), the permitting authority for all ground water 

Figure 4-14 Average Daily Ground Water Withdrawal Rates at Maryland Power Plants
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Table 4-4  Average Daily Ground Water Withdrawal Rates at Maryland Power Plants (in mgd)
	

Chalk 
Point 

(Magothy 
Aquifer)

Chalk 
Point  

(U.Patapsco 
Group 

Aquifer)

Chalk 
Point 

(Patuxent 
Aquifer)a

Vienna 
(Columbia 
Aquifer)

Panda  
(L.Patapsco 

Aquifer)

Morgantown 
(L. Patapsco 

Aquifer)

Calvert 
Cliffs 
(Aquia 

Aquifer)

SMECO  
(U. Patapsco 

Aquifer)

Perryman 
(Talbot 

Aquifer)

Total  
Average  

Daily 
Withdrawal

Current  
Appropriation 
Limit 

0.66 0.66 1.02 0.05 0.064b 0.82 0.45 0.02 0.1 3.8

1975 0.75 0.04 0.8 0.22 1.8

1976 0.95 0.07 0.8 0.2 2.0

1977 0.7 0.06 0.8 0.25 1.8

1978 0.7 0.06 0.7 0.24 1.7

1979 0.85 0.07 0.8 0.25 2.0

1980 0.77 0.3 0.04 0.8 0.25 2.2

1981 0.69 0.37 0.02 0.65 0.27 2.0

1982 0.6 0.4 0.02 0.6 0.27 1.9

1983 0.7 0.43 0.03 0.6 0.25 2.0

1984 0.62 0.37 0.03 0.7 0.28 2.0

1985 0.64 0.26 0.03 0.6 0.27 1.8

1986 0.5 0.41 0.02 0.62 0.26 1.8

1987 0.43 0.36 0.03 0.52 0.38 1.7

1988 0.43 0.37 0.03 0.67 0.25 1.8

1989 0.55 0.46 0.04 0.73 0.07 1.9

1990 0.6 0.44 0.02 0.67 0.09 0.01 1.8

1991 0.44 0.46 0.01 0.57 0.15 0.01 1.6

1992 0.37 0.41 0.04 0.58 0.15 0.01 1.6

1993 0.25 0.47 0.03 0.67 0.19 0.01 1.6

1994 0.41 0.49 0.02 0.64 0.18 0.01 1.8

1995 0.53 0.41 0.02 0 0.54 0.23 0.02 0.01 1.8

1996 0.45 0.38 0.02 0.1 0.65 0.29 0 0.001 1.9

1997 0.5 0.41 0.01 N/A 0.58 0.41 0 0.001 1.9

1998 0.57 0.35 0.02 0.06 0.54 0.37 0.01 0 1.9

1999 0.53 0.31 0.02 0.05 0.56 0.39 0.01 0 1.9

2000 0.382 0.322 0.019 0.04 0.606 0.412 0.008 0.005 1.8

2001 0.427 0.426 0.017 0.051 0.337 0.395 0.007 0.031 1.7

2002 0.346 0.296 0.02 0.067 0.423 0.392 0.009 0.004 1.6

2003 0.454 0.222 0.022c 0.486 0.489 0.407 0.009 0.01 2.1

2004 0.439 0.341 0.008d 0.076 0.575 0.415 0.11 0.025 2.0

2005 0.362 0.382 0.013 0.074 0.243 0.34 0.02 0.002 1.4

2006 0.322 0.249 0.009 0.097 0.251 0.354 0.018 0.002 1.3

2007 0.279 0.061 0.009 0.072 0.136 0.362 0.015 0.002 0.9

2008 0.335 0.042 0.008 0.068 0.476 0.368 0.011 0.001 1.3

2009 0.295 0.039 0.005 0.059 0.540 0.421 0.010 0.001 1.4

2010 0.348 0.027 0.813 0.000 0.073 0.535 0.423 0.010 0.010 2.2	 	 	 	 	 	 	 	 	 	
Source:  U.S. Geological Survey, MDE
aWell was installed in 2007.  Routine withdrawal did not occur until approximately 2009. 
bPanda was granted a higher appropriation during construction of its pipeline for conveying treated effluent.
cNo report was submitted to MDE for the period July-December 2003.  The amount shown was estimated using the total 
volume withdrawn of 4,131,683 gallons reported for the period January-June 2003.
dNo report ws submitted to MDE for the period January-June 2004.  The amount shown was estimated using the total volume 
withdrawn of 1,505,770 gallons reported for the period July through December 2004.  
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appropriations, uses the data from this joint monitoring program to 
assess the significance of impacts to aquifers when reviewing additional 
appropriations requests.

Long-term monitoring indicates a steady decline in water levels in the 
Aquia, Magothy, and Patapsco aquifers.  However, these declines are 
not solely due to withdrawal from power plants, and are considered 
acceptable by MDE WMA when 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 regulations 
as 80 percent of the distance from the historic pre-pumping water level to 
the top of the pumped aquifer.

While 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 four aquifers are summarized below.

• Aquia Aquifer at Calvert Cliffs – Water levels in the Aquia Aquifer at 
Calvert Cliffs have declined approximately 76 feet over the period 1982 to 
2009, with most of the decline occurring since 1990.  This acceleration in water 
level decline is due to the withdrawal 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 nearly 111 feet and 
approximately 97 feet, respectively, since 1982.  The impacts from the water 
level decline are considered acceptable given the 315 feet of available drawdown 
currently estimated in the Aquia Aquifer at Calvert Cliffs based on MDE’s 
available drawdown criteria described above.  

• Magothy Aquifer at Chalk Point – MDE WMA 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.  As a result, the Chalk Point 
power plant reduced its ground water withdrawal from the Magothy during 
the time period 1990 to 2005 by about 44 percent compared to the period before 
1980.  This reduction has resulted in a commensurate reduction in the rate 
of water level decline at the facility during this same period.  However, water 
levels continue to decline in the aquifer due to the extensive continued use in 
Annapolis and Waldorf.  The drawdown at Chalk Point between 1975 and 
2009 has been approximately 42 feet, and a total of about 82 feet since pumping 
at Chalk Point began in 1964.  Prior to pumping in 1962, the elevation of 
the potentiometric head in the Magothy formation was 28 feet above mean 
sea level; thus the available drawdown is 80 percent of 600 feet plus 28 feet, 
approximately equivalent to 500 feet.  Consequently, the total drawdown 
of 82 feet is small compared to the estimated total available drawdown of 
approximately 500 feet for the Magothy Formation in the vicinity of  
Chalk Point.

• Upper Patapsco Aquifer at Chalk Point – The water level surface in the 
Upper Patapsco Aquifer declined up to 35 feet at Chalk Point between 1990 
and 2007.  Recent measurements indicate a total drawdown of nearly 75 feet 
between 1975 and 2009 at Chalk Point.  These declines will not impact the 
approximately 512 feet of available drawdown in the Upper Patapsco Aquifer at 
Chalk Point.
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• Lower Patapsco Aquifer at Morgantown – The water level surface of the 
Lower Patapsco Aquifer in the vicinity of the Morgantown power plant has 
declined up to 35 feet between 1990 and 2009.  Water levels in the vicinity of 
the Morgantown power plant have dropped several feet since 2006.  GenOn 
also projects increased water demands at the Morgantown power plant 
following the installation of FGD scrubbers in 2010.

• Patuxent Aquifer at Chalk Point – The water level surface of the Patuxent 
Aquifer has declined approximately 13 feet as a result of withdrawal at the 
Chalk Point power plant.  Water levels in the vicinity of the power plant have 
declined approximately 130 feet between 2009 and 2011.

Impacts to Water Quality and Aquatic Biota
Potential impacts from steam electric power plants on rivers and estuaries 
may include a reduction in river flow volumes due to evaporative water 
loss in the plant’s cooling system, mortality of aquatic organisms as 
a result of entrainment in the cooling system, impingement of larger 
organisms on cooling system intake screens, and elevated temperatures 
of receiving waters after power plant discharge.  

Water usage and the resulting environmental impacts have been 
monitored by various agencies and organizations.  These issues have 
been a major responsibility of PPRP since it was established in 1972.  In 
systems where multiple sources of potential impacts can affect water 
quality and aquatic habitats, the combined effects may compound 
or intensify the effects of the individual sources, and accumulate in 
downstream areas.  Although permit requirements and regulations 
may not require an assessment of cumulative effects, the health of the 
contiguous system is determined by the impact of multiple influences.  
PPRP has conducted aquatic impact assessment studies at all of 
Maryland’s existing plants and has identified no measurable cumulative 
adverse impacts.  MDE issues discharge permits, in accordance with the 
CWA, and uses aquatic impact assessment data to monitor continued 
performance of power plants to minimize these impacts.  

In addition to minimizing impacts, several power plants instituted 
cooperative aquatic enhancement measures at their facilities, such as 
constructing and operating game fish hatcheries in cooperation with the 
Maryland Department of Natural Resources (DNR).  Power plants also 
established funds to remove fish migration obstructions caused by low-
head dams no longer in use.  The types of impacts identified by PPRP, 
along with the steps that were taken to minimize and mitigate these 
impacts, are discussed in greater detail below.  The impacts associated 
with cooling water withdrawals in the state are currently being 
re-evaluated for regulatory compliance because of EPA’s revised Section 
316(b) regulations of the CWA for existing power plants.

Cooling Water Withdrawal Impacts
Cooling water withdrawals can cause adverse ecological impacts in three 
ways:
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• Entrainment – drawing in of plankton and larval and/or juvenile fish through 
plant cooling systems;

• Impingement – trapping larger organisms on barriers such as intake screens or 
nets; and

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

In the 1970s and early 1980s, PPRP evaluated aquatic organism impacts 
at 12 major power plants.  The studies were used to evaluate the 
relative impacts of power plant operations on the aquatic environment, 
with special emphasis on the Chesapeake Bay.  Results of the studies 
showed that while power plant operations affect ecosystem elements, 
the cumulative impacts have no significant consequence to Maryland’s 
aquatic resources.  

Although entrainment losses for aquatic organisms have been measured, 
they did not reveal consistent depletions of populations.  Even though 
power plant activities have not substantially decreased populations, 
the plants modified their operating procedures and constructed on-site 
hatchery facilities for fish stocking operations.  They also provided 
funding to remove blockages to migratory fish and developed improved 
intake technologies and other modifications to reduce entrainment or 
impingement.

Clean Water Act Section 316(b) 
EPA’s implementation of CWA Section 316(b) has resulted in updated 
assessments of the impacts of cooling water withdrawals.  EPA phased 
in the regulation in three steps:  Phase I applies to new facilities with a 
cooling water intake, constructed after January 17, 2002; Phase II was to 
apply to existing power-producing facilities, effective September 7, 2004, 
with a cooling water intake design greater than 50 mgd and would have 
applied to each facility as its National Pollutant Discharge Elimination 
System (NPDES) permit is renewed; and Phase III would have applied to 
non-power producing facilities.  

Maryland has 12 existing steam electric power plants with an NPDES 
permit and a cooling water intake and discharge.  Of these, two plants 
were below the 50 mgd design threshold for Phase II facilities (Warrior 
Run and Vienna), one was classified as exempt from the new regulations 
(Wheelabrator), and the remaining nine (Calvert Cliffs, Chalk Point, C.P. 
Crane, Dickerson, Gould Street, Morgantown, Riverside, R. Paul Smith, 
and Wagner-Brandon Shores) have conducted a Phase II evaluation.  

The Phase II regulations established specific performance standards for 
reduction of impingement and entrainment.  There were five compliance 
alternatives for using best technology available to minimize adverse 
environmental impact at facilities.  However, as a result of a lawsuit 
by several environmental groups, states, and industry groups, the U.S. 
Court of Appeals made a ruling on the Phase II rule, rejecting many of 
its provisions (Riverkeeper et al. v. USEPA, decided January 25, 2007).  
A portion of this ruling was appealed to the U.S. Supreme Court with 
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respect to the cost-benefit test.  The court ruled in 
March 2009 that the cost-benefit test is allowed; 
specifically the court stated:  “The EPA permissibly 
relied on cost-benefit analysis in setting the 
national performance standards and in providing 
for cost-benefit variances from those standards 
as part of the Phase II regulations.”  EPA issued a 
proposed revised rule for public comment in March 
2011, addressing the other issues required by the 
Riverkeeper case and the U.S. Supreme Court ruling 
on cost-benefit testing.  PPRP submitted comments 
on the proposed rule.

Cooling Water Discharge Impacts
Impacts to aquatic biota from power plant 
cooling water system discharges include elevated 
temperatures, discharge of chemicals used for 
biofouling treatment (e.g., chlorine), discharge of 
metals eroded from internal plant structures  
(e.g., copper), and, in the case of Maryland’s only 
nuclear power plant, discharge of radiological 
materials.  Each of these impacts is discussed below.

Thermal	Changes

Biological impacts from heated effluents depend 
upon the magnitude and duration of the temperature 
difference between discharge water and riverwater.  
Small organisms that pass through a plant’s 
cooling system experience the greatest temperature 
stress, both in magnitude and duration.  Exposed 
organisms in the receiving waters are more likely 
to experience smaller increases in temperature of 
shorter duration due to dispersion of the thermal 
plume and mobility of most of the exposed aquatic 
biota (e.g., fish, blue crabs).  PPRP conducted studies 
to determine the effects of thermal discharges at 
each existing power plant in the state.  Because 
different aquatic biota occupies different habitat 
types in Maryland waters, study results are 
presented here according to the habitats where 
power plants are located (see Figure 4-15).  The 
following pages present a brief summary of the findings in those studies.

Mesohaline Habitat – The largest power plants (by generating capacity) 
in the state discharge into mesohaline habitat during all or part of 
the year.  PPRP studied thermal discharges from the Chalk Point, 
Morgantown, Calvert Cliffs, and H.A. Wagner power plants as part of 
extensive fieldwork in the 1970s and 1980s.  Thermal plume dimensions 
for these power plants varied with season, tidal stage, wind velocity and 
direction, and plant operating levels.  

2011 EPA-Proposed 316(b) 
Regulations
Summary of Regulations on Cooling Water Intake Structures 
Proposed by EPA on March 28, 2011:

• Applies to existing facilities withdrawing at least 25 percent water 
for cooling purposes, with a design intake flow (DIF) > 2 mgd;

• Requires impingement mortality (IM) reduction of 12 percent on an 
annual average basis and 31 percent on a monthly average basis 
OR demonstration that the cooling water intake structure has a 
maximum intake velocity of 0.5 feet per second;

• If the facility uses traveling screens to meet the velocity standard, 
fish protection measures need to be included;

• If facility draws from ocean or tidal waters, IM of shellfish must be 
reduced to that achievable with a barrier net;

• If facility has an actual intake flow (AIF) > 125 mgd, they must 
conduct an entrainment characterization study;

• MDE would establish best available technology standards for 
entrainment mortality on a case-by-case basis.  Public input into 
this process is required;

• A final rule is scheduled for July 2012.  The IM requirements would 
have to be met within eight years of the final rule, at the latest;

• The Phase I rule still applies to new facilities (with the exception 
that restoration for mitigation is no longer allowed); and

• New units at existing facilities must have cooling towers as best 
available technology.

Application to Maryland facilities:

• There are 10 facilities which fall under this rule (see Table 4-3).

• Of these, six have actual or permitted flows (as of 2008) which  
are > 125 mgd, so would have to comply with the entrainment 
mortality study. 

• These six facilities have also prepared Best Professional 
Judgment reports under Maryland regulations, including an 
assessment of technologies that could meet various entrainment 
and impingement criteria.

• All facilities would likely have to conduct additional studies to 
comply with the rule, as the Best Professional Judgment reports 
do not contain all the required information.
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The effects of thermal 
discharges from the 
power plants located in 
the mesohaline habitats of 
the Chesapeake Bay have 
been localized and are 
not considered significant.  
PPRP found no cumulative 
adverse impacts to the 
habitats of the Chesapeake 
Bay ecosystem.  However, 
PPRP will continue to 
evaluate the habitats if 
additional power plant 
discharges are proposed; 
new technology would then 
be considered to reduce 
thermal discharges.

Tidal Fresh and 
Oligohaline Habitat – Two 
plants, Vienna and C.P. 
Crane, discharge into tidal 
fresh and oligohaline waters 
(Chalk Point also discharges 
into the oligohaline zone 
during part of the year; 
see discussion on previous 
page).  PPRP studies showed 
that the thermal plume 
at Vienna was small and 
its discharge effects were 
negligible.  The thermal 

plume at C.P. Crane affected about 40 percent of the volume of the 
receiving water embayment.  C.P. Crane effluents also resulted in a slight 
increase in nearfield salinity due to plant-induced changes in the nearby 
bay circulation pattern, but these factors did not affect nearfield dissolved 
oxygen.   

Recently, MDE required studies at C.P. Crane to repeat some of the 
historical fishery surveys conducted in the late 1970s, as a condition for 
NPDES permit renewal.  The purpose of the surveys was to demonstrate 
that the fish populations in the vicinity of the Crane power plant remain 
unaffected by its thermal discharge.  The study showed that differences 
in the fish community apparent between the 2003-2005 results and the 
results of the 1979-1980 study reflect long-term changes in the upper 
Bay fish community and are not suggestive of a plant discharge effect.  
The results also suggest that there is no consistent effect of the thermal 
discharge on the fish community composition or distribution.

Findings at the plants in these tidal fresh and oligohaline habitats were 
consistent with those at facilities in mesohaline areas.  Thermal discharge 
effects were small and localized.  PPRP studies found no evidence that 

Figure 4-15 Salinity Zones of the Maryland Chesapeake Bay
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fish movements were blocked by thermal plumes in the plants’ receiving 
waters in these particular habitats.

Nontidal Freshwater Habitat – R. Paul Smith and Dickerson are the only 
once-through cooling power plants located in nontidal riverine habitat 
in Maryland.  The thermal impact of their discharges on the Potomac 
River ecosystem was assessed in a long-term freshwater benthic study 
conducted by PPRP over an eight-year period in the 1980s.  While this 
long-term study documented that the thermal discharges from these two 
plants had an adverse impact on benthic communities in the immediate 
area of the discharges, these effects were localized.  The affected 
percentage of the total river bottom is very small.  To assess whether 
these localized impacts on benthic communities may be affecting fish 
populations within the river, the discharge permit for the Dickerson 
facility included a requirement for a multi-year study of growth and 
condition of several fish species in the vicinity of the plant.  Based on data 
on fish condition collected over a 21-year period near the plant and at 
reference locations, there was no indication that fish near the plant were 
affected by the localized discharge effects on benthic communities.

Chemical	Discharges

Concerns regarding the impacts of copper and chlorine discharged 
from cooling water systems into sensitive waters of the Chesapeake Bay 
watershed in the late 1970s and early 1980s led to extensive studies by 
PPRP as well as others.

Copper – In the late 1970s and early 1980s, oysters in the vicinity of the 
Chalk Point, Calvert Cliffs, and Morgantown power plant discharges 
were found to be bioaccumulating copper that was present in the effluent 
discharge.  The copper resulted from erosion of the copper condenser 
tubes within the plants’ cooling systems.  While PPRP studies showed 
that oyster growth and survival were not adversely affected, the elevated 
levels of copper concentrations in oysters posed a potential risk to the 
health of individuals who might consume them.  Power plants replaced 
the copper condenser tubes with titanium tubes where this problem 
was most significant, primarily in estuarine waters.  The titanium tubes 
eliminated the metals erosion, which also resulted in less maintenance 
on the condenser tubes.  Currently, NPDES permitting for all power 
plant discharges includes an evaluation of maximum discharge levels 
for copper (as well as other metals) to protect human health and the 
environment.

Chlorine – This substance is sometimes used by power plants to control 
bio-fouling of condenser tubes in cooling water systems.  While it may 
be an effective means of controlling biological organisms within the 
cooling system, it can also cause mortality in the aquatic biota of the 
receiving water body.  Presently, the NPDES permits for all power plants 
in Maryland require that chlorine not be discharged into the state’s 
waters for more than two hours in any one day from any one unit, and 
no more than one unit may discharge at any one time.  An exception may 
be granted if a facility demonstrates that more chlorination is needed 
to control macroinvertebrates.  Chlorinated discharge impacts are now 
considered resolved and no further action is needed.
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Wastewater discharged from coal ash ponds, air pollution control 
equipment, and other equipment at power plants can contaminate 
drinking water sources, impact fish and other wildlife, and create other 
detrimental environmental effects.  In September 2009, EPA announced 
plans to revise the existing standards for water discharges from coal-fired 
power plants to reduce pollution and minimize these effects.

Earlier in 2009, EPA completed a multi-year study of power plant 
wastewater discharges and concluded that current regulations, which 
were issued in 1982, have not kept pace with changes that have occurred 
in the electric power industry over the last three decades.  Air pollution 
controls installed to remove pollution from smokestacks have made 
great strides in cleaning the air people breathe, reducing respiratory 
and other illnesses.  However, some of the equipment used to clean air 
emissions does so by “scrubbing” the boiler exhaust with water (“wet” 
FGD systems) and when the water is not properly managed, it sends 
the pollution to rivers and other water bodies.  Treatment technologies 
are available to remove these pollutants before they are discharged to 
waterways, but these systems have been installed at only a fraction of the 
power plants.  

As part of the multi-year study, EPA measured the pollutants present in 
the wastewater and reviewed treatment technologies, focusing mostly 
on coal-fired power plants.  Many of the toxic pollutants discharged 
from these power plants come from coal ash ponds and the FGD systems 
used to scrub SO2 from air emissions.  Types of treatment systems for 
FGD systems include settling ponds, chemical precipitation, biological 
treatment, constructed wetlands, and zero-liquid discharge.  Once the 
new rule for electric power plants is finalized, EPA and states would 
incorporate the new standards into wastewater discharge permits.  EPA 
plans to propose a rulemaking for the steam electric power generating 
industry in July 2012 and take final action by January 2014.  More 
information about EPA’s study is provided in a report that was published 
in October 2009.  For more information on wastewater discharges from 
power plants, please visit:  http://www.epa.gov/waterscience/guide/
steam/.

As a result of the Chesapeake Bay TMDL (see sidebar on p. 82), all 
dischargers with NPDES permits, including industrial dischargers 
such as power plants, will have reduced limits on total nitrogen, total 
phosphorus, and sediment.

Impacts of Hydroelectric Facilities
While only two large-scale hydroelectric projects (with capacities greater 
than 10 MW) are present in Maryland, five additional small-scale facilities 
also generate electricity within the state (see map and table in Chapter 2 
on page 28).  Hydroelectric facilities may present special environmental 
concerns that are not encountered at steam electric power plants.  
Development and operation of hydroelectric facilities can cause three 
main types of impacts:

Changes in water quality – Impoundments created for hydroelectric 
dams significantly alter river flow from free-flowing streams to deep 

http://www.epa.gov/waterscience/guide/steam/
http://www.epa.gov/waterscience/guide/steam/
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water flow.  This alteration causes changes in natural water clarity, 
thermal stratification, and lower dissolved oxygen concentrations 
upstream of the dam, which, in turn, may result in low dissolved oxygen 
levels in the water discharged from the dam.  To mitigate these impacts, 
a procedure known as turbine venting was implemented at Conowingo 
Dam on the Susquehanna River.  This venting allows air to be entrained 
into the water passing through the turbines and increases the oxygen 
content of the water.  Similarly, an aeration weir was constructed in the 
Deep Creek Station tailrace to increase oxygen in water from the dam’s 
discharge.

Changes in water quantity – Operating hydroelectric facilities in 
a peaking mode (in response to peak electrical demand) produces 
unnatural, and frequently extreme water level fluctuations in 
impoundments as well as downstream from the dams.  Additional 
small-scale projects may also divert some flow away from the natural 
streambed.  Fluctuations in water level and flow may reduce fish 
abundance as well as food sources important to fish growth and survival.  
Several studies, initiated in the early 1990s and completed in 1998 were 
conducted at Conowingo Dam to determine the minimum flow necessary 
to protect and enhance aquatic biota as well as whether a continuous flow 
is needed; these studies are being revisited as a part of the relicensing 
process (see below).

Direct adverse effects on fish populations – Dams prevent the natural 
upstream and downstream movement of both resident and migratory 
fish species.  Entrainment of fish attempting to move downstream past 
the dam may cause mortality due to the turbines.  Factors that affect fish 
mortality include the type of turbine, the proportion of flow diverted 
through the turbine, and the size of fish.  Fish lifts at Conowingo have 
begun to restore anadromous fish populations upstream of the dam and 
operational changes have been used to reduce mortality of downstream 
migrating fish.  Studies are continuing at Conowingo to investigate 
further reductions on migratory fish impacts.  

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

When the FERC licenses for the four Susquehanna River hydroelectric 
facilities were being considered for renewal in the early 1970s, a major 
issue that arose was restoration of migratory fish to the Susquehanna.  
Participants in the FERC license proceedings included PPRP, on behalf 
of the State of Maryland; the State of Pennsylvania; the State of New 
York; the U.S. Fish and Wildlife Service; and several non-governmental 
organizations (NGOs).  The ultimate goal of the resource agencies and 
NGOs was to restore migratory fish runs throughout the Susquehanna 
River basin.  This goal was pursued through an active restoration 
program (e.g., trapping and trucking adult fish to areas above the dams, 
hatchery rearing of larval and juvenile shad for stocking in the river) and 
the installation of fish passage devices at all four dams.
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By the year 2000, restoration programs had been operating for nearly 30 
years, and fish passage devices had been installed at all four hydroelectric 
facilities.  For the first time since the dams had been constructed, the 
entire Susquehanna River had been re-opened to migratory fish.  This has 
created the potential for shad and other species to move as far upstream 
as New York State, representing renewed access to well over 400 miles of 
historic habitat.

Growth of the Susquehanna River shad stock in response to the 
restoration efforts and installation of fish passage devices has been 
problematic.  Growth peaked in 2001, when nearly 200,000 American 
shad were passed over Conowingo Dam, but has since declined for 
reasons that are the subject of ongoing studies (see Figure 4-16).  Ongoing 
monitoring of restoration progress also revealed some issues that need 

to be addressed.  One 
concern at the present 
time is the low percentage 
of shad that are able to 
move past the Holtwood 
Dam during high flow 
years once they have 
successfully moved past 
the Conowingo Dam.  In 
2004, only 3.1 percent 
of the shad passing 
over Conowingo Dam 
succeeded in moving 
beyond Holtwood Dam.  
Concerns also exist 
regarding the percentage 
of shad that move past 
York Haven Dam.  A more 
thorough assessment of 
that issue may not be 
possible until a higher 
passage efficiency is 
achieved at Holtwood 
Dam.  PPRP, working  
with dam owners and 
other state and federal 
agencies, is continuing 
efforts to enhance 
upstream migratory fish 
passage as well as safe 
downstream passage 
of juveniles through 
operational and/or 
engineering modifications.  

The FERC licenses for 
three of the four lower 

Figure 4-16 Number of American Shad Passed at Conowingo Dam  
from 1985 - 2011 and at Conowingo East, Holtwood,  
Safe Harbor, and York Haven Dams from 2000 - 2011
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Susquehanna facilities expire at the end of 2014, and agency consultation 
on relicensing is already underway.  Fish passage and flow issues are 
being further studied and addressed as part of this process.

Current	Hydroelectric	Licensing	Projects

Conowingo – Exelon Generation Company is licensed by FERC to 
operate the 573-MW Conowingo Hydroelectric Project, located on the 
Susquehanna River in Harford and Cecil counties.  The current license for 
Conowingo was issued in August 1980 and expires on September 1, 2014.  
Exelon intends to submit an application to FERC for continued operation 
of the project; this application must be submitted by September 2012.  
PPRP is coordinating all Maryland agency reviews and providing input 
on the license application for FERC to consider as part of its review.  Some 
issues that PPRP has recommended for further study during relicensing 
include upstream and downstream fish passage, flow and water level 
management, the project’s effect on salinity in the Bay, dissolved 
oxygen (DO) levels, eel passage, sediment and debris management, 
and recreation.  PPRP’s goal is to determine appropriate protection, 
mitigation, and enhancement (PM&E) measures in consultation with 
MDE and other resource agencies, and ultimately to reach agreement 
on license conditions prior to Exelon’s submission of a final license 
application to FERC.

Deep Creek Hydroelectric Station: Balancing Multiple Resource Uses
The 3,900-acre Deep Creek Lake was formed in 1925 by the construction of a rockwall dam across Deep Creek, a tributary of the Youghiogheny River.  The Deep 
Creek Hydroelectric Station (DCHS) includes two turbines with a combined generating capacity of about 18 MW.

Operation of the facility affects recreational users of the lake and the river. The Youghiogheny River is Maryland’s only designated “wild” river.  It supports a trout 
fishery and is one of the most challenging whitewater runs in the country. In 1994, the owner of DCHS agreed to negotiate conditions to be required under a water 
appropriations permit administered by MDE.  Working with PPRP and MDE, conditions were designed to achieve two objectives:  1) to provide a reliable and 
economical source of electricity; and 2) to enhance Deep Creek Lake’s and the Youghiogheny River’s natural and recreational resources.

Lake Water Levels — Recreational lake users typically want minimal and consistent drawdown of the lake during summer, with higher than historic levels (prior 
to the 1990s) in the autumn to extend the boating season.  Water levels are lowered in the fall and winter to prevent ice damage to the spillway.  To help evaluate 
possible alternative operating strategies, a computer model of historical lake inflow, storage, and electricity generation was developed.  The model was used to 
create monthly operating rules for the DCHS that balanced electricity generation with the maintenance of desirable lake water levels.

Downstream Fisheries — Naturally high water temperatures in the Youghiogheny River and low DO levels in the hydroelectric station’s discharge historically 
limited trout habitat.  The discharge from the hydroelectric station tends to be cooler than the river because it draws cooler water from the bottom of the lake.  PPRP 
developed a protocol for station operators that calculates the timing and volume of water discharges during periods of peak temperatures in the Youghiogheny 
River, such that downstream trout habitat is enhanced.  The protocol uses river flow and temperature changes, and available predictions of maximum air 
temperature and cloud cover for the region.  The goal is to maintain the river temperature below 25°C.  The plant owner also installed structures to aerate discharge 
water to alleviate the low DO problem.

Whitewater Recreation — The Youghiogheny River is an exceptional whitewater recreation resource that depends on releases from the DCHS for adequate flow 
volume in most summer months.  Whitewater boaters rely on timed and dependable releases from the hydroelectric facility to plan trips in advance.  Operation of 
the facility is scheduled around providing suitable flow for boating at fixed times on most Fridays, Saturdays, and Mondays during the whitewater recreation season 
(April 15 through October 15), except when lake levels are too low.

Deep Creek Station’s water appropriations permit was renewed in 2007 for another 12-year period.  MDE, with assistance from PPRP, working with affected 
stakeholder groups, reviewed the permit conditions and made minor adjustments to the permit with the goal of continuing to promote optimal use of Deep Creek 
Lake and affected downstream natural resources. 

In 2010, a group of stakeholders again requested MDE to consider modifying the permit to maintain higher lake levels during the summer and early fall months. 
MDE made some minor modifications to the operating rules in response to this request, including raising the upper rule band and allowing for minor excursions 
above that level, to provide Brookfield Power (the current owner and operator of DCHS) greater flexibility in maintaining higher summer recreational lake levels 
while still providing for downstream water uses.
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Jennings Randolph – In 2008, Fairlawn Hydroelectric Company filed 
a notice of intent to seek a FERC license for the Jennings Randolph 
Hydroelectric Project.  The proposed project would use the existing 
Jennings Randolph Dam, owned by the U.S. Army Corps of Engineers 
(USACE) and located on the Potomac River in Mineral County, West 
Virginia, and Garrett County, Maryland.  The developer’s plans include 
a total installed capacity of about 13 MW, and would not involve any 
change in the volume or timing of releases compared to current  
USACE operations.  Fairlawn conducted several studies regarding water 
quality modeling, fish entrainment, wetlands, and protected species, to 
support its license application to FERC, filed in 2011. PPRP is continuing 
to evaluate its licensing proposal and to provide appropriate PM&E 
measures to be made part of its FERC license and state-required water 
quality certification conditions.

4.1.3	 Terrestrial	Impacts
Maryland’s physiographic diversity, geology, and climate have produced 
a variety of eco-regions that foster numerous, and sometimes unique, 
habitats ranging from ocean barrier islands in the east through salt 
marshes, fields and forests of the coastal plain, into rolling piedmont hills, 
and on to ancient forested mountains with remnant alpine glades to the 
west.  While human activities (agriculture, urban/suburban development, 
etc.) have impacted all of these areas to some extent, the majority of the 
landscape continues to possess a wide variety of habitats that support 
diverse communities of flora and fauna.  Many of these communities help 
define their regions, and may contain rare, threatened, or endangered 
species.

The State of Maryland implements a suite of regulations (COMAR Titles 
08, 26, and 27) that afford protection to habitats and species in terrestrial 
and wetland environments: 

• Waterway Construction;

• Water Quality and Water Pollution Control; 

• Erosion and Sediment Control;

• Nontidal Wetlands; 

• Tidal Wetlands;

• Forest Conservation;

• Threatened and Endangered Species; and

• Critical Area of the Chesapeake Bay and Atlantic Coastal Bays.

The construction and operation of power generation facilities can have 
significant effects on terrestrial environments, including wetlands.  Power 
plant infrastructure, including production units, pipelines to transport 
water, oil, and natural gas, electrical transmission lines, and roadways 
and railways, can occupy extensive areas on the landscape. Notably, these 
facilities can:
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• Physically alter or eliminate existing natural habitats; 

• Disturb or result in the loss of wildlife species; 

• Affect landscape ecology through atmospheric emission and deposition  
of PM and other air pollutants; and 

• Degrade habitats by the permitted discharge of pollutants or from  
accidental spills.

New generation facilities may be constructed entirely within an area 
that is already developed or it may require the clearing of a significant 
number of acres of natural habitat.  The Fairfield Renewable Energy 
Project, licensed in 2010, has been proposed for development in a heavily 
industrialized area of Baltimore along Curtis Bay.  Although a portion 
of the project will be developed within the Chesapeake Bay Critical 
Area, most of the area consisted of buildings and other infrastructure 
associated with the site’s previous use in chemical manufacturing.  In 
contrast, the proposed expansion of the Calvert Cliffs Nuclear Power 
Plant involved a project site that was extensively forested and previously 
provided recreational opportunities to the region.  How new generation 
projects affect Maryland’s landscape in the future will also depend on the 
mode of power production.  Power plants that use traditional resources 
such as coal and natural gas are generally confined to an intensively 
developed installation, whereas newer kinds of renewal energy projects 
such as from wind and solar require hundreds of acres to install wind 
turbine and solar panel arrays.  For example, PPRP recently reviewed 
a 20-MW solar photovoltaic project that would occupy up to 270 acres 
surrounding the Maryland Correctional Institution in Hagerstown.

PPRP’s role in the CPCN process is to facilitate compliance with 
Maryland’s environmental regulations and natural resource management 
objectives.  Environmental laws affecting Waterways Construction, Water 
Quality and Water Pollution Control, and Erosion and Sediment Control 
require best management practices (BMPs) to eliminate or minimize 
disturbance in and discharges to Maryland waters.  These BMPs are 
uniformly included as conditions to a CPCN.  However, a CPCN can  
also recommend specific conditions to avoid, minimize, or mitigate 
impacts on natural resources when the effects of the proposed project  
are particularly compelling.  Under these circumstances, conditions 
placed on a CPCN to mitigate for impacts to wetlands, forests, and 
sensitive species habitats may often be more stringent than requirements 
under the individual statutes.

Wetlands
Wetlands are important components the environment, forming 
the interface between terrestrial and aquatic ecosystems.  Wetland 
communities often consist of a diversity of plant species, a number of 
which may be species of concern.  Wetlands also provide numerous 
values to society, including fish and wildlife habitat, flood protection, 
erosion control, and water quality maintenance.  At the end of the 18th 
century, Maryland had nearly 1,650,000 acres of nontidal wetlands (24.4 
percent of the surface area); 220 years later, in 2009, Maryland has only 
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about 345,000 acres of nontidal wetlands (4.8 percent of its surface area), 
a reduction of approximately 80 percent.  To address such losses, the 
State developed regulations under Maryland’s 1991 Nontidal Wetlands 
Protection Act, with the goal of no net loss of nontidal wetlands.  
Similarly, the 1994 Tidal Wetlands Regulations were developed to 
regulate activities in tidal wetlands.  Under Maryland’s nontidal wetlands 
regulations, permanent impacts to nontidal wetlands must be mitigated 
at various ratios depending on the type of wetlands affected.  For 
example, a ratio of 3:1 is applied to scrub/shrub and forested Wetlands 
of Special State Concern; a ratio of 2:1 is applied to other scrub/shrub 
and forested wetlands, and to herbaceous wetlands of special State 
concern; and a ratio of 1:1 is applied for emergent wetlands.  Mitigation 
ratio requirements are similar for State tidal wetlands.  Temporary 
impacts and impacts to wetlands buffers do not usually have replacement 
mitigation requirements but may require compensatory or enhancement 
measures.  

The CPCN process includes assessing potential wetlands impacts 
and developing appropriate mitigation equal to or greater than those 
required by these regulations.  While wetlands are present at nearly all 
Maryland’s power facilities, impacts to these wetlands are rare.  Where 
especially valuable wetlands are present, the CPCN process can identify 
special conditions to ensure their protection.  For example, the CPCN 
to construct the Kelson Ridge generating facility in Charles County 
included the following conditions to protect the Zekiah Swamp Natural 
Environmental Area, a Nontidal Wetland of Special State Concern:

• Preparation of a protection plan that ensures the wetland recharge rates to 
Piney Branch Bog are maintained and do not exceed current conditions through 
the use of shallow infiltration beds and vegetated terraces; and

• Establishment of a permanent protection buffer with no vegetation clearing, 
earthworks, or other disturbances allowed within 300 feet of Piney Branch Bog. 

Forests
The importance of forest resources is manifold. Forests provide habitat 
for wildlife including important game species such as white-tailed deer 
and wild turkey.  On the ground, forests filter stormwater of nutrients 
and other pollutants, and prevent the erosion of the landscape; while 
in the air, they filter out air pollutants and perform the vital function of 
producing oxygen.  As a forest grows to maturity, it sequesters carbon 
both as plant tissue and soil-forming materials from dropped leaves 
and branches.  Forests are also important as commercial resources 
for providing construction materials and as a renewable fuel source.  
Nevertheless the historic losses of Maryland’s forest resources have 
been compelling, which prompted enactment of the Forest Conservation 
Act (FCA) in 1991.  With the exception of projects located in heavily 
forested Allegany and Garrett Counties, all construction developments 
of greater than 40,000 square feet must comply with the FCA.  Under 
the FCA, existing forest condition and character are integral parts of the 
development planning process, including power plant and transmission 
line siting, across the State.  The FCA requires the applicant to submit 
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both a Forest Stand Delineation defining the nature and character of the 
existing forest and a Forest Conservation Plan for protecting the most 
ecologically valuable areas of forest.  Under the FCA, tree conservation, 
replanting, and other environmental parameters must be considered 
before any development disturbs forest resources.  

If the applicant demonstrates that clearing of forest will be minimized, 
an exemption from FCA requirements for rights-of-way and land for 
construction of electric generating facilities may be granted by the PSC.  
To date, however, all CPCNs issued since the FCA was enacted have 
included conditions that ensure applicants comply with the FCA where 
appropriate.  The CPCN process also considers the quality of forest 
resources lost as conditions are developed.  For example, the CPCN to 
construct the Rock Springs generating facility in Cecil County included 
restoration conditions to compensate for values of mature forest lost 
and some of the nitrogen deposition caused by the facility’s emissions.  
Specifically, the applicant was required to plant 50 acres of young trees to 
replace 20 acres of mature forest.  The reforestation was 
directed to riparian areas to increase the likelihood that 
deposited nitrogen would be intercepted before reaching 
Chesapeake Bay tributaries.

Threatened and Endangered Species
Rare, threatened and endangered (RTE) species,  
whether federally-listed under the Endangered  
Species Act or State-listed under Maryland’s Threatened 
and Endangered Species regulations, are distributed 
throughout the state; however for the most part, 
these species are restricted to highly specific habitats.  
Generation projects proposed in Maryland must 
undergo environmental review by the DNR’s Wildlife 
& Heritage Service (WHS) to identify any RTE species 
known to occur in the vicinity of the affected area.  
Any recommendations made by the WHS during 
the environmental review usually form the basis for 
conditions in the CPCN.  Irrespective of the kinds 
of habitat involved, areas that support State-listed 
threatened and endangered flora and fauna are protected 
under state law.  Table 4-5 lists the number of protected 
species by taxonomic group that the CPCN process 
considers when evaluating potential adverse effects and 
developing protective conditions. 

Although few applications for power generating facilities 
affect threatened and endangered species, a number 
of individual cases have considered potential impacts 
to wildlife species such as bald eagle, tiger beetles, 
Delmarva fox squirrel, carpenter frog, and plant species 
such as purple pitcher plant, New Jersey rush, and 
winterberry.  Recently, the proposed expansion of the 
Calvert Cliffs Nuclear Power Plant required the removal 
of a bald eagle’s nest in the area proposed for Unit 3 

Table 4-5 Types of State-Listed  
Rare, Threatened, and  
Endangered Species

Group Number of  
listed species

Plants 841

Planarians 8

Mollusks 22

Crustaceans 27

Spiders 3

Insects/Collembola 1

Insects/Coleoptera 23

Insects/Diptera 1

Insects/Ephemeroptera 1

Insects/Homoptera 2

Insects/Lepidoptera-Butterflies 39

Insects/Lepidoptera-Moths 23

Insects/Odonata 109

Insects/Trichoptera 1

Fishes 27

Amphibians 11

Reptiles 15

Birds 78

Mammals 31
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construction.  Although the bald eagle had been delisted by the U.S. Fish 
and Wildlife Service under the Endangered Species Act, at that time it 
was still State-listed as threatened in Maryland (bald eagles have been 
delisted in Maryland but continue to receive federal protection under the 
Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act).  
In this case, the project developer was required to obtain a permit from 
Maryland DNR for “take,” or removal, of the nest as well as a federal 
permit from the U.S. Fish and Wildlife Service (USFWS).  Under the 
terms of the permit issued by DNR, the removal of the tree must occur 
outside of the nesting season when the nest is inactive.  To mitigate for 
take of the nest, UniStar committed to protecting an area in the vicinity 
of the project where bald eagles have historically nested successfully.  The 
CPCN issued for Calvert Cliffs Unit 3 also required UniStar to maintain a 
buffer distance between any land disturbed during construction and the 
habitat of the federally endangered tiger beetle, which lives in the eroding 
cliff faces near the Bay shoreline.  Two species of tiger beetle present 
at the Calvert Cliffs site are on both the federal threatened and State 
endangered lists.

Wildlife
New generation facilities primarily affect wildlife by removing habitat 
during construction of the project; however, wind energy projects can 
also have a substantial impact during operations especially to birds and 
bats.  Depending on the number of wind turbines, usually installed in 
linear arrays, facilities can occupy large areas on the landscape when 
the turbines, service roads, and operations buildings are considered 
as a whole.  A much greater area is often needed during the project 
construction phase as the large towers and turbine blades require broad 
lay-down areas during assembly.  The loss of habitat can lead to the 
eradication or displacement of species in these areas.

All of the wind power facilities proposed for construction in Maryland 
have been in the predominantly forested habitats of Garrett and Allegany 
counties.  The forests of western Maryland are considered to be a 
southern extension of the northern hardwood forests that extend more 
broadly to the north, and historically included pure stands of white pine, 
eastern hemlock, and red spruce.  At present, however, logging, coal 
mining, and home construction have fragmented much of these forests.  
Where contiguous forest exists, wind power development within these 
forests could increase fragmentation.  Fragmentation affects birds and 
bats as well as other terrestrial species through direct loss of forested 
habitat, the encroachment of species that can have direct (e.g., brown-
headed cowbirds that parasitize songbird nests) or indirect (e.g., raccoons 
that can be disease vectors for rare mammals) detrimental effects, 
the potential disruption of corridors for daily movement or seasonal 
migration, and the failure of the resident species to adapt to the wind 
power facility. 

In Maryland, land-based wind power facilities of less than 70 MW 
of generating capacity can apply for exemption with the PSC from 
having to obtain a CPCN.  Although this exempts developers from the 
coordinated PPRP environmental review, they must still comply with 
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all environmental laws and regulations.  To date, two projects have been 
granted exemptions and a third is under consideration before the PSC.  
All three of these projects are located on mountain ridges that historically 
have been densely forested.  More recently, greater concern has been 
given to bats, especially to those in the eastern states, where high levels 
of fatality have been reported at wind power facilities constructed on 
forested mountain ridge tops. 

Wind turbines can kill birds and bats that collide with them, or as recent 
research has shown, cause the death of bats through barotrauma, a fatal 
hemorrhaging of the lungs of bats from the rapid change in air pressure 
near the spinning turbine blade.  After more than a decade of study 
at a number of wind power facilities in the U.S. and abroad, there is 
evidence that the numbers of bird fatalities are small at most locations.  
Per turbine, two to three birds are killed annually on average.  Studies 
at facilities constructed on eastern Appalachian ridges in West Virginia 
and Pennsylvania report similar rates of bird fatality.  In contrast, the 
numbers of bats killed at these regional facilities are among the highest 
ever reported, and annual estimates range into the thousands for each 
project.  It is currently believed that most of the bat fatalities occur during 
the late summer to fall migration period as bats move to their over-
wintering habitat. 

The cumulative impact of bird fatalities, at present, is not considered 
to be severe for any one species, as no single species appears to be 
disproportionately affected.  In addition, operational (e.g., lighting that 
can attract birds) and design (e.g., guyed structures) circumstances that 
can contribute to higher fatalities are better understood and new wind 
power facilities are constructed with reduced lighting and no guy wires 
to minimize impacts.  Birds considered most at risk are songbirds that 
migrate nocturnally.  High fatality events for these species often coincide 
with nights that have a low cloud cover resulting in birds flying closer 
to ground level.  Although the Migratory Bird Treaty Act prohibits the 
“take” of any birds, the U.S. Fish and Wildlife Service, in practice, only 
requires that good faith efforts be employed to avoid fatalities.

The cumulative impact to bat species is of greater concern.  The high 
level of recorded bat fatalities has been distributed among only a few 
species, predominantly red and hoary bats.  These two species undertake 
long distance seasonal migrations and typically roost in trees, whereas 
most other species have shorter seasonal movements to and from caves 
in which they over-winter.  While the specific population characteristics 
of these species are uncertain, they are relatively long-lived and they 
produce few offspring annually, both characteristics that make them less 
able to sustain a high level of fatalities.  Recent PPRP-funded studies of 
bat activity in western Maryland have recorded high numbers of these 
two species during spring monitoring.

Until recently, wind turbines were not known to have killed any 
threatened or endangered species of bats.  However, it has now been 
documented that an Indiana bat was killed at a wind energy facility in 
Indiana. Western Maryland provides year-round habitat to the federally 
endangered Indiana bat, and the State-listed as In Need of Conservation 
small-footed bat.  Most records of these two species come from winter 



1 1 6

M A R Y L A N D  C U M U L A T I V E  E N V I R O N M E N T A L  I M P A C T  R E P O R T  —  1 6 T H  E D I T I O N

cave surveys when the bats are hibernating.  Much less is known of 
their habits during the flying season as they disperse throughout the 
landscape; however, a recent radio-tracking study followed a single 
female Indiana bat from a Pennsylvania cave to Carroll County, 
Maryland.  The seasonal and daily activity patterns of these rare species 
must be investigated further before concerns about the risks posed by 
proposed wind turbines can be adequately addressed and mitigation 
activities defined.  

An even greater concern for populations of cave-hibernating bats, such 
as the Indiana bat and more common little brown bat, has developed 
since White Nose Syndrome (WNS) was found to be severely affecting 
bats in caves of the northeast.  This fungal disease, first noted in 2006, 
has spread rapidly throughout eastern North America, causing up to 90 
percent bat mortality in some caves.  Bats succumb to WNS during winter 
hibernation periods after becoming sick and either dying within the cave 
or departing prematurely and perishing outside the cave during winter.  
The fate of these bat species, when considering the cumulative impacts of 
WNS and the growing wind energy industry, has yet to be determined. 

In response to limited understanding of the risks to birds and bats from 
wind energy development, the Maryland General Assembly required 
that the PSC establish a technical advisory group (TAG) to develop siting 
guidelines that would seek to minimize the risk to birds and bats.  The 
TAG produced Siting Guidelines to Mitigate Avian and Bat Risks from 
Wind Power Projects, which addressed five aspects related to wind power 
development:

1. Standards that will avoid or minimize impacts on birds and bats from the 
construction and operation of wind-energy generating facilities.  

2. A tiered system of standards that vary with the size of the wind-energy 
generating facility and the associated generating capacity. 

3. Assessments of avian and bat populations before issuance of a CPCN.  

4. Additional monitoring studies of avian and bat populations and behavior 
during and after construction of a wind project.  

5. Mitigation appropriate to address any impact on avian and bat populations 
above a threshold level. 

In support of the siting guidelines, PPRP has developed monitoring 
protocols for birds and bats during pre- and post-construction phases.  
Pre-construction monitoring protocols for birds include a breeding bird 
survey and Phase 1 Avian Risk Assessment. Monitoring protocols for bats 
include using ultrasonic acoustic detectors to measure bat activity and 
some field captures using mist-netting to establish the presence/absence 
of endangered or threatened species (i.e., Indiana bat, small-footed bat).  
Additionally for bats, the project site should be evaluated for habitat 
suitability.  Post-construction monitoring protocols include a study of 
bird and bat fatalities over a period of three years. Since then, regulations 
allowing for the exemption of environmental review during CPCN 
licensing have limited the implementation of Maryland’s guidelines; 
however, the USFWS has recently finalized recommendations for siting 
wind turbines on land that incorporate many of the same considerations 
for birds and bats.
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4.1.4	 Socioeconomics	and	Land	Use	Issues
Socioeconomics in PPRP environmental reviews comprises a broad 
discipline that addresses essentially the human environment.  This 
includes economic, demographic and fiscal considerations, i.e., 
employment, income, population, housing, and government revenues and 
expenditures, but also encompasses land use, transportation, cultural 
resources, and aesthetics.  

Economic, demographic, and fiscal issues associated with generation 
facilities in Maryland are rarely contentious.  Construction, even of larger 
facilities, does not create “boom and bust” employment cycles because 
adequate labor is within commuting distance of most power plant sites.  
In most licensing cases for construction and modification of generation 
facilities, employment demand is within the capacities of local or regional 
labor markets.  As a result, demographic and most fiscal effects, which 
are employment-dependent, are rarely focal points of concern in the 
environmental review process.

That does not mean the impacts are inconsequential.  The economic 
benefits from construction, modification and operation of generation 
facilities are invariably positive, adding jobs and payrolls to host 
communities and surrounding regions.  Through the multiplier effect, 
direct jobs, purchases of materials and services, and increased spending 
by employees are translated into additional jobs and payrolls.  Investment 
in power generation often increases the tax base for the host county, 
sometimes substantially, and usually without additional outlays for 
public services.  Rather than being contentious, economic, demographic, 
and fiscal impacts from generation facilities are viewed as part of the 
organic growth of regional economies in Maryland.

Recent socioeconomic reviews of generation facilities in Maryland have 
required a particular focus on transportation, however, where a recurring 
issue has been truck traffic.  Land use is also a recurring theme.

Transportation
Transportation is a key input to the generation of electricity, particularly 
generation technologies based on combustion.  Typically, fuel must be 
delivered from the mine or well, and by-products must be disposed.  In 
recent years, Maryland has seen its power generators diversify their 
transportation options and fuel supplies through the construction 
of barge unloading facilities at Morgantown and Brandon Shores.  
Deployment of new pollution control technologies to comply with 
Maryland’s HAA has created a new by-product – gypsum – that must 
be hauled to markets.  In Maryland, both barge and rail are used to 
transport this bulk commodity.

Morgantown	STAR	Project

One of the remaining major pollution control by-products from coal 
combustion is fly ash, captured in electrostatic precipitators from the 
exhaust stream.  Traditionally, fly ash has been transported to landfills 
in trucks for disposal.  In 2010, Mirant Mid-Atlantic, LLC (now GenOn 
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Mid-Atlantic, LLC) submitted an application to the Maryland 
PSC to authorize the modification of the Morgantown Generating 
Station to install a fly ash beneficiation facility to thermally 
process fly ash into a low-carbon material suitable for beneficial 
reuse.  Under the proposal, fly ash that was transported from 
Morgantown and Chalk Point to the Faulkner Landfill in Charles 
County and the Brandywine Landfill in Prince George’s County 
would be processed at the Morgantown Generating Station in 
a proprietary technology called a Staged Turbulent Air Reactor 
(STAR) and then transported in bulk via truck to markets.  The 
facility is permitted to process up to 360,000 tons per year.  
Processed fly ash would be sold as a supplementary cementing 
material (SCM) for the manufacture of concrete, a substitute for 
some of the Portland cement in the mixture.

Although the project would increase truck traffic to and from 
Morgantown only slightly, it would significantly change truck 
traffic flows from both Morgantown and Chalk Point.  From 
Morgantown, instead of trucks hauling unprocessed fly ash on 
US 301 to a single destination (Faulkner, or Brandywine after the 
closure of Faulkner), dry tanker trucks would deliver processed 
fly ash to concrete manufacturers in and around Southern 
Maryland in response to demand.  The effect, relative to current 
operations, would be to spatially and temporally distribute 
truck traffic from Morgantown.  However, truck traffic flows 

from Chalk Point would also change, as unprocessed fly ash would 
be diverted from the Brandywine Landfill to Morgantown.  Although 
Mirant identified a truck route, shown in Figure 4-17, between Chalk 
Point and Morgantown consisting of State highways and divided, multi-
lane county roads, affected communities expressed concerns about safety 
and the suitability of these roads for carrying the projected industrial 
traffic, particularly at a pair of roundabouts at the interchange of MD 231 
and the MD 5 bypass in Hughesville.  In consultation with the Maryland 
State Highway Administration (SHA), PPRP was able to show that the 
proposed truck route was both acceptable and safe and, as a result, 

recommended a licensing condition requiring 
Mirant to dispatch trucks transporting 
unprocessed fly ash to the proposed route, 
unless a segment of the route is temporarily 
unavailable or unsafe.

Fairfield	Renewable	Energy	Project

Truck traffic was also a major consideration in 
the State’s environmental review of a proposed 
120 MW renewable energy generating facility 
on the Fairfield Peninsula in Baltimore.  Here, 
the proposed facility would convert processed 
refuse fuel (PRF) derived from residential, 
commercial, and non-hazardous industrial 
waste, supplemented with automotive 
shredder residue (ASR), processed urban 
wood waste, and scrap tire chips.  PRF would 

Cement Production in  
the U.S. and Maryland
Concrete is the most widely used building material 
in the world.  It is a mixture of two components 
– aggregates (usually sand and gravel, or 
crushed stone) and paste (comprised of cement, 
supplementary cementing materials (SCM), and 
water).  In the United States, about 340 million 
cubic yards of concrete are used each year and, 
in 2008, nearly 94 million metric tons of Portland 
cement was consumed.  According to the Portland 
Cement Association, cement is manufactured 
domestically at 113 cement plants in 36 states, 
including two cement plants in Maryland.  Most 
cement shipments are sent to ready-mix concrete 
operators, with the rest shipped to manufacturers 
of concrete related products, and lesser amounts 
to contractors, materials dealers, and other 
businesses.  In 2010, there were 45 ready-mix 
plants in Maryland and 101 in Virginia, and 25 other 
cement plants (66 in Virginia).  Because of shipping 
costs, cement is typically purchased from local 
sources.  Nearly 98 percent of cement is shipped 
by truck.

Dry Tanker Truck for Processed Ash Shipment
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be manufactured at off-site fuel production facilities and hauled to the 
Fairfield Peninsula by trucks in transport trailers.

Unlike most generation facilities in Maryland, the project would be 
located in an urban setting bounded between the Patapsco River and 
the neighborhoods of Curtis Bay and Brooklyn in Baltimore City.  Roads 
throughout the Fairfield Peninsula carry a large proportion of trucks.  
The condition of roads leading to and within the peninsula is poor in 
numerous locations, characterized by potholes, lack of striping, and 
other deficiencies.  In addition, industrial freight traffic has been an 
ongoing concern for the Brooklyn and Curtis Bay neighborhoods.  While 
recognizing the importance of rail and truck access to nearby industrial 
activities, residents have complained about noise, road damage, and 
congestion caused by large trucks in predominantly residential areas.  
Figure 4-18 shows the Baltimore neighborhoods in the vicinity of the 
Fairfield Energy Project.

In this context, PPRP looked at expected traffic during both construction 
and operation of the facility.  During construction, transportation impacts 
would be associated with commuting construction workers and the 
delivery of material components and construction equipment to the 
site. Construction worker traffic would generate 154 round-trips per 
day, on average. With a spatially dispersed labor force and excellent site 
accessibility via interstate highways and urban arterials, the increment in 

Figure 4-17 Truck route between Chalk Point and Morgantown
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traffic generated by construction workers was not expected to affect levels 
of service on any local road segments or intersections.  With an average 
of 10 deliveries per weekday to the site over the construction period, 
PPRP concluded that construction truck traffic would have no impact on 
levels of service.  However, PPRP conditioned its recommendation on a 
prohibition of trucks on residential or business thoroughfares of Curtis 
Bay and Brooklyn, a restriction that was negotiated by the applicant with 
community organizations.

Once operational, the facility would be a significant generator of truck 
traffic.  About 200 round-trip truck trips per day would be needed to 
satisfy the facility’s weekly PRF fuel consumption requirements.  In 
addition to this would be deliveries of other waste-derived fuels, other 
consumables, load-outs of boiler aggregate, and metals recovered from 
the fly ash waste stream.  Trucks would access the site 24 hours per 
day, seven days per week.  Although the City of Baltimore Department 
of Transportation determined that no mitigation was required for the 
project, PPRP had concerns that trucks delivering PRF or other bulk 
materials would adversely congest or compromise the safety of the 
intersection of Shell Road and Patapsco Avenue, a major arterial in south 
Baltimore.  As a result, it proposed a licensing condition to facilitate 
the planning, engineering, construction, and funding of geometric 
improvements to the intersection to accommodate truck traffic resulting 
from operation of the facility.  

Figure 4-18 Location of the Fairfield Energy Project and Surrounding Neighborhoods
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Land	Use

Land has both functional and symbolic value.  Through its connections 
to the past, its cultural associations, and its setting within the visual 
landscape, land has more than economic value to society.  Maryland 
recognizes this in the many programmatic designations, beyond set-
asides such as parks and Wildlife Management Areas (WMAs), that it 
bestows on land.  Some of these are in the form of land preservation 
easements.  The Maryland Agricultural Land Preservation Foundation 
(MALPF) purchases agricultural preservation easements from 
landowners to preserve the land for agricultural and silvicultural use in 
perpetuity.  In 2009, MALPF held more than 283 thousand acres in 2,079 
easements.  The Maryland Environmental Trust (MET) accepts offers of 
conservation easement which restricts the future uses of a landowner’s 
property and applies to all future owners of the property.  At the 
beginning of 2011, MET held 1,022 easements totaling over 127,000 acres 
across the State.  The Maryland Historical Trust (MHT) acquires historic 
preservation easements on properties eligible for or listed on the National 
Register of Historic Places, or properties located within a locally certified 
historic district.  MHT holds preservation easements on more than 600 
properties on approximately 9,000 acres in the state.  Easements may also 
be held by counties or by non-profit land trusts.

MHT also administers the Maryland Inventory of Historic Properties 
(MIHP), a list of all historic properties in the State that have been 
surveyed and recorded.  A property that has been surveyed and included 
in the MIHP does not mean that it is historically significant or is subject 
to any restrictions or regulations.  However, listing of a property on 
the MIHP can trigger additional surveys or evaluations for National 
Register eligibility during PPRP environmental reviews or other State 
undertakings.  The National Register of Historic Places (NRHP) is a list 
of properties that have been surveyed and evaluated and found to be 
historically significant at the local, State, or national level.  The National 
Register currently comprises over 1,300 listings in Maryland, including 
some 200 historic districts.  Listing in the National Register confers a 
measure of protection from harm by federal or State activities through 
Section 106 of the National Historic Preservation Act.

On a broader scale, Maryland’s Rural Legacy Program (RLP) provides 
“the focus and funding necessary to protect large, contiguous tracts of 
land rich in natural and cultural resources from sprawl development“.  
Administered by DNR, protection is enabled through easements and fee 
estates and through the program’s support of Rural Legacy sponsors and 
local governments.  The geographic framework for the RLP is the Rural 
Legacy Area (RLA), a “designated region rich in a multiple of agricultural, 
natural, forestry or cultural resources”.  Local sponsors apply for funding 
to complement existing land conservation efforts or create new ones 
within the RLA.  RLAs are designated and funded annually.  As depicted 
in Figure 4-19, there are 31 RLAs in Maryland comprising 849,449 acres. 
Within them, 8.1 percent of the land, or 68,676 acres are protected via 
conservation easements.  
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The Maryland Heritage Areas Program preserves the State’s historical, 
cultural, archeological, and natural resources for sustainable economic 
development through heritage tourism.  This is accomplished through 
the local designation and State certification of Heritage Areas, defined 
by a distinct focus or theme that makes a place or region different from 
other areas of the state.  Activities in each Heritage Area are governed 
by a management plan that sets forth the strategies, projects, programs, 
actions, and partnerships that will be involved in achieving its goals.  

Once certified, a Heritage Area management entity becomes eligible for 
State-matching grants for operating assistance and marketing activities.  
Local jurisdictions and non-profit organizations in a Heritage Area may 
also qualify for State matching grants for planning, design interpretation, 
and programming.  The Maryland Heritage Areas Authority (MHAA), 
within the Division of Historical and Cultural Programs of the MHT, is 
responsible for leading Maryland’s Heritage Areas program.  There  
are 11 Certified Heritage Areas (CHAs) in Maryland, shown in  
Figure 4-20.

The degree to which these programmatic designations protect land from 
activities associated with electric generation varies.  Generally, land 
placed in easement is protected from direct effects (i.e., pre-emption or 
conversion) by the terms of the Deed of Conservation Easement or similar 
document.  The aesthetics of an easement property may be less protected 
from indirect effects, such as when a nearby facility alters its setting. 

Figure 4-19 Maryland’s Rural Legacy Areas
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State assessment of the effects of power plant construction and operation 
on cultural resources is codified under Maryland State law (Article 83B, 
5-617 & 5-618 of the Annotated Code of Maryland).  The Code requires 
State agencies to consider the effects of their undertakings on properties 
included in or eligible for inclusion in the NRHP and the Maryland 
Register of Historic Properties, and to consult with MHT prior to final 
action by the agency on a request for a permit, license, or financial 
assistance.  

CHAs are programmatically supported by State agencies.  Specifically, 
when carrying out activities in a CHA, a State agency must:

• Consult, cooperate, and, to the maximum extent feasible, coordinate their 
activities with the entity responsible for the management of each CHA;

• Ensure that the activities are consistent with the CHA’s management plan; and 

• Ensure that activities will not have an adverse effect on the resources of the 
Heritage Area unless there is no prudent and feasible alternative.

Easements, transferable development rights, and fee estates protect 
specific land parcels within RLAs, but RLA designation, itself, affords 
no land use protection.  A House Bill (HB 1241) introduced in the 2011 
legislative session that would prohibit construction of an electric power 
station or substation (among other non-agricultural uses) in an RLA died 
in the Maryland General Assembly.

Recent environmental reviews of power generation facilities in Maryland 
have concerned projects that have had few, if any, adverse effects on land 
use.  For the modification of the Morgantown Generating Station to install 
a fly ash beneficiation system, PPRP determined that the project would 
be contiguous to existing structures on lands that have been previously 
disturbed and are zoned for heavy industrial use.  No lands outside the 

Figure 4-20 Maryland’s Certified Heritage Areas
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Morgantown property would be pre-empted from other uses during 
construction of the project.  Although part of the ash handling system 
connecting the STAR facility to the Morgantown ash silos passes over the 
Critical Area, it would be supported by an existing elevated pipe support 
system, and would have no direct additional effects on the Critical Area.  
The Morgantown site is not within an RLA and no indirect effects on 
surrounding land uses would result from operation of the STAR facility.  

With respect to effects on programmatic land uses in Charles County, 
PPRP concluded that historic properties outside the boundaries of 
the Morgantown Generating Station would not be directly affected 
by construction or operation of the project.  The STAR facility would 
generate a vapor plume that could potentially have an adverse effect on 
aesthetics, particularly on those occasions when there is extensive vertical 
and/or horizontal drift, and could affect views from US 301, a designated 
corridor in the Southern Maryland’s Heritage Tourism Management Plan.  
However, as the scenic content from the corridor towards Morgantown is 
already compromised and as the plume would not be visible from any of 
the heritage clusters designated by the Plan, PPRP concluded that it was 
unlikely that the aesthetic landscape would be significantly affected by 
the proposed project.

Located on the Fairfield Peninsula in the City of Baltimore, the Energy 
Answers Fairfield Renewable Energy Project would be constructed on 
an industrial site that has been previously disturbed.  As there are no 
confirmed archeological sites or cultural deposits within the project 
boundaries, PPRP, in consultation with MHT, concluded that construction 
of the project would have no adverse direct effect on cultural resources. 
Within a highly urbanized setting, the project would not affect any lands 
within RLAs, the Baltimore Heritage Area, or lands protected under the 
various land preservation programs.

Noise
Noise consists of vibrations in the air that gradually decrease, or 
attenuate, the farther they travel.  For people who live or work near a 
power plant, the noise impacts, along with visual and traffic impacts can 
be the most significant type of effect caused by the facility. 

Noise, measured in decibels (dB), is made up of many components of 
different frequency (pitch) and loudness.  Three decibels is approximately 
the smallest change in sound intensity that can be detected by the human 
ear.  An additional 10 units on the decibel scale is perceived subjectively 
as a doubling of the loudness.  Ranges of typical A-weighted sound levels 
for various common sounds are shown in Figure 4-21.  

The sensitivity of the human ear varies according to the frequency of 
sound; consequently, a weighted noise scale is typically used when 
discussing noise impacts on nearby communities.  This A-weighted 
decibel (dBA) scale weights the various components of noise based on the 
response of the human ear.  The ear perceives middle frequencies better 
than low or high frequencies; therefore, noise composed predominantly 
of the middle frequencies is assigned a higher loudness value on the  
dBA scale. 
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The State of Maryland has adopted noise pollution standards, found in 
COMAR 26.02.03, which are derived from the draft federal standards 
on noise.  The State regulations provide certain exemptions for specified 
noise sources and noise generating activities.  For example, the 
regulations allow for construction activity to generate noise levels up to 
90 dBA during daytime hours, but the nighttime standard may not be 
exceeded during construction.  Table 4-6 lists the maximum allowable 
noise levels specified in the State regulations, by zoning designation and 
time of day.  Some counties and municipalities in Maryland have their 
own noise limits, including Montgomery County, Charles County, and 
Baltimore City. 

Table 4-6 Maximum Allowable Noise Levels (dBA) for  
Receiving Land Use Categories  

Zoning Designation

Industrial Commercial Residential

Day 75 67 65

Night 75 62 55

Note:  Day refers to the hours between 7 a.m. and 10 p.m.; night refers to the hours 
between 10 p.m. and 7 a.m.

Source:  COMAR 26.02.03.

As sound waves radiate outward from a noise source, they lose 
intensity; thus, the sound decreases with distance.  Ensuring adequate 
buffer distances is an effective method of controlling noise impacts.  
Structures such as berms and walls may also be constructed to provide 
noise control, and have been used in transportation applications for 
many years.  Vegetative buffers may be used in conjunction with such 
structures for additional noise abatement.

In cases where developers propose new generating units on small sites 
— where the nearest residents may be less than a half-mile away — noise 
impacts to surrounding communities can be a serious concern.  Modeling 

Figure 4-21 Ranges of Typical Sound Levels for Common Sounds
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noise sources and nearest receptors is part of the review of impacts that 
both the applicant and PPRP conduct in order to assess the noise impacts 
of proposed facilities.  When calculations suggest that the applicable 
noise limits are likely to be exceeded, measures to meet the allowable 
levels are recommended and incorporated into the CPCN.  If the noise 
analysis conducted during the licensing review is based on a number 
of assumptions, and there is uncertainty surrounding the potential for 
noise-related concerns, PPRP typically recommends that the applicant 
submit an updated analysis after the specific equipment to be installed 
has been selected.  Furthermore, post-construction monitoring can be 
performed to verify the noise estimates, once a facility begins operation.

With the increasing interest in renewable energy sources, new generating 
technology is being developed for which there may be little quantitative 
information available regarding noise characteristics.  Landfill gas and 
wind power projects are just two examples that have different noise 
characteristics than conventional power plants.  PPRP monitoring of 
newly constructed landfill gas generating facilities has confirmed that 
the predictive techniques used during the licensing process are quite 
conservative; measured noise levels were consistently lower than the 
estimates calculated during the environmental review process.  Until 
recently, however, Maryland has had no operating wind turbine 
facilities to allow for similar monitoring of their noise impacts.  Now 
that the Criterion and Roth Rock projects have begun operating, PPRP is 
developing plans for noise monitoring near those facilities as well.  This 
work will provide important information about the characteristics of 
wind turbine noise in the ridgetop settings of western Maryland and its 
potential community impacts.

4.1.5	 Radiological	Issues
Production of nuclear power in the United States is licensed, monitored, 
and regulated by the NRC.  Provisions in the operating licenses of each 
plant allow utilities to discharge very low levels of radioactive material to 
the environment.  The kind and quantity of releases are strictly regulated 
and must fall within limits defined in federal law as protective of human 
health and the environment.  The NRC regulates releases from power 
plants according to the principle that the exposure of the environment 
and humans to radiation 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 (water) pathway dose 
can be received internally or externally by ingesting contaminated water 
and seafood, or by exposure to contaminated sediments and water.  An 
atmospheric pathway dose can result 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 4-22 illustrates, natural radiation sources 
account for nearly 50 percent of the average radiation dose to human 
beings.  Of the remaining approximately 50 percent of the radiation dose 
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to human beings arising from man-
made sources, less than 0.05 percent is 
attributed to commercial nuclear power 
production. 

Figure 4-23 shows the locations of 
nuclear power plants in and near 
Maryland.  Calvert Cliffs Nuclear 
Power Plant, in Calvert County, is 
the only nuclear power station in the 
state.  The next closest plant, Peach 
Bottom Atomic Power Station, is on 
the Susquehanna River just north of 
the Pennsylvania/Maryland border.  
Both of these facilities release very low 
levels of radionuclides into Maryland’s 
environment.  Because of the potential 
direct impact of releases from these 
two plants on Maryland’s natural 
resources, PPRP conducts monitoring in the vicinity of Calvert Cliffs  
and Peach Bottom (Table 4-7).  The plant owners, Constellation and 
Exelon, also conduct environmental monitoring programs near Calvert 
Cliffs and Peach Bottom, respectively.  These monitoring programs are 
used to assess the radiological effects on the environment attributable  
to each of the power plants.  PPRP publishes its environmental 
assessments biennially.

Figure 4-22 Annual Estimated Effective Dose Equivalent 
(mrem) to the General Population from 
Natural and Man-Made Sources
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Figure 4-23 Nuclear Power Plants In and Around Maryland
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Table 4-7 Nuclear Power Plant Environmental Monitoring Elements

Matrix No. Stations Locations Analytes
Collection 
Frequency

1. Air Filter 8
Calvert County, Baltimore,  
Cecil County, Harford 
County, Eastern Shore

α, β, 7Be, 137Cs
continuous 
(exchanged 

weekly)

2. Charcoal Filter 8
Calvert County, Baltimore,  
Cecil County, Harford 
County, Eastern Shore

131I
continuous 
(exchanged 

weekly)

3. Potable Water

7
1
1
1

Calvert County 
Baltimore City 
Patuxent River
Potomac River

α, β, 3H

quarterly
monthly
quarterly
quarterly

4. Raw Water 1
1

Patuxent River
Potomac River α, β, 3H monthly

monthly

5. Precipitation 1 Baltimore City α, β, 3H, 7Be weekly

6. Raw Milk 1 St. Mary’s County, 
Cecil County

89Sr, 90Sr, 131I, 140Ba, 
137Cs, 40K quarterly

7. Processed Milk 1 Baltimore City
89Sr, 90Sr, 131I, 140Ba, 

137Cs, 40K quarterly

8. Sediment 28 Chesapeake Bay  
(near CCNPP) γ quarterly

9. Tray Oysters 2 Chesapeake Bay γ quarterly

10. Sediment 19
Chesapeake Bay & 
Susquehanna River  
(near PBAPS)

γ semi-annually

11. Finfish 1 Susquehanna River γ semi-annually

12. Submerged 
Aquatic Vegetation 
(SAV)

3 Chesapeake Bay & 
Susquehanna River γ semi-annually

Calvert Cliffs Nuclear Power Plant
Constellation Generation Group owns and operates the Calvert Cliffs 
facility on the western shoreline of the Chesapeake Bay.  Each of the  
two units are pressurized water reactors with a total generating capacity 
of approximately 830 MW.  The units began service in May 1975 and 
April 1977.  See Section 2.4.1 for information on the licensing status of a 
third unit at Calvert Cliffs.

As noted above, Calvert Cliffs routinely releases small levels of gaseous, 
particulate, and liquid radioactive material into the atmosphere and the 
Chesapeake Bay.  The level of radioactivity of these materials at any given 
time depends on many factors, including plant operating conditions 
and conditions of the nuclear fuel.  Releases of radioactivity to the 
environment from Calvert Cliffs have been well within the regulatory 
limits since the beginning of its operation.  PPRP has monitored 
radionuclide levels in the Chesapeake Bay and environment surrounding 
Calvert Cliffs since 1975.
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Radioactive noble gases, primarily isotopes of xenon and krypton, 
constitute most of the radioactive material released to the atmosphere 
from Calvert Cliffs.  Noble gases are chemically 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, 
thus, decaying rapidly to stable forms.  For these reasons, the noble 
gases do not represent a threat to human or ecological health.  The most 
recently compiled results (for the years 2008 and 2009) from weekly air 
and annual vegetation monitoring conducted by Constellation Generation 
Group and independently by PPRP indicate that releases of radioactivity 
to the atmosphere from the Calvert Cliffs plant were not detectable in air, 
precipitation, or vegetation. 

Although atmospheric releases consist mainly of radioactive noble gases, 
which have little environmental significance, aqueous discharges contain 
radionuclides that can be accumulated by biota or become trapped in 
sediments at the bottom of the Bay.  Over time, these radionuclides may 
potentially contribute to a radiation dose to humans by being transported 
through the food chain.  For the Calvert Cliffs plant, the principal 
environmentally active radionuclides in 2008 and 2009 were primarily 
forms of radioactive iron, cobalt, iodine, antimony, cesium, nickel, and 
tellurium.  Historically, the quantities of principal environmentally active 
radionuclides released from Calvert Cliffs and subsequently detected 
in Bay sediments have been quite small (approximately one percent, or 
less, of all radioactivity detected in sediments, which includes historic 
nuclear weapons testing fallout and naturally occurring radionuclides).  
Total principal environmentally active radionuclide releases have 
declined over the past two decades due to improvements in coolant water 
filtration technology.  The monitoring program will continue throughout 
the licensed operating lifetime of Units 1 and 2 as well as the proposed 
Calvert Cliffs Unit 3, should that additional reactor be constructed.  
Monitoring by PPRP is conducted to satisfy NRC requirements to verify 
that any releases from normal plant operations result in potential doses 
to humans below regulatory limits.  The monitoring also meets Maryland 
requirements to research the environmental effects of electric power 
generation, maintain State oversight of environmental monitoring,  
and quantify the environmental impact, if any, of the new reactor at 
Calvert Cliffs.  

Bay oysters are ideal indicators of environmental radionuclide 
concentrations because they do not move and readily ingest and 
concentrate metals.  Oysters have been historically commercially 
harvested near Calvert Cliffs, and have the greatest potential for 
contributing to a human radiation dose through seafood consumption.  
PPRP has monitored the uptake of radionuclides in test oysters placed 
seasonally on platforms on the Bay floor in the vicinity of the Calvert 
Cliffs discharge since 1978.  The oysters are collected at scheduled 
time intervals and analyzed for radionuclide content in their tissues.  
Radiosilver (110mAg) has historically been the principal plant-related 
radionuclide accumulated by test oysters and oysters on natural beds.  
Since the fourth quarter of 2001, concentrations of 110mAg in oysters have 
fallen below analytical detection limits.  The lack of 110mAg detection 
reflects a recent downward trend in 110mAg releases, as well as other 



1 3 0

M A R Y L A N D  C U M U L A T I V E  E N V I R O N M E N T A L  I M P A C T  R E P O R T  —  1 6 T H  E D I T I O N

principal environmentally active radionuclide releases, from  
Calvert Cliffs.

As part of its assessment 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 material potentially available in the seafood.  Results indicate 
that radiation doses attributable to operations at Calvert Cliffs are well 
below federally mandated limits (see Table 4-8). 

Table 4-8 Comparison of Radiation Doses to Humans and Applicable  
Regulatory Limits

Exposure Route Maximum Dose 
Estimate (2008)

Maximum Dose 
Estimate (2009)

EPA Regulatory 
Limit (40CFR190 

Subpart B)

NRC Regulatory 
Limit (10CFR50 

Appendix I)

Ingestion (mrem)

Oyster ingestion, 
whole body dose 
(from CCNPP)

< 0.0043 (child)a 25 3

Oyster ingestion, 
other organ dose 
(from CCNPP)

< 0.024 (adult gastro-intestinal tract)a 25 10

Finfish ingestion, 
whole body dose 
(from PBAPS)

< 0.123 (adult)a 25 3

Finfish ingestion, 
other organ dose 
(from PBAPS)

< 0.178 (teen liver)a 25 10

Inhalation (mrem)

Whole body dose 
(gaseous, from 
CCNPP)

0.0012 (child)b 0.00046 (child)b 25 3

Other organ dose 
(gaseous, from 
CCNPP)

0.0029 (adult skin)b 0.00083  
(adult skin)b 25 10

Whole body dose 
(gaseous, from 
PBAPS)

0.347 (infant)c 0.262  
(any age class)c 25 3

Other organ dose 
(gaseous, from 
PBAPS)

0.468 (any age class 
skin)c

0.473  
(any age  

class skin)c
25 10

a  Source: PPRP biennial reports
b  Source: Annual Radiological Environmental Operating Reports for 2008 and 2009, Constellation Energy 
Nuclear Group
c  Source:  Annual Radiological Environmental Operating Reports for 2008 and 2009, Exelon Nuclear

Chesapeake Bay sediments are also useful indicators of environmental 
radionuclide concentrations because they serve as natural sinks for both 
stable and radioactive metals.  PPRP collects sediment samples seasonally 
from eight transects extending bayward north and south of the Calvert 
Cliffs plant.  There were three detections of 60Co in Bay sediments during 
the 2008-2009 reporting period (see Figure 4-24). 
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Figure 4-24 Proportion of Natural vs. Man-Made Radionuclides in Sediment Samples Near 
CCNPP and PBAPS
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Results of analyses of environmental samples collected in the vicinity 
of Calvert Cliffs can be found in the periodic environmental reports 
described above.  A comparison of radionuclide concentrations in 
environmental samples collected in 2008 and 2009 with levels detected 
since 1978 shows the following: 

• Plant-related radionuclides were not detected in sediments or shellfish during 
2008 and 2009;

• 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, when 
detected, is very small compared with background radioactivity from natural 
sources and weapons test fallout; and 

• Radiation doses to humans due to atmospheric and aqueous releases are well 
within regulatory limits (see Table 4-8). 

In summary, environmental, biological, and human health effects of 
releases of radioactivity from Calvert Cliffs are insignificant.

The State of Maryland, the NRC, and Constellation conduct emergency 
response exercises annually and an in-depth, federally evaluated, 
ingestion pathway emergency response exercise every six years.

Peach Bottom Atomic Power Station
Exelon Generation Company, a subsidiary of Exelon Corporation, 
operates Peach Bottom Atomic Power Station (PBAPS).  Peach Bottom 
began operations in 1974 and is located on Conowingo Reservoir,  
2.7 miles north of the Pennsylvania/Maryland border.  The plant’s 
two operating units are boiling water reactors, each with a generating 
capacity of approximately 1,100 MW.  PPRP has monitored radionuclide 
levels from the plant since 1979. 



1 3 2

M A R Y L A N D  C U M U L A T I V E  E N V I R O N M E N T A L  I M P A C T  R E P O R T  —  1 6 T H  E D I T I O N

Emergency Response
In October 2009, PPRP, along with other State agencies and Constellation Energy, participated in exercises to demonstrate and practice Maryland’s response to a 
simulated accident at Calvert Cliffs.  The exercises encompassed the implementation of protective actions for all phases (e.g., plume, ingestion pathway, recovery) 
of the simulated accident, depending on conditions at Calvert Cliffs and simulated impacts to the surrounding environment.  The protective actions affected farm 
operations, drinking water supplies, and human impacts.  The exercises involved personnel taking simulated environmental samples in the area surrounding 
Calvert Cliffs and delivering them to the PPRP Radioecology Laboratory and the Department of Health and Mental Hygiene (DHMH) Radiation Chemistry 
Laboratory in Baltimore.  The entire exercise was evaluated by representatives from the Federal Emergency Management Agency (FEMA).

In March 2011, PPRP, DHMH, MDE, and 
the Maryland Department of Agriculture 
responded to the accident at the Fukushima 
Daiichi Nuclear Power Plant in Japan by 
tracking and monitoring a radioactive plume of 
I-131 as it reached Maryland on approximately 
March 22, 2011.  Personnel from the above 
agencies communicated weekly to review air, 
potable water, and precipitation results and 
to evaluate the risk to human health and the 
environment.  Radio-iodine concentrations in 
air samples returned to non-detectable levels 
by April 27, 2011.
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I-131 in Air Samples

Like Calvert Cliffs, Peach Bottom routinely releases very low levels of 
gaseous, particulate, and liquid radioactive material into the atmosphere 
and the Susquehanna River.  Estimated doses to humans, based on liquid 
and atmospheric releases of radioactivity from the plant, have been well 
within regulatory limits since the beginning of its operation (Table 4-8). 

Information from Exelon’s monitoring programs shows that in recent 
years, noble gases accounted for most of the identifiable radioactivity 
released to the atmosphere by the plant.  The most recently compiled 
results from weekly air and annual vegetation monitoring conducted by 
Exelon Nuclear and independently by PPRP (for the years 2008 and 2009) 
indicate that releases of radioactivity to the atmosphere by the Peach 
Bottom plant were not detectable in air, precipitation, or vegetation. 

Of the radionuclides released by Peach Bottom to the Susquehanna  
River in 2008 and 2009, 99 percent was tritium, which is not 
bioaccumulated and therefore not environmentally significant.   
Very small quantities of radioactive cobalt, zinc, iron, chromium, and 
manganese accounted for most of the remaining liquid radioactive 
material released.  These particular radionuclides are environmentally 
significant (see Figure 4-25) because they can, if released in sufficient 
quantities, be readily accumulated by aquatic life such as mussels  
and finfish. 
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Finfish collected semi-
annually by PPRP from 
the Conowingo Reservoir 
area contained no 
radionuclides attributable 
to PBAPS.  Radioactivity 
related to Peach Bottom 
plant was detected in 
sediments collected semi-
annually down-river of 
the plant (see Figure 4-24).  
Historically, less than 20 
percent of the radioactivity 
released in Peach Bottom 
water discharge is found 
in sediments of the 
Conowingo Reservoir.  The 
remaining radioactivity is 
transported downstream 
bound to sediment and 
deposited in the lower 
Susquehanna River and 
upper Chesapeake Bay.  
In recent years, however, 
radioactivity releases 
associated with Peach 
Bottom have been mostly non-detectable in sediments below Conowingo 
Reservoir and in the upper Chesapeake Bay.

Similar to the studies at Calvert Cliffs, PPRP has estimated radiation 
doses to individuals consuming finfish using the maximum plant-related 
radionuclide concentrations found in the finfish near Peach Bottom.  
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.  As shown in Table 4-8, the annual total body 
doses associated with the consumption of finfish and drinking water are 
well below federal limits.  As shown in Figure 4-22, the annual total body 
dose resulting from consumption of fish and drinking water, relative to 
other modes of dose accumulation, is small. 

Results of analyses of environmental samples collected in the vicinity 
of Peach Bottom can be found in the periodic environmental reports 
described above.  Comparing PPRP’s radiological monitoring of Peach 
Bottom-related radioactivity of aquatic life and sediments collected from 
2008 and 2009 with monitoring results since 1979 shows the following: 

• The 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;

Figure 4-25 Environmentally Significant* Annual  
Aqueous Releases, 1989-2009

*Environmentally significant refers to radionuclides that are known to be assimilated by 
biological organisms and are discharged in detectable amounts.  Aqueous releases of noble 
gases, tritium, and very short-lived radionuclides are not included because they do not 
bioaccumulate or they decay rapidly to stable forms.
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• Long-term operation of Peach Bottom Atomic Power Station has not caused 
significant accumulation of radioactive material within the Conowingo 
Reservoir; and

• Radiation doses to humans due to atmospheric and aqueous releases are well 
within regulatory limits (see Table 4-8). 

In summary, environmental, biological, and human health effects of 
releases of radioactivity from Peach Bottom are insignificant.

Radioactive Waste
In addition to the production of atmospheric and liquid effluent releases 
as a by-product of normal power generation operations, both Calvert 
Cliffs and Peach Bottom generate radioactive waste products which 
require disposal.

Low-Level	Radioactive	Waste	(LLRW)

This type of waste consists of materials such as contaminated gowns, 
toweling, glassware, resin, equipment, and reactor control rods that 
are used in the normal daily operation and maintenance of the power 
plant.  Much of the waste is safety and testing equipment that have 
become contaminated through normal use. Resin is used to remove 
radioactivity from wastewater through an ion-exchange process.  
Depending on the waste type and radioactivity level, waste is dried, 
compressed, and sealed into high-integrity containers, metal boxes, or 
55-gallon drums.  These containers may, in turn, be sealed into shipping 
casks.  Low-level radioactive waste from Calvert Cliffs, similar to LLRW 
from other industries, is transported by truck to licensed radioactive 
waste processing firms located in Utah, South Carolina, and Tennessee, 
depending on the type of waste.  Other LLRW from Calvert Cliffs may be 
incinerated, supercompacted, or chemically reduced, depending on the 
waste processing vendor and type of waste.

High-Level	Radioactive	Waste	(Irradiated	Fuel)

Spent nuclear fuel from both Calvert Cliffs and Peach Bottom are 
presently stored at each site within spent fuel pools for the recently 
discharged fuel or, in the case of older fuel generated in earlier years of 
plant operation, at dry storage independent facilities located within the 
protected plant area.  These Independent Spent Fuel Storage Installations 
(ISFSIs) were originally licensed by the NRC for 20 years, although 
recent regulatory changes now allow a plant operator to apply for a 
40-year license period.  ISFSI design and construction must conform to 
strict NRC specifications (10CFR72) that protect against unauthorized 
entry, earthquakes, and other natural phenomena such as floods and 
hurricanes.  On-site storage facilities, such as the ISFSI, are currently the 
only long-term storage facilities for irradiated fuel available.      

Exelon’s dry cask storage facility at Peach Bottom currently has 53 casks 
loaded in dry storage with 68 fuel assemblies each, for a total of 3,604 
assemblies.  As of August 2011, Peach Bottom had utilized 83 percent of 
its currently available storage pad space.
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Calvert Cliffs is seeking a license renewal from the NRC for its existing 
ISFSI, and also plans to request a license modification to accommodate 
a newer storage cask design.  The facility’s current ISFSI license, which 
expires in November 2012, allows for a maximum of 120 horizontal 
storage modules; 72 have been constructed to date and only 66 have 
been loaded.  Each module can accommodate 48 spent fuel assemblies as 
currently designed.  Calvert Cliffs has filled 53 percent of its currently 
licensed storage capacity.  The application for a renewal of the ISFSI 
license, which was submitted in September 2010, seeks to extend the 
license period for an additional 40 years, through 2052.

4.1.6	 Power	Plant	Combustion	By-products
Coal, like many fuels, produces gaseous and solid by-products during 
combustion.  The solid by-products result from components of coal not 
consumed during combustion.  This section of the report focuses on the 
solid coal combustion by-products (CCBs) produced by coal-fired power 
plants in Maryland.  The discussion focuses on the beneficial reuse of 
CCBs and ongoing research efforts to identify additional uses for CCBs.  
The ultimate goal is that all CCBs produced in Maryland, including those 
currently stockpiled, will be reused in environmentally beneficial or 
environmentally benign ways. 

When properly engineered and correctly applied, CCBs can be utilized 
in civil engineering, mine restoration, and agricultural applications (see 
Table 4-9).  The beneficial use of CCBs as raw materials in applications 
that are environmentally sound, technically safe, and commercially 
competitive will lead to a reduction in the disposal of these raw 
materials and may contribute to reduced GHG emissions.  The most 
direct contribution to reducing GHG emissions occurs when fly ash is 
used as a supplementary material in concrete and concrete products.  By 
substituting fly ash in place of cement, the carbon emissions associated 
with cement production are avoided.  Each ton of fly ash utilized 
represents approximately one ton of CO2 avoided.  A continued increase 
in the beneficial utilization of Maryland CCBs will likely lead to:

• Decreased need for landfill space;

• Conservation and protection of the natural resources of the state;

• Reductions in the cost of producing electricity and cost for consumers; and 

• Substantial savings for end-users of CCBs.



1 3 6

M A R Y L A N D  C U M U L A T I V E  E N V I R O N M E N T A L  I M P A C T  R E P O R T  —  1 6 T H  E D I T I O N

Table 4-9 CCB Beneficial Use Options

TYPE OF COAL COMBUSTION BY-PRODUCT

Potential Use
FBC Pulverized Coal FGD

Fly ash Bed ash Fly ash Bottom ash Boiler 
slag Sludge

ROADWAYS 
Cement/concrete/grout X X X X 
Embankment/structural fill X X X X 
Flowable fill X X X 
Road base/subbase X X X X 
Snow and ice control X X 
Synthetic aggregate X X 
Wetland liner X 
RECLAMATION USE
Abandoned surface mine reclamation X X X X 
Reclamation of existing surface mined lands X X X X 
Subsidence remediation and control X X X X X 
Underground placement to mitigate AMD X X X X 
Wetland and pond liner X X X 
Treatment of coal refuse X X X 
AGRICULTURE 
Agricultural liming substitute X X X 
Soil amendment X X X X X 
Pond and animal manure holding facility liner X X X 
Livestock feedlot and hay storage pad X X X X 
New soil blends X X X X 
Commercial fertilizer X X X 
Treatment of bio-solids X X X X X 
MANUFACTURING
Paint X 
Wallboard X 
Roofing granules X X 
Cement industry X X 
Steel industry X X 
Fillers (plastics, alloys, and composites) X 
Mineral wool insulation X 
Ceramic products X 
Recovery of metals X X 
OTHER ENGINEERING USES
Brick X 
Concrete block X X X 
Landfill liner, daily cover, cap X X X X 
Blasting grit X X 
Pipe bedding X X 
Water filtration X 
Drainage media X X 
Waste stabilization/solidification X X X X X 
Treatment of sewage sludge X X X 
Pond liner X X 
Dredged material stabilization X X X X

FBC = fluidized bed combustion; FGD = flue gas desulfurization; AMD = acid mine drainage
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CCB Generation
CCBs are produced during the combustion process incident to the 
production of electricity at coal-burning power plants.  According 
to MDE, in 2010, coal-fired power plants in Maryland generated an 
estimated 1.8 million tons of CCBs.  These CCBs are the non-combustible 
mineral matter present in coal and any unburned carbon remaining as a 
result of incomplete combustion.

The two primary types of CCBs produced by Maryland’s coal-burning 
power stations, fly ash and bottom ash, are differentiated by their 
physical characteristics.  The principal difference is that the particles of 
bottom ash are much larger than particles of fly ash.  Fly ash is the finely 
divided residue or ash that is transported from the furnace along with 
emission gases.  It is captured in electrostatic precipitators or baghouses 
and has reliable pozzolanic25 properties.  Fly ash is composed of very 
fine, and generally spherical, glassy particles.  Conversely, bottom ash 
is collected from the bottom of the furnace and is composed of coarser, 
angular, and porous glassy particles.  There is little difference in the 
chemical makeup of fly ash and bottom ash.  During coal combustion, 
if temperatures are sufficiently high, a portion of the bottom ash will 
become molten and convert to slag.

The exact chemical nature of CCBs depends upon the nature of the coal 
burned and the combustion process used.  For the most part, power 
plants in Maryland burn bituminous coal from the eastern United States, 
which produces predominantly ASTM Class F fly ash.  Class F fly ash is 
distinguished from Class C fly ash by having less than 10 percent calcium 
(expressed as CaO) by weight.  The ash is typically composed of more 
than 85 percent silicon, aluminum, and iron oxides, much of which is 
present in glassy aluminosilicates.  Class F fly ash may also contain trace 
metals such as titanium, nickel, manganese, cobalt, arsenic, and mercury.  
Electric utilities are required to include all applicable constituents of their 
CCBs when reporting chemical releases through EPA’s TRI program.  
Established in 1986, the TRI is a database maintained by the U.S. EPA 
listing the quantities of toxic chemicals released to the environment 
annually by facilities in certain industries.  Electric utilities became 
subject to TRI reporting requirements in 1997.

Two power plant technologies that are relatively new to Maryland are 
fluidized bed combustion (FBC) and FGD.  Both of these technologies 
include the use of sorbents, such as limestone, during or after combustion 
to reduce air pollution by removing sulfur compounds from power 
plant emissions.  FBC introduces an alkaline sorbent during combustion 
while FGD systems introduce sorbent into the flue (exhaust) gas.  While 
the use of sorbents improves air quality, the noncombustible sorbents 
significantly increase the volume of solid CCBs produced.   

FBC and FGD by-products resulting from these air pollution reduction 
measures contain many of the same chemical components as ordinary 
coal ash, but they have much larger proportions of calcium sulfate and 

25 Pozzolan is a type of material that, when added in the process of mixing cement, 
improves the strength of the resulting solid. 
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sulfite minerals due to reactions between the limestone sorbent and 
sulfur emissions.  They may also contain free lime (unreacted sorbent), 
causing the ash to be self-cementitious when mixed with the appropriate 
amount of water.

The AES Warrior Run power plant in Cumberland is currently the only 
Maryland power plant that uses FBC technology.  For FBC, coal and 
finely ground limestone are fed into the combustion chamber and mixed 
together by forcing air into the chamber.  The heat in the combustion 
chamber causes the limestone to decompose to an oxide that captures 
SO2.  FBC units can remove more than 95 percent of the sulfur produced 
from burning coal.  The resulting combined ash is self-cementing:  a 
silica, alumina, and calcium-based material which, when mixed at a 
ratio of 65 percent solids to 35 percent water, will set up and harden 
to a cement or concrete-like material with excellent structural and 
engineering properties.

FGD by-product material is produced when the flue gas enters a spray 
tower or absorber and is mixed with a sorbent slurry of water and 
finely ground limestone or lime.  The calcium reacts with the SO2 
to form calcium sulfite or calcium sulfate, which are segregated by 
dewatering and settling.  FGD scrubbers were installed at the Brandon 
Shores, Dickerson, Chalk Point, and Morgantown power plants in 2010, 
introducing an estimated 550,000 tons of FGD material into Maryland’s 
CCB waste stream.  The operation of these plants with FGD scrubbers 
will generate about an additional one million tons per year in the near 
future.  Fortunately, oxidized calcium sulfite or calcium sulfate (synthetic 
gypsum) is suitable for use as a natural gypsum substitute and is often 
used to manufacture wallboard.

In the absence of being placed in accordance with sound engineering 
principles, landfilled CCBs have the potential to adversely impact 
Maryland’s terrestrial and aquatic resources.  The importance of sound 
engineering and proper placement of CCBs was highlighted at the B.B.S.S. 
Mine Reclamation Site.  Between 1995 and 2007, Constellation Energy 
Group (formerly Baltimore Gas & Electric) provided Reliable Contracting 
Co., Inc. with approximately 200,000 to 400,000 tons per year of CCBs, 
primarily unstabilized Class F fly ash, to reclaim a former sand and 
gravel mine in Anne Arundel County owned by B.B.S.S., Inc.  The site 
relies on a natural soil cover and its underlying geology to minimize the 
potential for leachate to impact the regional ground water system.  

In October 2006, MDE requested that PPRP provide assistance on an 
independent evaluation of the source of heavy metals and dissolved 
sulfate detected in residential wells near the site.  A statistical comparison 
of residential and monitoring well water quality data indicated that fly 
ash placement in the Turner and Waugh Chapel Pits at the site likely 
contributed to deterioration of ground water quality in the site vicinity.  
The site continues to be an issue from the standpoint of contaminating 
local wells, although Constellation and MDE entered into a Consent 
Decree in October 2007 with an approach to resolve the identified 
impacts.  Careful planning and execution of the disposal and/or reuse of 
CCBs is necessary to minimize impact to the surrounding environment.
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Regulation of CCBs

Maryland	Regulations

Because CCBs were exempted from federal regulation by the Bevill Act, 
Maryland enacted State regulations for the disposal of CCBs and their 
use in mine reclamation, effective December 1, 2008.  These regulations 
require permitting of new CCB disposal facilities under the same 
regulations as industrial solid waste facilities, including landfill siting 
requirements, landfill design including a clay or synthetic liner, landfill 
operation and maintenance, and closure and monitoring.  Companies 
producing CCBs are required to file Annual Generator Tonnage Reports 
detailing the amount of CCBs generated, how they were disposed of or 
reused, and chemical analyses.  

Additional regulations for the beneficial uses and transportation of CCBs 
were proposed in the Maryland Register on February 26, 2010.  The 
draft regulations included requirements that CCBs that are beneficially 
used or the products that are made from the CCBs must be shown to be 
not significantly leachable materials.  Although the required leaching 
procedure has not yet been specified, the parameters that must be 
tested are identified in the draft regulation.  The draft regulations 
specifically approve encapsulated beneficial uses of CCBs, including 
concrete, asphalt, wallboard, and filler in plastic.  Other unconsolidated 
(unencapsulated) beneficial uses of CCBs, such as the use of bottom ash as 
aggregate beneath pavement, pipe bedding, and winter traction control, 
are permitted with more stringent restrictions.

Federal	Regulations

EPA proposed the first federal regulations for CCBs, referred to as coal 
combustion residuals (CCRs), in the June 21, 2010 Federal Register.  EPA 
previously classified CCRs as an “exempt waste” under the Resource 
Conservation and Recovery Act (RCRA).  To allow for public comment 
in its decision-making process for the proposed rule, EPA is considering 
two different classification options with a choice to determine whether 
existing facilities would be retrofitted to meet the new regulations.  
The first option would federally regulate CCRs as a RCRA Subtitle C 
hazardous waste, which would require stringent disposal practices, place 
time and accumulation limits on generators, and inhibit some commonly 
practiced beneficial reuses.  The second option classifies CCRs as a 
RCRA Subtitle D non-hazardous waste, which would not require federal 
permitting, but rather leave regulation to the states.  Under either option, 
most beneficial uses would be supported and not regulated by EPA, 
although the specific uses to be deemed “beneficial” are not finalized.  
EPA is expected to issue a final rule in 2012.

PPRP submitted comments to EPA on the proposed rule in November 
2010 supporting the Subtitle D approach.  In its comments, PPRP asserted 
that regulation under Subtitle C would not provide additional protection 
against damage from unlined CCR landfills (where EPA has reported 
most damage cases) since both approaches include engineering and 
construction requirements for CCR landfills that would be the same  
as for municipal solid waste landfills, which are regulated under  
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Subtitle D.  Additionally, PPRP expressed strong support for the 
continued use of the Bevill exemption for the beneficial use of CCRs in 
encapsulated applications.  This is especially important for Maryland, 
since Maryland beneficially uses over 50 percent of the fly ash produced 
by its power plants.

Disposition and Beneficial Use
Of the approximately 1.8 million tons of CCBs produced by Maryland 
power plants in 2010, 582,417 tons were placed in disposal sites  
(see Figure 4-26), with the largest disposal site being the Brandywine 
ash site in Prince George’s County.  In contrast, the largest beneficial 
user, AES Warrior Run, placed all (351,804 tons in 2010) plant-generated 
CCBs in surface coal mine restoration projects in Western Maryland.  In 
2010, the remainder of the Maryland beneficial use stream was used in a 
variety of applications including:

• Wallboard (449,218 tons);

• Concrete, block, and cement manufacturing; grout and flowable fill (390,140 
tons of CCBs); 

• Blasting grit and roofing material (11,721 tons); and

• Agricultural uses (776 tons).

Figure 4-26 Distribution of Maryland CCBs in Beneficial Use Projects

(closed in 2010)



C H A P T E R  4  –  I M P A C T S  O F  P O W E R  G E N E R A T I O N  A N D  T R A N S M I S S I O N

1 4 1

Beginning in 2010, the majority of FGD material generated at GenOn 
Mid-Atlantic (formerly Mirant Mid-Atlantic) power plants in Maryland 
was provided to wallboard manufacturers as a replacement for natural 
gypsum.  The Brandon Shores plant, owned by Constellation, disposed of 
about 43 percent of FGD material in 2010, but plans to increase beneficial 
reuse by establishing additional users.

Fly ash, bottom ash, slag, and FGD material have different primary 
beneficial uses because each component has distinct physical and 
chemical properties suited to a specific beneficial use application.   
Fly ash is used in the largest quantities and the widest range of 
applications among the CCBs (see Table 4-9) because of its pozzolanic 
properties.  Use in cement and concrete production tops the list of  
leading fly ash applications, followed by structural fills and waste 
stabilization.  The relatively uniform spherical shape and particle 
distribution of fly ash improves properties of flowable fill and the fluidity 
of grout.  For waste stabilization, fly ash can act as a drying agent for 
wet materials such as sludge, sediment or dredged material.  Figure 4-27 
highlights the quantity of CCBs generated and disposed by Maryland’s 
coal-fired power plants annually.

The primary beneficial uses for 
bottom ash are road base/sub 
base, structural fill, and snow and 
ice control.  Minor uses include 
concrete, mining applications, and 
cement clinker raw feed.  Bottom 
ash is also used as fine aggregate in 
asphalt paving mixtures.  Owing to 
its considerable abrasive properties, 
slag is used almost exclusively in 
the manufacture of blasting grit 
and roofing granules.  Primary 
beneficial use applications for FGD 
material are wallboard and concrete 
manufacturing, mining applications, 
structural fill, and agricultural 
applications.  Structural fill and 
concrete manufacturing account for 
the majority of the beneficial use of 
FGD material.  Although agricultural 
use as a soil conditioner currently 
accounts for only a small fraction 
of FGD material reuse, agricultural 
application has the potential to 
exceed the volume of FGD material 
used in wallboard manufacturing.  
Maryland’s use of FGD material for agricultural purposes has been 
limited due to issues regarding land application within the Chesapeake 
Bay watershed.

Figure 4-27 CCB Generation and Disposal, 2010

*GenOn’s total CCBs produced includes 29,077 tons of CCBs (on and 
off-spec gypsum) that were produced, but had not yet been disposed of 
or sold, and were being temporarily stored on site at the end of 2010.
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CCB Marketing Activities
Through the development of innovative uses and unique methods, 
Maryland has been successful in marketing a large proportion of its 
CCBs.  Cement plants commonly purchase CCBs for use as raw materials 
due to the savings in using a waste product; however, this practice can be 
problematic because power plants may cease production or experience 
fluctuations in generation.  The Maryland Environmental Restoration 
Group (MERG) has developed an unprecedented partnership with 
Allegheny Energy Supply’s R. Paul Smith Power Station in Williamsport, 
Maryland.  R. Paul Smith maintains a legacy ash pile that has been 
accumulating since 1947 when the plant opened, offering an uncommon 
opportunity to provide ash to industry without interruption.  Between 
fall 2009 and summer 2011, MERG mined about 148,200 tons from the 
pile, estimated to hold over 2 million tons of ash.  

GenOn Mid-Atlantic recently updated its Morgantown Generating 
Station near Newburg, Maryland, to improve the marketability of its fly 

ash.  On January 3, 2012, GenOn began 
the operation of a technology known 
as the Staged Turbulent Air Reactor 
(STAR).  The STAR facility thermally 
processes ash to remove residual carbon, 
eliminating a step in preparing the 
ash for use in concrete applications, 
and making it more desirable to the 
cement industry.  Annual projections 
of up to 360,000 tons of fly ash from 
GenOn’s Morgantown and Chalk Point 
plants will be diverted from disposal 
in landfills and processed through the 
STAR Facility.

Despite being underutilized, FBC ash 
generated at the AES Warrior Run power 
plant also holds marketing potential.  
This self-cementitious ash has great 
buffering capacity, making it useful 

Maryland FGD Installations and Synthetic Gypsum Production
Four Maryland power plants have installed FGD scrubbers, which began full-time operation in 
2010.  Although the scrubbers reduce air emissions, they also significantly increase the volume 
of CCBs produced by adding synthetic gypsum to the waste stream.  Synthetic gypsum can be 
beneficially utilized in the production of wallboard and cement, and in agricultural applications.  
Since synthetic gypsum contains mercury that is present in the flue gas of coal-fired power 
plants, concerns have been raised regarding the potential for mercury exposure from 
wallboard, the leading reuse option.  A study by Shock et al. in 2009 found that both synthetic 
and natural (mined) gypsum contain mercury, although synthetic gypsum typically has higher 
levels of mercury.  When measuring the volatilization of mercury from both natural and 
synthetic gypsum wallboard, the results (0.92 ± 0.11 and 5.9 ± 2.4 ng/m3, respectively) 
were well below the EPA reference concentrations for elemental mercury in indoor air of  
300 ng/m3, the Agency for Toxic Substances and Disease Registry minimal risk level of 
200 ng/m3, and even the background mercury concentrations for indoor air.

R. Paul Smith Legacy Ash Pile

By-product Generated by FGD Units in 2010

Plant Mass (tons)

Morgantown 234,285

Chalk Point 120,718

Brandon Shores 108,233

Dickerson   91,739

Source: MDE, 2010
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for AMD mine reclamation projects.  The plant currently transports all 
ash to surface mines for use as cover mixed with the overburden.  PPRP 
conducts demonstration projects and research to develop methods of 
using this FBC ash to address the impacts of historic mining in Western 
Maryland.  Some examples are discussed in the following section.  

PPRP Demonstration Projects
With the beneficial reuse of about 66 percent of all CCBs generated, 
Maryland is above the national utilization rate of 41 percent, as reported 
by the American Coal Ash Association for 2009.  Since 1994, PPRP has 
supported research and demonstration projects regarding beneficial reuse 
of CCBs, particularly those applications that could use massive quantities 
of CCBs. 

This research led to systematic investigation of the severely disturbed 
mined lands of Maryland to determine how stabilized CCBs, with 
or without other materials, might be used to return these areas to 
constructive use, reduce acid mine drainage, prevent further subsidence, 
and restore natural drainage patterns.  To facilitate the overall CCB 
research program, PPRP supports a geographic information laboratory 
and mapping service in the Geography Department and a leachate testing 
capability in the Chemistry Department at Frostburg State University 
(FSU).  PPRP has also established a materials science laboratory that 
is operated by the Western Maryland Resource Conservation and 
Development Council, Inc. (RC&D).

Several field-scale projects have been initiated or completed to 
demonstrate various grouting applications of CCBs.

Winding Ridge Project – Monitoring effluent from the Frazee Mine 
on Winding Ridge began in 1995 to establish a baseline to measure the 
effectiveness of backfilling this small mine with CCBs.  It was partially 
filled with 5,600 cubic yards of fly ash, FBC material, and mine water 
in 1996 to determine if this would reduce acidic drainage.  Regular 
monitoring has shown that the placement of stabilized CCBs in the mine 
reduced the pre-existing heavy metals in the effluent to levels below 
detection limits, and that the use of CCBs has not contributed additional 
metals.  The project received international recognition at the World of 
Coal Ash Conference in 2007. 

Siege of Acre Project – An isolated segment of Kempton Mine 42 was 
found to be producing unusually acidic drainage with a pH of 2.2.   
A DOE grant was obtained to drill observation holes to the three tunnels 
that make up the segment and to plan grouting to cover the 750 feet of 
exposed mine pavement and debris in each tunnel.

Kempton Man Shaft Project – In 2003, fly ash, FBC material, and mine 
water were used to perform intrusion grouting around this 420-foot mine 
shaft at Kempton, Maryland, in an effort to reduce the cone of depression 
it creates in the regional water table under the sensitive wetlands on the 
North Branch of the Potomac River.  The impact of the grouting continues 
to be monitored.
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McDonald Mine Project – In August 2005, the McDonald Mine in the 
Georges Creek Coal Basin blew out and overwhelmed the doser treating 
its effluent.  PPRP and the Maryland Bureau of Mines are collaborating on 
investigations of how to bring the increased flow under control, manage 
the large volume of sediment being generated, and provide more effective 
treatment in the limited space available between the mine discharge and 
Georges Creek.

Hoyes Run Project – Hoyes Run is a highly valued trout stream adjacent 
to the Key Stone Quarry in Garrett County, Maryland.  During periods 
of low flow, its entire flow was lost to solution channels developed in a 
loss zone near the Quarry.  The solution channels generally filled with 
stream sediment and debris and were thus candidates for sealing with 
permeation grouting using conventional chemical grouts.  However, 
when conventional chemical grouting was tried, these grouts expanded 
with such pressure that partings in the streambed rocks increased 
causing even greater stream loss.  A grout of fly ash and fine particle 
FBC material was developed to effectively fill the solution channels and 
seal the streambed without causing any problems so long as the channel 
entrances could be identified and isolated for grout injection.  

In addition to these demonstration projects, PPRP supports research that 
can be used by others for implementing CCBs and waste-to-energy ash in 
beneficial applications.  Some studies of special note include:

Weathering Studies of CCB-based Pozzolan Stabilized Materials 
(PSM) – Ongoing research has been conducted by the Western Maryland 
RC&D at the PPRP Materials Science Laboratory (MSL) to establish 
the use of PSM as a flowable fill for abandoned underground mine 
applications.  Initiated in June 2005, CCB weathering experiments 
document the physical and chemical degradation of CCB grout that could 
occur if placed as cover on abandoned underground mine pavement 
and exposed to AMD.  Results to date indicate that stabilized CCBs 
demonstrate great potential for neutralizing AMD if placed in stream 
beds or as a covering on abandoned mine pavement.  

Pervious Concrete – PPRP is partnering with W. R. Grace and Lafarge 
to develop a marketable pervious concrete mixture that maximizes 
the beneficial use of Maryland-generated CCBs while minimizing the 
potential for environmental impacts.  Pervious concrete is a type of 
pavement that is engineered to contain interconnected void spaces that 
allow storm water to drain through the pavement and infiltrate into 
ground water, rather than running off.  As such, it is an effective way 
of mitigating pollution problems associated with storm water runoff.  
Pervious concrete is composed of the same materials as traditional 
concrete (Portland cement, aggregate, and pozzolan), but in different 
proportions and with very coarse-grained aggregate so that packing is 
minimized.  This type of product could include CCBs in several ways:  
Class F fly ash can be used as pozzolan material, Class C fly ash could 
be used to provide Portland cement, and bottom ash could be used as 
aggregate.  To date, the project team has cast several core samples that 
have been tested for physical properties.  Plans are underway to begin 
testing some of these cores for their potential to leach when exposed to 
ambient precipitation.
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Dredged Material (DM) Stabilization – PPRP is a member of the DM 
Management Program Innovative Reuse Committee providing guidance 
on the beneficial use of massive amounts of material including DM 
and CCB blends.  As an additive to DM, CCBs promote drying and 
conditioning of an otherwise poor engineering material.  Preliminary 
and ongoing laboratory tests of Baltimore Harbor DM blended with 
Maryland CCBs have resulted in a structurally stable material with 
excellent engineering properties.  Research is ongoing at the MSL.

Cost Studies – PPRP has developed cost estimates for placing fly ash 
and FBC material in abandoned underground mines as grout to become 
stabilized material and for placing Class F fly ash and lime kiln dust, 
the most plentiful high lime content industrial waste product available 
in Maryland, to trigger the pozzolanic reaction in fly ash to become 
stabilized material in pit mines. These estimates suggest the use of 
CCBs in these applications will be cost competitive when mine filling is 
required. 

Investigation of Works Progress Administration (WPA) Maryland 
Mine Sealing Program – The largest mine sealing program ever 
undertaken in Maryland was that of the WPA in the 1930s.  It was largely 
judged a failure in terms of reducing acid mine drainage.  The extent of 
the Program and reasons for its failure to impact acid mine drainage were 
investigated as guidance for large-scale use of CCBs in mine applications.   

4.2 Impacts from Transmission Lines and 
Other Linear Facilities 

More than 2,000 miles of electric power transmission line (69-kV or 
higher) rights-of-way are located throughout Maryland.  These rights-
of-way are constructed and maintained as long, linear corridors that 
are often markedly distinct from the surrounding environment.  The 
corridors may cross streams and rivers, split patches of forest, traverse 
farms and open areas, run alongside roads and through residential areas, 
or span wetlands and other sensitive habitats, resulting in a variety  
of effects.  

In general, overhead transmission line corridors vary from approximately 
one hundred to several hundred feet wide, depending on the power-
carrying capacity and the number of lines routed through the corridor.  
Due to their linear nature, transmission corridors often cross natural 
features such as streams and floodplains, but because of their relatively 
narrow width, it is usually possible to avoid wetlands, forests, rare 
species habitat, historical and archeological sites, and scenic viewsheds.  
Several new transmission lines have been proposed across Maryland 
recently in response to PJM’s transmission planning and federal studies 
that indicated that the northeastern U.S. is in critical need of increased 
transmission capacity and reliability.  Furthermore, offshore windpower 
facilities proposed for near the Maryland coast would require both 
offshore transmission and additional large capacity transmission lines 
on the Eastern Shore.  CPCN applications for interstate transmission 
projects like these raise many unique environmental and socioeconomic 
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challenges, such as preserving natural habitats along the Atlantic Coast, 
shielding the views and vulnerable stream habitats of suburban central 
Maryland, protecting the sensitive bottom habitats of the Chesapeake 
Bay, or ensuring the security of power delivery to populations  
and facilities in Washington, D.C.; Baltimore, Maryland; and other  
urban areas.  

As described in Section 2.5, there are several major transmission lines, 
as well as numerous smaller projects, throughout the state that are 
currently in various stages of review/approval.  PPRP reviews the 
environmental impacts of proposed transmission line projects from a 
number of perspectives.  The review considerations and typical impacts 
are summarized in the following subsections.

4.2.1	 Air	Quality
The State of Maryland relies upon PJM, a regional transmission 
organization, to coordinate movement of wholesale electricity in the Mid-
Atlantic region, as described in Section 3.2.  A portion of PJM’s role is to 
ensure that the transmission system achieves a set of reliability criteria/
standards established by PJM, the North American Electric Reliability 
Corporation (NERC), and other local entities.  Based on evaluations 
completed by PJM as part of its Regional Transmission Expansion Plan, 
PJM has identified near-term reliability concerns.

In response, multiple high-voltage, multi-state transmission lines are 
being proposed that will affect the PJM region (including Maryland), 
ultimately creating a flux in electrical generation patterns.  Generally, 
power generation west of Maryland is dominated by coal-fired units; 
while to the east, it is dominated by gas- and oil-fired units.  Construction 
of transmission lines that may facilitate the import of power generated by 
coal-fired plants could result in an increase in emissions of air pollutants 
associated with the power consumed in Maryland.  

There are several current transmission scenarios (new and upgraded 
transmission lines) through which regional generation and emission 
patterns may change.  Some currently proposed transmission scenarios 
include: construction of the TrAIL Project (completed in May 2011),  
the reconstruction of Dominion’s Mt. Storm to Doubs 500-kV line  
(to be competed by 2015), construction of Dominion’s Suffolk/Thrasher 
230-kV line (to be completed in 2011), the completion of portions of  
PPL’s Susquehanna-Roseland project (to be completed by 2012), and 
potential construction of PATH (currently suspended) and MAPP 
(currently delayed).  

To gain a better understanding of the effect on air quality of changing 
generation patterns that may result from the construction of new 
transmission lines, PPRP evaluated the work of Resources for the Future 
(RFF), which assessed changes in generation and emissions of NOx, 
SO2, PM, CO2, and Hg using the Haiku electricity market model.  The 
Haiku model runs accounted for capacity planning, investment, and 
retirement over multiple years.  However, since the completion of the 
Haiku study by RFF, several changes that affect the study outcome have 
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occurred – notably the suspension of the PATH and MAPP projects 
and changes in a number of regulatory initiatives that can potentially 
affect electricity generation throughout the U.S.  While considering that 
the Haiku analysis has not been updated to reflect these developments, 
PPRP’s study concluded that, based on the Haiku projections of worst-
case outcomes, the overall effect of transmission line construction on air 
quality in Maryland will be relatively insignificant.

4.2.2	Impacts	to	Vegetation	and	Land	Cover
Any transmission line right-of-way in Maryland that is longer than a mile 
or two will generally pass through several land cover types, including 
forested areas, agricultural lands, residential and urban development, 
and infrastructure, such as roads, power facilities, airports, and military 
bases.  Along the transmission line corridor, mixed hardwood and 
coniferous forests, agricultural field edges, and undeveloped pockets 
within urban areas provide wildlife habitat.  Often times the corridor will 
be located adjacent to or across streams and their associated riparian and 
wetland areas.

In existing transmission line rights-of-way, past maintenance activities 
will have shifted the vegetation toward low-profile species, such as 
grasses, ferns, flowering plants or forbs, shrubs, and tree saplings.  
Figure 4-28 shows an example of typical transmission line vegetation 
management practices in Maryland.  Many of the species present in 
the right-of-way may be non-native species that were planted after the 
initial clearing to prevent soil erosion, or weedy and invasive species that 
have taken advantage of disturbed 
habitat in the corridor.  In a few 
places where clearing to maintain the 
right-of-way has not been frequent, 
taller vegetation may be present, but 
generally the right-of-way will be 
open, with sparse vegetation cover 
and a different assemblage of plant 
and animal species than is present 
in the adjacent areas.  The bordering 
ecosystems (within 100-300 feet of  
the right-of-way boundaries) can  
also be degraded to some degree 
when the vegetative community 
within the right-of-way has been 
significantly disturbed or altered by 
construction and maintenance, such 
as in forested areas.  

Maintaining a cleared transmission 
line right-of-way through a forest 
splits the forest into disconnected 
pieces and can provide invasive 
species with routes into the forest 
interior.  The effects are less 

Figure 4-28 An Example of Typical Transmission Line 
Vegetation Management in Frederick 
County, Maryland

Source:  K. Sillett, Versar Inc.
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severe in agricultural areas, particularly if the transmission developer 
permits continued use of the land for crops or pasture.  In residential or 
commercial areas, environmentally sensitive maintenance of rights-of-
way can actually augment nearby streams and wildlife habitat, thereby 
providing buffers that can help mitigate environmental degradation from 
urban development and runoff.

When a new transmission line is built, there can be additional, temporary 
impacts from construction access by cranes and other heavy equipment, 
construction traffic on unpaved access roads, boring for transmission line 
pole foundation installation, and wire installation activities.  Activities to 
minimize construction impacts normally include restoration of contours 
to pre-construction conditions and controlling erosion until re-vegetation 
stabilizes the disturbed areas.  The Maryland State agencies generally 
recommend that the vegetation be restored to native species and the 
natural functions of the pre-construction ecosystem be protected.  

Transmission companies are required by federal authority to maintain 
rights-of-way in a condition that assures the reliable delivery of power 
in accordance with national safety standards.  Although it has been 
common practice to achieve this goal by clearing and mowing the right-
of-way, such vegetation management practices may be unnecessarily 
excessive especially in sensitive areas and through forested habitat.  

Trees in or near transmission line rights-of-way have historically 
presented special maintenance problems.  While it is environmentally 
desirable to remove as few trees as possible, the PSC has estimated that 
fallen trees and branches are the largest cause of power outages for lower 
voltage distribution lines in Maryland, accounting for almost two-thirds 
of the 6.5 million customer-hours of electric service interruption in the 
state in 2006.  There are fewer tree fall events that cause outages of larger 
transmission lines; however, DNR has joined with the Maryland Electric 
Reliability Tree Trimming (MERTT) Council, which typically focuses 
on lower-voltage lines, to develop a clear picture of trees that cause 
power outages in Maryland.  Utility foresters, using equipment and data 
collection procedures provided by DNR, are identifying each instance 
of a tree-caused power outage and recording the location, type of tree, 
and other details.  DNR is assembling the data from utilities throughout 
the state into a common database and analyzing the data to provide the 
PSC with accurate information on the causes of such outages.  The results 
will be used by MERTT Council members and DNR to develop improved 
maintenance practices that identify and remove hazardous trees while 
protecting valuable tree resources and forest habitat.

4.2.3	Impacts	to	Streams,	Rivers,	and	Watersheds
Transmission line rights-of-way crossing streams, rivers, and their 
watersheds can create temporary ecological impacts during construction, 
and permanent ecological impacts afterward when degraded habitat is 
maintained.  Constructing and maintaining transmission lines can also 
affect streams near the right-of-way both directly and indirectly.  The 
primary direct effects are caused by construction or maintenance vehicles 
crossing or working within stream beds, floodplains, or bank areas, 
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which may release sediment, construction debris, and contaminants 
into the stream.  Vulnerable aquatic or riparian zone species may also be 
disturbed by noise, dust, and construction-caused changes in drainage 
patterns or soil.

Tree removal during construction can result in immediate as well as long-
term soil erosion that increases sediment loads in streams.  Increased 
sediment can lead to changes in stream morphology and diminished 
water quality, ultimately degrading the ecological condition of the stream.  
Removing vegetation from the riparian area reduces stream shading and 
decreases the amount of leaf litter, woody debris, and rootwads present 
in the stream system.  This may result in increasing water temperatures 
and a reducion in habitat and food sources that threaten survival and 
reproduction of cold water species, including brook trout.  In most cases, 
long-term effects can be minimized by placing transmission line towers 
far enough from the stream bank, so that the wires span the stream and 
associated riparian area.  This configuration is particularly effective  
at reducing impacts if the right-of-way is maintained in natural 
vegetation in the riparian area.  However, older rights-of-way are  
often entirely cleared. 

Large rivers are often too wide to avoid placing towers directly adjacent 
to the water, or within the river itself.  For example, the 500-kV line 
crossing the lower Potomac River near Moss Point, shown in Figure 4-29, 
includes six towers in the river and is currently being considered for a 
second crossing.  All of Maryland’s major rivers, both tidal and nontidal, 
are crossed by transmission lines.  At present, only one of these crossings 
— SMECO’s transmission line between St. Mary’s County and Calvert 
County near the mouth of the Patuxent River — is accomplished by a 
cable beneath the river.  Potential 
impacts from transmission support 
structures placed in the riverbed 
include disturbance to fish and 
bottom dwelling organism habitat, 
redirection of currents and erosion 
patterns, and potential hazards to 
navigation.  Above the waterline, 
the towers may provide nesting and 
roosting opportunities for some 
birds, while interfering with others.  

Transmission lines that cross 
numerous streams and rivers within 
a single watershed may degrade 
the overall biological health of 
that watershed.  Any local effects 
that propagate downstream, such 
as warmer water temperatures 
or increased sediment load, will 
accumulate.  In lower reaches 
of the watershed, the summed 
effects could cause a shift in water 

Figure 4-29 Existing 500-kV Transmission Line Crossing  
of the Potomac River 
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quality, initiate changes in aquatic species composition, or modify the 
configuration of the drainage channel.  To minimize such effects, the 
State agencies typically recommend that towers be located as far from 
stream banks as possible, and require vegetation and construction 
management practices that minimize the movement of disturbed soil and 
construction debris toward streams.

Impacts to Scenic Rivers
A Scenic River is defined as a “free-flowing river whose shoreline 
and related land are predominantly forested, agricultural, grassland, 
marshland, or swampland with a minimum of development for at least  
2 miles of the river length“ [Natural Resources Article, 8-402(d)(2)].   
The Wild and Scenic Rivers Act mandates the preparation of river 
resource management plans for any river designated scenic and/or wild 
by the General Assembly.  These plans identify river-related resources, 
issues and existing conservation programs, and make recommendations 
on the recreational use of the river and protection of special riverine 
features.  Each unit of State and local government, in recognizing the 
intent of the Act and the Scenic and Wild Rivers Program, is required to 
take whatever action is necessary to protect and enhance the qualities 
of a designated river and its tributaries.  In many cases, a Scenic River 
will also have a Watershed Restoration Action Strategy (WRAS), which 
is a means of implementing the recommendations set forth in the river’s 
management plan.

Recent projects involving Maryland Scenic Rivers and their watersheds 
include the PATH project (the Potomac River in Frederick County and the 
Monocacy River), the Monocacy-Ringgold-Catoctin project (the Monocacy 
River), the Bagley-Graceton and Conastone-Graceton rebuilds (Deer 
Creek), and the MAPP project (the Patuxent River).  Special attention is 
paid during the review of these projects to river and stream crossings in 
these watersheds, especially concerning riparian loss and erosion leading 
to downstream sedimentation.

Frequently, transmission structures also significantly degrade the  
visual environment along the river.  A number of Maryland’s designated 
scenic rivers, including the Patuxent River, the Monocacy River, and 
portions of the Potomac River, have incurred viewshed impacts from 
existing transmission line crossings.  An underground crossing,  
however, may eliminate or minimize visual impacts (see Section 2.5.2  
for additional details).

Impacts to the Chesapeake Bay
The Chesapeake Bay is Maryland’s largest and most unique water 
resource.  Almost all of the state’s watersheds drain into the Bay, and 
its health is directly affected by human activities in these watersheds, 
in the tidal rivers that flow into it, and in the wetlands that surround 
it.  To protect the Bay from adverse impacts of shoreline development, 
Maryland has defined a “Critical Area” that includes, in addition to 
the waters of the Bay and the submerged land below them, all land 
within 1,000 feet of either the mean high water line of tidal waters or the 
landward edge of tidal wetlands.  The Critical Area Act (1984) authorizes 
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State and local governments to assess impacts caused by construction 
disturbances, run-off, and activities within the 1,000-foot buffer zone.  
Any projects which may directly or indirectly affect the Critical Area in 
the state, including transmission line rights-of-way, are required to seek 
and obtain approval from the Critical Area Commission.

Although there are no existing transmission line crossings of the Bay 
itself, recent technology advances have dramatically improved the 
feasibility and cost effectiveness of a submarine cable installation in the 
Bay.  A submarine transmission line across the Bay would be expected 
to have multiple short-term, acute impacts caused by construction 
activities, and long-term impacts from construction disturbance, 
maintenance activities, and the operation of the electric power line once 
it is energized.  Underwater cables exist in several areas of the United 
States, including Long Island Sound, Raritan Bay, and San Francisco 
Bay, although none are as productive and biologically diverse as the 
Chesapeake Bay.  Additionally, as underwater cable technology improves 
the transmission capacity, there is increasing potential for greater effects 
on the environment once the cable is operational. 

Installation of underwater cables can involve the use of horizontal 
directional drilling (HDD), the use of a jet plow, trench excavation, or 
a combination of these techniques, to place cables several feet deep 
in the bottom sediments.  Under some circumstances, such as rocky 
hard bottom, the cable is just placed directly on the bottom.  This latter 
technique affords the least protection from currents and man-made 
disturbance, such as being hooked by an anchor. The HDD technique 
uses pressurized drilling muds, which may be released accidentally 
through weaknesses in the overburden, thereby contaminating sediments 
and increasing turbidity in the surrounding area.  Jet plowing involves 
several steps to clear the area of debris prior to cable installation (e.g., 
grapnel dredging, pre-jet plowing), resulting in multiple sediment 
disturbances and the direct loss of benthic habitat along the cable corridor 
before the cable is even placed in the trench.  During installation, which 
is depicted in Figure 4-30, a large jet plow sled is pulled along the cable 
corridor with high-pressure water jets fluidizing the sediment into which 
the cable sinks.  Direct trench excavation creates the most impact due to 
removal and replacement of excavated materials.

Undersea cable installation and operational effects on turbidity, 
alterations of nutrient and dissolved oxygen concentrations, thermal 
changes, electromagnetic fields produced by the cables, salinity, and 
physical barriers on or in the bottom sediments, are key areas of 
consideration during project review.  Continuously operated buried 
cables typically reach internal core temperatures of 90°C and may create 
zones of elevated sediment temperature above ambient conditions, 
depending on sediment thermal characteristics.  Heat released during the 
operation of the cable could create a permanently warm area, affecting 
benthic habitats, spawning times of sessile species, and water mixing 
patterns.  Long-term heating of the sediment could also create refuges for 
or increase the rate of growth of bacteria such as Vibrio vulnificus and E. 
coli.  Oysters and other shellfish that ingest these bacteria pose a human 
health risk.  



1 5 2

M A R Y L A N D  C U M U L A T I V E  E N V I R O N M E N T A L  I M P A C T  R E P O R T  —  1 6 T H  E D I T I O N

Aquatic habitats may be affected by re-suspension of sediments during 
construction or maintenance of the cables that may release contaminants 
or nutrients into the water column.  The depth profile of the Bay, and its 
tidal influences, would allow disturbances that re-suspend sediments 
or contaminants to have effects well beyond the immediate physical 
footprint of the cable path, such as adjacent oyster and clam beds.   
A disturbance that transects the Bay or its tributaries, either short-term  
or long-term, could impact the benthic habitat and the species that 
depend upon it for food, spawning or juvenile development including 
oysters, softshell clams, crabs, resident and migratory fish, and 
overwintering sea ducks and many other sensitive species.  

Submarine cables offer visual and engineering advantages compared  
to overhead lines across water bodies.  In any specific area, these 
advantages have to be compared with the impacts to the biological 
communities that inhabit the bottom, and the food chains that depend 
on them.  In Maryland, the laws that protect non-tidal wetlands 
and the Critical Area around the Chesapeake Bay require thorough 
environmental evaluations before building these types of underwater 
transmission lines. 

Figure 4-30 Illustration of an Underwater Cable Installation  
Using Jet Plow Technology

Source:  http://hudsonproject.com/project/description/

http://hudsonproject.com/project/description/
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Impacts to Ground Water
Transmission line structures have a small potential to affect ground 
water resources, particularly in areas where the water table is close to the 
surface.  Potential impacts to ground water would occur mainly during 
the construction or installation of the structures, whether above ground 
or underground.  The construction of new overhead transmission tower 
foundations or underground cable facilities may require drilling to 
depths that can penetrate shallow water tables or open access channels to 
deeper aquifers.  For example, typical estimated drilling depths required 
for new structures for 230-kV transmission line projects (such as the 
recent SMECO Holland Cliffs to Hewitt Road or the Potomac Edison 
Monocacy-Ringgold-Catoctin projects) are approximately 40 feet below 
ground surface.  In many areas of the state, potable water supplies are 
much deeper than this and would not be at risk.  However, the depth 
to ground water is much less in areas such as the Eastern Shore where 
the proposed 640-kV direct-current portion of the MAPP project would 
be located.  As structure heights increase for higher voltage overhead 
transmission lines, the required drilling depths will likely be deeper than 
that of the SMECO or MRC projects; therefore, the tower foundation and 
cable conduit drilling depths need to be compared carefully to the depth 
to ground water for many proposed transmission line projects  
in Maryland.

Alternatives to traditional overhead construction, such as underground 
and submarine cable installations, are becoming increasingly more 
common as the technology advances.  Potential impacts associated 
with underground installations may include the redirection of ground 
water flow associated with the construction of underground duct banks 
and splice boxes or backfilling the trenches with material of differing 
porosity.  Another potential effect could be an increase in ground 
water temperature due to the heating of an underground cable during 
its operation.  The existence and magnitude of these impacts will be 
dependent upon several site-specific factors, including the project 
location, installation depth, construction technique employed, soil type, 
and depth to ground water.

4.2.4	 Impacts	to	Wetlands
Wetlands are among Maryland’s most valuable natural resources.  Tidal 
wetlands are protected by the Critical Area Act, and non-tidal wetlands 
— including wetlands in utility rights-of-way — fall under the Non-Tidal 
Wetlands Protection Act.  Maryland’s overall goal is no net loss of non-
tidal wetlands acreage or function.  To acheive this goal, the State requires 
that any unavoidable wetland losses be replaced at least acre for acre.  
Greater replacement ratios (up to 3:1) are specified for forested wetlands 
and Wetlands of Special State Concern.  To construct a transmission line 
project in a wetland, the developer must obtain a Letter of Exemption, a 
State Programmatic General Permit, or an Individual Wetlands Permit 
that details project-specific conditions from MDE, or USACE or both.  
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While new routes are usually planned so as to avoid wetlands, rights-
of-way constructed prior to the Non-Tidal Wetlands Protection Act were 
often less favorably sited, and many undesirable wetland impacts exist.

Wetland impacts result when vegetation, soil, or water flow is altered by 
a transmission line right-of-way, either directly or indirectly.  In the past, 
transmission line access roads within wetlands were often particularly 
damaging, because fill was used to raise the roadbed above the water 
table, changing both the natural drainage and the soil characteristics.  
Parts of the wetland that are isolated from their water source by the 
road or associated ditching can dry up.  Conversely, parts of the wetland 
upstream (or up-flow) of the blockage often are permanently flooded.  In 
addition, without proper management practices, invasive plants tend to 
colonize areas on and directly adjacent to a dry elevated road bed and 
compete with the adjacent wetland plants for sunlight and water.  As a 
result of vigilant permitting oversight by MDE, USACE, and DNR, and 
appropriate planning by the utilities, transmission line access roads 
are now rarely constructed in wetlands.  The preferable access for pole 
placement and line maintenance near wetland areas is via access points 
on either side of the wetland, avoiding direct impacts.  Where upland 
access is not possible, matting can often be placed over the wetland area 
to minimize damage from equipment and activities, without building 
permanent roads.

Indirect construction and maintenance impacts to wetlands are primarily 
caused by soil disturbance in uplands that allows runoff to convey 
loosened soil into streams and associated wetland areas.  Construction 
activities can also disrupt nearby wetland habitat, especially during 
critical reproductive periods for the plants and animals that comprise 
the wetlands ecosystem.  Impacts can often be minimized prior to 
construction by use of appropriate best management practices.  They 
can also be minimized prior to construction through the use of EPA-
approved and appropriate herbicides to eliminate non-native invasive 
species in or near wetland areas, and refraining from mowing or using 
other equipment within wetlands areas.  Overall, transmission line 
construction has the least impacts on wetlands when poles are placed in 
uplands on either side of a ravine, well away from wetland areas, or in 
horizontally-bored duct banks below the wetland.

4.2.5	Impacts	to	Wildlife
A large portion of the transmission line rights-of-way in Maryland are 
located in otherwise undeveloped areas that provide abundant wildlife 
habitat.  Although many construction impacts are temporary, the long-
term habitat alterations often continue to affect birds, terrestrial animals, 
amphibians, and fish.

A transmission line right-of-way through a forested area creates cleared 
areas with abrupt edges that are not desirable habitat for forest interior-
dwelling (FID) species, and often provides a corridor for invasive species 
that compete with or prey upon native forest species.  The effects are 
particularly severe near forested streams and wetlands as discussed 
in Sections 4.2.3 and 4.2.4.  While there are less significant impacts in 
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shrub-scrub and agricultural habitat areas, the maintenance of the 
right-of-way in a mowed state can result in gaps between natural habitat 
patches.  Such gaps can present an insurmountable barrier to some 
species, thereby isolating the populations.  Even highly mobile species 
may not be able to maintain a coherent population, because individuals 
that attempt to cross the cleared area can be exposed to a high risk of 
predation.

Forest interior habitat may support many species, including but not 
limited to Forest Interior Dwelling Species (FIDS) of birds, terrestrial 
mammals, reptiles, amphibians, and plants.  The forest interior habitat 
is uniquely productive and protected, and may form a core refuge for 
common forest species that also live in or near forest perimeters or non-
interior areas.  FID species, however, are particularly sensitive to the size 
of the remnant habitat patch.  Interior habitat is defined as a contiguous 
zone of forest that is more than 300 feet inside of the edges of the forest 
area, and is dependent on the shape of the area as well as its total size.  
Long-term research by DNR indicates that interior habitat usable by 
some plant and animal species can exist in forest parcels as small as a 
couple of acres, but sufficient interior habitat to support resident breeding 
populations of FID birds generally requires several hundred acres.  
According to the Natural Heritage Program, the populations of many FID 
birds are declining in Maryland, often because of loss of suitable amounts 
of habitat.  Thus, the effect on FID species of a transmission line corridor 
that splits or reshapes the edges of a large forest parcel may be significant, 
and the impact can be particularly damaging in patches smaller than 100 
acres or in riparian areas.  

Another potential impact of transmission lines is bird collisions and 
electrocutions.  The U.S. Fish and Wildlife Service and the Avian Power 
Line Interaction Committee have cooperatively developed guidelines to 
help prevent injuries to birds that contact power lines.  The State uses 
the voluntary guidelines, which were released in 2005, to help utilities 
develop Avian Protection Plans that meet the specific needs of their 
facilities, protect birds from electrocution and collisions, and reduce the 
likelihood of power outages caused by bird collisions.

4.2.6	 Impacts	to	Threatened	and	Endangered	Species
Most rare, threatened, or endangered species are composed of small 
populations that occupy localized environmental niches.  Avoiding 
anthropogenic effects in these locations is the critical step in protecting 
the species, since even small disturbances may place the remaining 
population at risk.  New transmission line corridors are usually an 
undesirable disturbance, although the habitats created by existing 
transmission line rights-of-way sometimes create an ideal niche for  
a threatened or endangered species.

For example, eagle nests have been found on transmission line towers  
(see Figure 4-31).  In other places, rare species such as the showy 
goldenrod (Solidago speciosa) have colonized the right-of-way.  On the other 
hand, when a potential transmission line route in western Maryland was 
investigated recently, it was found to cross a wetland system containing 
11 rare, threatened, or endangered species.  The wetland, including 
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a sphagnum peat bog and associated 
meadow with surrounding brushy areas 
and hemlock forest, is a designated Non-
tidal Wetland of Special State Concern.  
The impacts of a new transmission line 
right-of-way across this wetland would be 
significant.

The Maryland DNR Wildlife and Heritage 
Service, Natural Heritage Program, 
maintains a database of all known 
populations of the State’s designated rare, 
threatened, and endangered plant and 
animal species, with particular attention 
to those that require special habitat 
protection to support viable populations.  
The route of every proposed new or 
modified transmission line is compared to 

this database to identify all possible impacts to known populations and 
also to identify habitat that may be suitable for any rare, threatened, or 
endangered species.  If appropriate habitat is available, certain species 
could be present without documentation because adequate surveys 
have not yet been conducted.  When habitats and potential habitats are 
identified in the vicinity of a proposed project, specific recommendations 
are made for field surveys and for protecting or mitigating impacts to any 
populations present, including avoiding disturbances during breeding 
seasons or migrations, controlling hydrology impacts during and after 
construction, controlling and monitoring sediment disturbance, and 
restricting actions or operations that will disturb or injure individuals of 
a vulnerable population.  

4.2.7	 Impacts	to	Maryland’s	Green	Infrastructure
DNR, through programs such as the Green Infrastructure Assessment, 
has established land conservation strategies to preserve and enhance 
the State’s ecological health.  DNR’s programs assess ecological habitat, 
coordinate management efforts, and acquire natural lands where 
possible.  DNR’s Green Infrastructure network comprises areas of large, 
contiguous forest habitat, known as hubs, and narrower natural corridors 
that connect the hubs to allow their faunal and floral populations to 
interact.  

Rights-of-way that are constructed through Green Infrastructure hubs 
and corridors split them into small, disconnected pieces (fragments) 
and diminish their ability to function as integrated habitat units.  While 
the area of the removed forest may not be great, there may be severe 
consequences for the species that depend on the hub or corridor habitat.  
Invasive plants such as Japanese honeysuckle, Asiatic bittersweet, and 
wicker microstegium can grow prolifically in the cleared-edge habitats 
of transmission line rights-of-way and can spread into the forest interior, 
limiting the growth of native species.  Careful vegetation management in 
the right-of-way can mitigate some of these effects.

Figure 4-31 Eagle’s Nest in a Trasmission Tower
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For existing transmission line rights-of-way in Green Infrastructure areas, 
expansions of the right-of-way into the surrounding natural territories 
can be particularly harmful.  Siting new transmission lines within Green 
Infrastructure network components is to be employed only if it is not 
possible to bypass the Green Infrastructure system and align the new 
transmission line with pre-existing disturbed and degraded areas. 

4.2.8	Cumulative	Effects
The impacts imposed by transmission line rights-of-way can be 
distributed over the landscape and affect many types of terrestrial 
natural resources.  Small impacts to a resource, such as a forest or a 
watershed, at several locations can add to a significant overall impact.  
At sensitive locations, such as stream and wetland crossings, small 
impacts to several different resources (e.g., forest, wetland, and stream 
riparian areas) can disrupt the overall integrity of the ecosystem.  These 
additive impacts of the right-of-way are called cumulative effects, and 
are a serious concern where ecosystems are near a critical threshold or 
are already degraded.  Because the health of an ecosystem depends on 
functional interactions between its components, cumulative impacts can 
have a result much greater than a simple tally of the individual impacts 
would suggest.

Cumulative effects can be assessed in several ways.  The effect of multiple 
stresses on an ecosystem is usually measured in a context that defines a 
standard for permissible impacts or a goal for restoration.  For example, 
Maryland’s Green Infrastructure network defines areas where natural 
conditions should be maintained or restored, while the Critical Area 
Law restricts development in all sensitive habitats around Chesapeake 
Bay and its tidal tributaries.  Individual resources, on the other hand, are 
handled in terms of specific impact thresholds or goals.  For example, 
Maryland has set a “no net loss” standard for forests under the Forest 
Conservation Act and for freshwater wetlands under the Non-Tidal 
Wetlands Protection Act.

Forest clearing in a right-of-way provides an example of the nature of 
cumulative effects.  The proposed MAPP project will require expanding 
the cleared width along an existing right-of-way in southern Maryland.  
Although the additional clearing is only 100 feet and may not have large 
local consequences, overall, it amounts to hundreds of acres of forest loss.  
The permanent removal of this much forest is a significant environmental 
cost of the transmission line right-of-way.

Another transmission line right-of-way in southern Maryland, which 
was recently evaluated in response to a CPCN application to upgrade 
the capacity of the line, illustrates the multiplicity of impacts that must 
be considered.  The right-of-way crosses in excess of 20 streams, at least 
14 acres of Chesapeake Bay Critical Area, requires at least 20 poles in or 
near wetlands, fragments forest-interior-dwelling species habitat along its 
entire length, and affects a total of 179 acres of Green Infrastructure hubs 
or corridors.  These statistics alone speak to the large and measurable 
cumulative effects that transmission line rights-of-way can have on some 
of Maryland’s most critical natural resources.
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4.2.9	Vegetation	Management	Alternatives	for	
Transmission	Line	Rights-of-Way

Traditional Management
Traditional right-of-way management has historically used a simplistic 
paradigm of clearing all vegetation, reseeding with grasses, mowing 
frequently, and/or applying herbicides to kill shrubs and tree seedlings 
that invade the right-of-way.  This approach allowed easy access to the 
transmission line, but was frequently detrimental to natural habitats as 
described in the preceding sections.

Guidelines of the Working Committee on Utilities
Over 40 years ago, the Working Committee on Utilities of the President’s 
Council on Recreation and Natural Beauty prepared an extensive report 
on “actions required to assure that utility transmission and distribution 
lines and utility plant sites are compatible with environmental values”.  
Most of the recommended alternative management practices for 
minimizing the impact of transmission lines remain valid today.  Among 
the suggested practices that have been recommended to transmission line 
owners, but have been slow in implementation, are the following:

• Right-of-way clearing should be kept to the minimum width necessary to 
prevent interference from trees and other vegetation.  Selective tree cutting  
and removal should be used, targeting only trees which could cause damage  
to the line.

• The right-of-way edges through forests or timber areas should be curved, 
undulating boundaries, not straight “walls” that create a “tunnel” effect.

• Small trees and plants should be used to feather the height of the right-of-way 
vegetation from grass and shrubbery near the center to larger trees at the edges. 

NERC Regulations
Improperly maintained vegetation in a transmission line right-of-
way can disrupt the integrity of the system and cause power outages.  
NERC, operating under the oversight of FERC, develops and enforces 
reliability standards for transmission lines.  Current best practices and 
requirements for reliability are codified in the NERC Transmission 
Vegetation Management Program (TVMP)26, which is currently under 
revision.  The revised standard requires transmission owners to have a 
TVMP for all transmission lines operated at 200-kV and above, in addition 
to designated sub-200-kV lines, to improve the reliability of the electric 
transmission systems by preventing outages from vegetation within a 
right-of-way.  The TVMP must identify and document clearances between 
vegetation and overhead conductors, taking into account voltage, sag 
under maximum load, and wind velocity on conductor sway.  Minimum 
vegetation clearance distances (MVCD) are required for alternating 
current voltages.  The calculated minimum distances to prevent spark-
over between conductors and vegetation at various altitudes and 

26  http://www.nerc.com/filez/standards/Vegetation-Management_Project_2007-7.html

http://www.nerc.com/filez/standards/Vegetation-Management_Project_2007-7.html
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operating voltages were derived using a proven transmission design 
method.  In addition to maintaining the MVCD, the transmission owner 
is also required to specify the methods that will be used to control 
vegetation and has the option of adopting the procedures and practices  
in the American National Standard for Tree Care Operations, Part 7 
(ANSI A300).  The TVMP must also include a schedule for annual  
right-of-way inspections.

Current	Practice	in	Maryland

The NERC regulations can be met by the traditional approach, but they 
do not require it.  The alternatives suggested in the Guidelines of the 
Working Committee on Utilities, and other advanced techniques, can 
be implemented as long as the required clearances are maintained.  In 
general, most Maryland utilities use uniform, system-wide practices that 
may exceed NERC requirements.  After forested land is cleared to create 
a transmission line right-of-way, a number of methods to maintain a low 
stature vegetative community within the right-of-way are generally used, 
including mechanical clearing, selective removal and pruning of problem 
trees with chainsaws, and application of herbicides.  Mowing is the most 
common method of maintaining an open grassland habitat.  Right-of-way 
corridors converted and maintained as open grassland habitat within 
forested habitats may not have much value for grassland breeding birds, 
and invasive and exotic species can be easily established in these areas.  
Clearing the entire right-of-way creates hard edges with no transition 
between habitats.  Maintaining a scrub habitat, dominated by low-
growing, bushy vegetation and young trees is preferable to mowing, 
particularly in forest habitats.  It provides excellent habitat for wildlife 
including neo-tropical and migrant land birds, reptiles, and amphibians.

Leaving the right-of-way in a natural state to the maximum extent 
possible is the best alternative for protecting wildlife in sensitive areas.  
Creating curved or wavy right-of-way boundaries and piling brush 
from the cleared right-of-way so that it provides wildlife habitat would 
help mitigate impacts from right-of-way clearings in forested areas.  
Feathered, or soft edges, as shown in Figure 4-32, can be used to provide a 
transition from forest to open grassland or meadow habitat.  Establishing 
a transition on both sides of the corridor that bisects a forested area with 
a medium height “border zone” along the edges, and a lower vegetated 
“wire zone” in the center of the corridor, referred to as the “U effect”,  
would also reduce the effects of fragmentation on wildlife.  A transition 
zone of scrub-shrub habitat of at least 20 feet in height within the right-of-
way is recommended for rights-of-way through forests, since long linear 
meadows do not have much value for grassland birds and these open 
areas tend to facilitate the establishment of exotic species.27  

State	Conditions	for	Approval

Most Maryland utilities indicate that they now use a combination 
of selective herbicide application and mechanical cutting rather 
than exclusively one or the other.  To encourage the implementation 
of environmentally friendly maintenance in rights-of-way, PPRP 

27 http://training.fws.gov/DivisionSites/TEMP/ImageLib/Video.html 

http://training.fws.gov/DivisionSites/TEMP/ImageLib/Video.html
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has, through its membership in 
the MERTT Council, compiled 
information on innovative practices 
that reduce adverse effects on local 
wildlife and plant communities, such 
as reduced mowing frequencies.  
Several of Maryland’s utilities have 
adopted maintenance programs 
to improve wildlife habitats in 
rights-of-way in limited areas.  The 
introduction of desirable species into 
the right-of-way through “right tree/
right place” plantings or wildlife 
habitat enhancement projects is often 
possible.  Where implemented, such 
programs have created better, more 
stable habitats for wildlife, and have 
actually saved thousands of dollars in 
annual maintenance costs.

Some research indicates that planting 
“connecting corridors” in the right-
of-way between otherwise separated 
forest patches could be beneficial for 
many forest species.  Such corridors 
could consist of native low-growing 
trees and shrubs that do not grow  
tall enough to present a danger to  
the overhead transmission lines.   
The State agencies encourage utilities 
to identify opportunities to create 
such cross-right-of-way connections, 
particularly in areas where the 
right-of-way fragments habitat 
used by forest interior dwelling 
species or crosses riparian areas 
and wetlands.  PPRP continues to 
research the benefits of innovative 
best management practices for 
power line rights-of-way vegetation 
management.  

4.2.10	 Socioeconomics	and	Land	Use	Issues
Due to their linear nature, high-voltage transmission lines affect the 
socioeconomic environment in fundamentally different ways than power 
generation facilities.  Extending miles, but within a corridor typically 
between 100 and 200 feet, and with a vertical component that seldom 
exceeds 200 feet, most socioeconomic impacts from transmission lines are 
spatially concentrated within a relatively narrow band on either side of 
the right-of-way.  Transmission lines are generally considered a negative 
externality by nearby landowners because of perceived or real effects 

Figure 4-32 Transmission Line Vegetation Management  
using the Feathering Technique

Source:  Images adapted from NERC Standard FAC-003-2 Technical Reference,  
September 2009.
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upon views, health, and property 
values.  Others, particularly visitors 
to an area (tourists) or transient 
viewers such as commuters, may also 
perceive power lines as a disamenity, 
although primarily for their impact on 
aesthetics.

It is important to distinguish between 
transmission line projects that rebuild 
or add circuits to an existing corridor 
and those that create a new right-
of-way.  Impacts associated with the 
former are incremental, affecting land 
uses that have coexisted beside an 
existing transmission line for years 
and often decades.  On the other hand, 
transmission line projects constructed 
within a new right-of-way can have 
significantly greater socioeconomic 
consequences.  Projects that rebuild a transmission line to a higher 
voltage or add circuits may require taller structures and additional 
conductors, increasing the line’s visual footprint and projecting more 
vertical and horizontal lines upon the landscape, but years of coexistence 
has usually added extensive vegetation buffers along right-of-way edges, 
mitigating the impacts on adjacent land uses.  

Recent PPRP socioeconomic reviews of transmission line rebuilds 
have focused on transportation issues and direct land use impacts.  
Transmission line construction is not particularly labor intensive and 
requires few materials.  As a result, transportation issues associated 
with transmission line construction are usually focused on oversize/
overweight load considerations and access to the right-of-way.  

To the extent that any loads of materials or equipment are oversized or 
overweight, a hauling permit is required by the Maryland SHA.  An 
oversize load is one whose width exceeds 8 feet 9 inches, height exceeds 
13 feet 6 inches, or length exceeds 55 feet.  An overweight load is one that 
exceeds 45 tons.  SHA permits pertain to State maintained roads and 
bridges only.  Several counties and the City of Baltimore issue hauling 
permits for local roadways, but others do not.  Similarly, construction 
of an access road from a State highway is subject to the terms of an 
SHA District Office permit.  Construction of an access road from a non-
state public road is subject to permit requirements of the Public Works 
Department of the host county.  

Direct impacts on land use from transmission line rebuilds are usually 
associated with excavation and grading for structure foundations, 
temporary construction staging areas, and access roads.  Where locations 
of cultural resources within or adjacent to the right-of-way are known 
and could potentially be adversely affected, PPRP, in consultation with 
the MHT, has conditioned past licensing recommendations on additional 
archeological assessments, protective measures such as perimeter 
fencing, or other mitigation to protect these resources.  Some disruption 

Dual HVTL corridor in Rappahannock County, Virginia
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of normal economic activities, such as farming, on land within the right-
of-way is often a consequence of construction within existing rights-of-
way.  Although this is a concern to PPRP, the amount of acreage affected 
is usually quite small and the adverse effects are temporary.  

A significant proportion of most existing high voltage transmission 
line corridors traverse or bypass natural areas, farms and forest lands, 
and historic properties.  Through the conservation efforts of the State, 
local governments, and private land trusts, many properties adjacent to 
rights-of-way are protected by easement, transfer of development rights 
or other land preservation program.  Particularly where preservation 
goals include protection of scenic resources, PPRP recognizes the 
discord between transmission line siting and land preservation.  
However, rights-of-way predate most land conservation initiatives where 
rebuilds of existing transmission lines have been proposed.  Because 
transmission corridors appear to have no diminishing influence upon 
land preservation activities, PPRP’s recent environmental reviews of 
proposed rebuilds have concluded that the various programmatic land 
use designations granted to neighboring parcels along the right-of-way 
would be unaffected by these projects.

Land preservation and cultural resource concerns are considerably 
more important when a new right-of-way is required for a transmission 
line.  One of the goals of land preservation is to protect Maryland’s most 
treasured landscapes and natural and agricultural resources for future 
generations.  Scenery is also an important component of Maryland’s 
CHA management plans and of heritage tourism throughout the state.  
Therefore, land preservation has a significant economic dimension as 
well.  Many state land preservation entities, including heritage area and 
RLA management entities, and multi-state non-profit organizations, such 
as the Journey Through Hallowed Ground Partnership, are regionally 
focused public and private partnerships that are particularly sensitive to 
development that conflicts with their management plans.

On the Eastern Shore, the region’s cultural identity is being promoted 
by several heritage tourism initiatives where landscape plays a critical 
role in the presentation of the region to visitors.  For example, Dorchester 
County is host to the Heart of the Chesapeake Certified Heritage Area 
(HCCHA).  Heritage themes in the HCCHA Management Plan include 
preserving Chesapeake landscapes and recognizing the past and present 
significance of agriculture of the area.  Separately, the Maryland Park 
Service is developing a new State Park in Dorchester County dedicated 
to Harriet Tubman.  Slated to open in 2013, the park is being designed 
to offer a distinctive landscape of marshes, woodlands, and fields that 
are reminiscent of the backdrop for Harriet Tubman’s early life on the 
Eastern Shore.  Further south, the Lower Eastern Shore Heritage Area 
(LESHA) spans Somerset, Wicomico, and Worcester counties.  Landscape 
is central to the presentation of the Lower Eastern Shore in the LESHA 
Management Plan.  

Between Dorchester and Wicomico counties, the Nanticoke River is the 
focus of a major federal heritage initiative.  The National Park Service’s 
(NPS’s) comprehensive management plan for the Captain John Smith 
Chesapeake National Historic Trail identifies the Nanticoke River as one 
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of the trail’s 10 management segments and a place where Smith made a 
significant voyage stop.  NPS’s trail management emphasizes interpreting 
and protecting the world of the Chesapeake that Smith encountered in 
his voyages, and recognition of the need to identify, evaluate, and protect 
cultural and natural resources important to the National Historic Trail.  
Significantly, the NPS identified the visible shoreline of the Nanticoke 
River as one that is generally evocative of the 17th century.  The location 
of the NPS Nanticoke River Trail management segment is depicted in 
Figure 4-33.

Throughout Maryland, roads and waterways are essential linkages for 
orienting visitors to heritage resources.  On the Eastern Shore, Michener’s 
Chesapeake Country Scenic Byway, the Blue Crab Scenic Byway, the 
Chesapeake Country National Scenic Byway, and the Harriet Tubman 
Underground Railroad form a road network stretching from Kent Island 
to Chesapeake City.  SHA’s State Scenic Byways are roads with historical, 
cultural, natural, archaeological, and/or recreational qualities that 
promote Maryland’s unique heritage.  Water trails and public waterway 
access sites are promoted through DNR’s Maryland Water Trails and 
Public Access Planning Program.  Water trails on the Eastern Shore 

Figure 4-33 NPS Nanticoke River Trail Management Segment for the  
Captain John Smith Chesapeake National Historic Trail
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characterize the landscape as predominately rural with expanses of 
agricultural and forest lands. 

Of course, landscape and cultural heritage issues are not confined to the 
Eastern Shore.  For example, the coexistence of federal and State heritage 
tourism programs is particularly pronounced in mid-Maryland where 
the Heart of the Civil War CHA, the Journey Through Hallowed Ground 
National Heritage area, and the Appalachian Trail overlay Frederick and 
Washington counties, all of which have preservation of scenic landscapes 
as a management goal.

Without careful review and evaluation, new or widened transmission 
corridors could significantly alter landscapes these and other land 
preservation programs seek to protect.  PPRP recognizes the importance 
of Maryland’s heritage to the local and State economy and will continue 
to engage stakeholders in future environmental reviews of proposed 
transmission lines.

The adverse effect of transmission lines on residential property values 
is an issue that has been increasingly raised in permitting cases in 
Maryland.  Although a considerable amount of research has been done 
to examine property value effects on noxious or hazardous facilities, 
less has been done in associating conventional generating facilities, high 
voltage transmission lines, and new technologies, such as wind farms, to 
property values.  As a result, residential property value impact estimates 
have lacked the credibility needed to influence public policy decisions 
related to the siting of energy facilities.

Even research that focuses only on high-voltage transmission lines is 
ambiguous.  A recent review28 summarized the literature as follows:

• Of 38 studies, about one-half reported negative property value effects while the 
other half found none;

• Property value effects, when found, were small (< 10 percent), and usually in 
the range of 3-6 percent;

• Property value effects, when found, declined rapidly with distance, having 
virtually no effect at about 300 feet;

• Studies that investigated sales over time found that property value effects 
decline over time; and

• Heightened perceptions of risk from EMF health effects have not altered the 
relationship between property values and proximity to transmission lines.

There is even less evidence on the effects of transmission lines on 
agricultural land values.  The few studies available in the literature 
suggest that proximity to transmission lines has no effect upon the selling 
price per acre; one undated study on the sale of farmland under easement 
for high voltage transmission lines or underground gas pipelines found 
no effect of the easement on the sales price.

Though little hard evidence is available, concerns about property value 
effects from transmission lines and substations continue to be raised 
by opponents of rights-of-way and substations, including the proposed 

28  Chalmers and Voorvant, 2009
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PATH Kemptown Substation.  As a consideration in its environmental 
reviews, PPRP is continuing its focus on property value effects from 
electric transmission and transmission facilities through both ongoing 
reviews of published literature and sponsored research.  Improved 
statistical methods and continued data mining of Maryland Property 
View data is expected to yield additional insight into land value impacts 
from electric generation and transmission facilities.
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